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Introduction

Ce polycopié est destiné aux étudiants de Master M1 en génie électrique pour I'apprentissage du
fonctionnement et de I'utilisation d'un microcontréleur de type DSC (Digital Signal Controller) dspic.
Nous avons choisi comme cible, le dspic 30F3010 de Microchip [1].

Des cartes électroniques ont été spécialement réalisées pour le support de ce cours et des TP sont
proposés. Les schémas sont en annexes.

Ce document comporte de larges extraits des datasheets de Microchip, principalement celle du dspic
30F3010 [2] et celui de la famille 30F [3].

Problématique de la commande de machines

Pour commander des machines électriques ou des dispositifs d'électronique de puissance (onduleur,
hacheur, convertisseur matriciel), il faut un microcontrdleur qui a des sorties MLI ou PWM, des
entrées analogiques (ADC) pour la mesure des courants, des entrées/sorties logiques, une grande
capacité de calcul, un systeme de gestion des interruptions...

Ce microcontrdleur va venir commander un amplificateur (onduleur ou hacheur) afin d'alimenter
I'actionneur (moteur) convenablement et entrainer la charge (Figure 1). L'amplificateur puise son
énergie d'une source qui peut étre une batterie, dans le cas d'un systéme embarqué, ou un
redresseur et un condensateur de filtrage, dans le cas d'un systeme alimenté par une source fixe
triphasée.

La charge peut étre réversible en puissance et peut donc renvoyer de I'énergie. Le moteur bascule
naturellement en fonctionnement en génératrice mais il faut que I'amplificateur et la source primaire
d'énergie soient réversibles afin de faire remonter I'énergie ainsi générée.

Energie
(Batterie)

§

Contréleur : Amplificateur|
(DSP / uC) (Onduleur)

Figure 1 schéma synoptique de la chaine de conversion d'énergie

Présentation du dspic 30F3010

Nous avons choisi de travailler sur ce dspic pour plusieurs raisons ; C'est un microcontréleur 16 bits a
noyau DSP (appelé donc DSC). Il peut faire des calculs au rythme soutenu de 30 MIPS et dispose de
sortie MLI, d'un convertisseur analogique, d'une UART, d'un Watchdog, d'entrées / sorties logiques,
de la programmation in situ (sans avoir a le déplacer vers un programmateur)...

Il existe des versions PDIP, cms SOIC et QFN voir page 205 de la datasheet dsPIC30F3010 3010
Datasheet 70141e.pdf
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Le brochage du dspic est représenté en (Figure 2).
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Figure 2 Schéma de brochage du dspic 30F3010

Pin Name Pin Buffer Type Description
Type
ANO-ANS | | Analog Analog input channels.
ANO and AN1 are also used for device programming data and clock inputs,
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respectively.

AVDD p P Positive supply for analog module.

AVss p P Ground reference for analog module.

CLKI I ST/CMOS | External clock source input. Always associated with OSC1 pin function.

CLKO (0] - Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.

CNO-CN7 | ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.

EMUD I/0 ST ICD Primary Communication Channel data input/output pin.

EMUC I/0 ST ICD Primary Communication Channel clock input/output pin.

EMUD1 1/0 ST ICD Secondary Communication Channel data input/output pin.

EMUC1 1/0 ST ICD Secondary Communication Channel clock input/output pin.

EMUD2 1/0 ST ICD Tertiary Communication Channel data input/output pin.

EMUC2 1/0 ST ICD Tertiary Communication Channel clock input/output pin.

EMUD3 I/0 ST ICD Quaternary Communication Channel data input/output pin.

EMUC3 I/O ST ICD Quaternary Communication Channel clock input/output pin.

IC1,1C2, IC7, I ST Capture inputs 1, 2, 7 and 8.

IC8

INDX I ST Quadrature Encoder Index Pulse input.

QEA I ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB I ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

INTO I ST External interrupt O.

INT1 I ST External interrupt 1.

INT2 I ST External interrupt 2.

FLTA | ST PWM Fault A input.

PWM1L (0] - PWM 1 Low output.

PWM1H 0] - PWM 1 High output.

PWM2L 0] - PWM 2 Low output.

PWM2H 0] - PWM 2 High output.

PWM3L (0] - PWM 3 Low output.

PWM3H (0] - PWM 3 High output.

MCLR /P ST Master Clear (Reset) input or programming voltage input. This pin is an
active low Reset to the device.

OCFA I ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).

0OC1, 0OC2 (0] . Compare outputs 1 and 2.

OSC1 I ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS

0OSC2 1/0 -- otherwise.
Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes.

PGD 1/0 ST In-Circuit Serial Programming : Data input/output pin.

PGC I ST In-Circuit Serial Programming : Clock input pin.

RB0-RB5 1/0 ST PORTB is a bidirectional 1/0O port.

RC13-RC15 1/0 ST PORTC is a bidirectional I/O port.

RDO0-RD1 1/0 ST PORTD is a bidirectional I/O port.

REO-RES5, 110 ST PORTE is a bidirectional 1/0O port.

RES8

RF2-RF3 1/0 ST PORTF is a bidirectional I/O port.

SCKA1 I/0 ST Synchronous serial clock input/output for SPI #1.

SDI1 I ST SPI #1 Data In.

SDO1 O - SPI #1 Data Out.

SCL 1/0 ST Synchronous serial clock input/output for 12C..

SDA 1/0 ST Synchronous serial data input/output for 12C.

SOSCO (0] - 32 kHz low-power oscillator crystal output.

SOSCI I ST/CMOS | 32 kHz low-power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.

T1CK I ST Timer1 external clock input.

T2CK I ST Timer2 external clock input.

U1RX I ST UART1 Receive.

U1TX (0] -- UART1 Transmit.

U1ARX I ST UART1 Alternate Receive.

U1ATX 0] -- UART1 Alternate Transmit.




VDD p -- Positive supply for logic and I/O pins.
Vss P -- Ground reference for logic and 1/O pins.
VREF+ I Analog Analog Voltage Reference (High) input.
VREF- I Analog Analog Voltage Reference (Low) input.
Legend:

CMOS = CMOS compatible input or output
Analog = Analog input
ST = Schmitt Trigger input with CMOS levels

O = Output
| = Input
P = Power




dsPIC30F3010/3011

High Performance, 16-Bit Digital Signal Controllers [2]

H|gh -Performance Modified RISC CPU:

Modified Harvard Architecture
C Compiler Optimized Instruction Set Architecture with Flexible Addressing modes
83 Base Instructions
24-Bit Wide Instructions, 16-Bit Wide Data Path
24 Kbytes On-Chip Flash Program Space (8K instruction words)
1 Kbyte of On-Chip Data RAM
1 Kbyte of Nonvolatile Data EEPROM
16 x 16-Bit Working Register Array
Up to 30 MIPs Operation:
oDC to 40 MHz external clock input
04 MHz-10 MHz oscillator input with PLL active (4x, 8x, 16x)
29 Interrupt Sources
o 3 external interrupt sources
0 8 user-selectable priority levels for each interrupt source
0 4 processor trap sources

DSP Engine Features:

Dual Data Fetch

Accumulator Write Back for DSP Operations

Modulo and Bit-Reversed Addressing modes

Two, 40-Bit Wide Accumulators with Optional saturation Logic
17-Bit x 17-Bit Single-Cycle Hardware Fractional/Integer Multiplier
All DSP Instructions Single Cycle

+16-Bit Single-Cycle Shift

Peripheral Features:

High-Current Sink/Source 1/0 Pins: 25 mA/25 mA
Timer module with Programmable Prescaler:

o Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules
16-Bit Capture Input Functions
16-Bit Compare/PWM Output Functions
3-Wire SPI modules (supports 4 Frame modes)
12CTM module Supports Multi-Master/Slave mode
and 7-Bit/10-Bit Addressing
2 UART modules with FIFO Buffers

