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Major Course /3

* Microchip 16-bits Microcontroller Introduction
* MPLAB® X IDE, Compilers, MCC and Development Tools Introduction
* APP0O53 EVB Introduction

* Getting Started with First Project
= LabO0 - First Project

 GPIO Architecture
EHLabl — Multi-GPIO Output
ELab2 — GPIO Input

e Oscillator Architecture
ELab3 - Clock PRIPLL

* Interrupt Architecture

@ MICROCHIP



Major Course 23

* Timer Architecture
HLab4 - Timerl Interrupt
e OLED Architecture(PPS&SPI)
ELab5 — OLED Display
 UART Architecture
ELab6 — UART Printf
 ADC Architecture
EHLab7 — Multiple Channel Periodically
* External Interrupt Architecture
5 Lab8 — Multi-Ext Interrupt
* High Resolution PWM Architecture

ELab9 - PWM Output
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Major Course /3

* MCCP and SCCP Architecture
=HLab10 - SCCP Compare/PWM Interrupt

* 2D Sketch Drawing Application
* G-code 3D Model and Slice
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Microchip 16-bits
Microcontroller Architecture
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16-bits PIC/dsPIC® MCU series

* Microchip 16-bits MCU families include below,

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

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

« PIC24EP (70 MIPS)

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

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

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

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

e dsPIC33CK (100 MIPS)
* High Performance, 12-bits High Speed ADC & High-Resolution PWM.
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dsPIC33CK256MP508 Family

dsPIC33C Core 100 MIPS

5 Register Sets 5 Accumulator Sets

MEMORY BUS

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

OTP '
£

Operating Voltage: 3.0-3.6 V

PERIPHERAL BUS

Operating Temperature: -40°C to 125°C

AEC-Q100 Grade 1 Qualification

28-pin: SSOP, uQFN (6 x 6 mm)

36-pin: UQFN (5 x 5 mm)

48-pin: uUQFN, 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)

" High Resolution PWM — 16 Channels

Analog Comp — 3 & 12-bit DAC - 3

s DACOutput-1

& CAN-FD -1

B SENT -2

.
. UART -3 .

SPI -3

I’C-3

Capture/Compare/PWM
16-bit Timers — 21 / 32-bit Timers — 11
Configurable Logic Cells (CLCs) — 4

= Peripheral Trigger Generator (PTG)

CRC

|

Peripheral Pin Select (PPS)
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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 16MM Bytes.
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Program Memory Mapping

24-Bits
0x000000 Reset Address Reset Address
0x000004
Interrupt Table
[ E—— | Interrupt Vector Table (IVT)
PIC24/dsPIC30F/dsPIC33F provide two IVTs

0x0001FE IMTEITAPEIEOTE for different situation.

0x000200

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

A

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 =4 Tosc - (Fey = Fosc /4)
Ex:120 MHz => 30 MIPS, T, = 33nS.
* PIC24F/PIC24H/dsPIC33 Families

* 1Ty =2 Tosc- (Foy = Fosc /2)
Ex:32 MHz => 16 MIPS, T, = 62.5nS.
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IDE, Compiler, MCC &
Development Tools Introduction
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All in One Development Tools

* New generation Integrated Development Environment, Support PIC, sic, AVR, CEC and

SAM Series MCU/MPU, Provide Plug-in function to extend more advance feature. Java
Based, Cross platform, latest version is v6.00.

%3 MPLAB X IDE v6.00

- X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q|
tJ E‘ H‘ ‘r'?‘!»—.l ) \i’ & 2 £ i, SSA ol » @ = ﬁ' £ PC:0:0 |osbssbdadenovze| - Howdol?
StatPage x| 9 MPLABX Store x IO

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

PROJECTS

# Open Sample

MY MPLAB® X IDE

# Create New . ) " )
import Uatiat] Recent Projects Microchip Login
# Import Prebuilt

¥ First_Project Alrcady Registered?
E-mail Addyess:

—

LOGIN Forpot Password?

PROCGERNATMEEING References & Featured Links v

» Errata » Technical Articles and White Papers
NSTALL MORE » Product Selection Tools » Buy Direct from Microchip
P L U G | N S » User Guides » Open Source 4 PIC
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C Compiler for 16-bits PIC/dsPIC® MCU

* XC16 is new generation C compiler, it’s supported all 16-bits PIC/dsPIC® MCU
(PIC24F/P1C24H/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.

License Type Installs On # of Activations # of Users Wait Time Between Users

Workstation License Workstation 3 1 None Yes o
Subscription License Workstation 1 1 None No M P I A B®
Site License Network 1 Varies by Seat None Yes

Network Server License Network 1 Unlimited One Hour Yes E D M P I I E R
Virtual Machine * Network 1 N/A N/A No v
Dongle License Dongle N/A Unlimited None No

*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.
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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.

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

MPLAB® X IDE MCC
st e =
1 MPLAB
< C O D E
Generated drivers l: D N F I E Ll R ATD R

[ Application program ] \/
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¥4 MPLAB X IDE v6.00 - First_Project : default

MCC’s GUI Quick View

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

| D @ s

B TB )RR RB Q8 S @

oab sabdadcnovze

|Q- Search (Ctl+])

- How do I?

Projects | Fiks I Classes [ Services | RmumcMa---x| = [ System Module x] |4 ll@ Pin Manager: Package View x| =
i Gi S || Ex... =
Project Resour... Gener.. || Impo.. | & | @ | @ £53 Eesy Setup \E Registers
v Sysfem v Clock b - § & 2= %
() Interrupt Module gggs § 3 E i3 E % 33z § :
") Pin Module 8000000 - Hz| FRC Oscillator I - ‘ (8.0 MHz) Clock Source
O odu - ].1“ 6626160 9SS S6SSaEI R0 K0l L
ystem ule
v FRC Postscaler RS2 787
Device Resources Content Managey Retz[]3 1685
- RC13[]¢ 45[]aes
¥ Peripherals 8 MHz Postscaler rcit s 1[]30s
» &5 ADC RC15[ 6 43|06
» L CANFD NWCLRT A2[C]a07
RO15[ 8 MICROCHIP A1 EveD3A
» [ cs6 vestafllo Aofllvssas
» b CLC 8 MHz Fosc ity I dsPIC33CK256MPS06 30[]3D8
» lal CMP_DAC rE14[ )11 38[]RD9
- 4 MHz Fosc/2 Ro13 )12 37CRee
» [ CRC rcaf 13 36[rcs
> DMA " R 14 3]s
= v Auxiliary Clock At (1 3463
R \ ma2[]16 33[]ak2
. ! e - 1718 19 20 21 22 23 24 25 26 27 23 29 3¢ 31 32
» Ul High Resolution PWM \ 8000000 IZI Hz | FRC I ‘ Clock Source minl T Tnluluind 1 Inininininin
First_Project - Dashboard | Core Versions [MCC]_x [\ 8 MHz [ ] pLLEnable Eggégggggﬁggﬂ 2R
N 5 S =nNs35gd 532+
MCC Core Versions 8 MH= I:E] Prescaler ¥ =P
MPLAB® Code Confi tor (Plugin) v5.1.9
v ® Code Configurator (Plugin) v 1200 MH> [ 1150 v | Feadhack \ v \
orev3.4. A\Users mcc\cores\ N\ 4\col b4 <
v'C 5.4.4 [C\Users\A62407\ mcc) AN Ay
() Core v5.4.3 [Available for download)] | || | Output - MPLAB® Code Configurator | Notifications [MCC] = | Pin Manager: Gl View | =l
@ Core v5.4.2 [Available for download.] 1 Category Source Type: ALL - Description
) Core v5.4.1 [Available for download.]
) Core v5.4.0 [Available for download.] \
) Core v5.3.3 [Available for download.] iB Resources Com poser

) Core v5.3.0 [Available for download.]
{0 Core v5.2.1 [Available for download]
o Core v5.1.0 [Available for download]
) Core v5.0.1 [Available for download.]

No content in table

Pin Manager
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MCC’s GUI Quick View

¥4 MPLAB X IDE v6.00 - First_Project : default - ped
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctlt])
PEES D s BT H R R NE 00 W @ Feenee] men
Propcts | Files | Clases | Services | ResoureMa x| & SystemModule x| an Manager: Package View | =]
Project Resour... Gener.. || Impo.. | Ex. 8 Easy Setup | (= Registers
¥ System ~
ys{;}ln‘termptModule AL I g@g@zzzgénnggaag
wn=a33R8fEIR=5072
) Pin Module | 8000000 | ~ | Hz | FRC Oscillator | - | ®oMHz) Clock Source
® ot 63 62 61 B0 59 58 57 36 35 34 53 52 A1 5C &9
() System Module RE14[]1 #3[] RBEPGD
v [V] FRC Postscaler o = =
Device Resources | Content Manager o gf :iE e
¥ Peripherals 8 MHz Postscaler P MC]a0s
» &y ADC RC1s[6 137306
» 11 CANFD NMCLR %\ 12[T|Ro7
RD15[ 18 A1 lVCO3A
» [ cec vsstaflle MicRoCHIP Acllvssaa
> p cLC 2 MHz Fosc woniall 1o dsPIC33CK256MPS06 3008
R[N 3a[]aD9
> CMP_DAC
- - 4 MHz Fosc/2 Re13[]12 37CRee
» [ CRC ncof 13 36nes
» £} DMA " ka1 35[nes
= v || Auxiliary Clock ra1[J1s 3483
» [il¢ Ext_Interrupt w216 3362
» NN High Resolution PWM B [ - || FRE [ - | Clock Source T FRELEE T Llslelatuls
First Progct - Dushboard | Core Versions [MCC] x | 8 MHz [ ] PLLERable EE:28RRA55R3988%8
MCC Core Versions =] ggstiegpEHesadn
8 MHz 11 Prescaler
v MPLAB® Code Configurator (Plugin) v5.1.9 (e T2
1200 MH> 1-150 w | Feedback ]
v Corevsd4 [C\Users\A62407\ mcc\cores\5.4 4\col < ) > K ( ) >
() Core v5.4.3 [Available for download)] Output - MPLAB® Code Configurator Notifications [MCC] x| Pin Manager: Grid | =l
@) Core v5.4.2 [Available for download ] Category Source Type: | ALL - | Description
) Core v5.4.1 [Available for download.]
) Core v5.4.0 [Available for download.]
) Core v5.3.3 [Available for download.]
) Core v5.3.0 [Available for download.] No content in
{0 Core v5.2.1 [Available for download]
. Core v5.1.0 [Available for download]
) Core v5.0.1 [Available for download.] L
Al ] >
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MCC’s GUI Quick View

¥4 MPLAB X IDE v6.00 - First_Project : default - ped
[Q. Search (CtiltD) ||

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

PEHES DE B TE D LRR 06 OB 2 E @ codemee] mar

e
Projcts | Files | Class | Services | ResourceMa x| & Pin Mansger: Grid View x| L2IEE
Project Resour... Gener || Impo.. | Ex. | @ Package:| | ToFPe4 | ~ | [ Pin No: 14|1s|:6]17[1s za|29]33[34|3s|45|45[47|4s|49]51[62|63|54]1 [2 13|22]23[z7|50|51]24
¥ System PortA v| PortB ¥
0 Interrupt Medule Module| Function| | Direction [0 |1 |2 [3|4 |0 1|2 |3 |4|5|6|7|8|9[10{11[12(13]14[15/0|1|2|3 4|56
() Pin Module CLKI input .
O System Module cLko output a
Device Resources l Content Manage! Clock 'y oscl input B
¥ Peripherals 1 0sCO output (-]
» %y ADC REFI1 input R R I B R O B T I R BRI B
> %t CANFD REFO1 output R A A T A T O A A O T T I O A BB
> EI CBG PGCx input -] (] a
» = CLC Icov 5
» Jul CMP_DAC — et = &
» 3 CRC Bin Module v 1271° input RGN R I I R R I R G RCIC I CBC
» B DMA GPIO output R I N N O I A T I B A N T I B I B

> Ext_Interrupt
» Ul High Resolution PWM 3
First Project - Dashboard | Core Versions [MCC] x | i|

MCC Core Versions

¥ MPLAB® Code Configurator (Plugin) v5.1.9
v Corevsd4 [C\Users\AB2407\. mcc\cores\5.4 4\cof ||\

) Core v5.4.3 [Available for download.] Output - MPLAB® Code Configurator Notifications [MCC] x
{0 Core v5.4.2 [Available for download.] Category Source Type: = ALL
) Core v5.4.1 [Available for download.]
) Core v5.4.0 [Available for download.]
) Core v5.3.3 [Available for download.]
) Core v5.3.0 [Available for download.]
{0 Core v5.2.1 [Available for download]
. Core v5.1.0 [Available for download]

) Core v5.0.1 [Available for download.] L
[ ] >

>

No content in table

| |
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MCC’s GUI Quick View

%3 MPLAB X IDE v6.00 - First_Project : default - %
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Qv Search (Ctrl+I) I

ﬁ ﬁ ‘ % @ default v| @v - - & - - - S oV Himc oabsabdadenovze Howdol’g

Propcts | Fiks | Clases | Services | Resource Ma-=- x | Interrupt Module x| K] =]
| Project Resour...| Gener.. || Impo.. || &x. | @ {5 Easy Setup |

v System
() Interrupt Module
() Pin Module
() System Module

@

Interrupt Manager
Enable Global Interrupts
Module Interrupt Description IRQ Num...
Pin Module CNAI Change Notification A 2
Device Resources Content Ma PinModule  |CNBI Change Notification 8 3
v Peripherals PinModule  |CNCI Change Notification C 19
» &5 ADC % s
Pin Module CNDI Change Notification D 75

> CAN F
¥ R DMT DMTI Dead Man Timer 45
» [} ceG

» P CLC 7

» lil CMP_DAC

» [ CRC

» £} DMA

> Ext_Interrupt

» UL High Resolution PWM

First_Project - Dashboard | Core Versions [MCC] x |
MCC Core Versions
v MPLAB® Code Configurator (Plugin) v5.1.9

v Corev544 [C\Users\A62407\ mcc\cores\5.4.4\c
{0 Core v5.4.3 [Available for download.] Output - MPLAB® Code Configurator Notifications [MCC] x =
@ Core v5.4.2 [Available for download.] Category Source Type: | ALL - Description
. Core v5.4.1 [Available for download.] 7
@ Core v5.4.0 [Available for download.]
. Core v5.3.3 [Available for download.]
@ Core v5.3.0 [Available for download)]
@ Core v5.2.1 [Available for download]
@ Core v5.1.0 [Available for download]

@ Core v5.0.1 [Available for download] "
<1 ] >

Priority Context

OFF
1 OFF
1 OFF

DDDDD%

No content in table’
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MCC’s GUI Quick View

More ?

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

Programmer/Debugger

ICD4 (Part No. DV164045)

* The MPLAB® ICD 4 In-Circuit Debugger/Programmer is Microchip’s fastest, cost-
effective debugging and programming tool for PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers.

* Features
* Full-Speed Real-Time Emulation
* Target voltage of 1.20V to 5.5V.

* Can supply up to 1A of power to the target
* Overvoltage/ Over-current protection
* Supports multiple breakpoints,

stopwatch and source code file debugging

* Selectable pull-up/pull-down option to the
target interface

$328.89
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Programmer/Debugger

PICKit4 (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
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 el

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

$34.09

Free !0nly For Elite
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APP053 EVM Introduction
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APPO53 v1 Features

* On board dsPIC33CK256MP506 16Bit Microcontroller
* Support plugged MPLAB SNAP

* Onboard USB CDC Virtual COM Port

* Multiple Power Supply Source

e 2 X Buttons, 4 x LEDs, 1 x Buzzer

* 1 x Analog Temperature Sensor

* 1 x12C Temperature Sensor

* 1 x12C EEPROM with Unique ID

* 1 x SPI OLED (128 x 64, SSD1306 Compliant)
e 2 x mikroBUS™ Click Board Socket

* 2 x Joystick

* 2 x Stepper Motor Driver

* 2 x Servo Motor Connector

 APP053* Added Mechanical Assembly Kit.




APP0O53 v1 Overview

USB Virtual COM

PIC16F1455

MPLAB SNAP

ICD / ICSP

OLED (128x64)

LEDs

MCP9700

24AA32A (12C)

MCP9800AS5 (12C)

Joystick

TITHL

Joystick 1

D |

P & e -_.’:'_")_ o

BN ) Sy N S 1

Buzzer

RESET
-

BI2
-

DC Jack (9~12V)

Stepper Motor

Connector

Servo Motor

Connector

! Limit Switch

Stepper Motor
Driver

Buzzer

8M Crystal

|

| dsPIC33CK256MP506

|

Buttons

Joystick
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ing

MPLAB® SNAP Sett
 MPALB® SNAP can be assembled on APP053 v1.00.

* Suggest to use Velcro for stability

23220000
A

€LvLL0€81MNG
+4-18€01-20

H

_m RERRERREFRANAT

22
ooo©@%mmmmmw

g iosios dIHIOHIIW mu».

129: me»n—oo—a MOW

¥
W
.ﬁ,
#
2
’
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Caution !

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

silicon and your power source.
- -4“’1 L

lllllll .gl -
() ;L < a ~
3 .i'l ‘Aa
g EEEEE L B
it
J2P g
J3P
Jap
J5P
\
J6P e
J7P £ ]
1-2 CIosed [ MCPOSDD | MCP700 5%
(EN) ij .

> IF]
T T
._“_,"Af—
T g
aaaaa
1]
23
ikroBUS 2
].
i, 2 B
=
&

O Mo T TRTURTOL TUR T KTORTIRUU

i il

Stepper Motro Driver X

GNDUCC_S

S R4R3ER3ZR3C 350 38D 3N40RA] C21 R23 m
0. R34R35R36R37C35R38R3N40R41 aﬁj l:-j

TEEWCLL] 3

Stepper Motro Driver Y

>
‘_

=
10| (=]
(a4 (W}

. |
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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.

MPLAB® SNAP

LED Must lighting !

CDC Bridge
(COM3)
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First MCC Project
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Lab Preparation

Add MCC Libraries
Check Compiler & MCC version
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Lab Preparation
Step 1

* Open MPLAB X IDE v6.00 firstly.

3 MPLAB X IDE v6.00

- X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- |
T’:l E E i%ﬁ \{Lq & M ' . LR D @ i) ﬁ[ ) PC:00 osbssbdadenovze| HowdoI?

StrtPage x| 9 MPLABX Store x

S]]

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

PROJECTS

MY MPLAB® X IDE
# Open Sample
# Create New
>\< I Dj ® import Lagacy Recent Projects Microchip Login

# Import Prebuilt

8 First_Project Already Registered? New to Microchip?

E-eil Addsess: Register now to enjoy the benefits of software update alerts and easy software

Double Click! || [

MPLAB X IDE
v6.00

LOGIN Forpot Passwond? REGISTER NOW

PROCGEF;JAT?&ING 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
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Lab Preparation
Step 2

* Select : Tools > Options

%4 MPLAB X IDE v6.00
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
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Lab Preparation
Step 3
* 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
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Lab Preparation
Step 4

* Select : Tools > Plugins

%4 MPLAB X IDE v6.00 = «

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
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Lab Preparation
Step 5 (MCC not installed yet)

* Select : Available Plugins
* Search : "MCC"

B4 Plugins X
Updates| Avadlable Plugins (2M41) | Downloaded Installed (185) Settings
Check for Newest Search: MCC
Install  Name Category Source : o .
] MPLAB Touch MILAEDeavi. g || MFLABE® Codo Conftpmuton
MPLAB® Code Configurator MPLAE IDE iﬁ'i}[‘ummunil‘r Contributed Plugin A
Version: 5.1.9
Authofr Microchap Technology Ine
Dy 20220671
i i , , Ource: Microchip w6 .00 Plugins
'Check MCC "v5.1.9" and install it {iners o o o )
Install
Close Help
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Lab Preparation
Step 5 (MCC has installed)

e Select : Installed
* Search : "MCC"

B4 Plugins X

Updates Available Plugins (40) Downloaded| Installed (1/186) | Settings

Search: W

ISelecl Name Cate gory Active :

Version: 5.1.9 A
source Acrochip v6.00 Plugins

Plugin Description

The MPLAB® Code Configurator (MCC) generates seamless easy to vnderstand © code
t* s inserted fnto vour project. It enables, configures and utilizes a rich set of
peripherals across a select list of devices. It s integrated into MPLAB X (IDE) to provide
a very powerful and extremely easy to use development platform.

‘ Check MCC Version is "v5.1.9"

Activate Deactivate Uninstall

Closs || Help
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Lab Preparation
Step 6

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

%4 MPLAB X IDE v6.00 -

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"

B4 MPLAB X IDE v6.00 - First_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

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

Propcts = | Fikes | Classes Serviocs = E]"m.; x|
E-f Frs Propct m L |l x ciom | = .
i A v o L iy 1| r fh: ﬂ;; W;
[{I-Head.erFi]es E_ 5 |ﬁ%'§|% Ff%%|##|u D|E
G ﬁ Important Files nght Click!
EB Linker Files mClosé B H:C:tri:-'w B Code Condflgurator
= E] Source Files
; o : Close All Ctrl+Shift+W
] maine %
- @[] MCC Generated Files Close Other
- Librari
E:: E LLE;S Maximize Shift+Escape
Float
Float Group
5 .
10
11 This 15 the generated maln.c using PIC24 / dsPIC33 / PIC32MM MCUs
12
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LabO First Project

@ MICROCHIP



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 v6.00
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help F

|

=5

1

R a1

X IDE
-

PROJECTS

# Open Sample
# Create New

# Import Legacy

# Import Prebuilt

PROGRAMMING
CENTER

NSTALL MORE

PLUGINS

adcnovze| HowdolI?

3[0]E)

c\ MICROCHIP

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

MY MPLAB® X IDE

Recent Projects Microchip Login

## First_Project Already Registered? New to Microchip?

E-mail Addyess: Register now to enjoy the benefits of software update alerts and easy software purchasing, licensing
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
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LabO First Project
Step 2

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

B4 New Project X
Sleps Choose Proxct
i Q Fier |
Categories: Projects:
[ Microchip Embedded | .2 32-bit MPLAB Harmony 3 Pmject ~
-1 Other Embedded (E_Standelone Project _J
&0 Samples (= 32-bat MCC Haomony Project
» 2 Gen: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 » Finizh Cancel Help
% ﬁ\ MICROCHIP



LabO First Project

Step 3

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

Ei New Project

Sleps

Select Device

S o

Choose Project

Select Device

Select Header

Select Plugin Board

Select Compiler

Select Project Name and Folder

MPLAB

X IDE

-

Famaly: 16-bit DECs (dsPIC323)

Device: dsPIC33CK256MP506

dsPIC33CK256MP506

Tool: Snap-SN BUR 190973788

B Show All

T

You must connect

MPLAB® SNAP to PC, firstly.

< Back

Next =

Finish

Cancel

Help
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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

<Back \ Next » Finish Cangcel Help
1& @Mlcnocmp



LabO First Project
Step 5

* Select Project Name and Folder :

* Project Name : Lab0_First_Project, Project Location : C:\Exercises_SummerElite2022
* Encoding : UTF-8

@ New Project *
Steps Select Project Name and Folder
1. Chooss Project .
2. Select Device Project Name: Lab0_First_Project
3. Select Header
4. Select Flugm Board Project Location: CAExercises_SwmnmerElit:2022 Browse...
5. Select Compiler
6.  Sclect Projpct Name and Folder Project Folder: CAExercises_SwmnmerElite2022\Lab0_First Project X

: . Owerwrite existng project
M P LA B Also delete sources
x IDE [] Set as main project
v [] Use project location as the project folder

Encoding: 1ITE-8 v

< Back Next = Finish Cancel Help
% ﬁ\ MICROCHIP




LabO First Project

Notice

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

to new project folder.

EJ MNew Project

Steps Select Project Name and Folder
1. Chooss Project
2. Select Device Project Name: Lab0_First_Project
3. Select Header
4. Select Plugin Boand Project Location: CAExercises_SummerElite2022 Browse...
5. Select Compiler
6.  Scloct Propct Name and Folder Project Folder: CAExercises_SwmnmerElite2022\Lab0_First Project X
0 [ ] Overwrite existing project.
M P LA B Also delete sources
X IDE St gl
@ [] Use project location as the project folder
Encoding: TTE-8 >
0 ProjectFold eralread vexistsand isnoterpty FileMakefileesasts.
< Back Next = Finish Cancel Help
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LabO First Project
Step 6

* Execute MCC
* Menu Tools » Embedded » MPLAB Code Configurator v5: Open/Close or Click@

B4 MPLAB X IDE v6.00
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

PEES D@

Propects !: Fikes |
=) [ Lab0_First Project

-- Header Files ~

L1-J ﬁ' Important Files -
- Linker Files MPLAB

L*.d ﬁ sonrce Files

L8 o X IDE
i [@@ Loadables

o
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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?
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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 Tl Version

Description
v [ | Libraries

16-bit Bootloader Bootloader for the dsPIC/PIC24 products.

The CryptoAuthentication Library allows quick and easy configuration and code generation
for security, cryptography, authentication, and encryption applications using Microchip’s
Secure chip line.

Crypto Authentication Library

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 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

interfacing with the MCP802X family (3-Phase Brushless DC Motor Gate Drivers) via UART

interface.

MCPE0ZX
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LabO First Project
Step 9

* MCC Configurator interface show up.

4 MPLAB X IDE v6.00 - First_Project : default

- x
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help ‘Q' Search (ChiktI)
Eﬂm%f@@fdefﬂh ~ @]'t{f'a@' |>' "@' @@Tagkcoxn osbsabdadenovze How do I?
Projcts | Fiks | Clases | Services | ResoroeMa-x | & || System Module x| [« +](=) (8] | Pin Manager: Package View x | =]
Project Resour...| Gener.. || Impo.. | & | @ || @ [[7 Easy Setup | = Registers
v System v Clock | <= . F
- Imemupt Module iEEizsgpfzzifass
) PinModule (8000000 | - | e [ FRC Oscilltor [ -] ®0MHz) Clock source DO WEC OO0
® 64 63 62 67 60 59 S 5/ 56 35 58 53 &2 51 80 49
() System Module rEw 1 4a]|3eepPco1
v FRC Postscaler RB15[]2 a1[ae7
Device Resources Content Manager Rc12[]3 46jes
¥ Peripherals 8 MHz Postscaler - :2: ; ::E ::,55
» &5 ADC RC15[16 43[7]"D6
» £t CANFD NUCLRI? 42[[Ro?
- RD15[ 8 M A1 [lveo3a
4 CBG vestafille ICROCHIP Aofllvssaa
» B» CLC 8 MHz Fosc vODIARR 10 dsPIC33CK256MPS06 o
» il CMP_DAC RD14[] 11 38[]a09
- | 4 MHz Fosc/2 RD13[J12 3[ree
» [ CRC Reo[ 13 36[ree
» DMA - RAQ[ 14 35 et
& ¥ V] Auxiliary Clock Rt [T]15 343
» Ext_Interrupt ra2[ 16 33[RB2
. - . 17 16 19 20 21 22 23 22 25 26 27 29 23 30 31 32
» JU1 High Resolution PWM ) | 8000000 Ele[ FRC I |C|ockSource 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 - [ =1
1200 MH=> 1-150 » | Feedhack
W Corevsdd [CA\Users\AB62407\ mcc\cores\5.4.4\col 3 i L
{0) Core v5.4.3 [Available for download ] Output - MPLAB® Code Configuralor | Nofifications [MCC] x| Pin Manager: Girid View . =
@ 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
O 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

| 15

Output =| Search Resul's | Notifications | Notifications [MCC] | Pin Manager: Grid View
* Internet Connection = MZLAB® Code Configurator * Lab0_First_Project (Build, Load, ...) *
12:45:54.541 TWFO: 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|
124554-843 INF ]: AhAAdAA A A AL A AL A A A AL LA AL AL e E T T *
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

(|
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LabO First Project
Step 11

* Build your first MCC Project.

* Select "Build Main Project” icontﬁ]
Make sure compiled result is BUILD SUCCESSFUL

B4 MPLAB X IDE v6.00
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

EEE% | o default v @'E@Dﬁ D'E&'

Pin Manager: Grid View Output =| Netifications [MCC]

b MPLAB® Code Configurator = Lab0_First_Project (Build, Load) >
Into: Loading file: Ui/ Users/A1YoUU/ . 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
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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

B4 MPLAB X IDE v6.00

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
¥ F D) O e - T -w- b (&)

Pin Manager: Grid View | Output x| Notifications [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
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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

Nothing happen ?

Ly
0 y)
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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.

* 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_ | B0 | @ ][ ©
PortC v
¥ System
Module Function Direction |11 12]13 14 (15 0'1 213 4|5 6|7 8|9 10 11 12|13 14|15 0|1 2|3
CLKI input
CLKO output ] ] [ |
oscl input
Clock ¥
0sco output
REFI1 input A I A A N A O A T T O O A I O O B B —
i ontent Manager
RO owps ' mm B BB B BB @B BB BB EE BB EEE Device Resources Content banager
PGCx gt ¥ Documents
Ico v — input dsPIC33CK256MP506 Product Page U
. ¥ Librari
, GPIO input R R R I R I N B B R B R B B oranes _ _
Pin Module ¥ » 2 Foundation Services
GPIo IO N I I I I I I I I
@ B} O motorBench® Development Suite
@ £ O WINC15xX
1] X
Mﬁﬁm‘i‘ |
Project Resout._L_Senens | ljipo || B 0 c %4 Pin Module - Editor - | bt
v System % StartPage x| PinModule x| System Module x| InterruptModule x (@O
() Interrupt Module - -
() Pin Module {53 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 - 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 g
@B O i ﬁ\ MICROCHIP



GPIO Functions of MCC

* MCC Provide below functions for GPIO:

Prototype definition : ""pin_manager.h"'

OUT operation
CustomName_SetHigh();
CustomName_SetLow();
CustomName_Toggle();
CustomName_SetDigitalOutput();

IN operation
CustomName_GetValue();
CustomName_SetDigitallnput();
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Labl Multi-GPIO Output
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Labl Multi-GPIO Output

* Base on current project or Open .\Lab1l_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 the four GPIO pins to digital output mode and toggle levels (period around
500ms ~ 18), individually.

« RCO4 : LED(LED1), Start High.

 RCOS5 : LED(LED2).

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.

