Electronique numérique

Introduction aux composants
programmables : les
microcontroleurs
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Préliminaires

* Information >< expertise 2 Document plus
gue résume

e Objectifs:
— Introduction ;
— Donner envie d’aller plus loin ;
— Sources d’information ;
— Trucs/Astuces pour démarrer ;
— Programmation en C >< ASM (!).



Définitions

* Distinction entre pP et pC

— uP : Processeur = Bus d’adresse + Bus de
données

— UC : Processeur + RAM + ROM + 1/0
* =» Microcontroéleurs PIC (Microchip)



Microcontroleurs PIC

e 8 bits : « Standards », 16F et 18F
e 16 bits : 24F et dsPIC (Filtres numérique, DSP)

Scaling the PIC® MCU & dsPIC® DSC Families

¢ 32 bits : PiC 32 Mouse over and click on each
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PIC 18F...

* |ntéréts:
— Intégration : ADC/DAC, USB, 1/0, ...
— Oscillateur interne
— Bus : SPI, I°C, CAN, Ethernet



PIC 18F ... Datasheet, le minimum

* Brochage : ICSP (In-
Circuit Serial
Programming)

— 1VPP

— 2 VDD : +3.3/5VDC

— 3 GND : VSS

— 4 PGD

— 5 PGC

— 6 PGM (autre méthode)

18-Pin PDIP, SOIC

RADIAND =[]

RAANALYDIN =—=[]

[ ] =+ REICCP1P1A
[] == RB2/P1B/NT2

-1
2
RASTOCK] =] 3 o 18 [ ] == OSC1/CLENRAT
TTN=) [a |
MCLRIVPPIRAS _ o[la > 15 []=—= OSC2ICLKOMRAS
L
VESIANES —e[] 5 % 14 []=— VDO/AYVDD
RA2/AN2IVREF- =[] 6 E 13 [] =—w RETPGDITIOSH
RAJANINVREF+ == 7 12 [ == RBB/FGC/TIOS0/
* H T13CKIP1CIKBIZ
. ]
RENAN4INTD =[] &8 11 [J == RBS/IPCGMKEI
. ]
RBUANSITX ol g 10 [ <= RB4/ANBIRXS
CHANTA H DTIKBIO
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PIC 18F ... Datasheet, le minimum

* Brochage :1/0

— Port: Y5 octet / 1
octet

— Bits utilisables

indépendamment
— En entrée ou sortie

TAELE 10-1: PORTA FUMCTIONS
Name BitF Buffer Function

RADAND bit O 5T Input/output port pin or analog input.

RAIANTLVDIN bit 1 5T | Inputioutput port pin, analog input or Low-Violtage Detect input.

RAZIANZV=EF- bit 2 3T Inputioutput port pin, analeg input or VREF-.

RANANIN=EF+ bit 3 5T Inputioutput port pin, analeg input or VREF+.

RA4TOCKI bit 4 5T Inputioutput port pin or external clock nput for Temer(
DOwtput is open-drain type

MCLRNreRAS bit & 5T | Master Clear input or programming voltage input {if MCLR is enabled); input
only port pin or programming voltage input (F MCLR is disabled)

OSC2ICLEOVRAR bit & 5T [0OSC2, clock output or 110 pin.

QOSC1/CLEVRAT bit 7 5T [0SC1, clock input or 10 pin.