Motor Control PWM Module Features:

6 PWM Output Channels
o0 Complementary or Independent Output modes
o Edge and Center-Aligned modes

3 Duty Cycle Generators

Dedicated Time Base

Programmable Output Polarity

Dead-Time Control for Complementary mode

Manual Output Control

Trigger for A/D Conversions

Quadrature Encoder Interface Module Features:

Phase A, Phase B and Index Pulse Input

16-Bit Up/Down Position Counter

Count Direction Status

Position Measurement (x2 and x4) mode
Programmable Digital Noise Filters on Inputs
Alternate 16-Bit Timer/Counter mode

Interrupt on Position Counter Rollover/Underflow

Analog Features:

10-Bit Analog-to-Digital Converter (ADC) with 4 S/H Inputs:
0 1 Msps conversion rate
0 9input channels
o Conversion available during Sleep and Idle



Programmable Brown-out Reset

Special Microcontroller Features:

Enhanced Flash Program Memory:10,000 erase/write cycle (min.) for

industrial temperature range, 100K (typical)

Data EEPROM Memory: 100,000 erase/write cycle (min.) for industrial temperature range, 1M (typical)
Self-Reprogrammable under Software Control

CMO

Power-on Reset (POR), Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)
Flexible Watchdog Timer (WDT) with On-Chip Low-Power RC Oscillator for Reliable Operation

Fail-Safe Clock Monitor Operation Detects Clock

Failure and Switches to On-Chip Low-Power RC Oscillator
Programmable Code Protection
In-Circuit Serial Programming(ICSP.)

Low-Power, High-Speed Flash Technology

Wide Operating Voltage Range (2.5V to 5.5V)
Industrial and Extended Temperature Ranges

Low Power Consumption

Selectable Power Management modes: Sleep, Idle and Alternate Clock modes
S Technology:

Il existe 3 familles [4] : General Purpose Family, Motor Control and Power Conversion
Family, Sensor Family.

Motor Control and Power Conversion Family:
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dsPIC30F3010 BLOCK DIAGRAM
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Entrées/Sorties
Configuration des registres TRISx. Lecture et écriture des registres PORTx et LATX.

Allumer et eteindre des LED, Entrée d'un signal logique a l'aide d'un Bouton
Poussoir (BP).

Utilisation des 1/0 pour observer les taches en temps réel dans le programme.

170 : Configuration et exploitation des ports d'entrées sorties logiques
Dedicated Port Module

r—— - - - — — — — — 1
Read TRIS |
/O Cell
: | r— — — — 7
TRIS Latch | |
Data Bus D Q ||

WR TRIS CKL
— <j
Data Latch
| VO Pad |
WR LAT + | |
WR PORT CKL L — — — — 1

]
|
|
|
|
|
|
| D Q
I
|
]
|
|
|

I

|

|

=] '

‘ |
Read LAT

A '

Read PORT. |

Le dsPIC comporte 20 pins d'entrées sorties partagées. Il faut donc choisir celles qui vont
rester sur les fonctions primaires (ADC, SPI, PWM...) et celles qui seront en
fonctionnement 1/0 logique.

Ce dsPIC comporte plusieurs ports (Port B, C, D, E, et F). Pour chacun, 3 registres sont
associés (TRISx, PRTx, LATX).

e TRISx : Chaque bit indique la direction du port correspondant : 1 pour input, O
pour output

e PORTX : Accéde aux données sur le port : Une lecture donne I'état de la pin
d'entrée/sortie, une écriture impose cet état sur le latch.

e LATX : Méme fonctionnement que PORTX mais a la lecture, elle donne la valeur
qui se trouve sur le port latch et non pas sur la pin elle-méme.

Exemple d'utilisation pour allumer une diode LED :
#define LEDBlue PORTEbits.REO // donne un nom explicite au bit n°0
du port E
TRISE = OXFFFE; // définit la direction des ports : REO Output LED, RE1l
a RE8 input

PORTEbits.REO=1;
// ligne équivalente a
LEDBlue=1; // met le bit a 1 donc VDD (5V ou 3V) sur la pin REO



Configurer d'abord le registre TRISx pour choisir quel port sera en sortie (Output) O et
lequel sera en entrée (Input) 1. Chaque bit du registre correspond a la voie du port en
quesition.

Ne pas oublier, si on a des entrées analogiques, de les spécifier a I'aide du registre
ADPCFG : choix des pins en E/S logique ou en analogique (1 DIlgltal, O AnalOg).

Par défaut, au rester du dspic, la configuration est ADPCFG = OxFFFF, c'est-a-dire que
toutes les pins sont affectés aux ports logiques (1/0) et elle sont en entrées
(TRISX=0xFFFF).

Exemple de lecture du port d'entrée touche:

#define ToucheRUN PORTEbits.RE1l // donne un nom explicite au bit n°1
du port E

#define LEDBlue PORTEbits.REO // donne un nom explicite au bit n°0
du port E

TRISE = OXFFFE; // définit la direction des ports : REO Output LED, RE1l
a RE8 input

if (ToucheRUN) LEDBlue=1; // Allume la LED si la touche est
appuyée

// ligne équivalente a

if (PORTEbits.RE1) PORTEbits.REO=1; // Allume la LED si la touche

est appuyée

Attention cependant si I'on écrit 2 fois de suite sur des ports voisins exemple RDO et
RD1.
Si on le fait de cette maniére :

PORTDbits.RDO
PORTDbits.RD1

i
0;

et en fonction de I'état initial des ports, on peut avoir des résultats trés bizarres dus au
Latch... voir doc.
Donc, il vaut mieux utiliser le Latch pour écrire sur le port (Output) :

LATDbits.LATDO
LATDbits.LATD1

1;
0;

Pour la lecture du ports (Input), il vaut mieux utiliser
Etatreel = PORTDbits.RD2

car on aura l'état réel de la broche du dspic.

Changements :
Depuis quelques temps maintenant, Microchip, par sa nouvelle version de compilateur C
et des bibliothéques associées, a rendu plus facile I'écriture et I'accés aux ports logiques.
Une correspondance a été établie, par exemple au lieu d'écrire :

PORTEbits.RE2
Il suffit d'écrire :

_RE2

et a la place de :
LATEbits.LATE2
Il suffit d'écrire :
_LATE2
Bien sOr, nous utiliserons toujours les #define, ce qui donne :

#define ToucheRUN RE1 // donne un nom explicite au bit n°l du port E
#define LEDBIue LATEO // donne un nom explicite au bit n°0 du port E
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TRISE = OXFFFE; // définit la direction des ports : REO Output LED, RE1l
a RE8 input

if (ToucheRUN) LEDBlue=1; // Allume la LED si la touche est
appuyée

En résumeé :
Tout ce qui est Sortie (LED, commande...) _LATxx : ( _LATB2 , _LATEO,..).

Tout ce qui est Entrée (bouton poussoir, sonde Hall, capteur tout ou rien,...) Rxx : (
_RB3, REO,..).
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Timer

Les timers ou compteurs matériels permettent d'avoir des taches qui s'exécutent de
maniére synchrone, toutes les périodes.

Dans le cadre de la commande de machines et de la régulation, il tres important d'avoir
une exécution de certaines fonctions a une période d'échantillonnage précise.

Cela se fait généralement dans une routine de service de l'interruption (ISR).

Pour configurer un timer, on doit connaitre la période a laquelle on doit le programmer et
la fréquence interne du dspic FCY qui dépend de la configuration matérielle (Quartz
externe, FRC,...) et logicielle (PLL, Prescaler).

On calcule ensuite la valeur a mettre dans le registre PR1.

Si la période est trop grande par rapport aux 16 bits de PR1, on peut soit mettre en
cascade 2 timers, soit programmer un compteur logiciel dans I'lSR _T1Interrupt qui sera
incrémentée a chaque fois que le timer matériel aura compté PR1.