%4 MPLAB X IDE v6.00

File Edit View Navigate Source Refactor Production Debug Team Tools| Window |Help 22l *®F
L f - - - . oW '¥
e - S . - :

= - M Web
1‘ D Bt Rl Bl B

IDE Tools
>KIvDE Target Memory Views

Simulator

ab

PROJECTS Programming Center

# Open Sample )
# Create New Conﬁgure Window

® Import Legacy Recent Projects Microchip Login Reset Windows E !
# Import Prebuilt

8 First_Project Already Registered?
E-roedl Addsess:

Close Window

|| Close All Dacuments
" | ——

Close Other Documents
Document Groups
Documents...

PROCGERNATMErgING 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

Q|

Ctrl+W
Ctrl+Shift+W

Shift+F4

X

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.

%4 MPLAB X IDE v6.00
File Edit View Navigate Source Refactor Production Debug Team Tools

S . - T -

& AR ST R

X IDE
-

PROJECTS

# Open Sample

# Create New ) . . :
® Import Legacy Recent Projects Microchip Login

# Import Prebuilt

PROCGERNATMErgING References & Featured

8 First_Project Already Registered?
E-meil Addsess

» Errata

NSTALL MORE » Product Selection Tools

PLUGINS » User Guides

» Technical Articles and White Papers

» Buy Direct from Microchip
» Open Source 4 PIC

8

X
L Q|
Rdcnovze| HowdoD?
Help F e
T = '™ . |
MPLAB® Code Configurator v5 » MPLAB® Code Configurator v5: Open/Close
= MPLAB Discover i Show All
Kit Window NEW | %
i{] Projects Ctrl+1 I
9 Files Ctrl+2
@] Classes Ctrl+9
Uz] Favorites Ctrl+3
& Services Ctrl+5
'8 Dashboard
) Navigator Ctrl+7
W Action ltems Ctrl+6
] Tasks Ctrl+Shift+6
(& Output Ctrl+4
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Labl Multi-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 | o | &

v System
") Interrupt Module
[ ) Pin Module

() System Module [ !

Device Resources

Content Manager

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

g System Module - Editor - a x
System Moduls x| =0
| 1:;?‘ 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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Labl Multi-GPIO Output

Step 2

e Set PORTC : Pin4 (RC4), Pin5 (RC5) to digital output mode.

* Pin Manager Gird View : Click RC4, RC5 to lock to GPIO output.

(] X
Pin Manager: Grid View x | B
Package: | TQFP64 | v | | PinNo: |64| 1 |2 13]22 23|27 |50|51|24|32|36|37|52|53|3 |4 5|6 60 59|58
i PortC ¥ J
Module Function | Direction | 13|14 15 n]1 2/3/4|5|6|78|9[10[1112{13]14[15/ 01 |2
CLKI input
CLKO .uutput
Clock ¥ 0sCl input
0sCO output
REFI1 input T N T O R O O R O O R R
REFO1 output I I O R O O O O O O - O I
o PGCx input
PGDx input
PinModuIe'GplO input R R R R
GPIO output AR R I I I R R B
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Labl Multi-GPIO Output

Step 3

 Set Alias for RC4, RC5.

* Pin Module : RC4 Custom Name > LED1, Start high, Check Output.
* Pin Module : RC5 Custom Name > LED2, Check Output.

=

Resource Management [MCC] x |

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

v System
[ Interrupt Module

II () Pin Module
) System Module

ﬁ Pin Module - Editor

Device Resources

Content Manager

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

- | bt

PinModule x. ED2]E
| E'IL\':‘ Easy Setup | = Registers
[Selected Package : TQFP64

Pin Name & | Module Function |Custom Na...| Start High Analog Output WPU

RB3 ICD PGD2 D I:l I:i D

RB4 ICD PGC2 D i:l D D
RC4 Pin Module |GPIO LED1 []
RC5 Pin Module |GPIO LED2 D D

=

Click & Rename

@ MICROCHIP



Labl Multi-GPIO Output

Step 4

* Click "Generate" Button to generate your code.

* All files generate by MCC include "main.c" automatically.

| Generate |

>

| Resource Management [MCC] x

Project Resources || Generate | Import..

Export | @ || @

v System
) Interrupt Module
) Pin Module

() System Module

Device Resources

Content Manager

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

(] X

|=rupcuxj Files

=[5 Lab0_First iject
(@7 Header Files
ﬁ Important Files
o[ Linker Files
E} F" Suu.n:e Files

= ] MCC Generated Files
'fﬂ clock.c
l;i:‘} interropt_manager.c
B meec
EI_‘[ Pin_manager.c
'fﬂ reset.c
3 systeme
| &) trapse
(8 Libraxies
[ Loadables
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Labl Multi-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 ) gmain.c— Editor - O >
)| Em_c x 10 B@ (]
T Sois | oy MR BB QGBI PR Add below code to main()
=[5 Lab0_First_Project 4 T "t )
; . 46 Section: Included Fil #include "mcc_generated_files/system.h"
% ﬁ Header Files 47/ L+ #include "mcc_generated_files/pin_manager.h"
E.. ﬁ Impnrt&ntl:lleﬁ 48 #include "mcc_generated_files/system.h p—
i Linker Files :E _ uint32_t i=0;
=z E] wource Files 51 Mai icati int main(void)
(5 [ 2| L {
H 'i;l—-] ) 53 int main{void) //initialize the device
=-(gf) MCC Generated Files | 5 o SYSTEM_Initialize();
[_-_i--' ':hﬂk.': 55 '/ Inltiali
—3 56 SYSTEM_Initialize(); while (1)
= mterrupt_managerc | o while (1) (
B mec.c 58 ( // Add your application code
B o 59 '/ #dd your application code LED1_Toggle();
~ Pin_maAnager.c a0 : LED2_Toggle();
l—'i; resetc 61 return 1; } for (I N 0; i< 80000; i++);
_ [3H g2 Ly \.
= systern.c 53 o e return1;
F;,_..; t[&pE.C 64 E o ! E }
#-([§F Libraries 85| - v
H £ S
+ ﬁ Loadables > x

o ﬁ\ MICROCHIP



MPLAB X IDE Hints

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

ﬁ main.c - Editor - O X ﬁ main.c - Editor - O X
@ mainc Q= & maine * D =O
Sowce | History P|[@ -0 QL HFE|F L Ry # Souce Hisory (@ B0 - HFZBiE|F L |y =
45 ja (]| 45 P (]|
46 T Section: Included Files 46 T Section: Included Flles

47 ', 47 L¢P

48 #include "mcc_generated files/svstem.h" 48 s ~

Summary:

e e Toggles the GPIO pin, RC4, using LATCA,

50 [ /* 50 &

51 Main application 51 Description:

sal L« 52| Toggles the GPIO pin, RC4, using LATCS.

53 int main({void) 53 Preconditions:

54 [0 { 54 [3] The RC4 must be set to an output.

&5 /7 initialize the dewvice 55 Retums:

56 SYSTEM_Initialize(); 56 None.

57 while (1) 57

58 { sg | P v

= -—

59 '/ Add wour application code 59 /7 Add vour application code

? LED1 ® _Lepy]

o ) | Py + | Z 1EDI GetValue =
62 return 1; m [ ret & LED]_SetDigital Input .
63 - 63 Ly s LED]_SetDigitalOutput

64 [ /o L 64| O] /+ £ 1FD1_SetHigh

& - o
65 End of File 65 End ofl = LEDl_SetLow
o L. Ctri+Alt+\ 6 Lo v
< > < >
B » @ main p while (1) > x B > @ mein p whike(l) » -
60:13 | INS nable to resolve identifier LEDI. 60:12 | INS [Tnable to resolve identifier LEDI.

ﬁ main.c - Editor - O X

1 Add header file |G
: automatically. BIPe D> @

46 L Sec Inclnded FIle Am
47

48 #include "mcc_generated_files/system. h"

49 #include "mcc_generated_files/pin_manager. h'

54 int man{wvoid)

55| {

56 {/ inltialize the device

57 SYSTEM Initialize();

58 vhile (1)

59 {

60 'f Add vour application code

o LED!.Tozgle|

62 1 -
62 return 1;

B Y @ mein x

61:20 |INS }.mexpected token: }
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Labl Multi-GPIO Output

Code Example

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

/*
*/

uint32_t i=0;

Main application

int main(void)

// initialize the device
SYSTEM_Initialize();
while (1)
{
// Add your application code
LED1_Toggle();
LED2_Toggle();
for (i = 0; i < 80000; i++);
}

return 1;
}
/**
End of File
*/

4 main.c - Editor - O X
E main.c X KD @ @
Source  History 1!}|[E? 8-S EBELLIF S J;-_jE")| v B

48
49
50
51
52
53
54
55
56
57
58
59
60
)

62
63
64
85
66
67
68
69
70
Tl

EI

#include "mcc_generated files/system.h' A m

#include "mcc_generated files/pin_manager.h'

T Mai
uint32_t i=0;

int man{wvoid)
Elog

inltialize the d
SYSTEM_Initialize();
while (1)
{

/ Add wvour application

LED]_Toggle();

LED2 Toggle();

for(i=0;1<80000;i++);
}

réturn 1;
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Labl Multi-GPIO Output

Result

1 'l
"
L B B ]

s g B
l,lll I N
W HNE R TN
B

Joystick 1
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Lab2 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 {
I \ D3_SetLow();
else
|1 " 03 et
_T_ - } D3_SetHigh();
GND
D3(RC10) ”;/

471R :
A PH—iano
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Lab2 GPIO Input
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Lab2 GPIO Input

* Base on current project or Open .\Lab2_xxx.X to do exercises.
* Try to set RB11 ~ RB10 to digital input as get button status.

* Try use button to control LED light or dark.
* BT1 Pressed > D3 Light, BT1 Released > D3 Dark.
* BT2 Pressed > D4 Light, BT2 Released > D4 Dark.

 RB11 to Button(BT1), RB10 to Button(BT2).
* RC10 to LED(LED3), RC11 to LED(LED4).

Let’s go!
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Lab2 GPIO Input

Step 1

* Set PORTB : Pin11 (RB11), Pin10 (RB10) to digital input mode.

e Set PORTC : Pin10 (RC10), Pin11 (RC11) to digital output mode.

1 ) X
Pin Manager: Grid View x -
Package: | TQFPe4 | ~ Pin No: |46 47148|49 61 62163|ﬁ4 1]2 l13|22 23 27l50|51 24 32l36|37 52|53 3
PortB ¥ l PortC ¥
Module Function Direction | 6 7,89 101112131415/ 0 1,2 3 4 5 /6 7 8 9101 12
CLKI input
CLKO output
Clock v OsCl input
OsCO output
REFI1 input I O O O O O T O O O
REFO1 output O O O O O T T O O
— PGCx input B B
PGDx input B :
o Modute v 1970 input GGG R R R GGG
GPIO output BBh B GGG GGG GG O
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Lab2 GPIO Input
Step 2

* Set Alias for RB10, RB11, RC10, RC11.
* Pin Module : RB10 Custom Name > BT2, RB11 Custom Name > BT1.
* Pin Module : RC10 Custom Name > LED3, RC11 Custom Name > LEDA.

%4 Pin Module - Editor — O X
] PinModule EHO
Resource Management [MCC] x | {5k Easy Setupl £ Registers
Project Resources Generate || Import.. || Export l g [ | g [Selected Package : TQFP64
v System Pin Names | Module Function | Custom Name | Start High | Analog Output WPU
() Interrupt Module RB3 ICD PGD2 [] ] ] ]
' () Pin Module 5 : =
) System Module " - ol D D D D
RB10 Pin Module |GPIO et ] ] ]
Feniion Hastimcs Gontant Menaoss RB11 Pin Module [GPIO BT1 D D D
v Documents - RC4 Pin Module [GPIO LED1 L]
dsPIC33CK256MP506 Product Page ' :
i RC5 Pin Module |GPIO LED2 ] L]
|joranes
> CHARACTER LCD RC10 Pin Module |GPIO LED2 D i:l
» (=] Foundation Services RC11 Pin Module |GPIO EDa D D
¥ ' '

Click & Rename ﬁ\ MICROCHIP



Lab2 GPIO Input
Step 3

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator |
G mte 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287 INFD:  Generation Results
g % 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52.267  INFO: main.c Success, ML cutput uncharnged. User edits maintained. [Bee 'Force Update']
Resource MWMI lMCC x 09:34-52.287 INPD: mec_generated_fileshclock. e Biccess.
prOjeCt Resources Generate JLImport... l Export l o 1 l @ 09:34:52 287  INFO: mee_zenerated_files\clock.h Huccess.
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v System ‘m 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
O |"te"UPt Module 09:34.52.268 INPD: mec_generated_fileshmec. e Success.
<D Pin Module 09:34:52.288  INFO: meo_generated files'mec. h fuccess,
O S o Modkile 09:34.52.288 INFD: moc_generated_fileshpir_marager. ¢ Success.
09:34:52.2668  INFD: mec_generated_filesh\pir_marager. h Success,
09:34:52.268 INFD: mcc_generated_files'\reset.c Buccess.
- 09:34: 52 268 INFD: meo_zenerated_fileshreset h Hiccess,
Device Resources | Content Mﬂ"age" 09:34:52.285  INFO: meo_generated files\reset_types. h Success.
v Documents L’-‘J 00:34:52.2868  INFO: mec_generated_fileshsystem.c Success,
09:24:52.286  INFO: ted_files'system. h Suocess,
dsPIC33CK256MP506 Product Page s
2 " 09:34.52.266 INFD: meeo_generated_fileshsystem_types.h Success,
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Suocess,
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess.
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 003852 298 (NP0 $68s4888tatastaatssatsastssissastssassssssssstssnss
09:34.52. 298 INFD:  Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34.52.299 INFO: Generation complete, v
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Lab2 GPIO Input

Code Example

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

/*

*/
uint32_t i=0;

Main application

int main(void)

{
// initialize the device
SYSTEM _Initialize();
while (1)

// Add your application code
LED1_Toggle();
LED2_Toggle();

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

if(BT1_GetValue())
LED3_SetLow();

else
LED3_SetHigh();

if(BT2_GetValue())
LED4_SetLow();
else
LED4_SetHigh();
}

return 1;

}

/**

End of File
*/
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Lab2 GPIO Input

Result

44444

LED3 Turn On, When BT1 Pressed.
, LED4 Turn On, When BT2 Pressed.
LEDs Toggle, | —
Interval Period use "for()" loop delay.

Wecmw J nacee700 |
Addr: Ux4

1]
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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

ureQ |~ A8\ MicrocHIP

Peripherals R




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) | (Nl) Feedback (NZ) (N3) Core
DIV(n1) . N:;:ck DIV(N2) DIV(N3)
PLLPRE ce POST1D1V POST2D1V
PLLFBDIV : ,
Range : 1-8 Range © 16-200 Range : 1-7 Range : 1-7
Default : 1 &€ - Default : 4 Default : 1
Default : 150
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Oscillator Setting of MCC

DIV MUL DIV RN dSP|C33CK]
(N1) Feedback (N2) N3) ), Core J ~ 0 x
W Feo E -
Fued Stem Module == | 4 )I[:]@
Sysiern iviuuuig I @_ @
| S=e]
yoo |Evcoz — DOZE<Z-0> | 207 Easy Setup || =} Registers |
Divider Fvcoa Fue
Pt ¥ Clock
— 8000000 E| Hz| Primary Dscillatorl = | (3.5 MHz - 25 MHz) |Clodk Source
FROCLKM 51
yu! 2y [
Y PLL oscoud! ;;‘x
POSCOLKS 53 . - ¥ [v] PLLEnable
Feroa/2(6 S1S3
FRECLK 8 MHz - Prescaler *
=50 <
. . o Foer, 1600 MHz [ 1200 | - |FeedBack |4
- 57
| eFRCCLE | | . 400 MHz - Paostscaler1
FRCCLK —= 56 r 1
LPRCCLIY | F\EE\E ™ FRDDN‘“:D" | 400 MHz - Postscaler2  lg
| E—— | EFRC—— | =
LPRC —— L
L
L — — | RE | | 200 MHz Fosc |
POSC
FRCDIV=2:0= | Fe REFCLND |
Foac { I 100 MHz Fosc/2 I
Ciock Clack
FaLI Switch 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
8 MHz 1:1 Prescaler
| |
| FRCiE" -aRico | 1600 MHz 1200 | ~ | Feedback
| APWGD | 1600 MHz 1:1 | ~ | Postscalerl
[ | avco Afvone AFCoDiv |
AFveos .
|| Oivider [hFices I 1600 MHz (11 | - |Postscaler2
| LA‘.I'CDDNﬂ IZI:-I
| |
L - - - = J
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Lab3 Clock PRIPLL
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Lab3 Clock PRIPLL

* Base on current project or Open . \Lab3_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 (16MMHz) to MCU.

Let’s go!
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Lab3 Clock PRIPLL
Step 1

* Set System Module

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

=

¥4 System Module - Editor
System Module =

Select or Key-in Correct i
/J Frequency that set on your Board  x

omo®

Resource Management [MCC] x |

Project Resources | Generate

Import... || Export \ O  ©

%E‘} Easy Setup | =] Registers

¥ Clock

7
Y

v System

[ Interrupt Module
() Pin Module

() System Module { !

o
8000000

1+

Primary Oscillator

| - I (3.5 MHz - 32 MHz) Clock Source

Device Resources

Content Manager

v Documents

dsPIC33CK256MP506 Product Page

v Libraries
> CHARACTER LCD
» (=) Foundation Services

v PLL Enable
8 MHz 1:1 | - ] Prescaler
1024 MHz | 1128 | ~ | FeedBack
256 MHz [ 14 l > ] Postscaler1
64 MHz - Postscaler2

32 MHz Fosc

16 MHz Fosc/2
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Lab3 Clock PRIPLL
Step 2

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator |
G mte 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287 INFD:  Generation Results
g % 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52.267  INFO: main.c Success, ML cutput uncharnged. User edits maintained. [Bee 'Force Update']
Resource MWMI lMCC x 09:34-52.287 INPD: mec_generated_fileshclock. e Biccess.
prOjeCt Resources Generate JLImport... l Export l o 1 l @ 09:34:52 287  INFO: mee_zenerated_files\clock.h Huccess.
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v System ‘m 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
O |"te"UPt Module 09:34.52.268 INPD: mec_generated_fileshmec. e Success.
<D Pin Module 09:34:52.288  INFO: meo_generated files'mec. h fuccess,
O S o Modkile 09:34.52.288 INFD: moc_generated_fileshpir_marager. ¢ Success.
09:34:52.2668  INFD: mec_generated_filesh\pir_marager. h Success,
09:34:52.268 INFD: mcc_generated_files'\reset.c Buccess.
- 09:34: 52 268 INFD: meo_zenerated_fileshreset h Hiccess,
Device Resources | Content Mﬂ"age" 09:34:52.285  INFO: meo_generated files\reset_types. h Success.
v Documents L’-‘J 00:34:52.2868  INFO: mec_generated_fileshsystem.c Success,
09:24:52.286  INFO: ted_files'system. h Suocess,
dsPIC33CK256MP506 Product Page s
2 " 09:34.52.266 INFD: meeo_generated_fileshsystem_types.h Success,
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Suocess,
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess.
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 003852 298 (NP0 $68s4888tatastaatssatsastssissastssassssssssstssnss
09:34.52. 298 INFD:  Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34.52.299 INFO: Generation complete, v
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Lab3 Clock PRIPLL

Result

LED3 Turn On, When BT1 Pressed.
LED4 Turn On, When BT2 Pressed.

aw

APPO53 v1.00
20211202
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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.

@ MICROCHIP



Which events need Interrupt ?

* For General (maskable)

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

* Unpredicted event
Polling too waste computing time.

* For Emergency (non maskable)
 Stack Overflow/Underflow
* Math Error
* Address Error
* etc..
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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-ll
_ 3l

(00]
1

[EE
1

Interrupt Controller

Trap

)

Trap

Y VY

Trap

CPU

Interrupt
Request

Interrupt

Y

rd

Vector >

Interrupt

o

Interrupt

Natural Priority
->

N
B
()

|

|

.

|

Priority
1-7

]

J
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Natural Priority

* |f 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, you can get easy to handling

interrupts.

* Just one click all interrupt relate setting will get ready.

;ﬂJ Enable Timer Interrupt

Just One Click! —

B4 TMR1 - Editor ] X
System Module = | TMR1 = (D Ej@
‘ 07 Easy Setup_ = Registers
¥ Hardware Settings
[V] Enable TMR [ ] Enable Gate
‘ Timer Clock Timer Pericd
Clock Source FOSC/2 Period Count 0x0 £ Ox0 < OxFFFF
Input Frequency Timer Period 125ns < < 40% ms
Prescaler 1:1
Calculated Period Os
Syncronize

v Software Settings

Enable Interrupt

Callback Function Rate
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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

Sore | sy W@ WA - QB S RGP LB [ W0 H| & 6
o1 vold TMRI_Initialize (void)

92 [ g

93 TME

04 TMED = 0x00;

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

96 PRl = 0xC34F;

97| = TCKPS 1:64; PRWIP Write complete M) irite complete

ag TON enabled: TSIDI sabled: TCS FOSC/2: TECS TICK: TSYNC disable

99 + TMUWDIS disabled; TGATE disabled;

100 TICON = 0x8020;

101
102 1f(TMR]_InterruptHandler == NULL)

103 {

104 TMREI_SetInterruptHandler{&TMR]_CallBack);
105 }

106
107 IFS0bits . TIIF = false;
108 IECObits . T1IE = true;
109
110 tmrl_obj . timerElapsed = false;
111
nz) -

1132

<
B > [ TMR1_InterruptHandler
71:1 | ns]

e = O [=DO

%4 tmri.c - Editor

B tmrlc x|

Source  History ‘fll | I
114

115 void __attribute_ ( ( interrupt, no_auto_psv ) ) _TlInterrupt (
116 & {

117 * Check 1f t imer Int pt/Stat

118
19 [
120
121
122 j ‘
123 1f(TMR]_InterruptHandler)

124 (

125 TMRI_InterruptHandler();
126 }

127
128
129
130 tmrl_obj.count4+;

B e U

131 tmrl_obj.timerElapsed = true;
132 IFSObits . TIIF = false;
133 L

124

<
o5 y 2 TMR 1_InterruptHandler >
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.

* If 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 a into the interrupt request when equal, and resets TMRx to
zero.

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

1:1
1:8
[ PRx } 1:64
Interrupt Equal c ) 1:256
< omparator
Request 1 Prescaler
—{ TMRx }7 =~ |<— Clock Source
Reset
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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();

) SEIERE Sy __ extend your timer period by

= software artifice.
1 L
v Software Settings

7

Callback Function Rate: 0x2 xTimer Period= 500 ms

@ MICROCHIP



Lab4 Timerl Interrupt

@ MICROCHIP



Lab4 Timerl Interrupt

* Base on current project or Open .\Lab4_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 200ms (100ms x 2).

* Timerl interrupt priority set to level 1.

Let’s go!
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Lab4 Timerl Interrupt
Step 1

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

Resource Management [MCC] x |
Project Resources l Generate l Import... I Export i © ‘ I @
¥ System

{ ) Interrupt Module

() Pin Module

() System Module

Device Resources . Content Manager

» €0r QEI 1

» [=)] SENT

» & SPI
'@ﬂmer

@ Lg &) T™MRI

) X

Resource Management [MCC] x |

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

¥ Peripherals

©E3 ) TMR1

¥ System
() Interrupt Module
[} Pin Module
() System Module

Device Resources - Content Manager

» it PMP ~

» 3% PTG

» 55 QEI

» =1 SENT
» = SP
» [=] UART

» Examples
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Lab4 Timerl Interrupt
Step 2

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

4 TMR1 - Editor

- O et
=D

'{E}} Easy Setup | = RﬂgistersJ
¥ Hardware Settings
Enable TMR I:l Enable Gate

Timer Clock Timer Period

Clock Source FOSC/2 = Period Count 0x0 < 0x0 < OxFFFF

Input Frequency o Timer Period 8us < [125 ns | < 262144 ms

Prescaler | 1:64 | ; I

Calculated Period Os
D Syncronize Clock

D Enable Timer Interrupt

¥ Software Settings

Callback Function Rate: 0x1 xTimerPeriod= 0s
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Lab4 Timerl Interrupt
Step 3

e Set Time Period : 125ns > 100ms.

4 TMR1 - Editor

- O X
(IO

'{.§} Easy Setup | = RﬂgistemJ
¥ Hardware Settings
Enable TMR I:l Enable Gate

Timer Clock Timer Period

Clock Source FOSC/2 Period Count 00 < OxB1A7 < OxFFFF

Input F 16 MH

nput Frequency “ Timer Period 8us £ 100ms < 262144 ms

Prescaler 1:64 ]

Calculated Period 100 ms

D Syncronize Clock
D Enable Timer Interrupt
¥ Software Settings
Callback Function Rate: (0x1 xTimer Period = 100 ms
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Lab4 Timerl Interrupt
Step 4

e Set Enable Timer Interrupt.

4 TMR1 - Editor

- O X
(IO

'{E}} Easy Setup | = RﬂgistersJ
¥ Hardware Settings
Enable TMR I:l Enable Gate

Timer Clock Timer Period

Clock Source FOSC/2 Period Count 00 < OxB1A7 < OxFFFF

Input Frequency e TimerPeriod  8us £ 100ms < 262144 ms

Prescaler 1:64

Calculated Period 100 ms
D Syncronize Clock
Enable Timer Interrupt

¥ Scoftware Settings
Callback Function Rate: (0x1 xTimer Period = 100 ms
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Lab4 Timerl Interrupt

Step 5

e Set Function Rate : 0x01 > 0x02

4 TMR1 - Editor

— O X
IO

{%}' Easy Setup | = Registers ‘
¥ Hardware Settings
Enable TMR I:l Enable Gate

Timer Clock Timer Period

Clock Source FOSC/2 Period Count Ox0 < 0Ox61A7 < OxFFFF

16 MHz
Input Frequency 6 MH Timer Period 8us < 100 ms < 262144 ms
Prescaler 1:64 .
Calculated Period 100 ms
D Syncronize Clock

Enable Timer Interrupt

¥ Software Settings

Callback Function Rate: 0Ox2

«TimerPericd= 200 ms
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Lab4 Timerl Interrupt
Step 6
* Check Enable TMR1 Interrupt.

] X
Prokcts | Fils | Services | Resource Management [MCC] x | 3 Interrupt Module - Editor _ - »
Project Resources | Generate || Import... || Export | @ || @

Interrupt Module | (O

v Peripherals

@ O ™R {03 Easy Setup
Y System : Interrupt Manager
() Interrupt Module Enable Global Interrupts
__ Pin Modul —
=l s Module Interrupt Description
() System Module - - -
Pin Module CNAI Change Notification A
Device Resources Content Manager Pin Module CNBI Change Notification B
> it PMP | PinModule  |CNCI Change Notification C
» 5 PTG
by Pin Module CNDI Change Notification D
» o QEI
DMT DMTI Dead Man Timer
» [=) SENT
» 2 SPl TMR1 Tl Timer 1
» [=] UART 1

» Examples
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Lab4 Timerl Interrupt
Step 7

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator |
G mte 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287  INFD: Generation Results
g % 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
: 09:34:52.267  INFO: main.c Success, ML cutput uncharnged. User edits maintained. [Bee 'Force Update']
Resource meCMl lMCC x 09:34-52.287 INPD: mec_generated_fileshclock. e Biccess.
prOjeCt Resources Generate | Import... ] Export l o l l @ 09:34:52 287  INFO: mee_zenerated_files\clock.h Huccess.
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v System 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
O Interrupt Module 09:34:52.288  INFD: moc_generated_fileshmec. e Success.
(:‘) Pin Module 09:24:52 266  INFO: mee_generated_filesimec. h fuccess,
(402,200 o moo_generat 1lestpinomarager. o Huccess,
O S i Modkle 09:34:52.268  INFD ed_files'pi S
09:34:52.2668  INFD: mec_generated_filesh\pir_marager. h Success,
09:34:52.268 INFD: mcc_gener&ted_files'ﬂreset.c Buccess.
) 09:34: 52 268 INFD: meo_zenerated_fileshreset h Huccess,
Device Resources | Content Mﬂ"agef 09:34:52.285  INFO: meo_generated files\reset_types. h Success.
v Documents C] 00:34:52.2868  INFO: mec_generated_fileshsystem.c Success,
09:34:52.266  INFD: ted_files'system. h Success,
dsPIC33CK256MP506 Product Page s -
2 . 09:34.52.266 INFD: meeo_generated_fileshsystem_types.h Success,
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Suocess,
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess.
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 003852 298 (NP0 $68s4888tatastaatssatsastssissastssassssssssstssnss
09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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Timer Functions of MCC

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

void TMR1_Initialize (void);

void TMR1_Period16BitSet( uintl16_t value );
uintl6_t TMR1_Period16BitGet( void );

void TMR1_Counter16BitSet ( uintl6_t value );
uintl6_t TMR1_Counterl6BitGet( 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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Lab4 Timerl Interrupt

Code Example

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

int main(void)

{
// initialize the device
SYSTEM_Initialize();

while (1)
{
// Add your application code
if(BT1_GetValue())
LED3_SetLow();
else
LED3_SetHigh();

if(BT2_GetValue())
LED4_SetLow();

else
LED4_SetHigh();

}

return1;

}
void TMR1_CallBack(void)

LED1_Toggle();
LED2_Toggle();
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Lab4 Timerl Interrupt

Result

44444

LED3 Turn On, When BT1 Pressed.
LED4 Turn On, When BT2 Pressed.

aw

LEDs Toggle,
Interval Period use "Timerl1" callback.

vvvvvvv
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OLED Application
PPS & SPI Architecture
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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. Py o
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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)
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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
P SCLK
—» MOSI SPI
MISO Slave
——— | SS

https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97 %E5%91%A8%E9%82%8A%EA%BB%8B%HEI%ID%A2

@ MICROCHIP


https://zh.wikipedia.org/wiki/%E5%BA%8F%E5%88%97%E5%91%A8%E9%82%8A%E4%BB%8B%E9%9D%A2

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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Lab Preparation

Add OLED Libraries
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Lab Preparation
Step 1

* Copy Source Files and Header Files paste on folder. (\Appepdix\Libraries to \Labn_xxx.X)

* Source Files > "OLED.c".

* Header Files > "OLED.h", "Font7x8", "Microchip_Splash".

.generated_files BEEER
build BEEER
debug BEERE
dist BEEER
mcc_generated_files BEERKE
nbproject EBEEER
f([;h Font7x8 C Header File
- Lab5_OLED_Display.mc3 MC3 B
[ main C Source File
- Makefile BEE
I;L Microchip_Splash C Header File
gy OLED C Source File
gy OLED C Header File
\
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Lab Preparation

Step 2

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

* Select "Add Existing Item" at Projects Windows.