TABLE 10-3: PORTE FUNCTIONS

MName Bit# Buffer Function
RBIMAN4/INTI bitd | TTLYYSTE | Inputioutput port pin, analog input or extemal interrupt
nput 0.
RE1AMSTH/CKANT bit1 | TTLOYST | inputiowtput port pin, analeg input, Enhanced USART
Asynchronous Transmit, Addressable USART
Synchronous Cleck or external intermupt input 1
REXPIBANT2 bit2 | TTLONSTE | Inputicutput port pin or extemal interrupt input 2.
Intemal software programmable weak pull-up.
RBACCPIFP1IA bit3 | TTLYSTE [inputioutput port pin or Capture input’Compare1 output!
PWM cutput. Internal software programmable weak pull-up
RE4/ANGRX/DTHKEID bit4 | TTLUYSTHE | Inputicutput port pin {with interrupt-on-change), analog input
Enhanced USART Asynchronous Receive or Addressable
USART Synchronous Data
RBSPGMEEI bits | TTLYSTE! | Inputioutput port pin (with interrupt-on-change)
Intemal software programmable weak pull-up.
Low-Violtage ICSP enable pin.
RESPGCTIOSOTIZCKY | bitd |TTLMSTEE \nputioutput port pin (with interrupt-on-change), Timer1/
P1CIKBIZ Timer3 clock nput or Timer 1oscillator output.
Intemal software programmable weak pull-up.
Seral programming chock.
RET/PGODMIOSIPIVEBIS | bit7 | TTLONSTE | Inputicutput port pin {with interrupt-on-change) or Timer

oscillator input. Intemal software programmable weak pull-up
Serial programming data.




PIC 18F ... Datasheet, le minimum

* Registres : deux types, « variables » internes
et « configuration » du comportement du pC

— Oscillateur : Interne, externe, vitesse ;
— Timers ;
— Interruptions ;



PIC 18F ... datasheet, le minimum

PIC18F2455/2550/4455/4550 CLOCK DIAGRAM

e Schéma
d’implantation
interne : aide a la
compréhension.

Ex. Valeur
oscillateur pour
USB? (18F2550)
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PIC18F2455/2550/4455/4550

TmSOIE

T10SI g—

T — m e m m — e m m S S S S S S 4
I I
| PjLD|‘v' USB Clock Source |
] — A ]
I =12 L'_ﬂ I
I 10,0114 !
I s | USBDIV I
mmmamaaa . ! —— w101 {4 MHz Input Only) | !
| Primary Oscillator! | =5 0100 x J |
cres U ) s L. ;
1 1 - =
= I - I
: / — Sleep: | =3 10 \
0s5C1 X’——i—_" __________ . I =201 !
: =1 -n !
| =" HSPLL, ECPLL, :
| XTPLL, ECPIO |
! I
N . |
- I
5 |
CPUDIV 2 I
2 I
= & J
L B e T e S
3 3
| =3
xTHs Ec,Ecio | |8 ~-———--—-- P
5 == 01 H
= Primary :
B Clock IDLEN
e . 8 FOSC3:FOSCO ]
1+ Secondary Oscillator 1 [ e Peripherals
A" o
] i i ] L TiOsSC| =
! " T10SCEN |
: / N Enaﬁe :
Oscillator
OSCCON<6:4:= Internal Oscillator|
ool
4MHz |
Internal 5 L Clock
Oscillator E 2 MH=z 101 Controd
Block @ 1 Mz o
& MHz ] 100 %
T T & 500 kHz [ 2 FOSC3:FOSCO  OSCCON<10-
(INTOSC) | B o kHz |
INTRC || " 1o E L
S E
s -4 125kHz |00 Clock Source Option
. for Other Module:
31 kHz (INTRC) 1] 31Kz | og or Uiher Modules
L oscTung<?>

WOT, PWRT, FSCM
and Two-Speed Start-up




* Les registres,
notion de
« fusible »:
Astuce,
PCW.EXE,
Génération
facilitée

| New v]"a  PIC Wizard

[ Project Options

Compilateur CCS C

PIC Wizard

File

Project Name:

CAUsers\Sébastien\Desktop\tempimain_pjt

| General

- Cammunications
- 5Pl and LCD

- Timers

- PCHTimers

- fnalog

- Otker

- |nbermupts

- Drivers

- 140 Ping

- High/Low Yoltage

- Header Files

- CAM BUS

- LCD options

- MOD BUS

- BOOT LOADER

- [ntr Dgcillator Config

Options | Cade

General
Function Generation
@ Opening brace on the fallowing line

Opening brace on the zame line

Device: | FIC18F1320 v| Ozcilator Frequency: 8.000.000 HZ

| Enable Integrated Chip Debugging [ICD)
Ize 16 bit pointers for Full Bdk uze

Fuszes
conhguration registers wite protected

Restart'WDT during calls to DELAY

| One fuze per line with comments

| Internal External Switch Dver mode enabled
Memary protected from table reads
Boot block protected from table reads
| Master Clear pin enabled
Code protected from reads
Boot Block Cods Protected

Boot block write protected

m

0k | Cancel ||

Help




Compilateur CCS C

Fichier généré par PCW : « main.h »

#tdevice ICD=TRUE
#tdevice adc=16

#FUSES NOWDT
#FUSES WDT128
#FUSES INTRC
#FUSES FCMEN
#FUSES BROWNOUT
#FUSES BORV27
#FUSES NOPUT
#FUSES NOCPD
#FUSES STVREN
#FUSES DEBUG
#FUSES LVP
#FUSES NOWRT
#FUSES NOWRTD
#FUSES NOWRTC
#FUSES IESO
#FUSES NOEBTR
#FUSES NOEBTRB
#FUSES MCLR
#FUSES NOPROTECT
#FUSES NOCPB
#FUSES NOWRTB

#use delay(clock=8000000)

//No Watch Dog Timer

//Watch Dog Timer uses 1:128 Postscale
//Internal RC Osc

//Fail-safe clock monitor enabled

//Reset when brownout detected
//Brownout reset at 2.7V

//No Power Up Timer

//No EE protection

//Stack full/underflow will cause reset
//Debug mode for use with ICD

//Low Voltage Programming on B3(PIC16) or B5(PIC18)
//Program memory not write protected
//Data EEPROM not write protected
//configuration not registers write protected
//Internal External Switch Over mode enabled
//Memory not protected from table reads
//Boot block not protected from table reads
//Master Clear pin enabled

//Code not protected from reading

//No Boot Block code protection

//Boot block not write protected



Compilateur CCS C

* Fichier généré par PCW : « main.c »

#tinclude "main.h"

void main()

{

setup_adc_ports(sAN4 |sAN5|VSS_VDD);
setup_adc(ADC_OFF|ADC_TAD_MUL_0);
setup_wdt(WDT_OFF);
setup_timer_O(RTCC_INTERNAL);
setup_timer_1(T1_DISABLED);
setup_timer_2(T2_DISABLED,0,1);
setup_timer_3(T3_DISABLED|T3_DIV_BY_1);
setup_oscillator(OSC_8MHZ| OSC_INTRC);

// TODO: USER CODE!!



Compilateur CCS C

* Instructions de base — Boucles
— Entrées et Sorties : * Dof{
* output_high(PIN_xx); instruction

* output_low(PIN_xx); } while (condition);
*  For (conditions) {

* \Variable = Input(PIN_xx); nstructi
instructions

— Structures conditionnelles : 7

* |If (condition) { instruction } else {
instruction }

» Switch (variable) {

Fonctions et Procédures
*  Void nom (paramétres) {

] ) instructions

case x : instructions
}

break; . .
casey : instructions yp .e hom (_p arametres) {
break: Instructions
default: instructions /
break;

}

=>» Voir documentation du compilateur : « C compiler reference manual »



Programmateurs

* Pickit : Microchip. Version 2, +/- 33 euros TVAC
chez Farnell

* |CD : Copie chinoise sur ebay, < 30 euros
e Home-Made : Internet

IIIIIIIIIIIII

Ins&roult
febuggerAnrogrammar




IDE, Mplab

* Configuration du compilateur

™ MPLABIDE 870

File Edit View Debugger Programmer Tools €

O =

7| Untitled Work

Project Wizard...

Mew...
Open...
Close

Set Active Project
Quickbuild (no .asm file)

Packagein .zip
Clean

Build Configuration
Build Opticns...