On lance le timer avec le bit 15 de T1CON.

FIGURE 9-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM (TYPE A TIMER)
PRI
L4
Equal
Comparator x 16 TSYNC
1) 1 Sync
TMR1
Reset [
T ———————— |
; J
T1IF
Event Flag ‘ 1 Q le— TGATE
T T hex
TGATE w
0%
e 8 TCKPS<1:0>
I sosco:@ PN "u\ TON 2
' TICK l : [’/L 1 L
! ! Gate ] ™ Prescaler
; TOSCEN ' Syne o1 L] 1,864,256
soscl g_l—l : Tor | .
e e e e e : L~
TABLE 9-1:  TIMER1 REGISTER MAP!")
seR Nams | acor | Be1s [etia] eitia etz | st |enio| ets [ et | sz | see | ets [ sna | eas | sez | st | sto
TR 0100 Timer1 Ragister
[FR1 0102 Perioa Reglster 1
TICON os| ToN | = J oo ] — T — T =1 — 1 -] — Jmeae]wckrsifrckrso] — Jmsmc] 1es | —
Legend: 1 = uninitalized bk, — = unimplemented bit, read a5 °

Note 1:  Refer to “dsPIC3OF Family Reference Manual® (DS70046) for o26criptions of ragistar oit f2ids
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Interruption

Routine de Service de l'interruption
Interrupt Service Routine (ISR)

Configuration du Timerl pour générer un comptage d'une période de 100 us et une
interruption.
Observation des signaux sur oscilloscope.
Notion de IF, IEC, IPC, Routine de Service de I'Interruption (ISR).
Taches synchrones. Notion de temps de calcul et de dépassement.

Affichage de la durée a 'oscilloscope

t
>
Background task Background task Background task Background task
Tache peu gourmande en temps CPU
Début . Début . Début . Début .
ISR Reerlse ISR Regrlse ISR Reerlse ISR Reerlse
tache tache tache tache
de fond de fond de fond de fond
>
B 5| B s
TABLE 5-2:  INTERRUPT CONTROLLER REGISTER MAP(1
Ns;r; ADR | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bite | Bit8 | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitD
INTCONT | o080 [nsToNs| — — — — |owrte|ovetE |covtE| — — — | MaTHERR | ADDRERR | STKERR |OSCRAL] —
INTCONZ |ooaz [ aTneT | DSl = = = = = = = = = = = INTZEP | INTIEP | INTOEP
IFSD o084 | CNIF | MI2CIF | si2ciF | nvmiF | aDiF Juimar Juirar | sPiiF | TaIF | TaiF [oc2iF|  icaiF TIIF OC1F | ICUF | INTOF
IF51 O0BG | — = = = = — [ UZTAIF | UZRAIF | INTZIF | TalF | T2IF | OC4IF OCalF ICEIF ICTIF | INTAF |
IFS2 oose| — = = — |FmaF| — = cEIF [PawMF] — = = = = = =
IECD ooec| cMIE | mi2ciE | si2ciE [numiE | aDiE [uitxe|uirxiE] spiie | TaE | T2E JoczE] icz2iE TIIE OC1E | ICIE [ INTOIE
IECT oosE| — = = = = — |uztkiE|uzrxiE [ INT2E | TSIE | T4E | oOC4E OC3IE icslE | 1IcTiE | INTHIE
IEC2 ooe0| — = = — |RTeE] — = QEIE |PWwME|] — = = = = = =
IPCO o094 | — TiP<20= — OC1IP<Z0> — IC1IP=2:0> — INTOIP<2:0=
IPC1 oos6 | — T3P<2:0= — T2IP<2:.0> — OC2IP<2D> — IC2IP<2-0=
G oose | — ADIP=2:0> — UTXIP<20> — U1RXIP<20= — SPIIP<210>
IPC3 ooaal — CNIP=2:0> — MI2CIP<2-0= — SI2CIP<2:0= — NVMIP<2:0=
1PC4 mec| — OCaIP<2:0> — ICBIP=2:0> — ICTIP=2:0=> — INT1IP<2:0=
IPCS 0sE| — INT2IP<2:0> — TEIP=20> — T4IP=2:0= — OCA4IP=20>
IPCE a0 — = = = = = = = = UZTXIP<20> — U2RXIP<2:0>
G sz — — — — — — — — — — — — — — — —
IPCB 04| — = = = = = = = = = = = = = = =
IPCY oae| — PWMIP=20 — — — = = INT41IP<2:0> — INT3IP<2:0=
IPCi0 |00AR| — FLTAIP<2.0> — — — — — — — — — QEIP<Z0>
iect1 Jooea| — = I =1 = = = = = = = = = = — — | =
Legend: — = unimplemented, read as ‘0’
Hote 1: Referto "dePIC30F Family Reference Manwal” (DST0046) for descriptions of register bit fields.
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TABLE 5-1: INTERRUPT VECTOR TABLE
"y Mactor Interrupt Source
Number | Number
Highest Natural Order Priority
0 8 INTO — External Interrupt O
1 9 IC1 — Input Capture 1
2 10 OC1 - Output Compare 1
3 " T1-Timer 1
4 12 IC2 — Input Capture 2
5 13 OC2 - Output Compare 2
6 14 T2 - Timer 2
7 15 T3-Timer 3
8 16 SPI #1
9 17 U1RX — UART1 Receiver
10 18 U1TX — UART1 Transmitter
" 19 ADC - ADC Convert Done
12 20 NVM — NVM Write Complete
13 21 SI2C - I°C™ Slave Interrupt
14 22 [ MI2C - IC Master Interrupt
15 23 Input Change Interrupt
16 24 INT1 — External Interrupt 1
17 25 IC7 — Input Capture 7
18 26 IC8 — Input Capture 8
19 27 OC3 - Output Compare 3*
20 28 0OC4 - Output Compare 4*
21 29 T4 - Timer 4
22 30 T5-Timer 5
23 3 INT2 — External Interrupt 2
24 32 U2RX - UART2 Receiver”
25 33 U2TX - UART2 Transmitter*
39 47 PWM - PWM Period Match
40 48 QEIl - QEI Interrupt
41 49 Reserved
42 50 Reserved
43 51 FLTA — PWM Fault A
44 52 Reserved
45-53 53-61 | Reserved
Lowest Natural Order Priority

14



Exemple de code configuration du Timerl + ISR

void initTimer(void)
{
// Timerl pour 1 ISR des 200 us
T1CON = ©0; // ensure Timer 1 is in reset state, no prescale
TMR1 9; // RAZ Timerl
_T1IF = @;// reset Timer 1 interrupt flag
_T1IP = 4;// set Timerl interrupt priority level to 4
_T1IE = 1;// enable Timer 1 interrupt
PR1 = T1lPeriod; // set Timer 1 period register
T1CONbits.TON = 1; // enable Timer 1 and start the count

void _ attribute__ ((interrupt, auto_psv)) _TilInterrupt( void )
{

InfolLED = 1;
_T1IF = 0o;

// do some work
// ...

/] ...

InfolLED = 9;



ADC

Le dspic 30F3010 comporte un seul ADC et 4 échantillonneurs blogueurs (S/H). Ces derniers peuvent
étre lancés simultanément ou successivement.
Auparavant, I'ADC doit étre configuré :

Les entrées doivent étre configurées en AN a l'aide du registre ADPCFG.

Toute configuration doit étre faite avec I'ADC arrété : (bit 15 de ADCON1) _ADON =0;
ADCON1 = 0x0000;

Le mode d'opération doit étre spécifié : SOC manuel ou automatique, SOS manuel ou
automatique (ADCON1 bit 2 ASAM), la manieres dont les données sont sortis (ADCON1 bit 9-8
FORM) la source de lancement de I'ADC (ADCONL1 bit 7-5 SSRC).