Select "OLED.c".

]

Projects x Files

1[5 Lab5_OLED_Display
(] Header Files
Ifr-ﬁ Important Files

- [6F) Linker Fil

New

New Logical Folder

Add Existing ltem...

@ Right clickt

I-;H- & Librani®s

B ﬁ' Loadables

Add Existing Items from Folders...
Find...
Cut

Copy

Paste Ctrl+V

Remove From Project

Rename...

Properties

¥4 Select ltem X
ED): Lab5_OLED_Display.X v 5 B3~
- .generated_files
= build
piclin: g =1 =] debug
dist
- mecc_generated_files
A nbproject
H Font7x8
= | Lab5_OLED_Display.mc3
=] Llﬂ main- ey Store path as:
pai .
|| Makefile O Auto
h IR in Splash (®) Relative
= () Absolute
Ex "
I | [JCopy
P [v click sde
i RESE():  pagE v A

@ MICROCHIP



Lab Preparation
Step 3

* Add Existing Folder to Project
 Right click on "Header Files".
* Select "Add Existing Item" at Projects Windows.
* Select "OLED.h", "Microchip_Splash.h", "Font7x8.h".

¥4 Select ltem X
X Heu(I): Lab5_OLED_Display.X ~ 5 Bl
) .generated_files
= build
b g 41| debug
dist
- mecc_generated_files
had ™ A nbnromct
[+ In
- @ R|ght C||ck| R S . %J
& @ Linker Files . = | TTa65.OED S
New Logical Folder <t mais O Auto )
- '. U
= . Source Files I Add Existing ltem... bl Ctrl + Click F
Relati
& mainc Add Existing Items from Folders... ™ Microchip Splash I ©Reatie
! Find = () Absolute
@[] MCC Generated Fileg ~ Find- i ‘% -
[+ @ Libraries Cut A - \ |
i Com @ fEBMMN):  Font7x8.h™ Microchip_Splash.h™ "OLED h™ Seleci
@@ Loadables °Py s :
Paste Ctrl+V ) =B pimteE v L]
Remove From Project
. | Rename...
— A8\ MicrocHIP




Lab Preparation
Step 4

* Success to add libraries Files in your Project.

1) X
Projects x Files
SR8 ab5 OLED Display
= g Header Files
8 Fonth8h
@[ MCC Generated Files
¥ Microchip_Splashh
.1 oLeDh
(+} ﬁ Important Files
@@ Linker Files
=}-|gf] Source Files
fE] main.c
[+ ﬁ MCC Generated Files
.. OLED.c
T U Libraries

@@ Loadables

Libraries include :
> OLED control functions
Raw Data of Fonts

Raw Data of Demo logos

NV
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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.
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Lab5 OLED Display
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Lab5 OLED Display

* Base on current project or Open .\Lab5_ 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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Lab5 OLED Display

Step 1
* Click [+] to add Foundation Services > DELAY Module.

D) X D] X
Resource Management [MCC) !| Resource Management [MCC] x
Project Resources | Generate || Import.. | Eport | @ || ) Project Resources | Generate || Import.. | Export | @ || ©
v Peripherals v Libraries
(7] ) TMR1 ¥ Foundation Services
¥ System 9 G} DELAY [
) Interrupt Module ¥ Peripherals
" Pin Module 9 G) TMR1
() System Module ¥ System
() Interrupt Module
Device Resources  Content Manager Device Resources  Content Manager
v Documents | v Documents L
dsPIC33CK256MP506 Product Page l dsPIC33CK256MP506 Product Page
¥ Libraries ¥ Libraries
(2 CHARACTER LCD > CHARACTER LCD
v 2 Foundation Services » 5 Foundation Services
2 16 Bit 2CMASTER » P LED
‘ gﬁ% DELAY | » 9 LED_BLUE

Click [+] ﬁ\ MICROCHIP



Lab5 OLED Display
Step 2

* Click [+] to add SPI > SPI1 Module.

) X

=

>

Resource Management [MCC) x|

Resource Management [MCC] x |

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

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

© F4 ) DELAY

¥ Peripherals
® L3O TVR1
¥ System
() Interrupt Module
() Pin Module
() System Module

e

W

v Libraries
¥ Foundation Services

© B4 ¢) DELAY

¥ Peripherals

e

@ F3 5 SPI1 [PIC24 / dsPIC33 / PIC32MM MCUs by Microch

7 DX FORLILY

L —"

<k

J >

Device Resources l Content Manage

r

Device Resources

Content Manager

v & SPl

A

© SPI1 [PIC24 / dsPIC33 / PIC32MM MCUs by Microc
? SPI1 [Foundation Services Library by Microchip Te

PIC24 / dsPIC33 / PIC32MM MCUs by Microg
Foundation Services Library by Microchip Tet

@ B35 5 SPI3[PIC24 / dsPIC33 / PIC32MM MCUs by Microd

< ] 2

£

» [ PMP
» 35 PTG
» $5; QEI
» (=) SENT
» 2 SPI
» (=) UART

» Examples

A

!
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Lab5 OLED Display
Step 3

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

4 SPI1 - Editor - O X
SPIL x| =D
%EE Easy Setup ‘ = Registers
Hardware Settings
o s
Enable SPI
Communication Width
SPI Clock
Baudrate Generator Value: 0x0 < Ox0 < OxFF
SPI Clock Frequency 8 MHz
SPI Mode
Clock Polarity | Idle:Low, Active:High | - \
Clock Edge l Active to Idle | - ‘
SPl Mode 0
Input Data Sampled at ® Middle End i
A8\ MicrocHIP




Lab5 OLED Display

Step 4

* Assign SPI1 SCK and SDO Pin.

* Pin Manager : RD3 > SCK10UT, RD4 > SDO1.

1 X
Pin Manager: Grid View x |
Package: | T0Fps4 | ~ | | pinNo: [13]22]23] 27|50 51|24 |32|36|37|52[53| 3 | 4 |5 |6 |60|50[58|55| 5444 |a3]42|39]38]31]30|21 12|11 8
PortC v PortD v
Module | Function | Direction [0 [1[2[3 a[5]6]7[89[10[11][12[13]1a[1s[o[1[2]3[a]5[6[7 8]0 [10]11][12]13]14]15
cLK input
CLKO output
Clock ¥ 0sCl input
0sCO output
REFI1 input R R R A T T B B A B A A A T I I B I I A A A A I B BB B B B
REFO1 output R R R N T T B B A I A A A T I I B A A A A A B B BB B B B
v PGCx input
PGDx input
ny@©  rex  |m/nnnhhh 'ttt bt bEEEE s s kbbb bbb
@0 lowew |b|llb|h|6|8|h E|h b 68 e b e
kiUt met |||l Bl G h B G h 6]k e e e e
oy | et |blbG B e e ke ke ke B e b e e
001 vt |t b B B G h G kG e e # e e e e
1007 oot |ta |l |l Bl G Bl BB G R a nlt|u|aBhE e
T S e [ [y [ [y o [ R R N Y N I O AN N0E
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Lab5 OLED Display

Step 5

* Set PORTD : Pin0 (RDO), Pinl (RD1), Pin2 (RD2) to digital output mode.

= X
Pin Manager: Grid View x |
Package: | Qs+ | ~ | | pinno: |13)22|23| 27|50 51| 24|32 36|37 52(53| 3 | 4 | 5| 6 |60 59|58 |55 |54 | 44| 4342|3038 |31 30|21 12| 1] 8
PortC v PortD ¥
Module | Function | Direction |0 1|23 |4a[s[6[7 |8 9|10[11]12]13]1a][15]0|1|2][3]4a]5]6]7]8 ]9 [10]11]12]13]1a]15
CLKI input
CLKO output
Clock ¥ QSCl input
QsCO output
REFI1 input G R A T T T B A A N O T T T B A A A O A T I B B B B B B B
REFO1 output G R N T T T B B A A A O T T T B A A A O A T T B B B B B B B
v PGCx input
PGDx input
i Module v 12° input R R R T B T B T T O B A I - I I - T B G B G B B B B G BB
GPIO output R A R R R A R R A N A R R R R R R R
SCKIOUT  infout BEleE'EEEEEEEEEE R R B CRCRCRC R RGBT R
oy 2 input BElfEEEEEEEEEEE e EEEE R EEEE R
SDOf output BEleE'EEEEEE e B e EE B E(Aa|EE BB EEE R
ss10uT output BEleEEEEEEEEEEE e EEEE BB EEEE R
TMR1  |T1CK input R R R R R O B T B O B B B B B B O B I B R B I B B B GBI
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Lab5 OLED Display
Step 6

e Set Alias for RDO ~ RD1 ~ RD2.

* Pin Module : RDO Custom Name > OLED nCS , Start high.
* Pin Module : RD1 Custom Name > OLED_nRST, Start high.

* Pin Module : RD2 Custom Name > OLED RS.

$ Pin Module - Editor — | "
= Pin Module  x oD
Resource Management [MCC] x| e ‘
. ‘ T [ B 07 Easy Setupl £ Registers
Project Resources | Generate || Import... | Export | @ || @ -
) ' S [Selected Package : TQFP64
v System
") Interrupt Module Pin Namea | Module Function | Custom N...| Start High Analog Output WPU
() Pin Module RC10 Pin Module |GPIO LED3 |:| |:|
) System M°d”'ﬁi@ RC11 Pin Module |GPIO LED4 (] B
RDO Pin Module |GPIO OLED_nCS T |:|
Device Resources Content Manager :
— RD1 Pin Module |GPIO |
v Documents I N OLED_nRS I:‘
dsPIC33CK256MP506 Product Page i RD2 Pin Module |GPIO OLEDRS [ ] (]
v o RD3 SPI SCK10UT
» @) CHARACTER LCD S [] ] []
» (=] Foundation Services RD4 SPI1 SDO1 STIE‘I_GliCk & Rename |:|
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Lab5 OLED Display
Step 7

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator |
G mte 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287 INFD:  Generation Results
g % 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52.267  INFO: main.c Success, ML cutput uncharnged. User edits maintained. [Bee 'Force Update']
Resource MWMI lMCC x 09:34-52.287 INPD: mec_generated_fileshclock. e Biccess.
prOjeCt Resources Generate JLImport... l Export l o 1 l @ 09:34:52 287  INFO: mee_zenerated_files\clock.h Huccess.
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v System ‘m 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
O |"te"UPt Module 09:34.52.268 INPD: mec_generated_fileshmec. e Success.
<D Pin Module 09:34:52.288  INFO: meo_generated files'mec. h fuccess,
O S o Modkile 09:34.52.288 INFD: moc_generated_fileshpir_marager. ¢ Success.
09:34:52.2668  INFD: mec_generated_filesh\pir_marager. h Success,
09:34:52.268 INFD: mcc_generated_files'\reset.c Buccess.
- 09:34: 52 268 INFD: meo_zenerated_fileshreset h Hiccess,
Device Resources | Content Mﬂ"age" 09:34:52.285  INFO: meo_generated files\reset_types. h Success.
v Documents L’-‘J 00:34:52.2868  INFO: mec_generated_fileshsystem.c Success,
09:24:52.286  INFO: ted_files'system. h Suocess,
dsPIC33CK256MP506 Product Page s
2 " 09:34.52.266 INFD: meeo_generated_fileshsystem_types.h Success,
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Suocess,
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess.
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 003852 298 (NP0 $68s4888tatastaatssatsastssissastssassssssssstssnss
09:34.52. 298 INFD:  Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34.52.299 INFO: Generation complete, v
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OLED Functions of MCC

* The libraries base on MCC and ease to use. but we still need to assign related
resources before use it.

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

* uint8_t OLED_Init( void ); /* Initial OLED Module */

void OLED_Clean( void ); /* Clear OLED */

void OLED Update( void ); /* Update OLED Data */

void OLED_DrawlLine( const uintl6_t x1, const uintl6_t y1, const uintl6_t x2,

const uintl6_t y2, uint8_t pixel ); /* Draw Pixel Line*/
void OLED DrawBitmap( uint16_t x, uintl6_tvy, uintl6_t w, uintl6_t h,
const unsigned char *bitmap ); /* Draw Pixel Bitmap Picture */
void OLED DrawFont( uintl6_t x, uintl6_ty, char chr); /* Draw Single Character */
void OLED DrawsString( uintl6_t x, uintl6_ty, char *str); /* Draw String */
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Lab5 OLED Display

Code Example

#include "mcc_generated_files/system.h"
#include "mcc_generated_files/pin_manager.h"
#include "mcc_generated_files/delay.h"
#include <stdio.h>

#include <string.h>

#include "OLED.h"

#include "Microchip_Splash.h"

int main(void)

{
// initialize the device
SYSTEM _Initialize();

OLED_Init();

OLED_Clean();
OLED_DrawBitmap(0, 0, 128, 64, Microchip_Splash);
OLED_Update();

DELAY_milliseconds(1000);

OLED_Clean();

OLED_DrawsString(0, 56,"By:Your Name");
OLED_Update();

while (1)

{

=

return 1;
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Lab5 OLED Display

Result

1 Sec.

By: Your Name

@ MICROCHIP



UART Architecture
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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!!");

Redirect Printf to UART
e

Software Receive Buffer Size

SottWare Transmit Buffer Size

Redirect Printf to the UART

g s,
"

Bytes

Bytes

%4 UART1 - Editor
UARTI x

{5} Easy Setup 1 £ Registers

Hardware Settings

Enable UART

Clock Source | FOSC/2 [ -]
Baud Rate 9600 [~]
Parity | None [ -]
Data Bits E [ -]
Stop Bits | 1Stopbitsent, 1 checkedatRX | ~ |
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

@ MICROCHIP



USB CDC Emulator

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

X
[
‘ V E .
| Ak s
a ) e S
A ¥ &8ss 18
o o Hreese]
@
D ﬂ— s p;v;;tn
NAF
fl
:’ 7!
£
=20 IC33C) 06 g 1
-2
llllllll 64
E S —
zzzzz ‘“’_ 4r £ ]
; i
RE= o
.MCPQBW MCPS700 j j
) o
Official - L
i
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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 (COMx) at Device Manager.

> -y BRESEREERIE ScmaCimt
a YT' SEEE (COM F] LPT) i
: : » U AEENERE

| ".[} 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, 115200, 8 bit, none, 1 bit, none.

Tera Term: New connection

OTCPAP

myhost.example.com

® Serial Port: COMA4: USB Serial Device [COMA4)

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: 115200 ~
Data: 8 bit v
Parity: none v
Stop bits: 1 bit v
Flow control: none ~

Transmit delay

0 msecjchar

D mseclline

X
New setting %
Cancel
Help
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Lab6 UART printf
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Lab6 UART printf

* Base on current project or Open .\Lab6_xxx.X to do exercises.

* Try to add UART1 module then output "Hello World!!".
 UART1 set to 115200, N, 8, 1, No flow control.

* UART has connected by PCB layout.
* dsPIC33CK (UART1-U1TX, RD8) <-> PIC16F1455 (RX, RC5).
« dsPIC33CK (UART1-U1RX, RD9) <-> PIC16F1455 (TX, RC4).

Let’s go!
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Lab6 UART printf

Step 1

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

= X
Resource Management [MCC] x |
Project Resources | Generate || Import... || Export | @ || @

= X
Resource Management [MCC] x |
Project Resources | Generate || Import... || Bxport | @ || @

v Peripherals = v Peripherals x
@ B4 & SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch H @ B4 & SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch H

@EI O ™R @R O ™R
v System @ P4 (=1 UARTY
() Interrupt Medule ‘ ¥ System
() Pin Module 1 - () Interrupt Module 1
< | J > 8 < | ) >
Device Resources _ Content Manager Device Resources _ Content Manager
F [ SENT ~ F [ FIVIF —~
» 2 SPI » 3% PTG
v [=] UART » £k QEI
@ LR = UART{ » [=] SENT
ﬁ%ﬁ > & Pl
3 » [=] UART
> EF » Examples
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Lab6 UART printf

Step 2
* Set Baud Rate : 9600 > 115200.

%4 UART1 - Editor - m| X
UARTL x (O
e Easy Setup | == Registers )

Hardware Settings

Enable UART

Clock Source FOSC/2 -

Baud Rate | 115200 ~ | Error Rate = -0.794
Parity None v

Data Bits 8 v

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

Flow Control None v

D Enable UART Interrupts

Software Settings

|| Redirect Printf to UART

Software Transmit Buffer Size  0x8 Bytes

Software Receive Buffer Size 0«8 Bytes
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Lab6 UART printf
Step 3

* Set Enable Redirect Printf to UART.

%4 UART1 - Editor - m| X
UARTL x (EO
e Easy Setup | == Registers )

Hardware Settings

Enable UART

Clock Source FOSC/2 -

Baud Rate | 115200 v | Error Rate = -0.794
Parity None v

Data Bits 8 v

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

Flow Control None v

D Enable UART Interrupts

Software Settings

Redirect Printf to UART
Sy re Transmit Buffer Size  0x8 Bytes
Software Receive Buffer Size 0«8 Bytes
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Lab6 UART printf
e Assign UART1 TX and RX Pin.

Step 4

RD8 > U1TX, RD9 > U1RX.

* Pin Manager

@ MICROCHIP

=

Pin Manager: Gnd View =

PortD v
7

CRCRCEEC

819 (1011 12(13 |14 |15

6

1

PortC ¥
7

9 |10/11 /1213 (14 |15| 0

8

0

I B T A T T I TN A A OO T A - T A A A B T I I I B G B B

I B T A T T I TN O O OO T A - T - A OO A T A I I B B B

BhE's Aédb'EsEéAssE'E A8 dB e R EEEEEEES
I R N A T O I T A A OO T A N O A B T I I B R B B

I B T A T T I T O OO OO T A - T O A OO A T O I B B B

I B T A T O B TN I O O T A - O - A O A T O A - T A B B

I B N A T A I T I A O T A - T - A A B T I I B G B B

I R N B A T B T I A A T A I T - T A B T B B I B R B B

I R T A T T I T O O O T A - T - T A B T I I I B R B B

R R R G R A R I R R R R R R R R R R R RC C RC CB

I B O R T T B T I A O T A - T - T A B T I B B B

I B T R T T B TN I O OO T A - T - T A B T I I B B

R R I R I B T I R B B T R R B B BB R R R R R C RC CB

R R R R R R R R R R R R R B R BB B

Direction|

output

input

input

input

output

infout

input

output

output

input

input

input

output

output

input

output

Function|

REFO1

PGCx

PGDx

GPIO

GPIO

SCK10UT

sbn

sDO

SS10UT
T1CK

U1CTS

U1DSR

U1DTR

U1RTS

U1RX

u1Tx

Module|

Pin Module ¥

SPI1 Y

TMR1

UART1 ¥




Lab6 UART printf

Step 5
* Set RD8 Start High.

%4 Pin Module - Editor — O X
@ 4 (PO
Resource Management [MCC) x| = " l
: | Generate || Import... | Export | @ || @ Easy Setup | 5 Registers
Project Resources | | @9 | | Package - TOFP64
v System
() Interrupt Module Pin Names | Module Function | Custom N...| Start High Analog OQutput WPU
() Pin Module RDO Pin Module |GPIO OLED_nCS D
L System Modul RD1 Pin Module |GPIO OLED_nRS ]
l —— RD2 Pin Module |GPIO OLED RS D D
Device Resources 20 aneger
RD3 SPI1 SCK10UT
v Documents CJ scKiout D D D
dsPIC33CK256MP506 Product Page RD4 SPI1 SDO1 SDO1 (] (]
¥ & RDS UART1 U1TX
> CHARACTER LCD D
» (=) Foundation Services RD9 UART1 U1IRX D D
< ) >
= X
Notifications [MCC] | '
Category Source Type: ALL - | Description -

MNo content in table
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Lab6 UART printf
Step 6

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator |
G mte 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287 INFD:  Generation Results
g % 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
09:34:52.267  INFO: main.c Success, ML cutput uncharnged. User edits maintained. [Bee 'Force Update']
Resource MWMI lMCC x 09:34-52.287 INPD: mec_generated_fileshclock. e Biccess.
prOjeCt Resources Generate JLImport... l Export l o 1 l @ 09:34:52 287  INFO: mee_zenerated_files\clock.h Huccess.
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v System ‘m 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
O |"te"UPt Module 09:34.52.268 INPD: mec_generated_fileshmec. e Success.
<D Pin Module 09:34:52.288  INFO: meo_generated files'mec. h fuccess,
O S o Modkile 09:34.52.288 INFD: moc_generated_fileshpir_marager. ¢ Success.
09:34:52.2668  INFD: mec_generated_filesh\pir_marager. h Success,
09:34:52.268 INFD: mcc_generated_files'\reset.c Buccess.
- 09:34: 52 268 INFD: meo_zenerated_fileshreset h Hiccess,
Device Resources | Content Mﬂ"age" 09:34:52.285  INFO: meo_generated files\reset_types. h Success.
v Documents L’-‘J 00:34:52.2868  INFO: mec_generated_fileshsystem.c Success,
09:24:52.286  INFO: ted_files'system. h Suocess,
dsPIC33CK256MP506 Product Page s
2 " 09:34.52.266 INFD: meeo_generated_fileshsystem_types.h Success,
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Suocess,
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess.
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 003852 298 (NP0 $68s4888tatastaatssatsastssissastssassssssssstssnss
09:34.52. 298 INFD:  Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34.52.299 INFO: Generation complete, v
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VT100 Console Control

* Use VT100 command to control UART output as

| COM4A - Tera Term VT — ] X

File Edit Setup Control Window Help

Hello World!'!

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

Let’s go!
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Lab6 UART printf

Code Example

i;t.include "Microchip_Splash.h"
void DisplayTask( void );

uint8_t StringBuffer[100];
volatile uint8_t TMR1Flag;

int main(void)

-

void TMR1_CallBack(void)
TMR1Flag = 1;
LEB1Tegglel);

}LED;!:TGnge(-)%

void DisplayTask( void )
OLED_Clean();

printf(" \033[1;1H%s", StringBuffer);

OLED_Update();

sprintf((char *) StringBuffer, "Hello World!!");

OLED_DrawsString(0, 0, (char *) StringBuffer);
OLED_DrawsString(0, 56, "By:Your Name");

int main(void)

// initialize the device
SYSTEM_Initialize();

6LED_Update();

printf("\033[2J"); // Clear screen
printf("\033[?25I"); // Hide cursor
while (1)

if (TMR1Flag)

TMR1Flag=0;
LED1_Toggle();
LED2_Toggle();
DisplayTask();

-

return 1;
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Lab6 UART printf

Result

v COM4 - Tera Term VT — 0 X
File Edit Setup Control Window Help

Hello World!!

........

1" E]C)C)C)C)C)q'.

’ naam . a\\_\\.

Hello World!!

el
MicroC

APPOS3 y) . W
A @ v @ F-.
&= 5=
i

Hello World!!

By: Your Name

-t
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12 Bits High Speed ADC Architecture
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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
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
A

1111
1110
1100
1011
1010
1001
1000
0111
0110

o1 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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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) REFSEL
| (Voltage Reference)

ANO(AN1)

ANAO(ANA1) + _Ri
— 12 BIN Output Data

| s/n SAR
[ ADC /
ANNO(ANN1) ||

AVSS

| Core Clock Divider —— ADCS
DIFF |
(Negative Input Selection) Clock Source Divider|— CLKDIV
|
Clock Selection |—— CLKSEL
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ADC Shared Core Channel Selection

24 analog channel inputs to connect as Analog Positive input of S/H.
* ANN2 or AVSS as Analog Negative input of the S/H.
* The differential input voltage is Positive — Negative.

CHNL
(Analog Channel Number) REFSEL
\L (Voltage Reference)

AN2

AN3 +
12-Bit
Output Data
_ S/H SAR
AN23 ADC /

Temperature Sensor (AN24)

Band Gap 1.2V (AN25)

_— Core Clock Divider |—— SHRADCS
ANN2 T~ I
Clock Source Divider|—— CLKDIV
AVSS I
/I/ Clock Selection |—— CLKSEL
DIFF

(Negative Input Selection)
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Lab7 ADC Multiple Channel
Periodically
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Lab7 ADC Multiple Channel Periodically

* Base on current project or Open .\Lab7_xxx.X to do exercises.
* Try to add ADC1 module and conversion Joystickl and Joystick2 voltage to shows ADC

result on UART.
* Use Timerl to software trigger of ADC conversion periodically.

Joystickl Joystick2
X Y X Y
PORT/Channel| RA4/ANA4 RA1/ANA1 | RA3/AN3 RAO/ANO
Custom Name VR1 VR2 VR3 VR4
ADC Core Share Corel Share Core0
Trigger Source Common Software Trigger
Interrupt Enable

Let’s go!
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Lab7 ADC Multiple Channel Periodically

Step 1
* Click [+] to add ADC > ADC1 Module.

) X 1] X
Resource Management [MCC] x| Resource Management [MCC] x |
Project Resources | Generate || Import.. | Export | @ || © Project Resources | Generate || Import.. || Export | @ || ©
¥ Peripherals : ¥ Peripherals :
© B3 5 SPI1 [PIC24 / dsPIC33 / PIC32MM MCUs by Microch ©® B3 & ADC1
@3 O ™R @ P & SPI1 [PIC24 / dsPIC33 / PIC32MM MCUs by Microch
© £4 (=1 UART1 O © ™R1
v System © £ = UARTY
() Interrupt Module ' v System
| 2 < )
Device Resources Content Manager Device Resources Content Manager
¥ Peripherals 1 ¥ Peripherals 1
v &y ADC » 4t CANFD
@ B3 &y ADCH » [T CBG
» N » P CLC b
*  Click [+] » il CMP_DAC
P& LLC » [&} CRC
» gl CMP DAC » 0 DA

@ MICROCHIP



Lab7 ADC Multiple Channel Periodically

Notice

* For the dedicated core, the throughput includes 4 TADCORE sampling time and 13
TADCORE conversion time.

* For the shared core, the throughput includes 10 TADCORE sampling time and 13
TADCORE conversion time.
* ADC Clock Source = F,;. +~ 2+ 1(CLKDIV) = 32MHz +~2 +1 = 16MHz

Dedicated Core Clock Source =ADC Clock Source +~ 2(ADCS) = 16 MHZ +~ 2 = 8MHz

Shared Core Clock Source =ADC Clock Source + 2(SHRADCS) = 16 MHZ +~ 2 = 8MHz

Dedicated Core Tapcorg = 1 + Dedicated Core Clock = (1 +~8MHz) = 125ns

Shared Core Tapcorg = 1 + Shared Core Clock = (1 + 8MHz) = 125n

Dedicated core sampling time : 4T 4pcore = (125ns X 4) = 500ns

Shared core sampling time : 10T 4pcorr = (125ns X 10) = 1,250ns

sampling time set to maximum(500ns, 1250ns).