Save Project

Save Project As...

Add Files to Project...
Add Mew File to Project...

Remove File From Project

Select Language Toolsuite...

Set Language Tool Locations...

Version Control...

-

Set Language Tool Locations

Registered Toolz

d

B

-

- B Krudzen Data CC3E

- Bute Craft &zzembler & C Compiler
CES C Compiler for PICT2/14/16/18

EI Executables

-l&aR FIC18

AR Spztemns Midrange

- Microchip 85030 Toolsuite
- Mizcrochip C17 Toolsuite

- Mizcrochip C18 Toolsuite

: L. CCSC Compiler [cosc.exe)
- Default Search Paths & Directones

»

m

Location
0:5Program Files [«BE\MicrochiphMPLAE IDESPICCACosc.exe

Ok ] [ Cancel ]

Browse...

Apply




IDE, Mplab

* Nouveau projet

P MPLAB IDEv&8.70

File Edit View Debugger Programmer  Tools ©

0O = Project Wizard...
Mew...
Open...
M Close »
— Set Active Project »

Quickbuild (no .asm filg)

Package in zip

Clean
Build Configuration »
Build Options... 2

Save Project

Save Project As...

Add Files to Project...
Add Mew File to Project...

Remove File From Project ]

Select Language Toolsuite...
Set Language Teol Locations...

Version Control...

Project Wizard

Step One:
Select 3 device

Drevice:

< Précédent ][ Suivant ] [ Annuler ] [

Aide




ra

Project Wizard

Step Two:
Select a language toolsuite

Active Toalsuite: [EES C Cormpiler for FIC1 2414416418 v]
Toolsuite Cortents | B Knudsen Data CESX |

B Knudsen Data CC3E
LLS L Compile raft Azzembler & C Compiler

LI Compiler for PICT 2414416185
&R PICTE

&R Spstemns Midrange = i
. bicrochip C18 Toolsuite Step T ) EE
Locatian Microchip MPASH T oolsuite Add existing files to your project /%}
0:%Program Files [«BE)\MicrochiphMPLAE IDESPICCACosc.exe L

Stare tool lozations in project i &
[-_] matlabfcomplet - “
5. add
Help! My Suite |3t Listed! | {1 MER | Add>) -

Show all inz :
O I:l Pas encare wus
Remove

I:I probléme battery ele
I:l Présentation Micr
[ < Précédent ][ Suivant = ] [ Annuler E‘D temnp

i [Z] mMain.c
e
R rair. pit
- Jigme bachelier élech
----- commandes farmell <1z
B eBay  MNEW Yaes T
1 [t 3 4 1]

<Précédent || Suvart> | | Annuer | | Ade




e Environnement

IDE, Mplab

r

El test.mow

EEEE]

El C:\Users\Sebastien'\Desktophtempimain.c

-0 test.mcp main ¢ | main.hl
-2 Source Files L #ir}ﬂuaé "?"ain'h"
H X . Z woid main
E main. c 3 [
[Z] Header Files 4
main.h 115 setup adc ports (sAN4|sANS|WVSS5 VDL ;
121 other Files 3 setup_szde (ADC_OFF |ADC_TAD MUL_0);
7 setup wdt (WDT_OFF) ;
=] setup timer 0(RTCC INTERNRAL) ;
1= setup timer 1 (T1_DISRBLED);
10 setup timer Z(TZ_DISRBLED 0, 1);
11 setup_timer_3(T3_DISRBLELD|T3_DIV_BY 1);
12 setup oscillator (0SC 8MHZ |0SC INTRC) ;
13
14 S TODO: USER CODE!!
15
18 s
17
1 Fies |*2 Svmbo|5‘ i "
-
B Output