Les canaux qui seront convertis (ADCON2 bit 9-8 CHPS), tous les combiens de séquence
échantillonnage/conversion, une interruption ADC sera enclenchée (ADCON2 bit 5-2 SMPI),
par défaut a chaque fois.

Les S/H doivent étre connectés aux entrées ANx a |'aide du registre ADCHS.

Le TAD doit étre choisi ADCON3 = 0x0080;

L'ADC est rendu opérationnel (bit 15 de ADCON1) _ADON =1;

Si on spécifie une interruption, on doit aussi configurer le _ADIF, _ADIE, éventullement la priorité, et
ajouter la routine de service de I'interruption (ISR) spécifique. Elle doit lire les buffers de I'ADC.
Exemple de lecture de 2 buffersOet 1:

void _ attribute_ ((interrupt, auto_psv)) _ADCInterrupt ()

{

InfolLED=1;

_ADIF = 0;

a = ADCBUF@<<2; // 10 bits * 4 pour avoir 4096, Q12 : 4.12 pu
b = ADCBUF1<<2;

InfolLED=0;

16



FIGURE 19-1: 10-BIT HIGH-SPEED ADC FUNCTIONAL BLOCK DIAGRAM
AVoo o
VREF+ %
AVss el
VREF- O’/gj—
0 ANO 1
o I PIER S , 0—17
SH CH1 , ADC
ANE o——e _/ R
o0 ¢ . ‘ : _
AN1 E AN1 o ~ 10-Bit Result |=—} Conversion Logic |-
+ o O
A4 0'/’33— o2 : —
=l o 1A o—e % E
16-word, 10-bt [ 9 ©
* o Dual Port
AN2 Buffer I ®
Q
e E ANS ; = 70 .g
ANS sH >C CH1,CH2 £
o A 1| cHiCHI=—  sampiersequence E
— o Sample Control
AND o
rves N3 '
o -] Input Mu
AN3 [5G AN3 .~ Control -
AN4 g AN4 o —
ANS [ ANS _~
ANgl! E ANB _—
ANTY E AN7 o~
ANgY 5] ANB b o
sH >CHO |
— AT O - ol
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PWM

Motor Control PWM
Page 95 [2] et page 333 [3]
Géneére 6 signaux PWM synchronisés

16-Bit Data Bus

6 = 3 phases x (Lo et Hi)

Commande de MAS, MS, BLDC, MRV

PWM centrée ou non

Dead-time
Output Ov
Evénemen

erride
ts (SOC,...)

PWM Time Rage

==
—| PWMCON1
PWM Enable and Mode SFRs
—| PWMCON2
—| DTCON1 Dead-Time Control SFRs
— FLTACON Fault Pin Control SFRs
PWM Manual
— OVDCON Control SFR
PWM Generator #3
F————— — — q
| I PDC3 Buffer | |
| |
| |
I PDC3 | |
| |
| IR
nerator ai
N E Override Logic > —{X] PWM3L
r—- - - - - T - — " — — T — =
I PTMR ! p| WM Generator »{Channel 2 Dead-Time — —{ PWM2H
| #2 O
I I .|  Generator and N uput PWMIL
I I Override Logic Driver —x
| I PWM Generator Block PWMIH
#1 ann ad-Time
| | Crpgt et X
nerator
| | PTPER | | »  Ovemde Logic » X PwMIL
| % |
I I X FLTA
‘I—I PTPER Buffer | I
| [
‘I‘I PTCON I I
I
|
I Comparator | SpecalEvent | special Event Trigger
| |SEVIDIR
—|—| SEVTCMP | | PTDIR
|
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mure 15-7: Edge-Aligned PWM

New duty cycle loaded from PDCx

Figure 15-9:  Center Aligned PWM

1
Value |
1

Period/2
PTPER 1= = — — — — = = — X e = ~————— — —
PDC1 . ; :
_rm—mm— == =l - - I 1
PDC2 ' ! l
R N R ! N
! ] ! ] ! ' : '
PWMIH | L : S :
PWM2H ' i ; - : '
X . - | X
! X PDCx :
) [] '
- !

B

TABLE 15-1:  PWM REGISTER MAP"

sFR Name |Adar.| Bit15 |Bit14| Bit13 | Bit12 | sit11 | sit1o [ sits | sits [ sit7 | site | sits | sita | sits | stz [ sit1 | sito
prcon  |otco| PTEN | — [PrsioL| — = = = = PTOPS<3:0> PTCKPS<1:0> PTMOD<1:0>
PTMR 01c2| PTOIR PWHI Timer Count Value

[FTPER |02 — FWWM Time Base Period Register

SEVTCMP | 01C6 | SEVTDIR PWM Special Event Compare Register

pamcont foice]  — — — — — |PTmops|PTvoD2|PTMODT| — | PENH| PEN2H [ PENTH | — | PENSL | PEN2L | PENIL
pamconzfoica]  — = = = SEVOPS<3.0> = = = = = — [osvnc| upis
DTCONT |oicc] — - - — - - o — DTAPS<1:0> Dead-Time A Value

FLTACON |oipo| — — | Faovad | FaovaL | Faovad | FaovaL [ FaoviH [ FaoviL [Furam] — = = — [ FaEna | FaEnz | FAEM
OVDCON |01D4| — — [Povpad|rovoaL]| povozH|PovozL|FovDiH|POVDIL] — — |poutas|rouTaL|PouT2H| POUT2L|POUTIH| POUTIL
PDC1 0106 PWM Duty Cycle 1 Register

PDC2 0108 PWM Duty Cycle 2 Register

PDC3 01DA PWM Duty Cycle 3 Register

Legend: — =unimplemented bit, read as ‘0’

Note 1:  Refer to “dsPIC30F Family Reference Manual” (DST0046) for descriptions of register bit fields.
Différence entre une PWM classique (de timer) et celle dédiée au contréle moteur :
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e Possibilité d'ajouter des temps morts entre la commande des transistors haut et bas afin
d'éviter un court circuit du bras d'onduleur

e Entrée de défaut FLTA qui permet de couper instantanément la commande de maniére
matérielle.

e Possibilité de la prise de contréle manuel des commandes PWM (OVDCON)

Registres de configuration

PWMCON1

Exemple en Annexes
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UART

Description

L'UART est un systéme asynchrone full-duplex qui peut communiquer avec des périphériques,

comme des PC, des interfaces RS-232 et RS-485.

Baud Rate Generator

UART Receiver g

UART Transmitter UxTX

Features (caractéristiques)

e Full-duplex 8- or 9-bit data transmission through the UxTX and UxRX pins
e Even, Odd or No Parity options (for 8-bit data)

* One or two Stop bits

¢ Fully integrated Baud Rate Generator with 16-bit prescaler

* Baud rates ranging from 29 bps to 1.875 Mbps at FCY = 30 MHz
® 4-deep First-In-First-Out (FIFO) transmit data buffer

¢ 4-deep FIFO receive data buffer

e Parity, Framing and Buffer Overrun error detection

¢ Support for 9-bit mode with Address Detect (9th bit = 1)

¢ Transmit and Receive Interrupts

¢ Loopback mode for diagnostic support

UART TRANSMITTER BLOCK DIAGRAM

| |
Internal Data Bus I I

Wite Write

Control and Status bits

' UTX8| UXTXREG Low Byte

Transmit Control

- Control TSR
— Control Buffer
— Generate Flags
— Generate Interrupt
I I 7 Load TSR
UxTXIF
UTXBRK
| Data
s Transmit Shift Register (UXTSR)
—'0" (Start
UxTX ¢ ) A
— 1" (Stop) Y
- Par = ; 16x Baud Clock
Parity oy 16 Divider from Baud Rate
Generator
A t
Control
Signals