Reference Datasheet : TABLE 33-39: ADC MODULE SPECIFICATIONS @ MICROCHIP



Lab7 ADC Multiple Channel Periodically

Step 2

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

%4 ADCT - Editor
ADC1 x

0 bed

KID|Q]E)

{"E 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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Lab7 ADC Multiple Channel Periodically

Step 3

 Set Enable AN4 Shared Core.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Shared D F RC7 None None v |:|
Shared D AN17 ~ ||RC6 None None - [:]
Shared D AN18 ~ ||RD10 Mone None v |:|
Shared D AN19 ~ |[|RD11 None None A D
Shared D AN2 ~ ||RB7 None None A |:]
Shared ] AN3 ~ ||RA3 None None - []
Shared ANZ « ||RA4 channel_AN4 None None - D
Shared ] ANS ~ ||RBO None None - []
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Lab7 ADC Multiple Channel Periodically

Step 4

* Set Trigger Source : None > Common Software Trigger.

v Selected Channels
Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt

Shared D AN16 ~ ||RC7 None None v |:|
Shared ] AN17 -~ ||RC6 None None - L]
Shared D AN18 ~ |[RD10 None None - D
Shared D AN19 - ||RD11 None None - D
Shared D AN2 ~ ||RB7 None None A |:]
Shared D AN3 ~ ||RA3 None None - D
Shared AN4 » ||RA4 channel_AN4 Common Soft... None - [ ]
Shared ] ANS ~ ||RBO None None - []

.
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Lab7 ADC Multiple Channel Periodically

Step 5

e Set Enable Interrupt.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Shared E’ F RC7 None None v |:|
Shared D AN17 ~ ||RC6 None None - [:]
Shared EI AN18 ~ ||RD10 Mone None v |:|
Shared D AN19 ~ |[|RD11 None None A D
Shared D AN2 ~ ||RB7 None None A D
Shared ] AN3 ~ ||RA3 None None - []
Shared AN4 - ||RA4 channel _AN4 Common Soft... None -

Shared D AN5 ~ ||RBO None None - %
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Lab7 ADC Multiple Channel Periodically

Step 6

* Set Core Channel : AN1 > ANAL.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 ] ANO ~ ||RAQ None None - [] :
Core1 [ ] ANA1 - 1 None None - [ ]
Shared D AN10 ~ ||RB8 None None - |:|
Shared [:l AN1T1 ~ ||RB9 MNone None - |:|
Shared D AN12 ~ ||RCO None None - |:|
Shared ] AN13 . ||RC1 None None - [ ]
Shared D AN14 ~ ||RC2 None None M |:|
Shared [:’ AN15 ~ ||RC3 None None - D |

<A
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Lab7 ADC Multiple Channel Periodically

Step 7

* Set Enable ANA1 Dedicate Corel.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 D ANO ~ ||RAD None None = |:| 7
Core1 I ANA1 ~ ||RA1 channel_ANA1 None None - [ ]
Shared D | AN10 ~ ||RB8 None None - |:|
Shared ] AN11 . ||RBO None None - []
Shared D AN12 ~ ||RCO None None - |:|
Shared N AN13 . ||RC1 None None - [ ]
Shared D AN14 ~ ||RC2 None None v |:|
Shared D AN15 - ||RC3 None None - D |
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Lab7 ADC Multiple Channel Periodically

Step 8

* Set Trigger Source : None > Common Software Trigger.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 D ANO ~ ||RAD None None = |:| 7
Core1 ANA1 ~ |[RA1 channel_ANA1 Common Soft... None - D
Shared D AN10 ~ ||RB8 None None - |:|
Shared ] AN11 . ||RBO None None - []
Shared D AN12 ~ ||RCO None None - |:|
Shared N AN13 . ||RC1 None None - [ ]
Shared D AN14 ~ ||RC2 None None v |:|
Shared D AN15 - ||RC3 None None - D |
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Lab7 ADC Multiple Channel Periodically

Step 9

e Set Enable Interrupt.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 D ANO ~ ||RAD None None - |:| .
Core1 ANA1 « ||RA1 channel_ANA1 e e -

Shared D AN10 ~ ||RE8 None None - %‘
Shared [:l AN11 ~ ||RBY None None - D
Shared D AN12 ~ ||RCO None None - |:|
Shared D AN13 - [|RC1 None None - D
Shared D AN14 ~ ||RC2 None None - |:| ]
Shared ] anis | - ||Re3 None None | ~ ] |
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Lab7 ADC Multiple Channel Periodically

Step 10

 Set Enable AN3 Shared Core.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Shared ] [[ane |+ |[Re7 None None []
Shared D AN17 ~ ||RC6 None None [:]
Shared EI AN18 ~ ||RD10 Mone None |:|
Shared D AN19 ~ [|RD11 None None D
Shared EI AN2 ~ ||RB7 None None D
Shared rAN3 ~ ||RA3 channel AN3 None None D
Shared | AN4 ~ ||RA4 channel_AN4 Common Soft... None
Shared D ANS ~ ||RBO None None |:|
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Lab7 ADC Multiple Channel Periodically

Step 11

* Set Trigger Source : None > Common Software Trigger.

v Selected Channels
Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt

Shared D AN16 ~ |[RCT7 None None |:|
Shared D AN17 « ||RC6 None None |:|
Shared D AN18 ~ |[RD10 None None D
Shared D AN19 ~ |[RD11 None None D
Shared D AN2 ~ ||RB7 None None D
Shared AN3 ~ ||RA3 channel_AN3 Common Soft... None D
Shared AN4 ~ ||RA4 channel _AN4 Common Soft... None
Shared D ANS ~ ||RBO None None D

|
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Lab7 ADC Multiple Channel Periodically

Step 12

e Set Enable Interrupt.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Shared ] [[ane |+ |[Re7 None None | ~ []
Shared D AN17 ~ ||RC6 None None - [:]
Shared El AN18 ~ ||RD10 Mone None v |:|
Shared ] AN19 ~ ||RD11 None None - []
Shared EI AN2 ~ ||RB7 None None A |:|
Shared AN3 - ||RA3 channel_AN3 Common Soft... None -

Shared AN4 ~ ||RA4 channel_AN4 Common Soft... None - %
Shared D ANS ~ ||RBO None None - |:|
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Lab7 ADC Multiple Channel Periodically

Step 13

* Set Enable ANO Dedicate Core0.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 [ e - |[rRAD channel_ANO o None | - O I
Core1 | ANA1 ~ |[RA1 channel ANA1 Common Soft... None -
Shared D AN10 ~ ||RB8 None None - |:|
Shared ] AN11 . ||RBO None None - []
Shared ] AN12 . ||rco None None - []
Shared N AN13 . ||RC1 None None - [ ]
Shared D AN14 ~ ||RC2 None None v |:|
Shared D AN15 - ||RC3 None None - D |

o
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Lab7 ADC Multiple Channel Periodically

Step 14

* Set Trigger Source : None > Common Software Trigger.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 ANO ~ |[RAO channel ANO Common Soft... None > |:| 1
Corel ANA1 ~ |[RA1 channel ANA1 Common Soft... None -
Shared D AN10 ~ ||RB8 None None - |:|
Shared (] AN11 . ||RB9 None None - [ ]
Shared D AN12 - [|RCO None None - |:|
Shared N AN13 . ||RC1 None None - ]
Shared D AMN14 ~ |[RC2 None None v |:|
Shared D AN15 ~ [[RC3 None None - D |
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Lab7 ADC Multiple Channel Periodically

Step 15

e Set Enable Interrupt.

v Selected Channels

Core Enable Core Channel Pin Name Custom Name Trigger Source Compare Interrupt
Core0 ANO ~ |[RAO channel ANO Common Soft... None > -
Corel ANA1 ~ ||RA1 channel_ANA1 Common Soft... MNone - %
Shared D AN10 ~ ||RB8 None None - |:|
Shared [:l AN11 + ||RB9 None None v D
Shared H AN12 - ||rco None None - [ ]
Shared D AN13 - ||RC1 None None v D
Shared H AN14 - ||[rc2 None None - [] |
Shared D AN15 ~ [[RC3 None None - D |
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Lab7 ADC Multiple Channel Periodically

Step 16

 Set Alias for RDO, RD1, RD2.

* Pin Module : RA4(AN4) Custom Name > VR1, RA1 (ANA1) Custom Name > VR2.

* Pin Module : RA3 (AN3) Custom Name > VR3, RAO (ANO) Custom Name > VRA4.

'Rm)umc Management [MCC) x |
Project Resources | Generate || Import..

Export | @ || &

v System
) Interrupt Module

() Pin Module
) System Modu

Device Resources

Content Manager

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

¥4 Pin Module - Editor — O X

PinModule x =O

Eﬁ Easy Setup | = Registers
‘Selected Packﬂge-: TQFP64 -

Pin Names | Module Function | Custom N...| Start High Analog Output wPU
RAD ADCT ANO VR4 ] ] ]
RA1 ADC1 ANA1 VR2 [] [] []
RA3 ADC1 AN3 VR2 ] ] ]
RA4 ADC1 AN4 VR1 D D D
RBO Clock QsClI iﬁ m D D l:l
RB2 EXTINT  |INTO Click & Rename
| O | O | O
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Lab7 ADC Multiple Channel Periodically

Step 17

* Click "Generate" Button to generate your code.

J Generate

1] X

Output - MPLAB® Code Configurator |

=

Resource Management [MCC| =

Project Resources || Generate | Import.. | Export

8@

v System
Interrupt Module
Pin Module

() System Module

Device Resources

Content Manager

v Documents
dsPIC33CK256MP506 Product Page
v Libraries
> CHARACTER LCD

» [=) Foundation Services

09:34-52.286 INFO: tetsrssessssssstastseaspasesnssrastanaseantannssssans A

09:34:52.287 INFD:  Generation Results
09:34-52.287 INFD: #8844 88 8 et teant et sttt et rasntrassasstsasstssssesy
093452 287 INFO: main.c

09:34:52.287 INPD: mec_generated_fileshclock. e

09:34:52.287 INFO: mee_gererated_fileshclock. h

. M output unchanged. User edits maintained. [See 'Force Update']

09:34.52 288 INFO: meoo_generated_fileshintermupt_mavager. o
093452 288 INFD: meo_generated_fileshintermupt_mansger b
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 INFO: mec_generated_filesh\pir_marager. h Aiccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34: 52 268 INFD: mec_zenerated_fileshreset h Aiccess,
09:34.52 288 INPD: moo_generated_fileshreset_types.h Suocess.
09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huiccess
09:34.52.268 INFO: moc_generated_fileshsystem.h Success,
09:34:52,288 INFD: meec_generated_fileshsystem_types.h Aiccess

INFO: moc_generated_fileshtraps. o Success.
09:3452 288 INFD: mec_generated_fileshtraps h Huccess
09:34:52.289  INFO: moc_generated files'watchdog. h Sugcess,
093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
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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ADC Functions of MCC

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

Prototype definition : "adcl.h"

void ADC1_Initialize(void);

void ADC1_CoreOPowerEnable () ;

void ADC1_CorelPowerEnable () ;

void ADC1_SharedCorePowerEnable ( );

void ADC1_SetCustomNameilnterruptHandler(void* handler);
ADC1_CustomName_CallBack(uint16_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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Lab7 ADC Multiple Channel Periodically

Code Example

void ADC1_VR3_CallBack (uint16_t adcVal)
#include "Microchip_Splash.h" {
#include "mcc_generated_files/adc1.h" ADC1_VR3_Buffer = adcVal;

}
void ADC1_VR4_CallBack (uint16_t adcVal)

void DisplayTask( void );

volatile uint8_t TMR1Flag; {
volatile uint16_t ADC1_VR1_Buffer = 0; ADC1_VR4_Buffer = adcVal;
volatile uintl16_t ADC1_VR2_Buffer = 0; }
volatile uint16_t ADC1_VR3_Buffer = 0;
volatile uint16_t ADC1_VR4_Buffer = 0; void DisplayTask( void )
{
int main(void) OLED_Clean();

sprintf((char *) StringBuffer, "Hello World!!");
printf(" \033[1;1H%s", StringBuffer);

} OLED_DrawsString(0, O, (char *) StringBuffer);
sprintf((char *) StringBuffer, "VR1:%4d", ADC1_VR1_Buffer);
void TMR1_CallBack(void) printf(" \033[2;1H%s", StringBuffer);
{ OLED_DrawsString(0, 8, (char *) StringBuffer);
TMR1Flag =1; sprintf((char *) StringBuffer, "VR2:%4d", ADC1_VR2_Buffer);
} printf(" \033[3;1H%s", StringBuffer);
OLED_DrawsString(60, 8, (char *) StringBuffer);
void ADC1_VR1_CallBack (uint16_t adcVal) sprintf((char *) StringBuffer, "VR3:%4d", ADC1_VR3_Buffer);
printf(" \033[4;1H%s", StringBuffer);
ADC1_VR1_Buffer = adcVal; OLED_DrawsString(0, 16, (char *) StringBuffer);
} sprintf((char *) StringBuffer, "VR4:%4d", ADC1_VR4_Buffer);
printf(" \033[5;1H%s", StringBuffer);
void ADC1_VR2_CallBack (uint16_t adcVal) OLED_DrawsString(60, 16, (char *) StringBuffer);
{ OLED_DrawsString(0, 56, "By:Your Name");
ADC1_VR2_Buffer = adcVal; OLED_Update();
} }
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Lab7 ADC Multiple Channel Periodically

Code Example

}

int main(void)

// initialize the device
SYSTEM _Initialize();

.r.)'rintf("\033[2J"); // Clear screen
printf("\033[?251"); // Hide cursor
while (1)

if (TMR1Flag)
{

TMR1Flag = 0;

LED1 Toggle();

LED2_Toggle();
ADC1_SoftwareTriggerEnable();
DisplayTask();

if (BT1_GetValue())
LED3_SetLow();

else
LED3_SetHigh();

-

return 1;

|

Timerl for ADC
Software Trigger periodically
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Lab7 ADC Multiple Channel Periodically

Result

M COMA4 - Tera Term VT — O *

Fle Edit Setup Control Window Help

Helln World?!!

. alfoNoNoNoNo .

Hello World!!
VR1: 2071 VR2: 2038
VR3 : 2062 VR4 : 2079

By: Your Name

. @Mlcnocmp



External Interrupt Architecture
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EXT_INT Module

* Interrupts are signals provided to internal peripheral modules or from external pins of

the MCU.

* dsPIC33CK256MP506 provides 4 Ext Interrupt Pins.
* Most external Interrupt pins have flexibility of Peripheral Select Pin(PPS), except the

INTO has dedicated pin.

Peripheral Module

Output Multiplexers

r- — — a1 r— — 7
| Peripheral Input Data | .
Peripheral Module Enable ! ! !
| - | 1| o
Peripheral Output Enable . r— — — —
- Qutput Enable
| Peripheral Qutput Data | | ) | AP | |
0
L - - — — — — — — ), | | | |
. _PICﬂﬂchle_ — — — ! 1 |OutputData | |
Read TRISx | | 0 | |
[ | |
| |
e v« | | Iiin |
WR TRISX !?K‘L | L 1
TRISx Latch |
|
D Q |
WR LATx +
WR PORTX CKL |
Data Latch |
q | |
Read LATx
| Input Data
|

Read PORTx ]ill
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Lab8 Multi-Ext Interrupt
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Lab8 Multi-Ext Interrupt

* Base on current project or Open .\Lab8_ xxx.X to do exercises.
* To add EXT_INT to your project and enable channel INTO and INT1.
* Set EXT_INT Edge Detect to Negative Edge.

* Try use Joystick’ button to toggle the LED.
* Joystickl Button(INTO, RB2) to toggle LED3.
* Joystick2 Button(INT1, RC12) to toggle LEDA.

Let’s go!
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Lab8 Multi-Ext Interrupt
Step 1

* Click [+] to add Ext_Interrupt > EXT_INT module.

) X

Resource Management [MCC] x |

=

X

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

Resource Management [MCC] x |

v Peripherals a
@ £3 & ADci
@ B4 5 SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch H
@@\ O ™
© B4 (=) UART

'

J >

Project Resources | Generate || Import... || Export | o ‘ { &)

¥ Peripherals

Qﬁﬁﬁ ADC1

L) EXT_INT

|

@ P4 5 SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch

QO ™R
€ P4 =) UART1

b

€\

J >

Device Resources . Content Manager

Fa

» 5} DMA
v Ext_Interrupt

© BR[| EXT_INT

» JUL Hi lution PVWM

'
pm

Device Resources

- Content Manager

» 5 DMA
» Ul High Resolution PWM
b2 12C

» " MCCP/SCCP

» & Memory
» > OPA

.
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Lab8 Multi-Ext Interrupt

Note

* INTO will enable as default.

X

Pin Manager: Grid View x|

Package:| | TarPss | - | | PinNo: | 14]15]16]17| 18] 28] 20| 33|34 35| 45| 46| 47| 48| 49| 61]62]63 64| 1 | 2 |
POrtA ¥ PortB V|
Module| Function| | Direction| |0 |1 |2 |3 |4 /0 |12 |3|4|5|6|7|8|9 10[11]12 13[14|15
ot v ADCTRG31 |input 'hn‘g'll'h'll'il'h'il'll'll CRICRK:
ANx input 8 éab adas %8 RGN
CLKI input - i
CLKO output = i
S oscl input a :
0sCO output a |
REFI1 input CIEE I I I I
REFO1 output B B BB bEBE BB BEBEEEE
INTO€==== PE— P AN AV N A
ey INT1 input IR G R R I I B
- INT2 input IR RC R CC C CC
INT3 input R R RCRCC RC R IC R CRC

%4 EXT_INT - Editor

EXT_INT =x

O X

K| ] =)

§0% Easy Setup | =] Registers

Hardware Settings

External Interrupt

Edge Detect

INTO

Positive Edge
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Lab8 Multi-Ext Interrupt

Step 2
* Assign INT1 Pin.

* Pin Manager : RC12 > INT1.

| X
Pin Manager: Grd View x
Package:| | Tarees | ~ | | PinNo: |28 29 33 34 35 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
PortB ¥ | PortC ¥
Module| | Functi0n| Directi0n| 0|1 2 3|4|5 6|?|3 9 10|11|12 13 14|15|0 1 2|3|4 5 6|?|8 9 10|11112 13|14|15
et v AOCTRGH et B - Ba BB BB bhBbhb bbb bhbabbbaEEEEEE
ANx input CIRCICY K BB B B )
CLKI input 'h.
CLKO output
Clock v 0SCl input a .
0SCO output a
REFI1 input " BB BB BB BB BB BEE BB B e BB BB BB BB BEEBEEEE
REFO1 oot B - B BB BB BB BB BB BB BB BB BB BB BB BB B BB E
INTO input a
- INTS it m - bbb bbabbbbbbbbbbbbabbEhhE(abns
- INT2 input " BB BB BB B BB BB BB EE BB EEEBEEE B
INT3 input " BB BB BB BB BBEBEBaBEaBEBEBE BB BB BB EB
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Lab8 Multi-Ext Interrupt
Step 3

* Set both INTO and INT1 Edge Detect : Positive Edge > Negative Edge.

B4 EXT_INT - Editor — O X

EXT_INT x| ontl=

£0% Easy Setup u — Registers

Hardware Settings

External Interrupt Edge Detect
INTO MNegative Edge
INT1 MNegative Edge
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Lab8 Multi-Ext Interrupt
Step 4

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator  x |
G t 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
€ rate 09:34:52.287  INFD: Generation Results
a 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']
Resource Managcmcnl [MCC] x 09:34:52 287 INPD: mec_generated_fileshclock. e Buccess.
project Resources l Generate | Import... ’ Export l o | i 09:34:52 287  INFO: mee_zenerated_files\clock.h Success.
- 09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v .
System 09:34:52.288  INFO: meo_generated fileshintermupt_mareger. h Success,
%, ’"te"'UPt Module 09:34.52 288 INPD: mec_generated_fileshmec. e Success.
T\ Pin Module | 09:24:52 266  INFO: mee_generated_filesimec. h Hiccess,
9:34:52.265 - moc_generated_files\pirmarager. ¢ Buccess,
O System Module 09:34:52. 269 INFD ed_fil T
09:34.52 268 INFO: mec_generated_filesh\pir_marager. h diccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34: 52 268 INFD: meo_zenerated_fileshreset h Aiccess,
Device Resources | Content Manager 09:34:52.288  INFO: moo_generated_files\reset_types. h Siccess.
v Documents £ 09:24.52. 266 INFO: mec_gernerated_fileshsystem.c Huccess,
I 09:34:52.266  INFD: files! =
U 9:34:52.288 : moe_generated_files\system.h Success.
dsPIC33CK256MP506 Product Page o - e
2 . 09:34.52.266 INFD: meec_generated_fileshsystem_types.h Aiccess
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Bugcess,
> CHARACTERLCD 09:34:52 288 INFD: mec_generated_fileshtraps h Buccess,
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 00:34-52 298  [NP0: sesstssssststsssasisbassstssssssitsssssnisssssssisnss
09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
09:34: 52298 TNFD: $838448880a8saat s st ssstssitrstassassssstsssstsssssss
09:34:52.299  INFO: Generation completa, W
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EXT_INT Functions of MCC

* MCC Provide below functions for Ext_Interrupt:
Prototype definition : "ext _int.h"

* void EXT_INT _Initialize (void);
* void EXT_INTN_CallBack( void );
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Lab8 Multi-Ext Interrupt

Code Example

;include "mcc_generated_files/adc1.h"
#include "mcc_generated_files/ext_int.h"

int main(void)

{

;

void TMR1_CallBack(void)
; TMR1Flag = 1;

void DisplayTask( void )
{

}
void EX_INTO_CallBack(void)

LED3_Toggle();

void EX_INT1_CallBack(void)

LED4_Toggle();

int main(void)

// initialize the device
SYSTEM_Initialize();

i:;'rintf("\033[21"); // Clear screen
printf("\033[?251"); // Hide cursor
while (1)

{

if (TMR1Flag)
{

'i.)isplayTask();

return 1;

}
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Lab8 Multi-Ext Interrupt

Result

M COMA - Tera Term VT — O x

File Edit Setup Control Window Help

Helln World!!

Aonlr‘ll‘l-

€

|
}Illlll‘l‘,"

'Anlti"l‘l"u:-

LED3 Toggled, While Joystickl button pressed.
LED4 Toggled, While Jpystick2 button pressed.

‘l' 300 0 0 0O ‘I’

Hello World!!
VR1: 2071 VR2: 2038
VR3 : 2062 VR4 : 2079

ittt
Q@ vivivonn @ ¥-,

Hello World!!
VRI1 : 207 1 VR2:
VR3: 2062 VR4 : EI 9

By: Your Name
im

! By: Your Name
#;)GP @

Ch
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High Resolution PWM Architecture
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What’s PWM

* The Pulse-width modulation (PWM) Waveform is a modulation technique used to
encode a message into a pulsing signal.

* |Its 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

N

Period

[
<« »

Duty

il \

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:

e Independent Edge mOde. Controls and
Data
Variable Phase PWM mode.

PG1

X PWM1H
—— X PWMIL

Center-Aligned mode.

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

* At this section, we focus on 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 PGXPHASE and " " after PGxDC.

SOC EOC
PGXPER

|
|
|
|
PWM |
Timer O | |
|
< !PGXDC > :
PGXPHASE o
> L
| Set ' |
PWNIx | L
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Servo Motor angle control (SG90)

1.5ms
Duty Cycle(%) : Servo MIO)teOr:oAdngle DUty X 100% )/ Qﬁiterpcstlcn
’ Period = 4ms(250Hz) >| 2.5 msm @ " (05ms
\ "".‘I fj /
0.5ms Ve
22 =12.5% (0) R

4ms

1.5ms
4ms

= 37.5% (90)

> Brown - GND
> Red - VCC

2.5ms - Signal

= 62.5% (180

ims @
@ MICROCHIP



Lab9 PWM Output
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Lab9 PWM Output

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

* Try enable and initial High Resolution PWM Generator 1 and PWM Generator 2 to
Independent Edge Mode, then given proper duty of PWM to control the rotation angle
of Servo Motor.

* Modify Timer1(TMR1) period from 200ms to 50ms (25ms x 2).

* High Resolution PWM-PG1 and PWM-PG2 module clock source select to 16 MHz,
configure PWM frequency to 250Hz(4ms period) and Duty cycle to 12.5% as initial.

Let’s go!
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Lab9 PWM Output

Step 1

e Set Prescaler: 1:64 > 1:8.

¥4 TMR1 - Editor

— [l XK
Q=

e;c_’“,é Easy Setup ‘ = chisters]
¥ Hardware Settings
Enable TMR I:I Enable Gate

Timer Clock Timer Period

Clock Source FOSC/2 Period Count Ox0 < OxFEEF < OxFFFF

16 MH
Input Frequency oz Timer Period 1us < [100ms | < 32768 ms
Prescaler 18
Calculated Period 32768 ms
D Syncronize Clock

Enable Timer Interrupt

¥ Software Settings

Callback Function Rate:

02

xTimer Period =  65.536 ms
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Lab9 PWM Output
Step 2

e Set Time Period : 100ms > 25mes.

¥4 TMR1 - Editor

- O

X

e;c_’“,é Easy Setup ‘ = chisters]

¥ Hardware Settings

Enable TMR

I:I Enable Gate

Timer Clock

Timer Pericd

Clock Source FOSC/2

Input Frequency 16 MHz

Prescaler 1:8

D Syncronize Clock

Period Count

OxFFFF

Timer Period

32768 ms

Calculated Period

Enable Timer Interrupt

¥ Software Settings

Callback Function Rate: 0x2

xTimerPeriod = 50 ms
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Lab9 PWM Output
Step 3

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

) X

Resource Management [MCC] x|

) X

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

Resource Management [MCC] x |

v Peripherals 2
@ B4 & ADCH H
! EXT_INT
@ £4 5 SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch
@O TR
& P4 =) UART1 1

< | J >

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

v Peripherals s

@ 3 4 Aoc U

P P4 i1l EXT_INT
© 4 pwm
@ B4 5 SPI1[PIC24 / dsPIC33 / PIC32MM MCUs by Microch

@ B4 &) TMR1 1

< | J >

Device Resources . Content Manager

» = DMA

v [Ul High Resolution PWM
@ 1N PWM

> o 12

3
> emory

st

Device Resources . Content Manager

» &} DMA

» & 12C

» &~ MCCP/SCCP
» & Memory

» > OPA

> PMP
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Lab9 PWM Output

Step 4
 Set PWM Generators : PWM Generator 1 and PWM Generator 2.

%4 PWM - Editor - O X

PWM  x () E]@_

{a} Easy Setup | = Registers
Hardware Settings

PWM Clock Settings

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

Clock Divided Frequency | 16000000 | - | Hz

l | Select Required PWM Generators ‘ PWM Generator 1, PWM Generator 2 | v ‘

| » PWM Master Settings

PWM Generator l PWM Generator 1 I - \ Custom Name: PWM_GENERATOR_1

|:| Enable PWM Generator
|:| Enable High Resolution

PWM Operation Mode l Independent Edge

1

4

PWM Output Mode | Complementary

[ » PWM Frequency Settings

‘ » Trigger Control Settings

[ » Dead Time and Override Settings

‘ » Data Update Settings
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Lab9 PWM Output
Step 4

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

%4 PWM - Editor
PWM  x

O ped

KIDQ]E)

G:E'} Easy Setup | = Registers

Hardware Settings

PWM Clock Settings

Clock Divided Frequency | 16000000 [ - |+

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

Select Required PWM Generators ‘ PWM Generator 1, PWM Generator 2 | v \

» PWM Master Settings

PWM Generator | PWM Generator 1 | - Custom Name:

PWM_GENERATOR_1

V| Enable PWM Generator I

e High Resolution

PWM Operation Mode l Independent Edge

1

PWM Output Mode Complementary

PWIM Frequency Settings
r Control Settings

‘ Configure in Next page "%

] » Data Update Settings
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Lab9 PWM Output
Step 5

e Set PWM1 Clock Selection : 32000000 > 16000000.

%4 PWM - Editor
PWM  x

O ped

LIEE

{a} Easy Setup || = Registers |

I » PWM Master Settings

PWM Generator l PWM Generator 1 I - \

Custom Name:

PWM_GENERATOR_1

Enable PWM Generator
D Enable High Resolution

PWM Operation Mode l Independent Edge

PWM Output Mode | Complementary

v PWM Frequency Settings

PWM Input Clock Selection Hz

¥ Period D Use Master Period

Requested Frequency 24414 Hz < 941.17647 kHz
Calculated Frequency 941.17647 kHz
Requested Period 1.0625us < 1.0625us

Calculated Period 1.0625 us

< 94117647 kHz

< 4096 ms

¥ Duty Cycle [:I Use Master Duty Cycle

PWM Duty Cycle 0% < | 0

<100 %

@ MICROCHIP



Lab9 PWM Output
Step 6

e Set PWM1 Frequency : 941.17647kHz > 250Hz.

1 PWM - Editor
PWM =

O X

KnQlE)

{’é} Easy Setup || E Registers |

» PWM Master Settings

PWM Generator l PWM Generator 1 I - \ Custom Name:

PWM_GENERATOR_1

Enable PWM Generator
D Enable High Resolution

PWM Operation Mode l Independent Edge

PWM Output Mode | Complementary

v PWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period D Use Master Period

Requested Frequency 24414 Hz £ 250 Hz < 941.17647 kHz
Caleulated Frequency 250 Hz

Requested Period 1.0625us £ 4ms < 4096 ms
Calculated Period 4dms

¥ Duty Cycle D Use Master Duty Cycle

PWM Duty Cycle 0% < 0 <100 %
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Lab9 PWM Output
Step 7

* Set PWM1 Duty Cycle : 0 > 12.5.

1 PWM - Editor

O X

KnQlE)

{C}\} Easy Setup || = chisters‘

I » PWM Master Settings

PWM Generator l PWM Generator 1 I - ] Custom Name:

PWM_GENERATOR_1

Enable PWM Generator
[:I Enable High Resolution

PWM Operation Mode l Independent Edge

PWM Output Mode | Complementary

v PWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period D Use Master Period

Requested Frequency 24414 Hz £ 250 Hz < 941.17647 kHz
Caleulated Frequency 250 Hz

Requested Period 1.0625us £ 4ms < 4096 ms
Calculated Period 4dms

¥ Duty Cycle D Use Master Duty Cycle

PWM Duty Cycle 0% < 125 <100 %
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Lab9 PWM Output
Step 8

* Set PWM Generator : PWM Generator 1 > PWM Generator 2.
1 PWM - Editor - O X
PUM  x E]E]@_

{’é} Easy Setup | = Registers
Hardware Settings

PWM Clock Settings

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

Clock Divided Fregquency | 16000000 | - | Hz

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

» PWM Master Settings

PWM Generator | PWM Generator 2 | ~ | Custom Name: PWM_GENERATOR_2

D Enable PWM Generator
|:| Enable High Resolution

PWM Operation Mode l Independent Edge

4 |

PWM Output Mode | Complementary

[ » PWM Frequency Settings

‘ » Trigger Control Settings

[ » Dead Time and Override Settings

‘ » Data Update Settings
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Lab9 PWM Output
Step 9

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

1 PWM - Editor
PWM =

O X

T

{E} Easy Setup | = Registers

Hardware Settings

PWM Clock Settings

Clock Divided Fregquency | 16000000 | - l Hz

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

Select Required PWM Generators ‘ PWM Generator 1, PWM Generator 2 | - \

» PWM Master Settings

PWM Generator | PWM Generator 2 | - Custom Name:

PWM_GENERATOR_2

v,| Enable PWM Generator I
e High Resolution

PWM Operation Mode l Independent Edge

|

PWM Output Mode |_Cornplementary

PWM Frequency Settings
r Control Settings

onfigure in Next page "%
Con

| » Data Update Settings
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Lab9 PWM Output
Step 10

e Set PWM2 Clock Selection : 32000000 > 16000000.

%4 PWM - Editor
PWM  x

O ped

LIEE

{a} Easy Setup || = Registers |

» PWM Master Settings

PWM Generator l PWM Generator 2 I - \

Custom Name:

PWM_GENERATOR_2

Enable PWM Generator
D Enable High Resolution

PWM Operation Mode l Independent Edge

PWM Output Mode | Complementary

v PWM Frequency Settings

PWM Input Clock Selection | 16000000 Hz

¥ Period D Use Master Period

Requested Frequency 24414 Hz < 941.17647 kHz
Calculated Frequency 941.17647 kHz
Requested Period 1.0625us < 1.0625us

Calculated Period 1.0625 us

< 94117647 kHz

< 4096 ms

¥ Duty Cycle [:I Use Master Duty Cycle

PWM Duty Cycle 0% < | 0

<100 %
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Lab9 PWM Output

Step 11

e Set PWM2 Frequency : 941.17647kHz > 250Hz.

%4 PWM - Editor
PWM  x (NEO
{@} Easy Setup || = Registers |

I » PWM Master Settings I

PWM Generator l PWM Generator 2 I - \ Custom Name: PWM_GENERATOR_2

Enable PWM Generator
D Enable High Resolution

PWM Operation Mode l Independent Edge l - ]

PWM Output Mode | Complementary l - 1

v PWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period D Use Master Period

Requested Frequency 24414 Hz € 250 Hz < 94117647 kHz

Calculated Frequency 250 Hz

Requested Period 1.0625us £ 4ms <409 ms I
Calculated Period 4dms

¥ Duty Cycle [:I Use Master Duty Cycle

PWM Duty Cycle 0% < | 0 <100 %

| u A8\ MicrocHIP




Lab9 PWM Output

Step 12

e Set PWM2 Duty Cycle : 0 > 12.5.

1 PWM - Editor - O x

KnQlE)

{C}\} Easy Setup || = chisters‘

» PWM Master Settings I

PWM Generator | PWM Generator 2 | ~ | Custom Name: PWM_GENERATOR_2

Enable PWM Generator
[:I Enable High Resolution

PWM Operation Mode l Independent Edge l - ]

PWM Output Mode | Complementary l = ]

v PWM Frequency Settings

PWM Input Clock Selection | 16000000 | ~ | Hz

¥ Period D Use Master Period

Requested Frequency 24414 Hz £ 250 Hz < 941.17647 kHz

Caleulated Frequency 250 Hz

Requested Period 1.0625us £ 4ms < 4096 ms T
Calculated Period 4dms

| ¥ Duty Cycle D Use Master Duty Cycle
|

|| PWM Duty Cycle 0% < 125
1
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Lab9 PWM Output
Step 13

* Click "Generate" Button to generate your code.