4

Build |Version Control I Find in Files

m

PIC18F1320

novzdecc

bank 0

Ln1, Col1l

INS  WR




IDE, Mplab

Programmmer | Tocls Configure Window Help

: Select Programrmner [ Mone
P mmation du pC
rogrammation du p o
Prograrm
Read 2 Licensed Debugger
Programmer | Tocls  Cenfigure  Window Help Verify 3 PICKit 3
Select Programmer b | v Mone Erase 4 MPLABICD 3
- . 5 AME51 Quick Programmer Beta
1 MPLABICD 2
Checksum: Oxe3eb . Blank Check v 6PICKit?2
- 2 Licensed Debugger Read EEDATA
— - T REALICE
| 22| | m.] C\Users\Sébastien\D 3 PICkit3
— T 4 MPLABICD 3 Connect pELEE
B main.c” | rnain.h _ Download 0% N
1 finclude 5 AMB51 Quick Programmer Beta it (HDT_OFE ;
2 ; i & PICkit 2 Releaze from Reset imer 0 (RTCC INTERNRL)
3 . imer 1(T1 DISABLEL) ;
4 T REALICE Hold in Reset imer (T2 DISABLELD,0,1);
5 setup : & PICkit 1 Lmer_S IS_:)ISBBLE: I3_:'I'J_BT_1 :
= R SetVdd On gcillator (OSC_E8MHZ | OSC_INTRC) ;
Set Vdd Off
- F TTSFD mome Tl
& Output

| Build | ersion Contral | Findin Files | PICKit2 |

Initializing FICkit 2 wersion 0.0.3.63

Found FICkt 2 - Operating System Yersion 2.32.0

Target power not detected - Fowering fram FICkit 2 { 5.00%)

FiiamiiDd: Unexpected device I Flease wverify that a PICT8F1 320 is correctly installed inthe application. (Expected 1D = 0x7C0, ID Read = 0x0)
FICkit 2 Ready

4 T



IDE, Mplab

MY test - MPLAB IDE v8.70
File Edit View Project Debugger

Programmer | Tools Cenfigure

DBWH| i mE 2H

ra

El test.mow

(==

ED test.mcp
EID Source Files

main.c

EID Header Files

main.h

...[Z2 Other Files

Select Programmer k

Program
Read

Verify

Erase

Blank Check
Read EEDATA

Connect
Download OS

Release from Reset

Hold in Reset

Set Vdd On
Set Vdd Off

Settings

2 Fies | “ Smbols|

17

i | n

V

5| Qutput

| Buid | Version Contral | Findin Files | PICKit2 |

ey

FIC18F1320 found (Rew 0x7)
FICkit 2 Ready

Found FICkit 2 - Operating System Yersion 2.32.0
Target power not detected - Piﬁering from FICKt 2 (5.00%)




IDE, Mplab

P test - MPLAE IDE v&.70 - test.mow

File Edit View |Project| Debugger Programmer Tools Con Tools | Configure | Window Help
J D E,"' H | Project Wizard, p | ? J Select Device...
0] test.mow E'E Configuration Bits...
J Checksum: New. External Memaory...
*
" Open... ED test.mcp . \ ID Memeory...
: ] ChUsers
E test.mow Close E|[:| Source Files ]
] . L - main. c WL | me Settings...
=-L1 test.mc Set Active Proje =1 Header Files '
: , o - L.[B] 18F1320.h
E'D Sourg Quickbuild (no P .
m L main.h
. P i Select Devi
e EE ] Head Package in zip L Other Files SEC T
Device: Device Family:
|’_“| = m Clean PIC18F1320 - A
b Othe .
Compile F1i Microchip Teol Support
HE|p F10 Programmers
(3 PICSTARTPlus @ MPLABREALICE @@ PICKit1
Build Cenfiguration * @ PROMATEI @ MPLABICD2 @ PICKit2
Build Options 5 @ MPLAB PM3 i@ MPLABICD 3 i@ PICKit3
) Language and Design Tools
Save Project @ ASSEMBLER @ COWPILER @ VDI
v3.90 v2.40
Save Project As...
Debuggers
Add Files to Project... e @ MPLAB SIM @ MPLABICD 2 @ PICKit2
Add New File to Project... @ MPLABREALICE {3 MPLABICD 3 @ PICKit3
Remove File From Project , MPLAB ICE 2000 MPLAB ICE 4000 ICENCD Headers
{3 PCH18XJ0 @ PMF18WD0 @ Mo Header
: PCM18XJ1 PMF18WD1
Select Language Toolsuite... @ @
Set Language Tool Locations...
Version Control... ok | [ cancel | [ Hep