UART RECEIVER BLOCK DIAGRAM
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Intemal Data Bus

Read Write Read Re Wite
UxMODE | | UxSTA
URXS8 UxRXREG Low Byte
Receive Buffer Control
_____________ — Generate Flags
- Generate Interrupt
_____________ - Shift Data Characters
A A A
LPBACK 8-9
From UxTX =L \ \
| Load RSR
to Buffer Control - [ ©
X Receive Shift Register Signals Gl &
» 0 (UxRSR) o -
/
A
- Start bit Detect -
- Parity Check
- Stop bit Detect - + 16 Divider
- Shift Clock Generation 4
- Wake Logic - I
16x Baud Clock from
Baud Rate Generator
UxRXIF
n Features (caractéristiques)
— Baud Rate = FCY / (16(BRG+1))
— UxMODE : x =1 seule UART pour le 30F3010
TABLE 18-1: UART1 REGISTER MAP!!
SFR Name| Addr. | Bit15 |Bit14| Bit13 |Bit12| Bit11 | Bit10 | Bite | Bits Bit 7 Biit 6 Bit5 | Bit4 | Bit3 | Btz | Bit1 | Bito
uimonE [ozoc [usRTEN] — [usoL | — — Jamc| — — WAKE | LFBACK |ABAUD| — — |rosELi|FosELD | STSEL
T1STA 020E | UTKISEL| — — — |UTHBRK| UTAEN | UTXBF | TRMT |URXISEL] |URXISELD | ADDEM | RIDLE | PERR | FERR | OERR | URXDA
UTHRES | 021D — — — — — — — UTXE Transmit Register
UIRXREG | 0212 = = = = = = = URXB Receive Register
MERG 0214 Baud Rate Generator Prescaler
Legend: u = uninitialized kit; — = unimplemented bit, read as '0"
Mote 1:  Refer fo “dsFIC30F Family Reference Manual™ (DS70046) for descriptions of register bit fields.

void InitUARTQ

{
// Initialize the UART1 for BAUD

//

// set baud to BAUD (9600 ou 19200 ou..)
// point to first char in receive buffer
// clear rx and tx flags

UIMODE = 0x8400; // enable + alternate pins
UIMODE = 0x8000; // enable + normal pins

U1STA = 0x0000;

U1BRG = ((FCY/16)/BAUD) - 1;

RXPtr = &lInData[0];

Flags.CheckRX = 0;

IFSObits.U1RXIF = 0; // clear interrupt flag
IECObits.UIRXIE = 1;

Flags.SendTX = 0;
Flags.SendData = 0O;
SeqComm=SeqCommMax ;
U1STAbits.UTXEN = 1;

// enable RX interrupt

// clear flag

// Initiate transmission

void __attribute__((interrupt, auto_psv)) _UlTXInterrupt(void)
// clear interrupt flag

IFSObits.ULTXIF = 0;

}
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void __ attribute__((interrupt, auto_psv)) _UlRXInterrupt(void)

IFSObits.U1RXIF = 0; // clear interrupt flag
*RXPtr = U1RXREG;
// U1TXREG = *RXPtr; debug reflect any char received on the RX to the TX
ifT (*RXPtr == CR Il *RXPtr == LF || RXPtr>=(&InData[0] +current_inputindexLimit))

Flags.CheckRX = 1;
RXPtr = &lInData[0];

3
else RXPtr++;
3
void SendMsg(Q)
while (*TXPtr)

while (U1STAbits.UTXBF);
ULTXREG = *TXPtr++;

3 }
> Déclaration
// RS232 — e

unsigned char *TXPtr;

unsigned char *RXPtr;

#define CR 0x0D

#define LF Ox0A

//#define BAUD 19200

#define BAUD 57600 // for BT

unsigned char InData[] = {"000000000000000000000000000000000""};

//unsigned char current_inputindex;

#define current_inputindexLimit 31

unsigned char OutData[] = {"$RBref=0000 Bmes=0000 VIim=0000 Vref-OOOO R\r''};

#define OffsetBref 7 // offset in OutData : position de la val de Bref
#define OffsetBmes 17 // offset in OutData : position de la val de Bmes
#define OffsetVlim 27 // offset in OutData : position de la val de Vlim
#define OffsetVref 37 // offset in OutData : position de la val de Vref
#define Stateoffs 43 // offset in OutData : position de la val de Running
int SeqComm; // ttes les 0.5 s
#define SeqCommMax 500 // ttes les 0.0625 s
r L3 L3 A
» Déclaration de la structure des variables de controles
r
booléennes
struct {

unsigned Running : 1;
unsigned CheckRX : 1;
unsigned SendTX : 1;

unsigned SendData :1;
unsigned unused : 12;
} Flags; // NOTE : Flags n’a rien a voir avec les interruptions

> Utilisation : Envoi

TXPtr = &OutData[0];

SendMsg(Q);
L3 L3 o r L3

» Utilisation : Réception
.
void ReceiveData()
{

TXPtr = &InData[0];

SendinputMsg(Q);

Flags.CheckRX=0;

if (InData[0] !'= °"C%) return; // sinon, traite la commande

switch (InData[l1])
{

case "E" : if (InData[2] == "17) Flags.Running=1;
else Flags.Running=0;
EnableL6234=Flags.Running; // enable or not L6234 principal
RunningLED = Flags.-Running; // set or clear running LED
UpdateBufferRunningStatus(Flags.Running);

break;
case "M" : if (InData[2] == "17) { Flags.UARTBref=1; Bref=BrefUart; }
else { Flags.UARTBref=0; Bref=ADCBUFO; }
case "F" : if (InData[2] == "17) WriteEEPROMQ) ;
else ReadEEPROMQ) ;
case "R" : BrefUart =ConvHexaTolnt( &InData[2]);
break;
case "P" : Ireg.Field.Kp=ConvHexaToDouble( &InData[2]);
break;
case "1" : Ireg.Field.Ki=ConvHexaToDouble( &InData[2]);
break;
case "D" : Ireg.Field.Kd=ConvHexaToDouble( &InData[2]);
break;
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Thémes non abordés
e dspic 30F3010

SPI : Serial Peripheral Interface : Liaison série synchrone (avec Clk) rapide

12C : liaison série

Bus CAN : liaison série utilisée en industrie (automobile et autres), voir le dspic 30F4012
Modes d’économie d’énergie (IDLE et SLEEP)

EEPROM : pour garder des informations d’utilisateur (comme les parameétres de réglage
d’un PID...) aprés coupure de I'alimentation

QEI : Quadrature Encoder Interface, pour brancher un codeur incrémental de mesure de
I'incrément de position et de la vitesse

e Autres systémes

DSP : Systemes numériques de traitement spécialisés, cartes dSPACE. Les principes
restent les mémes que les uC mais ils sont plus puissants

API : Automates Programmables, ne conviennent pas pour la commande rapprochée car
ils ne sont pas assez rapides mais ils servent d’interfaces entre les commandes et les
superviseurs
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Plan des Travaux Pratiques (EE812)

Voir document séparé.
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Annexes

Initiation a MPLAB

Afin de déboguer un programme, en mode de simulation, sans dspic ni outil de
programmation pickit2, il suffit de simuler la presence du dspic par MPLAB.
Aller dans le menu Debugger, Select Tool, choisir MPLAB SIM

P cmde - MPLAB IDE v&.60 - [D:\users\baghli\dsp\dsPIC\progharchi_cmde\cmde.c]