= X
Output - MPLAB® Code Configurator |
G mte 09:%4:52 286  INFO: $P488384satsatetsstartstartsssssssssstetasssstssastes A
09:34:52.287  INFD: Generation Results
g % 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
: 09:34:52.267  INFO: main.c Success, ML cutput uncharnged. User edits maintained. [Bee 'Force Update']
Resource meCMl lMCC x 09:34-52.287 INPD: mec_generated_fileshclock. e Biccess.
prOjeCt Resources Generate | Import... ] Export l o l l @ 09:34:52 287  INFO: mee_zenerated_files\clock.h Huccess.
09:34.52 288 INFO: moo_generated_fileshintermupt_manager. o Success.
v System 09:34:52.288  INFD: meoc_generated_fileshinterrupt_manager. h Success,
O Interrupt Module 09:34:52.288  INFD: moc_generated_fileshmec. e Success.
(:‘) Pin Module 09:24:52 266  INFO: mee_generated_filesimec. h fuccess,
(402,200 o moo_generat 1lestpinomarager. o Huccess,
O S i Modkle 09:34:52.268  INFD ed_files'pi S
09:34:52.2668  INFD: mec_generated_filesh\pir_marager. h Success,
09:34:52.268 INFD: mcc_gener&ted_files'ﬂreset.c Buccess.
) 09:34: 52 268 INFD: meo_zenerated_fileshreset h Huccess,
Device Resources | Content Mﬂ"agef 09:34:52.285  INFO: meo_generated files\reset_types. h Success.
v Documents C] 00:34:52.2868  INFO: mec_generated_fileshsystem.c Success,
09:34:52.266  INFD: ted_files'system. h Success,
dsPIC33CK256MP506 Product Page s -
2 . 09:34.52.266 INFD: meeo_generated_fileshsystem_types.h Success,
v Libraries 09:34:52.288  INFD: moo_generated fileshtraps. o Suocess,
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess.
> @ Foundation Services 09:34:52 289  INFO: mco_generated files‘watchiog. h Suocess,
v 003852 298 (NP0 $68s4888tatastaatssatsastssissastssassssssssstssnss
09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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High Resolution PWM Functions of MCC

* MCC Provide below functions for High Resolution 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_Dlsable(void);

* PWM_MasterPeriodSet(uintl6_t masterPeriod);

* void PWM_MasterDutyCycleSet(uintl6_t masterDutyCycle);

* void PWM_MasterPhaseSet(uint16_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);

* void PWM_SoftwareUpdateRequest(PWM_GENERATOR genNum)
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Duty Cycle to Count Calculation

16 M(Hz)
250(Hz)

Clock Source
PWM Period

Frequency = ( > => PWMPeriod = ( > = 64000(Counts)

L Period = 4ms(250Hz) >|

Duty Count

0.5ms

64,000 x 12.5% = 8000 (0’)

64,000 x 37.5% = 24000 (90"

64,000 x 62.5% = 40000 (1807
@Mlcnocmp



Lab9 PWM Output

Code Example

;include "mcc_generated_files/ext_int.h"
#include "mcc_generated_files/pwm.h"

volatile uintl6_t ADC1_VR4_Buffer = 0;
uintl6_t Servo_angle;

int main(void)

{
}
void ADC1_VR2_CallBack (uint16_t adcVal)

ADC1 _VR2_Buffer = adcVal;
PWM_DutyCycleSet(PWM_GENERATOR_2, 8000 + ((uint32_t) (10666 - 8000) * ADC1_VR2_Buffer / 4095));
PWM_SoftwareUpdateRequest(PWM_GENERATOR_2);

}
void ADC1_VR4_CallBack (uint16_t adcVal)

ADC1_VR4_Buffer = adcVal;
PWM_DutyCycleSet(PWM_GENERATOR_1, 8000 + ((uint32_t) (40000 — 8000) * ADC1_VR4_Buffer / 4095));
PWM_SoftwareUpdateRequest(PWM_GENERATOR_1);

}
void DisplayTask( void )
{

OLED_DrawsString(60, 16, (char *) StringBuffer);

Servo_angle = ((uint32_t) 15 * ADC1_VR2_Buffer / 4095);
sprintf((char *) StringBuffer, "Servo_angle:%3d",Servo_angle);
printf(" \033[6;1H%s", StringBuffer);

OLED_DrawsString(0, 24, (char *) StringBuffer);
OLED_DrawsString(0, 56, "By:Your Name");

OLED_Update();
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Lab9 PWM Output

Result (PWM_GENERATOR_1)

M 1ms

CH1 A1

m Armed M 1ms

CH1 1E#L

o THI|EL = o=

CH1 TF R

CH1 A1

CH1 1F R

ﬁ\ MICROCHIP



Lab9 PWM Output

Result (PWM_GENERATOR_1)

7 COM4 - Tera Term VT
File Edit Setup Control Window Help

Hello World!!
VR1:2072

YR2: 4095
VR3:2071
YR4:2075
Servo_angle: 180

(S k!

LI B |

‘Illil;‘l-}lv

‘I' 300 0 0 0O ‘I’

Hello World!!
VR1:2071 VR2 : 4095
VR3:2062 VR4 : 2079
Servo_angle : 180

By: Your Name
Microc

APPO53 y)




MCCP & SCCP
CAPTURE, COMPARE,
PWM & TIMER MODULES
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SCCP Module

* SCCP can operate in one of three major modes:
* General Purpose Timer.
* Input Capture.
* Qutput Compare & PWM.
* Output Compare/PWM Modes:
* Single Edge and Dual Edge Compare modes.
* Center-Alignhed 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.

@ MICROCHIP



Output Compare & PWM Mode (Dual Edge Compare PWM)

* An example to descript Counter and Waveform output of PWM.

* For Dual Edge Compare PWM operation mode , PWM Period Time (T) has controlled

through the PER register.

OCx Pin will "Set" while Counter match to CCPxRA and "Clear" if match CCPxRB.

Rule

1. SCCPx Counter == CCPxRA
OCx Set to high

2. SCCPx Counter == CCPxRB
OCx Clear to low

3. If CCPxRB < CCPxRA
Pulse Train (CCPxRB ignore)

4. SCCPx Counter == PER
Counter Clear and Set

CCPxRB’
CCPxRB
CCPxRA”

CCPxRA
CCPxRA’

CCPxRB”’

OCx Pin

CCTxIF

A e
Match Match Match
CCPXRA B ! CCPXRA” "
Match 7 i Match A Pulse Train /i
CCPxRB H CCPxRB’ I—ICCPXRB" < CCAXRA”" }
: >
1
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Stepper Motor Driver Board (Allegro A4988)
B

—|| Low Low Low Full Step

High Low Low Half Step

Low High Low Quarter Step
High | High Low Eighth Step
High | High High Sixteenth Step | 244.27Hz

::"‘- : (L T . o !
o LY FLva- ¥
_ [RST o @3 et ﬁ@ii; |
© (204.27H2) gy o PYTEIPICTERN
. < (P , ‘ o

Microchip

dsPIC33CK  § p—
256MP506
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Ste p pe r M oto I'(Summer Elite)

 Step angle : 18°.

e Steps per revolution : 360° — 18° = 20 (Steps/rev).
* Screw pitch : 2 (mm/rev).

e Screw length : 58.2 mm.

* Stroke block width : 10.2 mm.

e Slide travel : 48.0 mm. (58.2 -10.2) mm

* Driver micro stepping : Full Step.

[lieni 480 steps 510l
—1 48.0 mm o

MR R R AY

> 20 steps
2mm (360°)

|\l [oof |

Slide travel in steps : 48.0 (mm) / 2 (mm/rev) x 20 (Steps/rev) = 480 (Steps)
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Lab10 SCCP Compare/PWM
Interrupt
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Lab10 SCCP Compare/PWM Interrupt

* Base on current project or open .\Lab10 xxx.X to do exercises.
* Add SCCP1, SCCP2 to your project for Stepper Motor control.

* Configure both SCCP1, SCCP2 as below
* Mode Selection : Compare/PWM
* Enable MCCP :
Enable MCCP Interrupt :
Clock Source :
Mode :
Primary Compare Value :
* Secondary Compare Value :
* Timer Period :

FOSC/2 (16 MHz)

Dual Edge Compare, Buffer(PWM)
Ox7FEE (Duty cycle 50%,
0x0

PER
(OXFFDC)

CCPxRA
(OX7FEE)

CCPxRB
(0x0)

OCx Pin

CCPxIF

? __________ |

SCCPx Count

MMMMM

cccccc

MMMMM

ccccccccc

ccccccccccccc

(((((((((((

/2 = OX7FEE)

Disable (SCCP1 and SCCP2 set to disable while initialize)
Enable (Enable SCCP1 and SCCP2 interrupt)

OxFFDC (Frequency 244.27Hz, 16MHz/244.27Hz = 65500 =

* Clock output on OCM1\RC7, OCM2\RD11 and Dir GPIO on DIR1/RD10, DIR2/RC3.

Let’s go!
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Lab10 SCCP Compare/PWM Interrupt

Step 1
* Click [+] to add MCCP/SCCP > both SCCP1 and SCCP2 Module.
= X = X
Resource Management [MCC] x | Resource Management [MCC) x|
Project Resources | Generate || Import.. | Export | @ || © Project Resources | Generate || Import.. || Export | @ || ©
¥ Peripherals . @ B3 [ EXTINT |
@ E3 & ADCt @ £3nn pwm [
9 E EXT_INT N 9 <" SCCP1-PWM/Input Capture/Output Compare/Time L‘I
© 1 PwM I_ 9 < SCCP2-PWM/Input Capture/Output Compare/Time
@ B3 & SPi1 [PIC24/ dsPIC33 / PIC32MM MCUs by Microch " @ P45 SPH [PIC24/ dsPIC33 / PIC32MM MCUs by Microch
@3 © ™R . -~ @A MR :
Device Resources Content Manager Device Resources Content Manager
v A" MCCP/SCCP I > &5 12C 1
@ B3~ MCCPI-PWMY/Input Capture/Output Compare/Ti. > &7 MCCR/SCCP
@ E5 & SCCP1-PWM/Input Capture/Output Compare/Ti » @ Memory
@ R+~ SCCP2-PWM/Input Capture/Output Compare/Tin|. || » D OPA
[7) % SCCP3-PWM/Input Capture/Output Compareﬂij > i’f_ PMP |
] ‘-"C|iC|(I[ +]'£C C F’:A-P\."JM;'Input Capture/Output Comparefﬁ) + : :,;:,*: po‘l; ‘
= —
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Lab10 SCCP Compare/PWM Interrupt
Step 2

e Set MCCP1 and 2 Mode Selection : Timer > Compare/PWM.

¥4 SCCP1-PWM/Input Capture/Qutput Compare/Timer - Editor

SCCP1-PWM/Input Capture/Output Compare/Timer = l

O >

I-O

4% Easy Setup | | Registers

Hardware Settings

Mode Selection | Compare/PWM | ~

Enable MCCP
D Enable Timer Interrupt
D Enable Compare/PWM Interrupt

Time Base Generator

Clock Source | FOSC/2 - 16 MHz

Prescaler 1:1 -

Timer Mode (@ 16Bit () 32 Bit

Primary Compare Value 0x0 | 16-Bit Single Edge, High

Secondary Compare Value 0x0

Timer Period 0 0x0
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MCC’s MCCP&SCCP Module

Notice

* SCCP/MCCP default settings window.

%4 SCCP1-PWM/Input Capture/Qutput Compare/Timer - Editor
SCCP 1-PWM/Input Capture /Output Compare/Timer xl

O X

O

{0% Easy Setup ‘ = Registers

Hardware Settings

Mode Selection | Compare/PWM | ~

Enable MCCP
D Enable MCCP Interrupt

Time Base Generator

Clock Source | FOSC/2 - 16 MHz

Prescaler 11 -

Timer Mode (® 16Bit [ ) 32 Bit

Mode 16-Bit Single Edge, High

Primary Compare Value  0x0 0x0
Secondary Compare Value 0x0  0x0
Timer Period 00 | Ox0

@ MICROCHIP



Lab10 SCCP Compare/PWM Interrupt
Step 3

e Set MICCP1 and 2 MCCP State : Enable MCCP > Disable MCCP.

¥4 SCCP1-PWM/Input Capture/Qutput Compare/Timer - Editor — O >
SCCP1-PWM/Input Capture/Output Compare/Timer | <<~

4C% Easy Setup | = Registers

Hardware Settings

Mode Selection | Compare/PWM | ~

[ | Enable McCP
D Enable Timer Interrupt
D Enable Compare/PWM Interrupt

Time Base Generator

Clock Source | FOSC/2 - 16 MHz

Prescaler 1:1 -

Timer Mode (@ 16Bit () 32 Bit

Primary Compare Value 0x0 | 16-Bit Single Edge, High -« |
Secondary Compare Value 0x0 q

Timer Period Ox0 0Ox0 i
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Lab10 SCCP Compare/PWM Interrupt
Step 4

* Set MCCP1 and 2 MCCP State : Enable Compare/PWM Interrupt.

¥4 SCCP1-PWM/Input Capture/Qutput Compare/Timer - Editor

SCCP1-PWM/Input Capture/Output Compare/Timer = l

O >

I-O

4% Easy Setup | | Registers

Hardware Settings

Mode Selection | Compare/PWM | ~

|| Enable McCP
D Enable Timer Interrupt
Enable Compare/PWM Interrupt

Time Base Generator

Clock Source | FOSC/2 - 16 MHz

Prescaler 1:1 -

Timer Mode (@ 16Bit () 32 Bit

Primary Compare Value 0x0 | 16-Bit Single Edge, High

Secondary Compare Value 0x0
Timer Period 0 0x0
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Lab10 SCCP Compare/PWM Interrupt
Step 5

e Set MCCP1 and 2 Mode : 16-Bit Single Edge, High > Dual Edge Compare, Buffer(PWM).

¥4 SCCP1-PWM/Input Capture/Qutput Compare/Timer - Editor

SCCP1-PWM/Input Capture/Output Compare/Timer = l

O >

I-O

£0% Easy Setup | ] Registers

Hardware Settings

Mode Selection | Compare/PWM | ~

|| Enable McCP
D Enable Timer Interrupt
Enable Compare/PWM Interrupt

Time Base Generator

Clock Source | FOSC/2 - 16 MHz

Prescaler 11 -

Timer Mode (@ 16Bit () 32 Bit

Primary Compare Value 0xd)

Dual Edge Compare, Buffered(PWM)

Secondary Compare Value 0x0
Timer Period 0x0 0Ox0
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Lab10 SCCP Compare/PWM Interrupt

Step 6

e Set MICCP1 and 2 Primary Compare Value : 0x0 > Ox7FEE(32750).

B3 SCCP1-PWM/Input Capture/Output Compare/Timer
SCCP1-PWMAnput Capture/Output Compare/Timer x|

{0} Easy Setup | =] Registers

Hardware Settings

| Mode Stell:l:tiun’ Compare/PWM | v

Clock Source

FOSC/2

Primary Compare Value = (Timer period x 50%)
Ox7FEE = 32750 = (65500 x 0.5)

Clock Source

Frequency = (
=> Timer period = (

OxFFDC = 65500 =

Timer period

)

Clock Source
Frequency

( 16 MHz

244. 27Hz>

[_

00
[_] PWM Dead-Time Enable Event Durs.....

[ v

Prescaler 1:1 -
Timer Mode (@ 16 Bit 32 Bit
Primary Compare Value 00 | Dual Edy
Secondary Compare Value D
Timer Period 00 Ox7FEE
Output Properties
|:| Output Sync Enable Output Tirner Interrupt Event

S ..ln'lll

@ MICROCHIP



Lab10 SCCP Compare/PWM Interrupt

Step 7

e Set MCCP1 and 2 Timer Period : 0x0 > OxFFDC(65500).

B3 SCCP1-PWM/Input Capture/Output Compare/Timer
 SCCP1-PWMAnput Capture/Output Compare/Timer % |

i} Easy Setup | =] Registers

Hardware Settings

Mode Selection | Compare/PVWM I - ]

Clock Source

F =
requency (Timer period

)

=> Timer period = (

16 MHz

Clock Source
Frequency

OxFFDC = 65500 = (244.271_1

)

Clock Source | FOSC/2 - 16 MHz

Prescaler 1:1 -

Timer Mode (@ 16 Bit 32 Bit
Primary Compare Value 0x0 | Dual Edge Compare, Buffered(PWM) | = | C
Secondary Compare Value Ox0 C
Timer Period 00 Ox7FEE C

Output Properties

|:| Output Sync Enable Output

F = -

i |
| OxFFDC H

| | PWM Dead-Time Enable Event Duka

..ln'lll
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Lab10 SCCP Compare/PWM Interrupt

Step 8
* Assign OCM1 and OCM2.

RC7 > OCM1, RD11 > OCM2.

* Pin Manager

=

Pin Manager: Gnd View x

PortD ¥

|9 |10(11 12|13 (14 15

7

1

PortC V¥

RGN R R R R RGBT R R RCRCB

9 10|11 |{12|13|14(15| 0

8

i

0

R R R R R B T R R I B R R - R R R R R R R BB
I B R A B T B I A B T A I O A A A O A T B I B BB

R R R R R R R I R R R - R R R R R R R R R R R R BB

I B T B T A B T I A B T A - A B T A A T B T I B I B R BB

R R R T R T B T B I O B T A I A B T A B G B G I B I BB BB

I A T A T T I T I A A T A - A B T A A O A T A B I B R BB

GG R I N I T A A T T O B B T B B BB
R G R G R ARG 17 T G B T A I A B A B A G B G B R R R R BB

R R R R R R R R I R R R R R R R R R R R R R R I R
R R R O R T B T B I A B T A I A B T B B B G I A I R BCB
R R R R R R T R - I B R B R R R R R R R IR BB

CRCRCRCRCRCRCRC B

GG RCRC C RCCC RC C RC R C RC C CRC CR CCRC CC RC RCRC R RCRCRC

T I T A T T T - T - A - A - A A T T - BB BB

Direction

input

output

input

input

input

input

output

E=T E —0 IE

output

input

Function

GPIO

GPIO

OCFA

OCFB

OCFC

OCFD

OCM1

TCKI1
OCFA
OCFE
OCFC
OCFD

OCM2
TCKI2

Module

Pin Module v

SCCP1-PWM/Input Capture/Output Compare/Timer ¥

SCCP2-PWM/Input Capture/Output Compare/Timer ¥
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Lab10 SCCP Compare/PWM Interrupt

Step 9

Pin3 (RC3) to digital output mode.

Pin10 (RD10) and PORTC :

* Set PORTD

=

Pin Manager: Gnd View x

PortD ¥

CRCRCEN:
CRCRCEE:

ﬂ%

319 |10(11|12|13(14 |15

7

1

PortC v

9 |10({11|12|13|14(15 | 0

8

7

0

R R R R R R T B T O T R B T I B O B T A B A I B B B

Ba b6/ Ab bbb AABEEEA A6 EEDEEE

R R R R R R R R R R R R R R R R R R B

G R T R B T B A O B T A T A A T A T A B T A T A B T B B A B
R R T I B T I A O B T O T O - T A - O A T A T A I T B B I B
G T A T B T B A A B T A T A A T A I A A A A T A I T B I A B
R R T R R R R A O B T O T O B T A I B T A B A B T B I B
A R T R B T B A A B T A T A B T A I A B T A T A I T B B A B
A R T R B T I A O B T O T O B T A I O B T A I A I T B B B B
GO I R R R R R R R R R R R R R R R R R R R R R R
G R T R B T B A O B I O T O B T I A B T A B A I T B B
R R R R R R R T B T O T R B T B B I B R R B R B R B B
A T A T O I T A A O B I O T A A T I O B T A B R B R R G B
A T A T T T A - T T A O - TN A A T T O T - B B

Direction

]

Function

GPIO

input

output
input

GPIO
OCFA

input

OCFB

input

OCFC

input

OCFD

output

OCM1

| e | e e

TCKI

OCFA

OCFB

OCFC

OCFD

output

OCM2
TCKI2

input

Module

Pin Module v

SCCP1-PWM/Input Capture/Output Compare/Timer ¥

SCCP2-PWM/Input Capture/Output Compare/Timer ¥
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Lab10 SCCP Compare/PWM Interrupt

Step 10

e Set Alias for RD10, RC3.
* Pin Module : RD10 Custom Name > DIR1.
* Pin Module : RC3 Custom Name > DIR2.

=

Resource Management [MCC) x |
Project Resources | Generate || Import.. || Export S

v System
() Interrupt Module

' () Pin Module
) System Mod

Device Resources
v Documents
dsPIC33CK256MP506 Product Page
v Libraries
> CHARACTER LCD

» [=] Foundation Services

Content Manager

- Click & Rename -

¥4 Pin Module - Editor O X
PinModule x| EO
[ 425 Easy Setup | = Registers
Selected Package - TQFP64

PinName | Module | Function | Custom N...| StartHigh | Analog Output WPU
RC3 Pin Module |GPIO DIR2 ] ] L]
RC4 Pin Module |GPIO LED1 L]
RCS Pin Module |GPIO LED2 [] []
RC7 SCCP1 OCM1 ] (] ]
RC10 Pin Module |GPIO LED3 [] L]
RC11 Pin Module |GPIO LED4 [] L]
RC12 EXTIINT  [INT1 ] W L]
RDO Pin Module |GPIO OLED_nCS L]
RD1 Pin Module |GPIO OLED_nRS L]
RD2 Pin Module |GPIO OLED_RS ] L]
RD3 SPI1 SCKIOUT | sckiouT [] ] L]
RD4 SPI1 SDO1 SDO1 [ ] L]
RD10 Pin Module |GPIO ort Nl [ ] []
RD11 sccP2 ocMm2 %J ] (] L]
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Lab10 SCCP Compare/PWM Interrupt
Step 11

* Click "Generate" Button to generate your code.

1] X

= =
Output - MPLAB® Code Configurator  x |
D'_J:E'd ] ERE INIT' tetssssd e stRRR RN RR AR EERIRERERISREERERRERRREISERRERSE ~

J Generate | B

09:34:52.287 INFD:  Generation Results

a ; 09:34:52.287  INFO: $#483aataatt sttt rtstare st sesssssteessssntsesssss
4 09:34:52.267  INFD: main.e . M output unchanged. User edits maintained. [See 'Force Update']
Resource Management [MCC| 09:34:52 287 INPD: mec_generated_fileshclock. e
. . s | (& 09:34.52.287 INFD: moo_generated_fileshclock. h
Project Resources || Generate | Import.. | Export | @ || © I e
— 09:34.52 288 INFO: moec_generated_fileshintermupt_manager. c
v L
SYStem 093452 288 INFQ: meo_generated_files\intermupt_mavager. h
|ntermpt Module 09:34.52 288 INFO: moc_generated_fileshmeo. e
Pin Module 09:34:52.288  INFO: meo_generated files'mec. h Huccess,
— 09:34.52.268 INFD: meoc_generated_fileshpir_marager. c Buccess,
() System Module o
09:34.52 268 INFO: mec_generated_files\pir_marager. h diccess,
09:34:52.268 INPD: moc_generated_fileshreset.c Success.
09:34: 52 268 INFD: mec_zenerated_fileshreset h Aiccess,
Device Resources Content Manager 09:34:52.288  INFO: moo_generated_files\reset_types. h Suocess.
v Documents A 09:34:52.288  INPD: meo_generated_files'system.c Success
e 09:34.52.268 INFO: moc_generated_fileshsystem.h Success,
dsPIC33CK256MP506 Product Page -
09:34:52,288 INFD: meec_generated_fileshsystem_types.h Success

v Libraries

9-34-.52.28 INFO: moc_generated_fileshtraps. o Success.
> CHARACTERLCD 09:3452 288 INFD: mec_generated_fileshtraps h Huccess
'S @ Foundation Services 09:34:52.289  INFD: moc_generated files‘watchdog. h Sugcess,
N 093852 298  [NF0: $e3ss83taasttsaaststtstassstassatssstssasssstssassss
09:34:52.298  INFD: Generation complete {total time: 198 milliseconds)
00:34:52.208 [NFO: $S4es3sdsastt st sttt stassstassassastssassssissassss
09:34:52.299  INFO: Generation completa, W
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Lab10 SCCP Compare/PWM Interrupt

Notice

* Copy Source Files paste on folder.

(\Appepdix\MCClLibraries to \Labn_xxx.X\ mcc_generated_files)

* Source Files > "sccpl_compare.c”, "sccp2_compare.c".

e reset_types

C Header File

.-;|| sccp1_compare

E sccpl_compare
E sccpZ2_compare

C Source File
C Header File

C Source File

.;L sCcCpZ_compare

C Header File |
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Lab10 SCCP Compare/PWM Interrupt

Hint

* Confirm "sccpl_compare.c, sccp2_compare.c " CCPxRA and CCPxRB Value.

void SCCP1_COMPARE_lInitialize (void)

{

//TMRO;
CCP1TMRH = 0x00;

//PR 65500;

CCP1PRL = OxFFDC;

//PRO;

CCP1PRH = 0x00;
//CMP 32750;
CCP1RA = OX7FEE;
//CMP 0;

CCP1RB = 0x00;

//BUF O;
CCP1BUFL = 0x00;
//BUF 0;
CCP1BUFH = 0x00;

void SCCP2_COMPARE_lInitialize (void)

{

//TMRO;
CCP2TMRH = 0x00;

//PR 65500;

CCP2PRL = OxFFDC;

//PR 0O;
CCP2PRH = 0Ox00:-

//CMP 32750;
CCP2RA = OxX7FEE;
//CMP 0;

//BUF 0;
CCP2BUFL = 0x00;
//BUF 0;
CCP2BUFH = 0x00;

@ MICROCHIP



MCCP&SCCP Functions of MCC

 MCC Provide below functions for SCCPn:

Prototype definition : "'sccpn_compare.h"’

void SCCPn_COMPARE _Initialize (void);

void SCCPn_COMPARE_Start( void );

void SCCPn_COMPARE_Stop( void );

void SCCPn_COMPARE_CallBack(void);

void SCCPn_COMPARE_DualCompareValueSet( uintl6_t priVal, uintl6_t secVal );
void SCCPn _COMPARE_CenterAlignedPWMConfig( uint16_t priVal, uintl6_t secVal );
void SCCPn _COMPARE_DualEdgeBufferedConfig( uintl6_t priVal, uintl6_t secVal );
void SCCPn _COMPARE_EdgeAlignedPWMConfig( uintl6_t priVal, uintl6_t secVal );
void SCCPn _COMPARE_SingleCompareStatusClear( void );

bool SCCPn _COMPARE_SingleCompareStatusGet( void );

bool SCCPn _COMPARE_IsCompareCycleComplete( void );

@ MICROCHIP



Stepper Motor Controlsummer eiite)

Step 0 Step 480

i
* * ! SCCPx_COMPARE_CallBack

Stepper Count++|- DI erow » | St T t S S
pper_ SCCPL_ COMPARE_Start) epper_Targe tepper_Count++ or Stepper_Count-- J

< Moving Steps >
I {

A 7

DIR1_SetHigh .
Stepper_Target | - ——_o Stepper_Count-- Moving Steps = Target - Step

(SCCP1_COMPARE_Start)

Moving Direction = DIR_UP

- = 4 Moving Direction = DIR_DN

Stepper_Count == Stepper_Target @
Move Stopped (SCCP1_COMPARE_Stop) @ MICROCHIP




Lab10 SCCP Compare/PWM Interrupt

Code Example

Main application

#define STEPPER_SKETCH_RECT
#define STEPPER_STEP_MODE

#define STEPPER_STEP_COUNT
#define STEEPER_X_DIR_LEFT
#define STEEPER_X_DIR_RIGHT
#define STEEPER_Y_DIR_UP
#define STEEPER_Y_DIR_DOWN

#define STEPPER_SKETCH_RECT
#define STEPPER_STEP_MODE

#define STEPPER_STEP_COUNT
#define STEEPER_X_DIR_LEFT
#define STEEPER_X_DIR_RIGHT
#define STEEPER_Y_DIR_UP
#define STEEPER_Y_DIR_DOWN
ttendif

#include "mcc_generated_files/pwm.h"
#include "mcc_generated_files/sccpl_compare.h"
#include "mcc_generated_files/sccp2_compare.h"

#define MOTOR_TYPE Motor_Model2

#if MOTOR_TYPE == Motor_Modell

#define STEPPER_SCREW_PITCH 3 // mm
#define STEPPER_STEP_PER_REV 20 // (Steps/rev)

#elif MOTOR_TYPE == Motor_Model2

#define STEPPER_SCREW_PITCH 2 // mm
#define STEPPER_STEP_PER_REV 20 // (Steps/rev)

(57.6) // 57.6 mm (Slide travel distance)
1 // 1:Full, 2:Half, 4:Quarter, 8:Eighth, 16:Sixteenth Step Mode

(STEPPER_SKETCH_RECT*STEPPER_STEP_PER_REV*STEPPER_STEP_MODE/STEPPER_SCREW_PITCH) // 384 Steps
DIR1_SetLow
DIR1_SetHigh
DIR2_SetLow
DIR2_SetHigh

(48.0) // 48.8 mm (Slide travel distance)
1 // 1:Full, 2:Half, 4:Quarter, 8:Eighth, 16:Sixteenth Step Mode

(STEPPER_SKETCH_RECT*STEPPER_STEP_PER_REV*STEPPER_STEP_MODE/STEPPER_SCREW_PITCH) // 488 Steps
DIR1_SetHigh
DIR1_SetLow
DIR2_SetHigh
DIR2_SetLow

@ MICROCHIP



Lab10 SCCP Compare/PWM Interrupt

Code Example

uintl6_t Servo_angle;

uint8_t Stepper_Dir = 0;

volatile uint16_t Stepperl_Count = 0;

volatile uint16_t Stepper2_Count = 0;

volatile uint16_t Stepperl_Target = STEPPER_STEP_COUNT;
volatile uint16_t Stepper2_Target = STEPPER_STEP_COUNT;

int main(void)
while (1)

if ( 'BT2_GetValue() )

{
while ( |BT2_GetValue() );

if( Stepper_Dir)
{

Stepperl_Target = STEPPER_STEP_COUNT;
Stepper2_Target = STEPPER_STEP_COUNT;

else

Stepperl_Target = 0;
Stepper2_Target = 0;

Stepper_Dir = IStepper_Dir;
}
if (TMR1Flag)
{

gtepperl_Task();
Stepper2_Task();

}

return 1;

}

int main(void)
{
return 1;