IDE, Mplab

9§ test- MPLABIDE8.70

File

Edit View Project Debugger

Programmer

Tools

Configure

Window Help

DSt mE SAdIN ¢

|

= T

Checksum: 0x94ff
—
B test.meow EI@ B| C:\Users\Sébastien'\Desktop! Présentation MicroControlefjrs!
BD test.mep main.c | mam_hl

BD Source Files 1 #1r.1c1udn-a <main_h>

L z wold main()

Mair. c % .

- Header Files 4

: 1 18F1320.h || setup_adc_ports(shkN4|sANS|VS5_VDDY:
miain.h & setup_adc (ADC_OFF |ADC_TAD_MUL 0 ;

L D Other Files 7 setup_wr..it WDT_OFE) ;
] setup_timer 0 (RTCC INTERNAL) ;
S setup timer 1(T1_DISRBLEL)
10 setup timer Z(TZ_DISRBLEL, O, 1):
13 setup timer 3 (T3_DISRBLELD|T2_DIV BY
12 setup oscillator (O5C 8MEZ [O5C I C)
12
14 /f TODO: USER CODE!!
15 while (1) £/ Boucle ipfin
16 output_high (PIN_E1);
17 delay ma (1000} ;
12 output_low (FIN_B1);
13 delay ma (1000} ;
z0 1
21 }

5 Output

Buid | ersion Cantral | Find i Files | PICKit2 |

Frogramming Target (211042017 15:47:04)
FIC18F1320 found (Rew 0x7)

Erasing Target

Frogramming Program tMemory (0x0 - 0x37)
“erifying Program hMemory (0x0 - 0x97)
Frogramming Configuration Memony
“erifying Configuration Mermaory

Sefting MCLR Vdd

PICkit 2 Reacdy




Programme test

* LED clignottante

while (1) { // Boucle infinie : Sans elle, le programme ne s'exécuterait qu'une seule fois
output_high(PIN_B1);
delay _ms(1000);
output_low(PIN_B1);
delay _ms(1000);




Aller plus loin avec les pC

* Interruptions

— Timers : Déclenchement d’un sous-programme sur base
temporelle ;

— Interruptions externes : Déclenchement d’un sous-
programme sur base d’un stimulus extérieur ;

e Bus : Communication entre Cl / entre applications.

— CAN
— USB (18F2550 / 18F4550), émulation RS232 sur USB, p.ex.
— Ethernet



Et donc, a quoi ¢a sert?

CAN / CNA = Mesure/Source de
tension/courant 2 Commande analogique

Mesure/Source en tout ou rien 2 Commande
numeérique

Modulation PWM (Pulse Width Modulation)
— Variation de niveaux

Bus de communications : Sondes de t°,
hygrométrie, pression, ...



Exemple d’applications

Jeu de lumiere (Matrice RGB en 3D, vumetre)

Mesure de courant et tension (Multimetre, Sondes
analogiques, Coupleur bidirectionnel VHF/UHF)

Perroquet HF, ISD1730 et bus SPI
Régulation (Automates programmables)

Commande de moteurs (Fraiseuse CNC, imprimantes,
lecteurs DVD)

Afficheurs LCD
Interfacage informatique (USB, Ethernet, R$232)
Etc.



En savoir plus...

Algorithmique, informatique générale
Manuel CCS C

Datasheets

Thomas Floyd « Systemes numériques »
John Catsoulis « Embedded hardware »
Vincent Lemieux « L'USB pour tous »

Xavier Fenard « Le bus USB, guide du
concepteur »