(=8N

5 File Edit View Project [Debugger| Programmer Tools Configure Window Help _[=]x
0= Select Tool ] None
= Clear Memeory ] 1 Proteus VSM
Eey =N
E & 2 MPLABICD 2
e Run Fa
[ Animate 3 PICKit3
—
Halt [ | Y 4MPLABSM T =
Step Into /7 e :|
S s 5 PICKit 2 =
Step Out 7 MPLABICD 2
Reset b 8 PICKit 3 On Board
o] Breakpoints... ]
#include "p30F3(Q
#include "sinus | StopWatch
#include <libpic =pROM
Complex Brezkpoints
figuration Stimulus 4
10 MHz -
_FOSC |CSW_FSQ_( rotile ¥ | Mz 4 = 20 MIPS maxi pour ce pic
_FWDT (WDT_OFF) ; Clear Code Coverage
_FBORE0R (35T_ind BT },1‘1”; DBOR_OFE & BORV_27 & DWRT_1& s MCLR_EN);
S Settings...

gdefine FCY 20000000
gdefine FPWM 16000

gdefine HalfDUTY¥ £24
//#define FDWM 32000
/ fine HalfDUTY 311 // set
gdefine FullDUT¥ HalfDUT
#define MILLISEC FCY¥,/20000

/ 4) = 20 MIPS

// set the pwm half duty = DTPER = 624UL=FCY/FPWM/2-1;
FEWM freq

the pwm h:

uty = PTPER = 311UL=FCY/FEWM/2-1;
// car PDCx a une double resclution % DPTDER
// 1 mSec delay constant

€); // 7.3728MHz %18 = 117.9843 MHz /4 = 29.4312 MIPS maxi pour ce pic

rogram Specific Constants
= FCY 23431200

= FEWM 16000

= HalfDUTY 921 // set
e FullDUTY UTY*2
e MILLISEC FCY/29431

I

//Instruction cycle rate (Osc x FLL / 4)
=g

/ / BiM
the pwm half duty = FIPER = 920.§ =FCY/FPWM/Z-1;
/ car DDCx = une double resolution % DIDER

// 1 mSec delay constant

MPLAE SIM dsPIC30F3010

pcl oabsabIP0 dcnovzc 120 MHz Lnl, Coll

INS_WR

Pour pouvoir rediriger les sorties de printf sur I'UART et visualiser sur la fenétre Output

de MPLAB, il faut aller dans le menu Debugger, Settings

Simulator Settings

-2l

Code Coverage |

Animation / Realtime Updates I Limitations |

Csc / Trace |

Break Options I Stimulus | Uart1 12

niable Uartl |0

[nput File:
Rewind [nput
Cutput
@ "Window
i) File

Debug Options

Browse....

Browse....

QK ] [ Annuler Appliquer

27



Il faut aussi augmenter la taille de la pile, qui par défaut est nulle, pour que la fonction
printf puisse correctement fonctionner.
Aller dans le menu Project, Build option, Project

cmde - MPLAB IDE v8.60 - [D:\users\baghli\dsp\dsPIC\progharchi_cmde\cmde.c]

5] File Edit View - Debugger Programmer Taols Configure Window Help

o Project Wizard...
[Retease ~les'e M-
— Open..
Close
Set Active Project
Quickbuild

Package in zip
Clean

Locate Headers

Version Control...

[E=N = =)

N E

S Export Makefile
#include Build All Ctrl+F10
#include
Make F10
Build Configuration v
/ot o Build Options... , cmde.c poss ce mic
_FwDT (WD — =
_FBORTOR TR DIEek 7 & PWRT_16 = MCLR_EN);
ORD Save Project As...
Add Files to Project...
Add New File to Project... rate (0Osc x PLL / 4] = 20 MIBS
#dafine § Remove File From Project v o
#define B ity = PTPER = GZ4UL=FCY/FEWM/Z-1;
#defing Select Language Toolsuite... i
ETPZR = 311UL=FCY/FEMM/2-1;
Set Language Tool Locations... Houble resolution % PTPER

btant

// 7.3728MHz *16 = 117 9648 MHz /4 = 23 4512 MIPS maxi pour ce pic

‘ e FullDUTY HalfDUTY*Z
//#define MILLISEC FCY/23451

||« [am ]

/fInstruction cycle rate (Osc x PLL / 4)

uty = PTPER = 9206 =FCY/FDUM/2-1;
resolution % BTBER

// 1 mSec delay constant

I

g

MPLAB SIM dsPIC30F3010

pcd oabsabIP)  dcnovzc 120 MHz Lnl, Coll INS _WR

Build Cptions For Project "crmde.mcp” @

Directories | Custom Buid Trace | ASM30/C30 Sute |

MFLAB ASM30 |

MPLAB C30 | MPLAB LINK30

Cateqaries: ’General

Generate Command Line

Heap size:
Min stack size:

Symbolz

@ Keep al

() Ship debugaing info
() Ship all sprbal info

Inhkerit global settings

] Use alemnate 5ettings

Output Filename Root (o leading directones, no extengion)

~heap=100 -defspm=__|CD2RAM=1 -0"${BINDIR_J$[TARGETBASE].H[TARI

~defsym=__ICDZRAM=1 Map="${TARGETEASE].map" -0"$TARGETBASE

btes Output
[ Allow cverlapped sections
bytes R .
[] Dot initialize data sections
[T Don't pack data template
[] Don't create handles

[] Dom't create default ISR
7] Remove unuzed sections

Fiestore Defaults

[ ok

H Annuler ][ Appliquer H Aide ]

Dans I'onglet MPLAB LINK30, mettre la pile a 100 (Heap a 100)
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Puis ajouter une fenétre permettant de regarder le contenu des variables du programme
pendant I'exécution.

Aller dans le menu View, puis Watch

A File Edit [View] Project Debugger P Tools Configure Window Help [==]x]
J D@ bl | Y| Project
¥ Output
J Release ¥ [
— Toolbars >
|BJ
CPU Registers
7 ; =
7 Call Stack b
/" Disassembly Listing HI
’
i EEPROM ie 125 us
" File Registers
i tage & distance
Flash Data
7"
i Hardware Stack
#in
#in] LCD Pixel
#in| Locals routines ZEPROM
el Memory
7" Program Memory
FO IMhz *8 = B0 MH: 4 = 20 MIPS
el SFR / Peripherals = S met poux ee pie
:m Special Function Registers DWMxl_ACT_HT s DBOR_OFF & BORV_27 & BWRT_16 & MCLR_EM);
71_| Watch [ 16 s MCLR_EN);
a
/8 1 Memory Usage Gauge )
#de jstruction cycle rate (Osc x PLL / 4) = 20 MIPS
#de freq 62.5 us
Simulator Trace
#de the pwm half duty = PTPER = &24UL=FCY/FDWM/Z-1;
e Simulator Logic Analyzer bt £req
/ / §derTme TT TETTCMEPwm half duty = PTPER = 311UL=FCY/FPWM/2-1;
gdefine FullDUTY HalfDUTY*Z2 // rcar PDCx a une double resolution % PTPER
gdefine MILLISEC FCY¥/20000 // 1 mSec delay constant

/477 Q=7.3728 MHz

//_FOSC|CSW_FSCM_OFF & XT_PLL1&); // 7.3728MHz *1¢ = 117.9648 MHz /4 = 25.4512 MIPS maxi pour ce pic
//_FRDT (WDT_OFF) ;

//_FBORPOR(PBOR_OFF & BORV_27 & PWRT_1§ & MCLR EN);

//_FES (CODE_PROT_OFF) ;

s

////Program Specific Constants

//#define FCY 23451200 //Instruction eyele rate (0se x PLL / 4]

//#dsfine FEM 16000 /7P freq

//#define HalfDUTY 921 // set the pwm half dury = PTPER = 920.6 =FCY¥/FBWM/Z-1;

//#define FullDUTY HalfDUTY*Z // car PDCx = une double resclution ¥ FIPER

//#define MILLISEC FCY/29491 // 1 mSec delay constant il
|« [ bl
MPLAB SIM dsPIC30F3010 pcl oabsabIP0 dcnovzc 120 MHz Lnl, Coll INS WR