}

void EX_INT1_CallBack(void)
(..}

void SCCP1_COMPARE_CallBack( void )
{ if ( Stepperl_Count < Stepperl_Target)
Stepperl_Count++;
else if ( Stepperl_Count > Stepperl_Target)
Stepperl_Count--;
}

void SCCP2_COMPARE_CallBack( void )
{ if ( Stepper2_Count < Stepper2_Target )
{ Stepper2_Count++;
else if ( Stepper2_Count > Stepper2_Target )

Stepper2_Count--;

@ MICROCHIP



Lab10 SCCP Compare/PWM Interrupt

Code Example

int main(void)

{

return 1;

}

void EX_INT1_CallBack(void)
(..}

void SCCP1_COMPARE_CallBack( void )
{..}

void SCCP2_COMPARE_CallBack( void )
{..}

void Stepperl_Task( void )
if ( Stepperl_Count < Stepperl_Target)

DIR1_SetLow();
SCCP1_COMPARE_Start();

}
else if ( Stepperl_Count > Stepperl_Target)

DIR1_SetHigh();
SCCP1_COMPARE_Start();

else if ( Stepperl_Count == Stepperl_Target )

SCCP1_COMPARE_Stop();

}
}

void EX_INT1_CallBack(void)
(..}

void SCCP1_COMPARE_CallBack( void )
{..}

void SCCP2_COMPARE_CallBack( void )
{..}

void Stepperl_Task( void )
{..}

void Stepper2_Task( void )
if ( Stepper2_Count < Stepper2_Target )

DIR2_SetLow();
SCCP2_COMPARE_Start();

}
else if ( Stepper2_Count > Stepper2_Target )
{

DIR2_SetHigh();
SCCP2_COMPARE_Start();

else if ( Stepper2_Count == Stepper2_Target )

SCCP2_COMPARE_Stop();

}
}
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Lab10 SCCP Compare/PWM Interrupt

Result

Stroke block move, When BT2 Pressed.
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2D Sketch Drawing Application
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Peripheral (MCC) and
Application Implement
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Peripheral in MCC

B4 MPLAB X IDE v5.50 - Your_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Hel

S D @ |t N - ML B R T3
Projects | Files | Services Resource Management [MCC] x| =
Project Resources | Generate | Import... | Fxport | (7] || @
¥ Libraries

» Foundation Services

¥ Peripherals

@ E3 % ADCT
@ E3 [ ExTINT
@ m pwm
@ B3~ sccp1 -PWM/Input Capture/Qutput Compare/Timer
@ SCCP2-PWM/Input Capture/Output Compare/Timer
@ E1 S spi [PIC24 / dsPIC33 / PIC32MM MCUs by Microchip Technology, Inc.]
@EO MR
@ K= uART
¥ System
0 Interrupt Module
> Pin Module

0 System Module

@ MICROCHIP



Application Involved Peripheral

| usBcDC
UART1 U1TX (RDS)

UART1 U1RX (RD9)

| OLEDDisplay
GPIO OLED_nCS (RDO)

GPIO OLED_nRST (RD1)
GPIO OLED_RS (RD2)
SPI1 SCK10UT (RD3)

SPI1 SDO1 (RD4)

LEDs g
GPIO LED1 (RC4)

GPIO LED2 (RC5)
GPIO LED3 (RC10)
GPIO LED4 (RC11)

Stepper Motor 1

SCCP1 PWM (RC7)

GPIO DIR1 (RD10)

Stepper Motor 2
SCCP2 PWM (RD11)

| PWM PWMZ1-H (RB14)

GPIO DIR2 (RC3)

Servo Motor 1

PWM PWM2-H (RB12)

Servo Motor 2

ADC1 AN3 VR3 (RA3)
ADC1 ANO VR4 (RAO)

| EXT_INT INT1 (RC12) |

GPIO BT1 (RB10)

GPIO BT2 (RB11)
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Application

Debug Output Stepping Pulse output
X-Modem Communication Moving Direction Control

Stepping Pulse output
Moving Direction Control

OLED Graphic Display
Servo Motor 1
e

Pen Up/Down

Servo Motor 2

Stepper Motor 1 control

Claw Open/Close (reserneq)

Auto/Manual Mode Toggle

LEDs ~ . <
P LED4 Toggle

Pen Up/Down ,\l
Claw Open/Close LR % f >
Auto/Manual N x y o O

Joystick 2 Button Toggled

Start X-Modem / Pen Ctrl

Plate Move Out / Claw Ctrl

@ MICROCHIP



Application Implementation

Stepper Motor 1
xmodem.c / .h StepperMotor.c
GCodeParser.c / .h StepperMotor.h
Stepper Motor 2
OLED.c StepperMotor.c
OLED.h StepperMotor.h
Microchip_Splash.h
Font7x8.h
GCodeParser.c / .h ServoMotor.c /.h
L Lo -
ServoMotor.c / .h

StepperMotor.c

StepperMotor.h

. xS By, \F | » & R StepperMotor.c
ServoMotor.c ”l 7 : main.c
ServoMorot.h : s ¢ - ’

. - £ Y main.c

main.c ServoMotor.c / .h
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Lab Preparation
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Lab Preparation

* Copy \2DSketch\*.* to \[Your Project].X\ > [Your Project].X>
* OLED Driver (You should be done in SPI OLED section) » 2DSketch 2%
* OLED.c, OLED.h N ® Font7x8.h
* Font and Splash bitmap (vou should be done in SPI OLED section) = : SoTiEimEa
. : - ¥ GCodeParserh
 Microchip_Splash.h, Font7x8.h ® Font7x8h oaeTarse
in fl li . finished & GCodeparser.c ILETIYR overwrite 4
Main flow (Application finished) A cCodeParserh (] Makefile
* main.c 9 moinc ® MicrocipSplashr
. . & Microchip_Splash.h & OLED.c
X-Modem library —— ® OLEDA
* xmodem.c, xmodem.h ™ OLEDA P ServoMotor.c
* G-Code parser library B ServoMotor.c SANG, © servoMotorh
- GCodeParser.c , GCodeParser.h & servoMotorh folden ® Sketchlib.c
. B SketchLib.c B SketchLib.h
- 2D Sketch library | B ketchLibh B StepperMotorc
® SketChIJb.C » SketChle-h 5 S‘[epperMGtOr.C 5 StepperMDtDr_h
* Servo Motor Driver B StepperMotorh ] Your Project.mc3
* ServoMotor.c, ServoMotor.h & xmodem.c © xmodem.c
. ® xmodem.h & xmodem.h
* Stepper Motor Driver

- StepperMotor.c, StepperMotor.h @ MICROCHIP



Lab Preparation

* Add *.h files to \[Your Project]\Header Files\

¥4 MPLAB X IDE v6.00 - Your_P £ Select ltem w5
File Edit View Navigate Sourcs RO o P % = B4 MPLAB X IDE v5.50 - Your_P
FHH . . £ : - . . . .
Y & B @ b " —— el File Edit View Navigate Sourcy
] A . ] ]
2 .generated_files 5 5 (L ) @ ¢
Projects x | Files | Services | == build B =% 9¢
BEEE | 4eny . Projects x| Files | Services |
dist =63 Your_Project
mcc_generated_files & Header Files
nbproject
B2 Font7x8.h \ &
--ﬁ‘ Libraries | Add Existing ltems from Folder#f “ i Be GCodeParserh )
= . = Microchip_Splash.h
& Loadables | Find. SR ks Microchip_sp Store path as:
k2 OLED.h A O Auto
Cut ! | ] -'%E'W:jl'\f'lf)‘[:}r.l‘l [Ctrl] + click ® R;llatwe
Copy xS Ao SketchLib.h to Multi Select
Paste Ctrl+V k2 StepperMotor.h () Absolute
Lo is xmodem.h s [ ﬁ' ImDOIt&]lt Files
Remove From Project ? [] Copy -F Linker Files
Rename... s EELTBQD:  chip_Splash.h" "xmodem.h" | HHIE Source Files
-8 Libraries
IJ - . .;i'\\..l'
Properties TRERARET): [ Header Files (H ~ AL -7 Loadables
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Lab Preparation

* Add *.c files (except main.c) to \[Your Project]\Source Files\

%4 MPLAB X IDE v6.00 - YOUr_F
File Edit View Navigate Sourcs

i 8 HE |

Projects = | Files | Services |
= ﬁ Your_Project
E| . Header Files
A MCC Generated Files
. +- [ Important Files

cc;

—
ﬁ' Libraries
. & Loadables

Find...

Cut

Copy
Paste

Remove From Project
Rename...

Properties

Add Basting Items from Folders® AV

Ctrl+V

B4 Select ltem ot
TR Fenr Froject. % v BefER-
3 .generated_files
== build
RITPPEE | debug
dist
mcc_generated_files
nbproject
Bz GCodeParser.c

N Store path as:

k= ServoMotor.c
Bz SketchLib.c

Bo OLEDc [ [Ctrl] + click
t

o Multi Select

() Anto
)| (@) Eelative

&z StepperMotor.c
k= xmodem.c

() Absoluts
[ ]Copw

TEELETEID: 'GCodeParser.c” "OLED . ¢"

125D ¢ Source Files 0o m)

=n

R

%4 MPLAB X IDE v6.00 - Your_
File Edit View Navigate Sourcs

PEES DE

Projects x| Files | Services |
= ﬁ Tour_Froject
E' . Header Files
- FHEE MCC Generated Files
! +-§ Important Files
F-iE Linker Files
=N Source Files

""" . mam.c
B MCC Generated Files

[l

S Libraries
B Loadables

(|
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Lab Preparation

* Click }%j Clean and Build your project.

Services

default

File Edit View Navigate Source Refactor Productio
i D¢

Projects x| Files

El

£
&

o

E}m “our_Project
=6 Header Files

----- T FontTx.h

""" ®] GCodeParser.h
IR MCC Generated Files
""" o Microchip_Zplash.h

----- ] ServoMotor.h
----- T SketchLibh

""" o Stepperhdotor.h
""" ] xmodem.h
0§ Important Files
H-[E Linker Files

EI"E Source Files

----- ] GCodeParser c

EHE MCC Generated Files

----- & SketchLib.c
..... ) StepperMotor.c

""" & ymodem.c
=T :

~

¥4 MPLAB X IDE v6.00 - Your_Project : default — | X

ehugJeam Tools Window Help [Q- Search (CHl+D)

How do 17

@ ¥ @ ¥ (PC:0x0| |oabsabdadenovze

DIEE

Start Page = |

Q MICROCHIP

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

X IDE
\7
PROJECTS
®# Open Sample

MY MPLAB®

# Create New

Rec... Microchip Login
# Import Legacy P g
* Import Prebuilt & Lab... Already Registered? New to Microchip?
Qutput > | Search Results =

Your_Project -

+ x| Navigator

8
€l

?g Your_Project

----- ?g Project Type: Application - C
E} @ Device

P G dsPIC33CK256MP 506
4 Checksum: 0x0055

: L CRCI2: 0xTASDTORZ
E} = Packs

. L.gg dsPIC33CK -MF_DEF (1. E
515 Comniler Toclchain

< >

b Progect Loading Warning = Your_Project (Clean, Build, ...)

"C:\Program Files\Microchip\xc16\v1.70\bin"\\xc16-bin2hex dist/default/production/Your P 8
make[2]: Leaving directory 'C:/Desktop/Work_Local /2022WiterElite Demo/APPOS3_MCC/APPO.
make[l]: Leaving directory 'C:/Desktop/Work Local /2022WiterElite Demo/APP053_MCC/APPO.

BUILD SUCCESSFUL (total time: 1s)
: == ocal/2022WiterElite Demo/APP053_MCC /APP05S3_MCC

Program loaded w1.th paok dSPICSSCK MP_DFP,1.6.176,Microchip
Loading completed
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Lab Preparation

* Click %ﬂ Make and Program Device to program your project to EVB.

¥4 MPLAB X IDE v6.00 - Your_Project : default

— O X
File Edit View Navigate Source Refactor Production Debug Tg Window Help |Q‘ Search (Ctl+D)
E E S 0 default v ':Er .E&"B?v @ ¥ @ v PC:0x0 |cabsabdadcnovze How do 17
Projects x| Files | Services 2 || Start Page x| DEE
E}m “our_Project ~
=6 Header Files
----- T FontTx.h o
----- ) GCodeParserh MICROCHIP
IR MCC Generated Files
""" o Microchip_Zplash.h
""" OLEDV
_____ % Serohotor b LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
----- T SketchLibh
""" o Stepperhdotor.h
""" ® xmodent PROJECTS
- Important Files MY M P LA B®
E3 Linker Files » 0pen Sample
E—]E Source Files c te N
..... ) G odeParser.c » Create New E . 2
_____ B e - Microchip Login
HHEE MCC Generated Files . : p
..... & OLED.c * Import Prebuilt Already Registered? New to Microchip?
""" & SarveMotor.c Enaal Al
----- ) SketchLib.c <
""" 3 Stepperhotor.c Output x| Search Results =)
i ﬁ;'ﬁlxmodem.c v || Projgct Loading Warning = Your_Project (Build, Load, ...) x Snap-Your Project *
Your_Project - *+ = | Navigator B || Calculating memory ranges for operation... ~
2 "_;3 Your_Froject -~
) ----- ?g Project Type: Application - C Erasine. ..
& =g Device g
dsPIC33CK20ME 206 . .
bed| ?Ciecksum: 00055 The following memory area(s) will be programmed:
[ . . rogram memory: start address = 0x0, end address = Ox
&3 CRC32: 0x7ASDT6B2 prog 1emory: start add 0x0, end add OxGff
@ Packs configuration memory
@ dsPIC33CK-MP_DFP (1€
=15 Comniler Toolchain e Programming/Verify complete
< >
v
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Function Test

@ MICROCHIP



Function Select (Auto or Manual Mode)

 After the Splash Screen, Push Joystick 1 button could toggle Auto and Manual Mode.

- BTa @ —
Bro oo Receive = Initial State to
Move Plate out [T ]

Rl oud

k] Jovstickl BTN:
i] Manual Mode
B S LED

Claw Open/Close
Joystickld BTN:
Auto Mode

@ MICROCHIP



Function Test (Auto Mode)

* Push Joystick 1 button and toggle to Manual Mode.

Push™Joystickl Button
—
and toggle to

Pen Up/Doun
BT2 1@
Claw Open/Close

Joystickld BTN:
Auto Mode

Manual Mode'(!

@ MICROCHIP



Function Test (Manual Mode)

* Move Joystick 1 and Joystick 2 to control Stepper Motor 1 and Stepper Motor 2.




Function Test (Manual Mode)

* Push BT1 to control Servo Motorl and BT2 to control Servo Motor2 (Reserved).

P‘.en pown

- T LN BT1 for
Pen U | | -
| | U Do

LED1 OFF

(Pén Up'/ Down)

Servo Motor 2

(Claw Open'/ Close)

@ MICROCHIP



Function Test (Auto Mode)

* Push Joystick 1 button and toggle to Auto Mode.

Push™Joystickl Button
—— -
and toggle to

B-Code Receive
BT2 @
Move Plate out

Joystickl BTN:
Manual Mode

Made (LED3'OFF)

@ MICROCHIP



Function Test (Auto Mode)

BT2to move
Pen Leftand

Draw Plateout

& 1 @

sTa

@ MICROCHIP




Function Test (Auto Mode)

* Push BT1 to enter X-Modem G-code receive mode, connect USB CDC to PC Tera Term.

BT1 to Enter
) SF

N Y

A RRRR R R

ConnecE_USB CDC
To.TeraTerm

v1.00
231702

= )_E.:_ﬂ
]
MICROCHIP
APPOS3

@ MICROCHIP



Function Test (Auto Mode)

* PC Tera Term will show "CCCCCCCC..." that means EVB has waiting G-code to receive.

W COM3 -TeraTerm VT = O X

File Edit Setup Control Window Help
2D Sketch Drawing Application
Current in Auto Mode.
- Press BT1 to start XModem G-Code receive.
- Press BT2 to move drawing plate out for clean.

- Press Joystick 1 button to toggle Auto/Manual mode.

@ COM3 - Tera Term VT — O X
File Edit Setup Control Window Help

X-Modem G-Code receive start.

CCCCCCCCcciCo

ﬁ\ MICROCHIP



Function Test (Auto Mode)

e Select File > Transfer > XMODEM > Send... in Tera Term

M COM3 - Tera Term VT — Ll X
l dit Setup Control Window Help

I“Jew.cunne::ticj'm... Alt+N EiVE‘ Sta Pt .
SRR C C C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeceece
. CCCCCCCCCCCeeeece

e
= ad 1ile

Transfer »

Change directory... YMODEM >

Replay Log... ZMODEM >

TTY Record B-Plus ’

TV Replay Quick-VAN >
Y

ﬁ\ MICROCHIP



Function Test (Auto Mode)

* Select a G-Code to output and start drawing.

RSOUSO:

M| Tera Term: XMODEM Send

GCode

v| @ ¥ £ @

Bir:

Logo_3D[45mm]

.gcode

£

EXEEN:

==RID:

Option

[

j Star[45mm)].gcode
| Triangle[45mm].gcode
.| Umbrella[45mm].gcode

EHH
2022/7/25 T 4% 06:42

_2022/7[25 R 0642

2022/7/26 % 02:52
2022/7/26 %5 02:53
2022/7/26 T4 02:53
2022/7/26 F% 02:54

APP053_Plus_Microchip_Logo_3D[45 mm].gcad‘

All(*.%)

Tera Term: XMODEM Send

Filename:
Protocol:
Packet#:
Bytes transferred:
Elapsed time:

APP053 Plus_Microct

XMODEM [CRC]

5
640

0:02 (256Bytes}s)

Cancel

5.1%

@ MICROCHIP



Function Test (Auto Mode)

* Result example.

@ COM3 - Tera Term VT : | P ; X ‘
file Edit Setup Control Window Help B K o
XMODEM G-code receive start. Al i~ g
ccceecc & TN
XMODEM G-code receive stopped.

@ MICROCHIP



Function Flow Chart
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Main Flow (main.c)

Initialization &
Splash Screen

TMR1_Flag ==

true ?

> ADC1_SoftwareTriggerEnable

OriginCalibed ==

OperateMode ==

true ?

TMR1_CallBack
ADC1_VR1_CallBack
ADC1_VR2_CallBack
ADC1_VR3_CallBack
ADC1_VR4_CallBack

EX_INTO_CaliBack

EX_INT1_CallBack

AUTO_MODE ?

ManualControlTask

AutoRunningTask

StepperMotorTask
== true ?

DisplayTask

@ MICROCHIP



Stepper Motor Control

@ MICROCHIP



Main Flow relate of Stepper Motor (main.c)

START TMR1_CallBack

ADC1_VR1_CallBack

Initialization &
Splash Screen

ADC1_VR2_cCallBack

TMRL Flag == ADC1_VR3_CallBack

true ?

ADC1_SoftwareTriggerEnable
ADC1_VR4_CallBack

Ny = EX_INTO_CallBack

StepperMotorOriginCalib
EX_INT1_CallBack

OriginCalibed ==
true ?

OperateMode ==
AUTO_MODE?

> AutoRunningTask

ManualControlTask

» <
> «

StepperMotorTask
== true ?

DisplayTask ﬁ\ MICROCHIP




Stepper Motor Controlsummer eiite)

Step 0 Step 480

i
* * ! SCCPx_COMPARE_CallBack

Stepper Count++|- DI erow » | St T t S S
pper_ SCCPL_ COMPARE_Start) epper_Targe tepper_Count++ or Stepper_Count-- J

< Moving Steps >
I {

A 7

DIR1_SetHigh .
Stepper_Target | - ——_o Stepper_Count-- Moving Steps = Target - Step

(SCCP1_COMPARE_Start)

Moving Direction = DIR_UP

- = 4 Moving Direction = DIR_DN

Stepper_Count == Stepper_Target @
Move Stopped (SCCP1_COMPARE_Stop) @ MICROCHIP




Stepper Motor Motion Control

* Motor Specifications :
» Step angle : 18°
* Steps per revolution : 360° +~ 18° = 20 (Steps/rev)
* Screw pitch : 2 (mm/rev)
* Maximum starting pulse rate(fs) : 250 Hz
* Maximum slewing pulse rate(fr) : 1 kHz

|«
|‘

Q : What'’s the time T take from A to B? '}
* A moves B distance : 20 mm
* Target pulse rate(velocity) : 200 Hz [ 200Hz | Target velocity

20 mm >

(\
A .

<&
<«

T

°* Number of revolutions of the motor :
=> 20 (mm) = 2 (mm/rev) = 10 (rev) ‘0.0

1 (sec)
200 (Steps)

* Circle conversion Steps :

> Time

=> 10 (rev) X 20 (Steps/rev) = 200 (Steps)
* Move time :
200 (Steps) = 200 (Hz)

= 200 (pulse) =+ 200 (pulse/sec)
=1.0(Sec)=T

PWM Pules signal
@ MICROCHIP



Stepper Motor Motion Control

Q : How to reduce movement time T from 1.0 second to 0.5 second ?
* Hint : Thinking between PWM frequency and the motor velocity.

A : Increase target velocity :
New Target pulse rate(Velocity) : 200 (Steps) + 0.5 (Sec) = 400 (pulse/sec) = 400 Hz

Velocity

'\
5 Z|l(PA=— e e ———,
stepper motor Quppr 2000 |

fall out of step o] S

— 12T ———,
200 (Steps)

i 0.5 (sec) :

> Time

* 400 Hz greater than 250 Hz is out of range.

* The Maximum starting pulse rate (fs) of the stepper motor is 250Hz. @
A8\ MicrocHIP



Stepper Motor Motion Control

* Q: How to solve the motor fall out of step?
* Hint : Confirm motor starting pulse rate at 200Hz but can reach top velocity to 400Hz.

* Introduction to Trapezoidal Velocity Curve :

* When the system needs to change the speed of the motor, the trapezoidal velocity
curve can realize the corresponding control function.

* In generally, the acceleration of the trapezoidal velocity curve not change during the
movement, so the acceleration and deceleration curves are the same.

* Trapezoidal velocity curve divides the entire motion process into three stages:

Acceleration (T1)
Constant velocity (T2)
Deceleration (T3)

Velocity

Acceleration

«—T1

»la
>

1
/—Constant-velocity

|

1

|

N\

Deceleration

T2

»la
L

T3—>

> Time ﬁ\ MICROCHIP



Stepper Motor Motion Control

* Q: How to apply a trapezoidal velocity curve?

* Plan Acceleration(equal to Deceleration), Constant velocity time.

*A:
* Calculate target velocity :
=> 200 (Steps) = (0.5 - 0.1) = 500 Hz
* Calculate acceleration :
PWM Initial velocity : 200 Hz
Acceleration (in Frequency domain)

= (500Hz — 200Hz) + 0.1 (sec)

. Clock Source
Period Count = ( )

Frequency

Acceleration (In Time period count)

= ((8MHz/500Hz) — (8MHz/200Hz)) + 0.1 (sec)

= (16000 - 40000)(counts) = 100 (ms)
= =240 (counts/ms)

Velocity
a
|
| Constant-velocity
! :
I | .
Accelefation | ! Deceleration
|
|
|
— T1 ole T2 p 1T )
0.1 Sec 0.3 Sec 0.1 Sec
> Time
Velocity
Target velocity ! ) |
500Hz © i Constant-velocity
Acceleration |
|
|
|
@ oy T2 g T1 )
Initial velocity 0.1Sec 0.3 Sec 0.1 Sec
200Hz
I > Time

@ MICROCHIP



Stepper Motor Motion Control

* Trapezoidal Command Curve Conditions :

* Move time : 0.5 Sec

* PWM Initial velocity : 200 Hz

* PWM Target velocity : 500 Hz

* Acceleration : -240 Count/ms
* Deceleration : +240 Count/ms

Frequency

Target velocity
500Hz

Acceleration

Initial velocity
200Hz

T1 Xy
0.1Sec |

Constant velocity

N

Deceleration

L
I \
|

T2 | T1

0.3 Sec

~ 0.1 Sec

> Time

« MCU PWM frequency by Count status : | |

* PWM Initial Count : Count ! PWM Pules signal |

- => 8 MHz - 200 Hz = 40000 (Count) N i i

* => 8 MHz = 500 Hz = 16000 (Count) Count_ | ' cBunt

* Acceleration Count : - -240 Count \®—C°nstant~count—:‘/

» Deceleration Count : ++240 Count Ptostiuind
* PWM frequency by Count changes : | | " Time

* 40000 —ims—> 39760 —2ms—> ............ —99ms—> 16240 —100oms—> 16000 (Acceleration)

* 16000 —101ms=> 16000 —102ms—> ........... —399ms=> 16000 —400ms—> 16000 (Constant)

* 16000 —s01ms—> 16240 —s02ms—> ............ —a99ms—> 39760 —sooms—> 40000 (Deceleration)

@ MICROCHIP



Stepper Motor Motion Control

Velocity

T2/

* Q: If total moving time should finish within 100ms.
* PWM Initial Count : 200 Hz => 40000 Counts

« Acceleration Count : -240 Count/ms
* Acceleration time =
(16000 — 40000) +~ -240 Count/ms = 100 ms

Acceleration

| Target velocity | |

100 ms

lInitial velocity]

* A : To increase acceleration directly :

* Acceleration time =100ms =~ 2 =50 ms
* Acceleration Count

= (16000 — 40000) +~ 50ms = Bt N el 11941115

stepper motor

|
|
|
|
|
|
|
|
I A
* When acceleration equals to deceleration. : = 500Hz
|
|
|
|
|
|
|
|
|
fall out of step |

> Time
Target velocity
e .
|
Acceleration ~ __---17"
g 50ms 50ms —————>
Initial velocit

Time



Velocity

Stepper Motor Motion Control

T2/

* Q: If total moving time should finish within 100ms.
* PWM Initial Count : 200 Hz => 40000 Counts

| Target velocity | |

« Acceleration Count : -240 Count/ms
* Acceleration time =
(16000 — 40000) +~ -240 Count/ms = 100 ms
Hint 1 : Keep the original acceleration.
Hint 2 : Calculate the new target velocity.

Acceleration

100 ms

lInitial velocity]

» Time

New Target velocity A
285 Hz -

* A : To recalculate target velocity by using
original acceleration 240 (Count/ms):
* The New Target velocity by Count
=50 ms X 240 (Count/ms) = 12000 Count
* The New Target velocity by PWM frequency 40000 Coirts |
= 8 MHz - (40000 — 12000) = 285 Hz | e ______

12000 ’Eounts

- 1
- 1
I
& Acceleration : a
e '

50ms < D 50ms

Initial velocity
200 Hz




Servo Motor Control

@ MICROCHIP



Main Flow relate of Servo Motor (main.c)

START TMR1_CallBack

ADC1_VR1_CallBack

Initialization &
Splash Screen

ADC1_VR2_cCallBack

TMRL Flag == ADC1_VR3_CallBack

true ?

ADC1_SoftwareTriggerEnable
ADC1_VR4_CallBack

Ny = EX_INTO_CallBack

StepperMotorOriginCalib
EX_INT1_CallBack

OriginCalibed ==
true ?

OperateMode ==
AUTO_MODE?

> AutoRunningTask

ManualControlTask

» <
> «

StepperMotorTask
== true ?

DisplayTask @ MICROCHIP




Servo Motor Control Task (ServoMotor.c / .h)

#tdefine
#tdefine
#idefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine

DEGREE_000_DUTY (12.5)
DEGREE_180_DUTY (62.5)
DEGREE_PEN_DOWN (0)
DEGREE_PEN_UP (10)
DEGREE_CLAW_CLOSE (0)
DEGREE_CLAW_OPEN (10)
SERVO_MOTOR_1_DELAY 200

SERVO_MOTOR_2_DELAY 200

DEGREE_PEN_UP (10)

DEGREE_PEN_DOWN (©)
DEGREE_CLAW_CLOSE (©)

//
//
//
//
//
//
//
//

DEGREE_CLAW_OPEN (10)

Duty 12.5% @ 250Hz(4ms)

Duty 62.5% @ 250Hz(4ms)

Pen Down Servo Motor Degree
Pen Up Servo Motor Degree
Claw Close Servo Motor Degree
Claw Open Servo Motor Degree
Pen Delay

Claw Delay

Claw Close
position

PWM output Duty 15.3%

=

PWM output Duty 12.5%

= 3

-

Claw Open
position

PWM output

PWM output

@ MICROCHIP



G-code Receive and Parser
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Main Flow of G-code Receive and Parser (main.c)

START

Initialization &
Splash Screen

TMR1_Flag ==
true?

g ADCI1_SoftwareTriggerEnable

<
N} <

StepperMotorOriginCalib

OriginCalibed ==
true ?

OperateMode ==

TMR1_CallBack
ADC1_VR1_CallBack
ADC1_VR2_cCallBack
ADC1_VR3_CallBack
ADC1_VR4_CallBack

EX_INTO_CallBack

EX_INT1_CallBack

AUTO_MODE ?

ManualControlTask

AutoRunningTask

» <
> «

StepperMotorTask
== true ?

DisplayTask

@ MICROCHIP



GcodeStreamTask state machine (GCodeParser.c / .h)

R main.c
i AutoRunningTask |
I\ _____________ .,' GCodeParser.c
'/’ ----------------- F ------------------------------------------------ N
1
: | GCODE_STREAM_START  |-ccoes-tecte.mr !
I CKET_NEXT_[] I
i \J &'ﬁ\“} = i GCodeParser.c i
i GCODE_STREAM_PARSER ]Nf& _GcodeStreamReceive |
i © i
i \I\ \\ SketchlLib.c i
i GCODE_STREAM_DRAW_LINE |< »(_ sketch_DrawLine ) i
: — I — :
: OLED.c :
i | GCODE_STREAM_STOP ]4/ \C OLED_Drawline ) !
1 1
a - a
i | ecopE_sTREAM_IDLE GCODE_STREAM_ERROR | !
\ ,l

@ MICROCHIP



_GcodeStreamReceive state machine (GCodeParser.c / .h)

GCodeParser.c

AN \

1 GcodeStreamTask |

L _______ } ______ _,' GCodeParser.c
______________________________________________ rﬁ:.---------- T~
[ GCODE_RECEIVE_INIT ]—7[ GCODE_RECEIVE_PACKET

/ / = GCODE_RECEIVE_PACKET_GETLINW
| —
|  GCODE_RECEIVE_PACKET_PARSER |

Y —
[ GCODE_RECEIVE_FINISH [GCODE_RECEIVE_PACKET_WAIT_SERVE
—y
TGCODE_RECENEJDLE ] +2| GCODE_RECEIVE_PACKET_NEXT_LINE ]—

f

GCODE_RECEIVE_ERROR ->| GCODE_RECEIVE_PACKET_FINISH I— )

@ MICROCHIP
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_GcodeStreamReceive Get G-code Line (GCodeParser.c / .h)

|IGO X28.359 Y28.166 |

M106 S255
G1 X23.152 Y36.349 F1000

M107
@29.932 Y19.288 F1000

XMODEM to
receive

.................. 128 Bytes packet

xmodem_receive_packet

{

G1/x29.932 v19.288 F1eee|\]
GCODE_RECEIVE_PACKET Je—

->[ GCODE_RECEIVE_PACKET_GETLINE

[Ge x28.359 Y28.166\\}

_GcodeParser

GO X28.359 Y28.166 |

!

( Sketch_DrawlLine )

StepperMotorTask

L

GCODE_RECEIVE_PACKET PARSER ]

L/
{ GCODE_RECEIVE_PACKET_WAIT_SERV?

{ GCODE_RECEIVE_PACKET NEXT_LINE ]—

(@

GCODE_RECEIVE_PACKET_FINISH ]7

@ MICROCHIP



_GcodeStreamReceive Get G-code Line (GCodeParser.c / .h)

PacketBuffer[128]
GO X28.359 Y28.166 GO X28.359 Y28.166[\]
M106 S255 M106 S255\\]
Gl X23.152 Y36.349 F1000 Gl X23.152 Y36.349 F1000\\]
Gl X28.426 Y28.076 Gl X28.426 Y28.076[\]
; Put your Comment Here ; Put your Comment Herel\]
M107 M107)\Y
G4 X29.816 Y19.279 F30 G4 X29.816 Y19.279 F3ol\]
'G1/ X29.932 Y19.288 F1000 G1
Gl X29.523 Y19.158 .
61 X209 514 v15 213 Gcodeline[128]
Gl X29.712 Y19.254 GO X28.359 Y28.166
Gl X29.816 Y19.279 M1@6 S255
M107 G1 X23.152 Y36.349 F1000
GO X24.923 Y19.249
M106 S255 Gl X28.426 Y28.076
Gl X24.972 Y19.227 F1000 A Put your Comment Here PACKET_NEXT_LINE
G1 X25.615 ¥19.196 107
Gl X25.053 Y19.158
NG AN Gl X29.816 Y19.279 F30
Gl X25.107 Y19.066 Gl
Gl X25.121 Y19.014

G1 X29.932 Y19.288 F1000

................. @ MICROCHIP



_GcodeParser to Parser G-code Line (GCodeParser.c / .h)

#tdefine PACKET_SIZE 128
#define GCODE_NEWLINE OXOA
l #define GCODE_PATTERN "%s X%f Y%f %s"
ek e #define GCODE CMD GO "GO"
Go. X28.359 v28.166{] «— #define GCODE_CMD_G1 "G1"

#define GCODE_CMD_PEN_UP "M107"
gﬁiég§525sgﬂ « #define GCODE_CMD_PEN_DOWN "M106"
G1:1X23.152 Y36.349 F100
Gl1:iR25.152 ¥36.349::F1090 uint8_t Gcodeline[128];
pereseny geesesnsssesesssasesesssaesesses dseenans char Command[10];

G1:X28.426 Y28.076)\\i double CodeX, CodeY;
char Dummy[20];
;. Put your Comment Herel\} , "09_5 X%'F“Y%'F o/?ks "
- sscanf( GcodelLine, 4_J-
R GCODE_PATTERN,
M1e7)\y < » Command,
R &CodeX,
G4 X29.816 Y19.279 F3o[f} &Codey,
— )
‘Gl

@ MICROCHIP



_GcodeMmToStep for mm to Step (GCodeParser.c / .h)

< 480 steps >
48.0 mm IEaX|

MRERRR RS R R RS
> 20 steps
<« 2mm (360°)

G1 X23.152 Y36.349|\]

X=23.152,Y =36.349 (mm)

StepX = X * 480 / 48.0 = 231 (steps) - -

StepY =Y * 480/ 48.0 = 363 (steps)
or

StepX=X* 20/ = 231 (steps)

StepY=Y * 20/ = 363 (steps)

v'V'

@ MICROCHIP



XMODEM (G-code Receive)
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xmodem_receive packet implement (xmodem.c /.h)

GCodeParser.c

f

GCODE_RECEIVE_ERROR ->| GCODE_RECEIVE_PACKET_FINISH I—

@ MICROCHIP

- T mEmEmEmmmm—m——— \
| GcodeStreamTask |
l\ _______ } ______ A ! GCodeParser.c
—————————————————————————————————————————————— rﬁ;——————————— —-.\\
! [ GCODE_RECEIVE_INIT |—7| GCODE_RECEIVE_PACKET !
i xmodem.c ﬂ/ i
| / = GCODE_RECEIVE_PACKET_GETLINIW |
|
: e ( —y |
! ( _GeodeParser ) |__GCODE_RECEIVE_PACKET_PARSER | |||
| T
: Ya— |
! | GCODE_RECEIVE_FINISH | GcopE_RECEIVE_PACKET_WAIT_SERVE}| | }
|
: —y |
:TGCODE_RECEIVE_IDLE ] |/ Y| ecope_receive_PACKET_NEXT_LINE | |
i :
| |
‘ /




XMODEM

« XMODEM is a simple file transfer protocol developed as a quick hack by Ward
Christensen for use in his 1977 MODEM.ASM terminal program. It allowed users
to transmit files between their computers when both sides used MODEM.

« XMODEM, like most file transfer protocols, breaks up the original data into a
series of "packets" that are sent to the receiver, along with additional information
allowing the receiver to determine whether that packet was correctly received.

* If an error is detected, the receiver requests that the packet be re-sent.
A string of bad packets causes the transfer to abort.

Reference : https://en.wikipedia.org/wiki/XMODEM @MICRDCHIP



XMODEM

 Packet Format

<SOH>
1 Byte

<Pack No.>
1 Byte

<255-Pack No.>
1 Byte

<Data Block>
128 Bytes

<CRC>
2 Bytes

* Protocol Flow Control

CRC 2
Data 128
~Pack Number 1
Pack Number 1
Start of Headed 1
133

SOH
EOT
ACK
NAK
ETB
CAN
C

Start of Header

End of Transmission

Acknowledge

Not Acknowledge

End of Transmission Block

Cancel (Force receiver to start sending C's)

ASCII ‘C’

0x01
0x04
0x06
0x15
Ox17
O0x18

O0x43 @ MICROCHIP



XMODEM

* Synchronization

The receiver starts by sending an ASCIl "C" (0x43) character to the sender indicating it
wishes to use the CRC method of block validating. After sending the initial "C" the receiver
waits for either a 3 second time out or until a buffer full flag is set. If the receiver is timed
out then another "C" is sent to the sender and the 3 second time out starts again. This
process continues until the receiver receives a complete 133-byte packet.

* Receiver Considerations
This protocol NAKs the following conditions:

1. Framing error on any byte (Serious hardware failures. Verify baud rate, start bits and stop bits.)
2. Overrun error on any byte (Serious hardware failures. Verify baud rate, start bits and stop bits.)
3. Duplicate packet (Sender getting an ACK garbled and re-transmitting the packet)

4. CRC error (In noisy environments)

5. Receiver timed out (Didn't receive packet within 1 second)

On any NAK, the sender will re-transmit the last packet.

@ MICROCHIP
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XMODEM

sender Receiver
e | M
Times Out after 3 Seconds
e | M7
S0H 0x01 OxFE Data CRC — Packet OK
<—- | ACK
S0H 0x02 OxFD Data CRC — (Line Hit during Data Transmission)
<—- | HACK
S0H 0x02 xFD Diata CRC — Packet OK
<—- | ACK
S0H 0x03 OxFC Data CRC —_ Packet OK
(ACK Gets Garbled) <—- | ACK
<—- | ACK
S0OH 0x04 eFB Data CRC — (UART Framing Error on Any Byta)
<—- | HACK
S0H 0x04 OxFB Data CRC — Packet OK
<—- | ACK
S0OH 0x05 kA Data CRC — (UART Owvermun Emor on Any Byte)
<—- | HACK
S0OH 0x05 kA Data CRC — Packet OK
<—- | ACK
EQT — Packet OK
<—- | ACK
ETE — Finished
Finishad <—- | ACK

@ MICROCHIP



SketchlLib (2D Graphic Drawing)
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2D Sketch Library (SketchLib.c /.h)

* About the Sketch Library.

For Stepper Motor control, we build an easy Sketch Library for 2D Drawing purpose.
bool Sketch_DrawlLine( const int32_t X1, const int32_t Y1, const int32_t X2, const int32_tY2)

(X1, Y1) @ ® (X2, Y2)

bool Sketch_DrawPolygon( const int32_t CX, const int32_t CY, const int32_t Radius, const int32_t StartAngle, const int32_t AngleStep )
bool Sketch_DrawCircle( const int32_t CX, constint32_t CY, constint32 t Radius)
bool Sketch_DrawRectangle( const int32_t CX, const int32_t CY, const int32_t Radius )
StartAngle = 22.5° StartAngle = 0° StartAngle = 45°
—>i~  AngleStep =1’ |

AngleStep = 90°

e - A8\ MicrocHIP



2D Sketch Library (SketchlLib.c /.h)

Sketch_Drawline( const int32_t X1, const int32_t Y1, const int32_t X2, const int32 tY2)
Given two point (X1, Y1) and (X2, Y2) to calcualte angle Theta.

(X2, Y2) (X2, Y2)
if W=H, Move X to calculate Y
H=Y2-Y1 § T Y= X1 ++
Theta = atan(H/w) lx++ | Y=Y1+ (tan(Theta) * X-X1)
(X1, Y1) e B (X1, Y1)¥ - -
(X2, Y2)

Projection DL s

with hole ‘_‘_‘_ _‘_‘_ _3 __A.__t_s if W< H, Move Y to calculate X
Vap i h Y=Y1++

*o—o—0o—0 i X =X1+(Y-Y1/ tan(Theta))
Projection (X1, Y1) / ) 0

eliminatehole 333 28 & & && b w >
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G-code, 3D Model and Slice
Introduction
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Introduction

* This is an application section.

At previous slice, you already now that

how to build a “2 Axis Tiny Working Station”

and finished the firmware for

“2D Sketch Drawing Machine”.

You can control it very well also, | guessed. :P
* So, at this section, you will know

that the knowledge about,

* information of G-code

* G-code Parser for APP053

* Slice Tool

* 3D Modeling Tool

* We have three exercise at here and teach you how to create
your pattens to draw it by our “2D Sketch Drawing Machine”.
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What’s G-code ?

@ MICROCHIP



G-code Introduction

* G-code or named G-language means “Geometric code” is the
operational language for CNC machining.

* It use for numerically controlled lathes(EE JX) and
machining centers(J/ll__57/(») how to move tools in order to perform
various cutting(tJ]Hll) operations.

(www.thomasnet.com/articles/custom-manufacturing-fabricating/introduction-gcode)

* We apply a G-code parser named
“LADK parser” to our platform named
“2D Sketch Drawing Machine” already.
So, we can send the G-code to control

our platform follow needs, right now. ol ﬁgde Parser bwlt@ m(' ¥e
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Format of G-code

* G-code is known as RS-274. G-code is text format files, the command line
look like below.

(www.thomasnet.com/articles/custom-manufacturing-fabricating/introduction-gcode)

/— Prefix]
(G |x# #r_YE 77 FREH]

\—

* A Prefix figure out G#, # is number means command number and follow
by parameter depend on command type that end by line Feed (LF).
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G-code Types

* G-code is not a strongly defined format.
* the are exist a compatibility issues with different versions or types of
machines.

* Different formats, commands and parameters needs for different
machines.

* Various commands,
* G codes(commands) for preparatory command.
* M codes(commands) for miscellaneous function.
* For CNC machines that provide like F code, S code and T code.
* For 3D Printers(FDM) that provide like F code, E code.
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G-code Example

* Pleaser refer the G-code example. This is part of G-code that be generated by standard
3D Printer slicer tool named “Ultimaker Cura”. Let me look at this.

* There are specific features (but not limited) on the example,

* It’s text format files and use
o 7] & o
Separate each command.

* Shows two different prefix command type G & M.

G1 means line move.
G28 means home.

M105 and M109 is special features for 3D printer.

 etc. .
* For detail information

please refer On-line G-code document,

V4

https://marlinfw.org/meta/gcode

to

M109 S180

; Wait for Hotend
M105 ; Report Temperatures
G28 ; Home

G1 Z15.0 F6000
G92 EO ; Set Position
G1 F200 E3 ; Linear Move
G92 EO ; Set Position
G1 F600 Z0.25

G1 F3000 EO ; Linear Move

G1 F1800 X3.958 Y-64.82 E0.09356

G1 X6.626 Y-64.971 E0.18689
G1 X9.282 Y-65.197 E0.27998
G1 X31.295 Y-62.144 E1.06191
G1 X33.965 Y-61.86 E1.15568
G1 X34.36 Y-61.827 E1.16952

; Linear Move

; Linear Move

; Linear Move
; Linear Move
; Linear Move
; Linear Move
; Linear Move
; Linear Move
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Format of G-code for Here

* We aligned that a specific g-code format that be generated by On-line slice tool named
“Kiri:Moto” based on pre-defined machine and slice setting.

* Please refer the G-code. It’s a very different with G-code of previous slide.

So
25 \
M
SIS
o
G
25 it MO0,
X 50

GO X28.359 Y28.166 \n; Rapid Move

M106 S255 \n; Laser Trun On

G1 X23.152 Y36.349 F1000 \n; Linear Move with Move Rate
G1 X24.924 Y38.849 \n; Linear Move

G1 X24.995 Y38.935 \n; Linear Move

G1 X28.359 Y28.166 \n; Linear Move

M107 \n; Laser Trun Off

GO0 X29.816 Y19.279 \n; Rapid Move

M106 S255 \n; Laser Trun On
G1 X29.932 Y19.288 F1000

G1 X31.416 Y19.288
G1 X31.533 Y19.279
M107

; Linear Move with Move Rate
; Linear Move

; Linear Move

: Laser Trun Off
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Format of G-code for Here cn:.

* There are specific features (but not limited) on the example,

° |t's text format files and use “

* Shows two different prefix command type G & M.

* GO means rapid move.
* G1 means line move.

* M106 and M107 is special features for
Laser cutting means is turn On and Off
Leaser header.

* etc..

60 X28.359 Y28.166 \n; Rapid Move
M106 S255 \n; Laser Trun On

G1 X23.152 Y36.349 F1000 \n; Linear Move with Move Rate

G1 X24.924 Y38.849 \n; Linear Move
G1 X24.995 Y38.935 \n; Linear Move
G1 X28.359 Y28.166 \n; Linear Move
M107 \n; Laser Trun Off

GO0 X29.816 Y19.279 \n; Rapid Move
M106 S255 \n; Laser Trun On

G1 X29.932 Y19.288 F1000 \n; Linear Move with Move Rate

G1 X31.416 Y19.288 \n; Linear Move
G1 X31.533 Y19.279 \n; Linear Move
M107 \n; Laser Trun Off

” to Separate each command, only.

So

Are, S5

25

X

BOCHy,

50
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Customized G-code Parser
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LADK Parser Introduction

Customized G-code Parser for Laser Cutter Mode
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LADK Parser : Customized G-code Parser

* For this training. We cerate a customized G-code parser named “LADK Parser” that
create by Libra Chien.

* LADK parser are compatible with that the G-code format generate by Kiri:Moto Online
Slice Tool based at pre-defined machine and slice setting. We will talk about Kiri:Moto
later. Let me look more detail for the G-code. ,

* There are 5 different pattens of G-code V M@g?ﬁy@ —
we want/can parse it and ignore others, G0X28.359 V28166 \ns Rapid Move  © 25 _
* M106 S### \n; Laser Trun On M106 S255 \n; Laser Trun On v
G1 X23.152 Y36.349 F1000 \n; Linear Move with Move Rate
* M107 \n; Laser Trun Off G1 X24.924 Y38.849 \n; Linear Move
: 1X24. : ; L
o GL XH.HHE YH.#HE FHH# \n; Linear Move | 2108 39 v25.166 |1 Linear Move
° e li M107 \n; Laser Trun Off
G1 X#.H## YH HH#H# \n; Llne-ar Move GO X29.816 ¥19.279 \n: Rapid Move
* GO X#.### YH# ### \n; Rapid Move M106 S255 \n; Laser Trun On
. G1 X29.932 Y19.288 F1000 \n; Linear Move with Move Rate
* Each G-code command consist by G1 X31.416 Y19.288 \n; Linear Move
prefix, space, commands, parameters A o spnearove
and EOL (End of Line) symbol.
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G0 Command decoder

* GO Command is rapid move command.

GO : Rapid Move

\'n: EOL (Ox0A)

GOAXX.XXAYY.YY\!

M— Move to X.XX,'y.yy Position,’Absolute

e.g.:
G0 X28.359 Y28.166 \n; Rapid Move
G0 X29.816 Y19.279 \n; Rapid Move
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G1 Command decoder

e G1 Command is linear move command.

\'n: EOL'(0x0A)

e.g.:
G1 X23.152Y36.349 F1000 \n; Linear Move with Move Rate
G1 X24.924 Y38.849 \n; Linear Move
G1 X24.995 Y38.935 \n; Linear Move
G1 X28.359Y28.166 \n; Linear Move
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M106 & M107 Command decoder

* M106 & M107 Command are Laser ON/OFF (Pen Down / Up ) commands.

M106 : Pen Down M107,: Pen Up
\'n: EOL (Ox0A)

107\n

e.g.: e.g..
M106 S255 \n; Laser Trun On M107 \n; Laser Trun Off
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G28 Command decoder

* G28 is “Home” Command, that require move to (0,0).

GO : Rapid Move

\'n : EOL (Ox0A)

e.g.:
G28 \n; move to home (0,0)
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What’s exercises at this section ?
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Exercises Introduction

* We will finish below application exercises at this section,
* Exercise A : Generate a G-code file at slice tool directly by pre-saved workspace.

Kiri:Moto Project _BRNERVYGIGEN = G-code file
(.kmz) Online Slice Tool (.gcode)

* Exercise B : Generate a G-code file at slice tool directly by import 3D Object (.stl).

3D File BRNTHVUGCIEN = G-code file
(.stl) Online Slice Tool (.gcode)

* Exercise C : Create a 3D object and Generate the G-code file at slice tool.

UL LGN 3D File EEGRGCEE = G-code file
Online Modeling Tool (.stl) Online Slice Tool (.gcode)
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Online Slice Tool Kiri:Moto
Introduction
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Kiri:Moto - Online Slice Tool

* Kiri:Moto (grid.space/kiri) is a Browser-Based Slicer for 3D FDM and SLA printing,

CNC Milling, and Laser Cutter. e —
* It’s included below features, @~

* It’s Bowser-Based.

* Support FDM/SLA/CNC/LASER. = 25
* Support .STL (3D) and .SVG (2D). . o .
» Support profile & setting - <\ o
import / export. - -25 =/ ’
» Machine setting & Slice setting. % P i
- o

eeeeee

* Workspace.
. W 25
* You can find a lot itd X

on-line training and courses. e.g.,
https://www.youtube.com/watch?v=bZmCg980D_8
https://www.youtube.com/watch?v=Ilu)_-30EXx4
https://www.youtube.com/watch?v=s90D 1hacwU
https://www.youtube.com/watch?v=087955j22QE&list=PLRoVgyRoWZpumQIKWm7oldx3bjDivqP24

etc..
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https://www.youtube.com/watch?v=08795Sj22QE&list=PLRoVgyRoWZpumQIKWm7oldx3bjDivqP24

Kiri:Moto Introduction

Kiri:Moto

%o

|
Layers

Layout
Knife
Output

Profile
L |

59.98
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Kiri:Moto Introduction con:.:

Kiri:Moto

%o

o

~25 /]

e

~=25)

Select A Device Type

CNC

U

AR

4

&

Standard Devices Q

Any Generic Laser
il Glowforge
Snapmaker Original

Yy LUeviCces

Microchip APP053+ V1 00

Copy Delete

Export

Selected Device )(

f

Name Microchip APP053+ v1.00 Output
Volume X 50Y 50 Z Token Spacer

Origin Center O File Extension gcode
|« I »

Gceode Macros

Laser On

Footer

59.98 r
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Kiri:Moto Introduction .

LASER Kiri:Moto

— View Tools
& 25

[ >

Files 0 f
[ 1 1} ‘ )
@0 A <
[ 11} w B .
View Arrange Top Home Clear = Nt o 7 y :

~2 5

(S
Layers

Layout
Knife
Output

Profile
L |

59.98
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Kiri:Moto Introduction .

Kiri:Moto

o
o 25

Setup

- g
iles 0 . \

—
b

R ) - -

- Rotate & Scale
Slice §25
O

rir

Rende X
€ ™ ra JA
[ k R/ La W SI*
elect

Tools Rotate Scale Mesh
4

-

25

Layers
Layout
Knife
Output

Profile

59.98
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Kiri:Moto Introduction .

LASER Kiri:Moto
Be=
o
Setupo 2'1;
Slice & Export

Files 0 .

Render X 2 5

|
Layers

Layout
Knife
Output

Profile
L |

59.98
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Kiri:Moto Introduction cn:s

Kiri:Moto

Kiri:Moto &0

gl

£

mie|:

Fh
a
3

|3

2

Kiri:Moto

Offset 001
Height 001 Layers
Single Q
Layout)i
Output ; Output ;
Profile - Profile -
Render Render
% 3¢
L4 4
Tools. Tools.
— E—

RCIE 2P:1

7]
&
8

§

%

Saved Settings x
(@ [Microchip APPOS3+ v1.00 Siice Setting | & @

\ Microchip APPO53+ v1.00 Slice Setting | save

Origin Bounds [J
Origin Center @

Kiri:Moto &0

> 8 7 Profile
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Exercise A

Generate a G-code file at slice tool directly
by pre-saved workspace.
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace

Kiri:Moto Pr
(.kmz)

il
oject Kiri:Moto G-code file
—>| —>
Online Slice Tool .

(.gcode)

p Import S SIicing JEEXport

25

-25 0

APPO053_ Plus
ElectronicDevices_3D[45mm].kmz

Kiri:Moto
Online Slice Tool

e.g.:

M106 S255 \n; Laser Trun On
G1 X23.152 Y36.349 F1000 \n
G1 X24.924 Y38.849 \n

M107 \n

GO0 X29.816 Y19.279 \n

M106 S255 \n

G1 X29.932 Y19.288 F1000 \n
M107 \n

ElectronicDevices_3D.gcode
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Before Exercises

* Kiri:Moto is bowser-based application.

» you will get some problems sometimes from internet connection issues.
So, Always remember, re-fresh your browser.
you can solve most issues after re-fresh your browser.

LASER Kiri:Moto 20

(€]
bt

|
. 25 Layers
3 O/—\\ Layout
; ¥ (o4 . = Knife
; @ U Output
? 25 Profile
Render _25 0 25

(N I
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Before Exercises

* | known that Some attender pre-study our slide already.
* To prevent unexpected issues and non-standard step was occurred.
Please clear your Cookie before exercises.

Clear{GCookie
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Before Exercises

* e.g., clear cookie at Chrome
* Kiri:Moto
chrome://settings/cookies/detail?site=grid.space

* THINKCAD
chrome://settings/cookies/detail?site=tinkercad.com

Copy/&lPastejtolChrome
tolCleargCookie
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Getting Started

* Go to Kiri:Moto website (grid.space/kiri)

Kiri:Moto Help X
e Kiri:Moto Full Documentation
n Video Guide To Kiri:Moto 2.5
n YouTube Channel

() Discord Live Chat

o Discourse Forums
’ Follow On Twitter

EJ Donations Are Welcome!
B 3.4.1

this site uses cookies to preserve application preferences ~ Got It ‘
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Getting Started

* Click “Got it” to start exercise

Kiri:Moto Help X
e Kiri:Moto Full Documentation
n Video Guide To Kiri:Moto 2.5
n YouTube Channel

() Discord Live Chat

D Discourse Forums
’ Follow On Twitter

EJ Donations Are Welcome!
B 3.4.1

this site uses cookies to preserve application preference
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Getting Started

e Click “X” to start exercise

Left click

Kiri:Moto Help @ @

e Kiri:Moto Full Documentation

(23 Video Guide To KiriMoto 2.5
n YouTube Channel

() Discord Live Chat

o Discourse Forums
’ Follow On Twitter

EJ Donations Are Welcome!
B 3.4.1
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Getting Started

* Return to work panel.

FDM Kiri:Moto 20
L
nﬂ
i ia
[ ] 7 amm
st =
150
]
® =
125
] \ B
— 700
= @
A
— 75 it
=T
& S
h %E
I8 [
P
U 25 50 75 100 125 150 175 200 225 250 275 3QQ
X
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 1 Set Language

 Select logo > Language > English

FOM KirtMato Left click
_ﬂ- Donate
ok 4 Version
wE Francais
[ 1 | Polskie —
Xt 150 { Portugués =
]
@ =
125
] * g
—_— 700
= @
R
I 5 ?ﬁﬁﬁ
=T
(7 iaE
h 8E
TE= [
P—
(¥ 25 50 75 100 125 150 175 200 225 250 275 30Q
X

60.04
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 1 Set Language

* Interface was changed to English.

FDM Kiri:Moto 20
)
——
o
SetupG -
)
. 176
Fles 750 Layers
—
@ Base
125
o Infill
-_— 700
— Support
Slice
m——— Fs Output
RI;L 0 Expert
L | . Profile
® | S
Nozzle il
o
U 25 50 75 100 225 250 275 300
N/
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 2 Import Exist Project

* Select Files > Import

FDM Kiri:Moto 20
—
o
hod

Setup

CIE =
Files ec Layers

E—

@ Base
o ; * Infill
-
Slice

——— s Output
RI;L 0 Expert

(’ Profile
%} L

—

U 25 50 75 100 125 150 175 200 225 250 215 300
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 2 Import Exist Project

- Select “.\Resources\APP053_Plus_ElectronicDevices_3D[45mm].kmz” and click “FJR{”

@ BEx
« o ov

FIEEE R

oy 4PublicBackup ~
2019 Summer Elite ¢
2019 Winter Elite PIC
2020SummerEliteM:
2020WintertliteMate
2021WinterkliteMate

C. & OG0B D0

2022SummerEliteM:

o~y Appendix

&)
© G_code_3D_Mod:

Appplication

©) Resources

Documents
CJ L'

« Appplication » G_code_30_Model_Slice > Resources >

£2¥

Links

Profiles

o
AhEs

A
@A

@ APPO053_Plus_ElectronicDevices_3D[45mm].kmz

D APP053_Plus_Microchip_Logo_3D[45mm].kmz
3 cookies_3D[42mm].stl

<

= A
A

v D L f#= Resources
~ [
CEA=E: g3
2022/7/26 T OT:27  EEXERE
2022/7/26 T 0727 HBEZH®
2022/7/19 FF 0335 KMZ =
Workspace (.kmz)

Ella..

TBEZ==ZE(N): |APPO53_Plus_ElectronicDevices_3D[45mm].kmz

@ MICROCHIP



Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Step 2 Import Exist Project

* Select “Yes” to load project file (.kmz)

25 \
o m
-25
-25 0 25
x

Import Settings Made In Kiri:Moto Version 3.4.1 On

Tue Jul 19 2022 15:35:33 GMT+0800 (& 1bZiEEE 0
Left click
Yes

®©
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 2 Import Exist Project

* Pre-saved project was loaded. The machine, slice setting, and object was load also.

LASER Kiri:Moto 20
P re_saved O bj ect Select A Device Type Selected Device X
FDOM SLA Name Microchip APP053+ v1.00 Output
“ElectronicDevices” B e R e
@ =
=——— Standard Devices o | L HeRen[ Footor [ LaserOn
Co ic Laser
2,
tup i 3 ()
Files
=———
25
®
— Y o) S e ~
SI— ~ _E |
L~ : £ =
25 . N ¢
Q L] L]
N -25 0 25 - ice Setting
_______J = =5 - =
X ==
_.i K = -

60.04
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 3 Slice the Object

e Select Slice

LASER Kiri:Moto 0

G

Layers

25

Layout

) Knife

Y o N N Output
) | ~~ Profile
E——

-25
-25 0o 25
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 3 Slice the Object

* Object was sliced.

FFFFF

eeeeee

Kiri:Moto 20

“Black Line” is “Draw” Path

AN
Layers
25
! Layout
Knife
Y o Output
Profile
I = —
-25
-25 0) 20
X
IIIII O cut @@

@ MICROCHIP



Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 4 Preview the “path”

e Select Slice > Preview

LASER Kiri:Moto
G
L
s
25
o)
[ I
) ; -25
f\\ -25 0) 25
X
layer () cut [l

G
Layers

Layout
Knife
Output

Profile
[ |
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 4 Preview the “path”

e Shows the “path” only.

Kiri:Moto

arrows move cut

25

G
Layers

Layout
Knife
Output

Profile
[ |
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 5 Export “path” to G-code

* Select Slice > Export

LASER Kiri:Moto 2
=3
¢§
o]
Setup
- AN
Files Layers
@ =9 Layout
V_ Left click Knife
% o .l XpO OY O } OUtpUt
I _
] Profile
,!Tgi ﬂ [ |
enaer -25
&
N -25 0 25
—
X
arrows move cut
0 (L
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Step 5 Export “path” to G-code

* Select “gcode” directly
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.

Step 5 Export “path” to G-code

* Select local folder, rename and save file(.gcode) then select “

@ S=wE
1+ B> TH > TE

AaEE - FEEHK
b ==

W £E

r ER

= EEAM

o EE

= BA
A

» EENES
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W

B HER
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>

h |

EZEZ7E(N): |ElectronicDevices_3D.gcode
=BE3(T): GCODE #2 (*.gcode)

~ BEEER

E1E(S)

b

Jomi

.
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Step 5 Export “path” to G-code

* The G-code file was downloaded. Then Select “X” directly

@
| Export |
File Name
Segments

Download |
BN
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Step 5 Export “path” to G-code
* The “ElectronicDevices_3D.gcode” file was saved.