File Edit View Project Debugger Programmer Tools Configure Window Help
DB e | snwan ¢
Pelease ~f B H Bwm O S maB

e doRo

] Output

[ Build | Version Control | Find in Files | MPLAE SIM | SIM Uartt

i| 3] Di\users\baghli\dsp\dsPIC\progharchi_cmde\cmde.c
£

// Commande V/f de moteur triphasé

// dsPIC 30F3010 & 10 MEz
16234 : bobine entre phase 2 =t b
20 MIPS, FWM 1€kHz, ADC/ISR & kHz ie 125 us
version 0 : 24/03/2009
version 1 : 26/03/2010 UART, pilotage & distance
L. BAGHLI

ACCA | Add Symbol

Update Address Symbol Name Binary

Wiatch 1 |watch 2 | Watch 3 | watch 4]

#define FCY 20000000 //Instructien cycle rats (Osc x PL
#define FEHM 18000 //EWM freg 62.5 us -
ol

MPLAB SIM dsPIC30F3010 pcld oabsabIP0 dcnovze

A coté de "Add Symbol" choisir la variable a observer, puis faire "Add Symbol".
Positionner la fenétre de maniére a ne pas géner la vision de la fenétre du code source
pendant le débogage du programme.
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Présentation de la carte électronique

Potentiométre

dspic 30F3010

Bouton poussoir

Interface UART-
RS232
(MAX3233)

Onduleur triphasé
L6234

Connecteur RS232
(vers PC)

N

Branchement du
moteur triphasé
(sortie)

Connecteur du
programmateur
PicKit2

Alimentation 5V a
9 V (entrée)
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Timer
Register 12-1: TXCON: Type A Time Base Register

Upper Byte:
R/W-0 u-0 R/W-0 u-0 u-0 uU-0 u-0 uU-0
TON | — [ 1msoL | — | — | — = [ =
bit 15 bit 8
Lower Byte:
U-0 R/W-0 RIW-0 R/W-0 u-0 RW-0  RW-0 U-0
— | T1GATE | TCKPS<1.0> [ — TSYNC | TCS |
bit 7 bit 0

bit 15 TON: Timer On Control bit
1 = Starts the timer
0 = Stops the timer
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit
1 = Discontinue timer operation when device enters Idle mode
0 = Continue timer operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timer Gated Time Accumulation Enable bit
1 = Gated time accumulation enabled
0 = Gated time accumulation disabled
(TCS must be set to ‘0’ when TGATE = 1. Reads as ‘0’ if TCS = 1)
bit 5-4 TCKPS<1:0>: Timer Input Clock Prescale Select bits
11 = 1:256 prescale value
10 = 1:64 prescale value
01 = 1:8 prescale value
00 = 1:1 prescale value
bit 3 Unimplemented: Read as ‘0’
bit 2 TSYNC: Timer External Clock Input Synchronization Select bit
When TCS = 1:
1 = Synchronize external clock input
0 = Do not synchronize external clock input
When TCS = o:

This bit is ignored. Read as ‘0’. Timer1 uses the internal clock when TCS = 0.

bit 1 TCS: Timer Clock Source Select bit
1 = External clock from pin TxCK
0 = Internal clock (Fosc/4)
bit 0 Unimplemented: Read as ‘0’
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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ADC
Configuration de I'ADC.
Lancement d'une conversion immeédiate.
Observation des signaux sur oscilloscope et des résultats dans les registres du
Buffer de I'ADC.
Configuration pour une conversion synchronisé sur le Timerl
Configuration pour une conversion synchronisé sur la PWM (en TP7).
ADC EOC ISR.
ADPCFG : choix des pins en E/S ou en analogique.

TABLE 19-2: ADC REGISTER MAP(!

SFR Name | Adar. [ Bit1s [ Bit14 | sit13 | it12 [sit11] sit10 |eis]| sits | sit7 | site | sits | sit4 | sit3 [ itz | sit1 | sito

ADCBUFD | 0280 | — | — = — | — | — ADC Data Buffer 0

[ADCBUFT | 0282 | — = = = = = ADC Data Buffer 1

ADCBUF2 | 0284 | — | — = — | = = ADC Data Bufier 2

ADCBUF3 | 0288 | — | — = — | = | = ADC Data Buffer 3

ADCBUF4 | 0288 | — | — = SI== ADC Data Buffer 4

ADCBUFS | 0284 | — | — = — | — | — ADC Data Buffer S

ADCBUFG |028C | — | — = — | — | — ADC Data Buffer &

ADCBUFT | 028 | — | — = = =1 = ADC Data Bufier 7

ADCBUFS | 0200 | — | — = = == ADC Data Bufier 8

ADCBUFS |22 | — | — = — | — | — ADC Data Buffer §

ADCBUFA | 0254 | — | — = — | — | — DC Data Buffer 10

ADCBUFB | 026 | — | — = === ADC Data Buffer 11

ADCBUFC | 0288 | — | — = === ADC Data Bufier 12

ADCBUFD | 0284 | — | — = — | = | = ADC Data Buffer 13

ADCBUFE |025C | — | — = — | — | — DC Data Buffer 14

ADCBUFF | 029E | — | — = === ADC Data Buffer 15

ADCON1 | 0240 | ADON| — | ADSDL | — | — | — | FoRM<i0» SSRC<2:0~ [ = [swsam[ Asam | sawp | DoneE
ADCONZ | 0242 VCFG<2:0> — | = [cscna| crPs<id- | BUFS = SMPI<3.0> BUFM | ALTS

ADCONZ |o2ad | — | — — SAMC<40> ADRC | — ADCS<5:0>

ADCHS | 0246 | CH123NB<1:0~ | CH123SB | CHONE CHOSB<3:0~ CH123NA<1.0> | CH1235A | CHONA CHOSA<30>

2DPCFG |02AB | — | — = — | — | — | — |rcroe®|PCrGTRI|PCFGE™| PCFGS | PCFGA | PCFG3 | PCFGZ | PCFGT | PCFGO
ADCSSL |02AA | — | — — — | — | — | — |cssia™|cssir™|cose™| cssls | Csslé | Cssls | CosL2 | cssld | csslo
Legend: u = uninitialized bit, — = unimplemented bit, read as ‘0’

Note 1: Refer to "dsPIC30F Family Reference Manual” (DS70046) for descriptions of register bit fields.
2:  These bits are not available on dsPIC30F3010 devices.

Registres :
Register 17-1: ADCON?1: A/D Control Register 1
Upper Byte:
R/W-0 uU-0 R/W-0 U-0 U-0 U-0 R/W-0 R/W-0
ADON | — | AapsbL | — | — | — | FORM<10>
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 RW-0 u-0 R/W-0 R/W-0 R/W-0 R/C-0
HC, HS HC, HS
SSRC<2.0> — SIMSAM | ASAM SAMP DONE
bit 7 bit 0

bit 15 ADON: A/D Operating Mode bit
1 = A/D converter module is operating
0 = A/D converter is off

bit 14 Unimplemented: Read as ‘0’

bit 13 ADSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode

bit 12-10 Unimplemented: Read as ‘0’

bit 9-8 FORM<1:0>: Data Output Format bits
11 = Signed Fractional (DOUT = sddd dddd d4do0 0000)
10 = Fractional (DOUT = dddd dddd ddoo 0000)
01 = Signed Integer (DOUT = ssss sssd dddd dddd)
00 = Integer (DOUT = 0000 00dd dddd dddd)

bit 7-5 SSRC<2:0>: Conversion Trigger Source Select bits
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111 = Internal counter ends sampling and starts conversion (auto convert)
110 = Reserved
101 =Reserved
100 =Reserved