'rlﬂ + | ME - H X
El =F =8 &6 ®

H
H

= v 1 &> s#> TE v O L E=Ts

v BT ~ EiE
B 3D ¥ v SE ()

> ¥ TH @ ElectronicDevices_3D.gcode 2022/1/13 T 03:06 GCODE &% 5 KB
= X
) =&
X
= BR
A
i THEmEE (C)
AR (T

1 BEB 2| =
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Finally, Draw the G-code
* Send the G-code to through XMODEM & enjoy.

e.g.:

M106 S255 \n; Laser Trun On
G1 X23.152 Y36.349 F1000 \n
G1 X24.924 Y38.849 \n

M107 \n

GO0 X29.816 Y19.279 \n

M106 S255 \n

G1 X29.932 Y19.288 F1000 \n
M107 \n

ElectronicDevices_3D.gcode

I CCCcccccccceceeccecececccecccececccecccecccceccececcc
[CCCCcCcceccecececcec

SSHSCP XMODEM > Receive.
Change directory... YMODEM > Send...
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Exercise A Generate a G-code file at slice tool directly by pre-saved workspace.
Finally, Draw the G-code

* Result

@ MICROCHIP



Exercise B

Generate a G-code file at slice tool directly
by import 3D Object (.stl).

@ MICROCHIP



Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

3D File _BRNHBRVNGIGEN = G-code file
(st Online Slice Tool (.gcode)

m m m :llg106 $255 \n; Laser Trun On

G1 X23.152 Y36.349 F1000 \n

L G1 X24.924 Y38.849 \n
| y M107 \n
Kiri:Moto GO X29.816 Y19.279 \n
| Online Slice Tool M106 S255 \n
Cookies_3D[42mm e G1 X29.932 Y19.288 F1000 \n
| M107 \n
A AL

25

Te Cookies_3D.gcode
N

25 @ =

-25 0 25
X

@ MICROCHIP



Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Getting Started

* Go backup to Kiri:Moto website (grid.space/kiri)

LASER Kiri:Moto 2
I
o 5
&
Setup
. AN
i Layers
25
@ Layout
Knife
ﬁ ¥ 0 X D Output
B ~ Profile
Rl_d [ |
enaer —25
&
N -25 0 25
4
X
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https://grid.space/kiri

Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 1 Remove Exist Object

* Click the exist object then click “X”

Kir

i:Moto

-1

FFFFF

eeeeee

| Left click |

(@)

a6

Layers
Layout
Knife
Output

Profile
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)
Step 1 Remove Exist Object

* The object was removed.

LASER Kiri:Moto 2
L
o -
Setupo
Object was removed
]
FFFFF
Cayers
L] /
@ 25 4 Layout
ﬂ Knife
5 L 0 Output
. Profile
G -25
N -25 0 25
L4
X
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 2 Import Exist 3D Object

* Select Files > Import

a6

Layers
Layout
Knife
Output

Profile

0o 25
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 2 Import Exist 3D Object

* Select “\Resources\Cookies_3D[42mm].stl” and click “FREZ”

@ BEx

1 « Appplication > G_code_3D_Model_Slice > Resources >

FIEEE R
3.Record
4.PublicBackup

2019 Summer Elite ¢
2019 Winter Elite PIC
2020SummertliteM:
2020WinterkliteMate
2021WinterEliteMate
2022SummerEliteM:

oy Appendix
© Appplication

© G_code_3D_Modk

0 Resources

-

Links

Profiles
D APPO53_Plus_ElectronicDevices_3D[45mm].kmz
D APP053_Plus_Microchip_Logo_3D[45mm].kmz

Cookies 3D[42mm].stl

L 4

|
AFRE

A
@A
A
A
= A

p4
v O S f#= Resources
=~ M @
B HER E iy
2022/7/26 T OT:27 EEZERE
2022/7/26 T 07:27 BEERR
2022/7/19 T4 03:35 KMZ 182
2022/7/19 T 03:3 KMZ 182
2022/1/7 4 03:54 Standard Tessella...
3D Object (.stl)
>

BEZEZE(N): |Cookies_3D[42mm].stl

| Left click |

w0 |
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 2 Import Exist 3D Object

* 3D object was loaded.

.| 1LASFBR

3D Object
“Cookies 3D.stl”

Kiri:Moto

-

1 | ;RI

P

oF @Ill <
: I S 3

S leee @ =

—

25
0 b
N > &
-25
-25 0 25
X

|
Layers

Layout
Knife
Output

Profile
[ |
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 3 Scaling The Object

* Click the exist object , then Select Tools > Scale

e

(%

w
)

-

@
7]

QIII S@I
5] e
(0] =

=

Kiri:Moto

(@)

|
Layers

Layout
Knife
Output

Profile
[ |

59.98
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 3 Scaling The Object

 Scale Toolbox was pop-up.

e

Kiri:Moto

Z AXis
1 Size

1 Scale

|
Layers

Layout
Knife
Output

Profile
[ |

59.98
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 3 Scaling The Object

* Uncheck Z axis , then change X from 42 to 45, Y axis was adjusted together.

| LASER

* Reset

i®

L 4

m

Reset

Knife
Scale I

Y Z [ AxIs
45 1 Size

1 Scale
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 3 Scaling The Object

* The object was scaled (45 mm x45mm x 1 mm)

i

(%

w
‘)

Pl
o

o3 12} < jui]
as o ] @
D sese ® = )

|i%

Kiri:Moto

g2

[
Layers

Layout
Knife
Output

Profile
L |
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 4 Slice the Object and Preview the “path”

» Refer Exercise A Step 3,4. Slice the object and preview the path after sliced.

LASER Kiri:Moto - LASER Kiri:Moto 20

(O
25 25 Layers
O/ > Q \/ > Layout
Y [6) —=> Y o } > Knife
“ Cs ) Csl )
Output
-25 -25 Profile
-25 (0 25 -25 (0) 25 —
X X
layer (] cut . arows move cut
o l l 0 59.98 0 ' l Y
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)

Step 5 Export “path” to G-code
» Refer Exercise A Step 5. Export the path to g code file (Cookies_3D.stl)
X

Export

LASER Kiri:Moto

Cookies_3D-007

File Name
Segments 273
Download [{Le(3]
[
b SVQg dxf

L

N éBran
0 | \: Knife
Cg S Output
-25
-25 0) 25

Profile
L |

X

v O 28
Render HAWE -
as A zm PR
Is A7 CEEE )
» i ElectronicDevices_3D.gcode 2022/1/19. T 4.05:33
i EEA
R L
as “Cookies_3D de”
B ookies .gcoae
» BEDEE
arrows move cut .
5 EbL L
g = = o 59.94 - . V/ .
BEEH(N): |Cookies, _3D.gcode -
TEE CODE R (*gcode) =
S

Ceme ][ =s
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)
Step 5 Export “path” to G-code

* The G-code file was downloaded.

LASER Kiri:Moto 2
Y
¢G
e
Setup
A
(]
Files Layers
I
® Layout
View
Knife
Siice Output
—
W Profile
Render 25
(7]
P X
Tools
I
ATOWS move cut
BVRE
| B ] 59.98
SEIEET X
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)
Finally, Draw the G-code
* Send the G-code to through XMODEM & enjoy.

e.g.:

M106 S255 \n; Laser Trun On
G1 X23.152 Y36.349 F1000 \n
G1 X24.924 Y38.849 \n

M107 \n

GO0 X29.816 Y19.279 \n

M106 S255 \n

G1 X29.932 Y19.288 F1000 \n
M107 \n

Cookies_3D.gcode

I CCCcccccccceceeccecececccecccececccecccecccceccececcc
[CCCCcCcceccecececcec

SSHSCP XMODEM > Receive.
Change directory... YMODEM > Send...
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Exercise B Generate a G-code file at slice tool directly by import 3D Object (.stl)
Finally, Draw the G-code

* Result
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About Working Panel
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Absolute Maximum Dimension

 Absolute Maximum Dimension is 50mm x 50mm

Standard Devices Q

Any Generic Laser
Glowforge

Snapmaker Original

Yy vevices
Microchip APP053+ V1 00

Copy Delete Export

Select A Device Type Selected Device
FDM SLA *
E] @ Volume X 50 Y 50 Z oken Spacer
Tt & File Extension
CNC E ’
@ @ Gceode Macros
Header Footer Laser On

Save
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Workable Maximum Dimension

e Workable Maximum Dimension is 45.0mm x 45.0mm

45.0mm

@ MICROCHIP



Scaling at Kiri:Moto

* Maximum Height and length must < 45.0(mm)

LASER Kiri:Moto 2
ey Scale x|
Qg ol x Y Z @ Axis
Setup m 45 23.48 l 1 Size
. & | Bl | 1 Scale
s
Files [ 3 Reset —Layers
=1
@ o &
% v o /\\\ Layout
ew 4
" Knife
= f // P :‘ p— ’—-‘_ “ :
o -\" (L Jamdl 4 1L Output
Profile
0] 20 |
X
Scale

ﬁ\ MICROCHIP



Online 3D Modeling Tool
TINKERCAD
Introduction

Online 3D Modeling Tool

@ MICROCHIP



TINKERCAD - Online 3D Modeling Tool

* TINKERCAD (www.tinkercad.com) is a Browser-Based 3D design and modeling
program created to provide a way for a variety of users (beginners to experts) to
create projects.

* You must register an account before getting started.

* TINKERCAD include below features,  # = .o = RN
* It’s Bowser-Based.

* Easy to use for beginner.
* Support .stl and .svg import
and .stl export.

* You can find a lot
on-line training and courses. e.g.,

https://www.tinkercad.com/learn/designs/learning
https://libguides.uthscsa.edu/c.php?g=832157&p=8696241 "1
https://maker.pro/custom/tutorial/introduction-to-tinkercad $e
https://www.youtube.com/playlist?list=PL59TW6BsbMMX02WKzwkTsJqfgxeop6M1u Place It view Move Rotate It
etc..

© A O
R N VA

[1 AUTODESK"
' 4OR TINKERCAD
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https://www.tinkercad.com/
https://www.tinkercad.com/learn/designs/learning
https://libguides.uthscsa.edu/c.php?g=832157&p=8696241
https://maker.pro/custom/tutorial/introduction-to-tinkercad
https://www.youtube.com/playlist?list=PL59TW6BsbMMXO2WKzwkTsJqfgxeop6M1u

TINKERCAD Introduction con:.

| iRERE

SEBHEE | 10 mm - n . &
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TINKERCAD Introduction ..
el Microchip Logo E M 80 @

CA[D]

""""""""""

| |
TN EERARIS ﬁ

BB 1omm ~ |
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TINKERCAD Introduction cn:s

m

v e
Key-in Direct Available g Scroll for Zoom In'/Out g
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TINKERCAD Introduction wn:.

L‘, | @ Mcrocip Logo §;§. Microchip Logo :, | @ Mcrocip Logo
Dmol « &) i\ oDmeH « ) iy BmO6 - @ i

i N

Rotating Y. Rotating X Rotating Z
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Exercise C

Create a 3D object and
Generate the G-code file at slice tool.

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.

UL LGN 3D File BRIHVYCICEN ~ G-code file
Online Modeling Tool (st Online Slice Tool (.gcode)

TINKERCAD

Online Modeling Tool

m m m :llg106 $255 \n; Laser Trun On

y G1 X23.152 Y36.349 F1000 \n
ot Kiri:Moto
Online Slice Tool
yName sti

G1 X24.924 Y38.849 \n
M107 \n
GO0 X29.816 Y19.279 \n
M106 S255 \n
G1 X29.932 Y19.288 F1000 \n
M107 \n

\ A ASA, MyName.gcode

o

-25
-25 0] 25

x ﬁ\ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.
Getting Started

* Go to TINKERCAD website (www.tinkercad.com).
if you haven't account now. Please refer Appendix "THINKCAD Sign Up"

[T]1 . .
REE AUTODESK EE S 28 3@ Q Q
TINKERCAD

CA]

Educators: If you've ever heard "This is cool! What's next?" while

teaching with Tinkercad, here's how to guide your students to the next

step when they're ready for professional - grade tools. Learn more

CAE_TW Microchip ﬁ%;ﬁﬂ}ggﬁ;.l.
AXRA

FEAVE st

Select

3D Hat
=i
BARER
B X

i: 378 BEE

. B TR SO
E#EE(Z api-reader.tinkercad.com...

@ MICROCHIP


http://www.tinkercad.com/

Exercise C createa 3D object and Generate the G-code file at slice tool.

Getting Started
e Click “$2XI#a%&T” for new design.

-

(T] 1]
AUTODESK’ . o a1
EEE] TINKERCAD' HE HEE 2T R\ Q Q

0

CAE_TW Microchip ?ﬁ%?ﬁﬁ’ﬁﬁ%‘l‘

Educators: If you've ever heard "This is cool! What's next?" while
teaching with Tinkercad, here's how to guide your students to the next
step when they're ready for professional - grade tools. Learn mare

Select

=rs

BAEER

=1

IR

C+imues

3 Bt
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Getting Started

* Go to design panel of new workspace.

T11]
Mighty 3 0 Q
i ® o = X

@ EA EH ExE

BH L @

A5

o 46 &

mERHRTE . 0
HEEER 1Lomm -

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 1 Create your 3D object by scribble tool

* Select “scribble” shape tool

(T[]
E | Mighty Jarv Q Q
an o ﬁ }{' 3 Co
@ EA Ei EREE

H L @

£HEL

Xy |

L0
o 449

HREE AT ‘ 0
AL 1.0mm -

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 1 Create your 3D object by scribble tool

* Move to work panel and click left key of mouse

(T[N
[@E [(E] Mighty Jarv @) Q
[clAlD) E ﬁ Fi . Ce
@ EA Ei EREE
EE]
EoAE .

§ U@
[_LMouse moving | 0\ ww

S : ; il
W8 TR o 49
L ol 2V

LR . O
HESRIR 10mm -
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 1 Create your 3D object by scribble tool

* Go to edit panel of scribble

SER X

Gb
!
1
3
&
@
b
74

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 1 Create your 3D object by scribble tool

* Draw your name by mouse

i e “« @ & R iR TR X

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 1 Create your 3D object by scribble tool

* Select “SThk” after edited.

o % «- T @ O o F % =« \LLeft click

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 1 Create your 3D object by scribble tool

* The 3D object of your named was created.

TN _
EE Mighty Jarv ﬁ % [ ] 80‘ .
O 1 « © AIL EA Ed EE

< Scribble E @
O ae | o

%2&1_::

§ U l
). o W
e 4 9
- w A
el A
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 2 Scaling Length and Width of the 3D Object

* Click your 3D object.

TN
[@E [(E] Mighty Jarv 0 Q
o (= Monty ﬁ A M Co
= © B EE  EEE
SEREEE
) -
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 2 Scaling Length and Width of the 3D Object

* Click the rectangle on the corner.

7] 1 [N
i 0
EE Mighty Jarv E }?J - CQQ
QW « © AN Er Bt mxs
«  Scribbl ] @
@@ 2 @ ] L}
- i

. _Left click

4 -

IR

FHELIRIE  10mm -
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 2 Scaling Length and Width of the 3D Object

* You can find the dimension (X,Y) of object

[TTi]N

[@E0 [E] Mighty Jarv 0] Q
[c[AlD! & Mighty E ;?J [ ] Co

O o « © A m omm m=

IRER IR . 0
FHEEREHE  10mm -
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 2 Scaling Length and Width of the 3D Object

* Please scaling the object to fit Workable Maximum Dimension (45.0mm x 45.0mm)

A — E ;;, - 8 Q
o oo - © Vi
v Scﬂb"b: . . L, @ ;
& v e
- 27.00
l ® W/
0 & &

Drag for free shaping

B

e g e g Alt + Shift + Drg for keeping
Gk scale¥centered
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 2 Scaling Length and Width of the 3D Object

* Object was scaled. (e.g., 45.0 mm x 23.0 mm)

IT] 1N

K|E} Mighty Jarv ® Q
<IE ghty E ;{; [ o

] :
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 3 Adjust Height of the 3D Object

* Click view cube to change View angle firstly.

(7] 1[N} .
. EE Mighty Jarv E;ﬁ - 8¢;Q
1
r O 1 « © AIL EA Ed s
= - * L @
39 ]
%2&]\_1

8§ © '
0o w
e 4 9
- w A
el A
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 3 Adjust Height of the 3D Object

* Click the rectangle on the top.

(7] 1[N}
[K[E} Mighty Jarv
C|AID]

O o « © N

IR

FHELIRIE  10mm -
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 3 Adjust Height of the 3D Object

* You can find the dimension (Z) of object

[T[i]N
@E. [(E] Mighty Jarv o Q
clalp o E; =

O 0 « © AlL EIN Bt B

< Scribble E @
@7 ae | o

. f f l N '
= 0o w
o 4 &
-~ d
. o @ O
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 3 Adjust Height of the 3D Object
* Change the height to 1.00 (mm)

TN

[@E0 [E] Mighty Jarv 0] Q
[c[AlD! & Mighty E }?J [ ] Co

O o « © A om omm m=

“f‘"f‘b Change to 1.00 LJ @

%21-(1_::

§ U l
g o «
e 4 &
~ W
e dl Ik
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 3 Adjust Height of the 3D Object

* Height of object was changed to 1.00 (mm)

oo _
g; Mighty Jarv ﬁ F{' By 89Q
O W « © A =r Eh  mE
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 4 Change Project Name

* Click Top of application to change project name to “MyName”.

Left click
f o = PO
[c[AlD O Co
“« !D @ EHN E

BEXE

H L @

EAER
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 4 Change Project Name

* The project name was changed to “MyName”.

'fl] = [MyName ] D
C|A

T]1]
[K[E] MyName
[C[AID!

S e e — BE—— — - — e

H L @

b MyName
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 5 Export the 3D Object to 3D file (*.stl)

* Click “

& 1” Button.

[T 1[N
[K[E] MyName
C|AID]

& &l

dowm, '+
~ew b
. oD 8
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 5 Export the 3D Object to 3D file (*.stl)
* Click “.STL” Button.

T# 3D IEN

BE  © HEPHIREYI.

FAKA 3D FIED

.0BJ

GLTF (.glb)

ARSI

.SVG
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 5 Export the 3D Object to 3D file (*.stl)

* You will saw “@:

EHV RV

J” if the object was selected. Don’t worry, it’s same.

FAKA 3D FIED

.0BJ

GLTF (.glb)

ARSI

.SVG

T# 3D IEN
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 5 Export the 3D Object to 3D file (*.stl)

» Select local folder to save file(.stl) and select “TEE".

@ =5FE
« v 1 B THE > T

HEEE ~ FiEERK
W= ~ BB
rES
= EEA
LB
= Bk
B &k
o EEREE
v W
§ 3D oF
> ¥ T

= b
= it

“MyName.stl”

EEEHB(N): MyNamestl

> |

FiREE(D): Stereolithography Mesh (*.stl)

~ BEERRE

R

=F

e\ - ).
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 5 Export the 3D Object to 3D file (*.stl)

* The stl file was downloaded.

EB - MyName
C|AID!

Adamn

£l e 30

EA [ ExE

ﬁm@

%jgl_::

@@'
P @ W
L 4 0

HHEETEHR  1omm -
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 5 Export the 3D Object to 3D file (*.stl)

* The file named “MyName.stl” was saved.

¥ | ¥ = | F&E
=ES = HH BR

H
H

= v 1 &> s#> TE

p EE
= BEA
o E=
= BR
B =r
» EERES
v B
N EDE:[E
> 4 T &

= e
2EIEE

~ EB

“MyName.stl”

v SER()

(3 MyName.stl
~ IR (1)

@ ElectronicDevices_3D.gcode

2022/1/14 +F 03:.07

2022/1/13 +4 03:06

Stereolithogr..

GCODE g%

|

>

-
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 6 Exit Slice Mode

e Click “<-” to exit slice Mode

LASEH Left click Kiri:Moto a0
I
*G
Seng
[
S
Files Layers
==
@ Layout
View Y
Knife
Siice Output
]
I_ Profile
R\i 25  E—
%ols X

tayer (] cut [}

I = o 59.98 ]
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Step 6 Exit Slice Mode

* Go backup to working mode

LASER Kiri:Moto &%
I
*G
o]
Setup
(]
e
Files 25 Layers
_—
® A & Layout
View Y O e
Siice \ \ Output
] y
[ -25 i B Profile
Render _25 O 2 5
(7]
2y !

59.98
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 7 Remove Exist Object

o Refer Exercise B Step 1. Removed exist 3D object.

Remove
Kiri:Moto 20 LASER Kiri:Moto &

L
*Q
%
SSSSS
(O
[
Files 25 Layers
—_—
@ Layout
Vi
ew Y Y o ! Knife
Sice Output
]
|_ -25 ‘ Profile
Render —
¢, -25 0) 25
A X
—
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Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 8 Import 3D Object
» Refer Exercise B Step 2. Import the 3D 3dobject named “MyName.stl”.

LASER Kiri:Moto 20 LASER Kiri:Moto &0

[

25 25 Layers

Layout

v 0 | Y o > &, : Knife

& L\

Output

-25 -25 Profile
-25 (0) 25 -25 0) 25 e

X

@ MICROCHIP



Exercise C createa 3D object and Generate the G-code file at slice tool.

Step 10 Export

o Refer Exercise A Step 3~5. Slice and export the “path” to gcode file named

“MyName.gcode”.

LASER Kiri:Moto

L

e Slice’
%

Setup

e

Files 25
=

@ 5 & /,

View {f y—

= G\ A

H '25
Rle'r:_&:er
-25 0) 25

(7]

%015 x
4

layer (1 cut [l
(1]

La
Lo ypnn
Knife
Output

Profile
L |

| L

Export X

Export
File Name MyName-011
Segments 420
Download
5vQ dxf gcode

X
- 9
0__GCODE i3

B
= mA ({4 14
- MyName.gcode
» BEAES
v BT
F EDE S
> # TH v < ir >
EEERN): MyName.gcode ;
E2 ] CODE 183 (*.gcode) B -
B8

(2] =
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Finally, Draw the G-code
* Send the G-code to through XMODEM & enjoy.

e.g.:

M106 S255 \n; Laser Trun On
G1 X23.152 Y36.349 F1000 \n
G1 X24.924 Y38.849 \n

M107 \n

GO0 X29.816 Y19.279 \n

M106 S255 \n

G1 X29.932 Y19.288 F1000 \n
M107 \n

MyName.gcode

I CCCcccccccceceeccecececccecccececccecccecccceccececcc
[CCCCcCcceccecececcec

SSHSCP XMODEM > Receive.
Change directory... YMODEM > Send...
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Exercise C createa 3D object and Generate the G-code file at slice tool.
Finally, Draw the G-code

* Result
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Appendix
TINKERCAD Sign Up
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TINKERCAD Sign Up
Step 1

* Go to TINKERCAD website (www.tinkercad.com)

s N

EE ;EE B8 g Q BA Lnﬂunu/\J

T[N
KIE AUTODESK

@i TINKERCAD @
BB RBE S E

Tinkercad E2EE SN EFEHENESEERER - O
R —RRRETENA L A2eMiR B0 ERERAE - O]
FBi% 3D AT - EF UGS |

BYA4REE IMABRRE BRI S E A E |

@ 3500 B ARLEE ﬁ iz - GE - SRER % SRHRYBETIEEEE
|}
/[ mA } R = |
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http://www.tinkercad.com/

TINKERCAD Sign Up

Step 2
e Click “YIENANA”

I._eft click

HE HEE BE OE Q BA XIEDIJHAJ‘

[EIm AUTODESK’
B TINKERCAD

EEBARTRBLniE
Tinkercad E2EE SN EFEHENESEERER - O
af

mar— R TEMAN A2 AT IR (R BIFTROEBESRAE -
FAR 3D BaT ~ BFEHHEE |

FAtA%REE AR Lo SESE SR

i
=]
Il

L

p=i8
=
mf

@ 3500 B ARYITEE ﬁ Bz - RE - BRER % SRBHUETFEEE
|
_I’ UD/)\ | } =31 ¥L ?QT’;E .
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TINKERCAD Sign Up
Step 3
* Click “3Z1IE A RS

AUTODESK"
ArG) T'NKERCAD

FaimeE

049 & A Tinkercad ?

BENEEREE

84 . mAZRE

Left click

EERRE?

A

EZTMMEFAEEEEA  Privacy settings
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TINKERCAD Sign Up
Step 4

* Click “{£F3 Google EA”

AUTODESK"
ArG) T'NKERCAD

FaimeE

S Ao R IR S ?

ERAEFEM M

‘ G fEF Google EA

& LlAppleEA

BT NER.

EERRE?

A

EZTMMEFAEEEEA  Privacy settings
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TINKERCAD Sign Up
Step 5

* Click “{£F3 Google EA”

AUTODESK"
ArG) T'NKERCAD

FaimeE

S Ao R IR S ?

ERAEFEM M

‘ G fEF Google EA

& LlAppleEA

BT NER.

EERRE?

A

EZTMMEFAEEEEA  Privacy settings

@ MICROCHIP



TINKERCAD Sign Up
Step 6

* Select your google account to sign up.

P

& [EK Google lREZE A

EERP

LIEEFER " Autodesk |

Left click

WMEEEET  Google EEEHME - EFTEH L -
ZERFSEEFAEAERERE®E T Autodesk
Incy -
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TINKERCAD Sign Up
Step 7

e Click “#&#45” button.

»2 AUTODESK

HIET i, PR

Left click
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TINKERCAD Sign Up
Step 8

e Click “X” button.
| Left click

Welcome, CAE_TW Microchip!

Ready to learn the moves?
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TINKERCAD Sign Up
Step 8.a

* Click “TINKERCAD"” logo. If you click “Let’s go” at Step 8.

g the Moves a M 80 Q

Tinkercad Basic Skills
@ Learning the Moves
‘ ‘ 1/ 3~ ‘ > |

Learning the Moves

Ready to learn the moves? Let's leamn to move shapes along the
workplanel

Welcome, CAE_TW Microchip!

H i LK . S
e S s 41t Gri
3 SnepGnd. 10 mn
Let’s Go!

=EEEE

T—% b | HBES 10mm n .
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TINKERCAD Sign Up

Finally
* Select “}2II¥T5% 51" and enjoy.

THENS AUTODESK
TINKERCAD

Educators: If you've ever heard
= "This is cool! What's next?" while

B teaching with Tinkercad, here's
how to guide your students to
the next step when they're ready
| for professional - grade tools.
Learn more

ﬁe

BABERE HiE
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Appendix : Kiri:Moto
Profiles Import
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Kiri:Moto Profiles Import
Step 1

* Go to Kiri:Moto website (grid.space/kiri)

p Donations Are Welcome!

A 3.4.1
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https://grid.space/kiri

Kiri:Moto Profiles Import
Step 2

* Select Files\Import

FDM Kiri:Moto 20
——
o
Setup
A
- Layers
Files y
@ " Base
View Infill
E Support
Slice PP
I— Output
Render Expert
0\0 Profile
Tools
L
Nozzle 50 75 100 125 150 175 200 225 250 215
— X

59.70
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Kiri:Moto Profiles Import
About setting files (.km)

* There are two profiles one is machine setting another one is slice setting.

@ Ex X

« v 1 « Appplication > G_code_3D_Model_Slice > Resources > Profiles v 2 RS Do

Machine Settings

HAaEE - HIRERIE

~

2019 Summer Elite ¢ EiE

" CE=E E=hd A
¢ 2079 Winter Elite PIC (SR "APP05 3_Plus_v1.00_Machine.km © R 2022/7/19 T 0329 KM f8=
¢y 2020SummerEliteM: (T Microchip_APP053_Plus_v1.00_Slice_Settingkm © A 2022/7/19 T4 0328 KM ig=
oy 2020WinterEliteMate
oy 2021WinterEliteMate Slice Settings
o~y 2022SummerEliteM:
oy Appendix

© Appplication
© G_code_3D_Mod:
©) Resources
© Links
© Profiles

EESBN): V| FEEE e v
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Kiri:Moto Profiles Import
Step 3

* Select “Microchip_APP053_Plus_v1.00_Machine.km” and click “#g”

@ Ex X

« v 1 « Appplication » G_code_3D_Model_Slice > Resources > Profiles v O L E= Profiles

HAaEE - HIRERIE =~ W @

2019 Summer Elite ¢ 232 ypas =L e

= [

g

2019 Winter Elite PIC @A 2022/7/19 T 03:29 KM EE

2020SummerEliteM: @A 2022/7/19 T 03:28 KM 18

2020WinterEliteMate
202 1WinterEliteMat:

C oGl LD

2022SummerEliteM:
oy Appendix
© Appplication
© G_code_3D_Mod:
©) Resources
© Links

Profil
@ Profiles < N

EEZEWN): |Microchip_APP053_Plus_v1.00_Machine.km
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Kiri:Moto Profiles Import
Step 4

 Select “Yes” to apply setting

Left click

O
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Kiri:Moto Profiles Import
Step 5

* Select “LASER > Microchip APP053+ V1.00” and click “Save”.
* Setting was applied.

Select A Device Type Selected Device )(
FDM SLA Name Microchip APP053+ v1.00 Output
@ Volume X 50 Y 50 Z oken Spacer
Origin Center O Hile Extension gcode
CNC LASER

Header Footer : Machine Settings

Standard Devices Q

Any Generic Laser
Glowforge
Snapmaker Original

My Devices
Microchip APP053+ V1 00

Copy Delete Export
Left click

(@)
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Kiri:Moto Profiles Import

* You can import slice setting, also.

@ =8 x
1+ « Appplication » G_code_3D_Model_Slice > Resources > Profiles v O O = Profiles
mEEE- mEERR Slice Settings
2019 Summer Elite ¢ ™ oot = - ST 170 Ea=pcy

2019 Winter Elite PIC |j Microchip_APP053_Plus_v1.00_Machine.km

e

o 2022/7/19 T4 0329 KM ig=
¢ 2020SummertliteM: fﬁ Microchip APP053 Plus v1.00 Slice Settingkm

e

o

e

A 2022/7/19 T 03:28 KM 183

2020WinterEliteMat:
2021WinterEliteMate
2022SummerEliteM:

oy Appendix

© Appplication

© G_code_3D_Mod:

©) Resources

© Links
© Profiles < N
EEZEWN): |Microchip_APP053_Plus_v1.00_Slice_Setting.km V| FRERZE (*%) e
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Kiri:Moto Profiles Import

* Select “Yes” to apply slice setting
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Kiri:Moto

Kiri:Moto Profiles Import

Kiri:Moto &0

Kiri:Moto &0

gl

£

mie|:

@
H

2]

=N, P
B3

Kiri:Moto

2

Offset
Fi U
Height
View ?5
Output ; ?5 Output ;
Profile - Profile - &5 7a Profile
Render Render * L5y
< < <5
P )
Tools Tools.

RCIE 2P:1

7]
&
8

§

%

Saved Settings x
(@ [Microchip APPOS3+ v1.00 Siice Setting | & @

\ Microchip APPO53+ v1.00 Slice Setting | save

Origin Bounds [J
Origin Center @
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