011 = Motor Control PWM interval ends sampling and starts conversion
010 = GP Timer3 compare ends sampling and starts conversion
001 = Active transition on INTO pin ends sampling and starts conversion
000 = Clearing SAMP bit ends sampling and starts conversion

bit 4 Unimplemented: Read as ‘0’

bit 3 SIMSAM: Simultaneous Sample Select bit (only applicable when CHPS = 01 or 1x)

1 = Samples CHO, CH1, CH2, CH3 simultaneously (when CHPS = 1x)
or
Samples CHO and CH1 simultaneously (when CHPS = 01)
0 = Samples multiple channels individually in sequence
bit 2 ASAM: A/D Sample Auto-Start bit

1 = Sampling begins immediately after last conversion completes. SAMP bit is auto set

0 = Sampling begins when SAMP bit set
bit 1 SAMP: A/D Sample Enable bit
1 = Atleast one A/D sample/hold amplifier is sampling
0 = A/D sample/hold amplifiers are holding
When ASAM = 0, writing ‘1’ to this bit will start sampling

When SSRC = 000, writing ‘0’ to this bit will end sampling and start conversion

bit 0 DONE: A/D Conversion Status bit (Rev. B silicon or later)
1 = A/D conversion is done
0 = A/D conversion is NOT done
Cleared by software or start of a new conversion
Clearing this bit will not effect any operation in progress

Register 17-2: ADCON2: A/D Control Register 2

Upper Byte:
R/W-D R/W-0 R/W-0 IU-0 u-0 R/W-D R/W-D R/W-D
VCFG<2:0> reserved — CSCNA CHPS<1:0>
bit 15 bit 8
Lower Byte:
R-0 u-0 R/W-D R/W-D R/W-D R/W-D R/W-0 R/W-D
Burs | — | SMPI<3:0> | surm | ALTS
bit 7 bit 0

bit 15-13 VCFG<2:0>: Voltage Reference Configuration bits
bit 12 Reserved: User should write ‘0’ to this location
bit 11 Unimplemented: Read as ‘0’

bit 10 CSCNA: Scan Input Selections for CHO+ S/H Input for MUX A Input Multiplexer Setting bit

1 = Scan inputs
0 = Do not scan inputs

bit 9-8 CHPS<1:0>: Selects Channels Utilized bits
1x = Converts CHO, CH1, CH2 and CH3
01 = Converts CHO and CH1
00 = Converts CHO

When SIMSAM bit (ADCON1<3>) = 0 multiple channels sampled sequentially
When SMSAM bit (ADCON1<3>) = 1 multiple channels sampled as in CHPS<1:0>

bit 7 BUFS: Buffer Fill Status bit
Only valid when BUFM =1 (ADRES split into 2 x 8-word buffers).

1 = A/D is currently filling buffer 0x8-0xF, user should access data in 0x0-0x7
0 = A/D is currently filling buffer 0x0-0x7, user should access data in 0x8-0xF

bit 6 Unimplemented: Read as ‘0’
bit 5-2 SMPI<3:0>: Sample/Convert Sequences Per Interrupt Selection bits

1111 = Interrupts at the completion of conversion for each 16th sample/convert sequence
1110 = Interrupts at the completion of conversion for each 15th sample/convert sequence

0001
0000
bit 1 BUFM: Buffer Mode Select bit

1 = Buffer configured as two 8-word buffers ADCBUF(15...8), ADCBUF(7...0)

0 = Buffer configured as one 16-word buffer ADCBUF(15...0.)
bit 0 ALTS: Alternate Input Sample Mode Select bit

Interrupts at the completion of conversion for each 2nd sample/convert sequence
Interrupts at the completion of conversion for each sample/convert sequence




1 = Uses MUX A input multiplexer settings for first sample, then alternate between MUX B and MUX A
input

multiplexer settings for all subsequent samples

0 = Always use MUX A input multiplexer settings

Exemple de code (du cours) configuration de I'ADC, SOC manuel, SOS automatique
void InitADC10()

{
// config ADC en lancement immédiat
ADCON1 = 0x0004; // 4 ch simultanés, ADC Off for configuring
// ASAM bit = 1 implies sampling starts immediately after last
// conversion is done
ADCON2 = 0x0200; // simulataneous sample 4 channels
// ADC INTerrupt a chaque EOC=100 us
ADCHS = 0x0022; // AN2/RB2 Che, AN3/RB3 Chl, AN4/RB4 Ch2 NC, AN5/RB5 Ch3 NC
ADCON3 = 0x0080; // Tad = internal RC (4uS)
_ADON = 1; // turn ADC ON
¥
[/ === mmm oo
//Main routine
int main()
{
setup_ports();
InitADC10();
RunninglLED=1; // LED run = On
RunninglLED=0; // LED run = Off
while(1)
{
DelayNmSec(100);
ADCON1bits.SAMP = 0; // start conversion
while(!ADCON1bits.DONE) {} // attend la fin
ValAdc=ADCBUF®;
}// end of while (1)
} // end of main
[ = mmm o ooooeo-o-o-o-o-o--

Exemple de code (du cours) configuration de I'ADC, SOC manuel, SOS manuel
void InitADC10()

{
// config ADC en lancement immédiat
ADCON1 = 0x0000; // 4 ch simultanés, ADC Off for configuring
// ASAM bit = © implies SAMP=0 ends sampling and start converting
ADCON2 = 0x0200; // simulataneous sample 4 channels
// ADC INTerrupt a chaque EOC=100 us
ADCHS = ©0x0022; // AN2/RB2 Che, AN3/RB3 Chl, AN4/RB4 Ch2 NC, AN5/RB5 Ch3 NC
ADCON3 = 0x0080; // Tad = internal RC (4uS)
_ADON = 1; // turn ADC ON
¥
L i ke
//Main routine
int main()
{
setup_ports();
InitADC10();
RunninglLED=1; // LED run = On
RunninglLED=0; // LED run = Off
while(1)
{
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}

ADCON1bits.SAMP =1; // start sampling
DelayNmSec(109);
ADCON1bits.SAMP = 0; // start conversion
while(!ADCON1bits.DONE) {} // attend la fin
ValAdc=ADCBUF®;
}// end of while (1)

// end of main
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PWM

Registres :
Register 15-1: PTCON: PWM Time Base Control Register
Upper Byte:
R/W-0 U-0 R/W-0 U-0 U-0 U-0 U-0 U-0
PTEN | — [ prsDL | — [ — | — — —
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTOPS<3.0> PTCKPS<1:0> PTMOD<1:0>
bit 7 bit 0

bit 15 PTEN: PWM Time Base Timer Enable bit
1 = PWM time base is ON
0 =PWM time base is OFF
bit 14 Unimplemented: Read as ‘0’
bit 13 PTSIDL: PWM Time Base Stop in Idle Mode bit
1 = PWM time base halts in CPU Idle mode
0 = PWM time base runs in CPU Idle mode
bit 12-8 Unimplemented: Read as ‘0’
bit 7-4 PTOPS<3:0>: PWM Time Base Output Postscale Select bits
1111 = 1:16 Postscale

0001 = 1:2 Postscale
0000 = 1:1 Postscale

bit 3-2 PTCKPS<1:0>: PWM Time Base Input Clock Prescale Select bits
11 = PWM time base input clock period is 64 Tcy (1:64 prescale)
10 =PWM time base input clock period is 16 Tcy (1:16 prescale)
01 = PWM time base input clock period is 4 Tcy (1:4 prescale)
00 =PWM time base input clock period is Tcy (1:1 prescale)

bit 1-0 PTMOD<1:0>: PWM Time Base Mode Select bits
11 = PWM time base operates in a continuous up/down mode with interrupts for double PWM updates

10 =
01 =

PWM time base operates in a continuous up/down counting mode
PWM time base operates in single event mode

00 =PWM time base operates in a free running mode

Register 15-3: PTPER: PWM Time Base Period Register
Upper Byte:
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ] PTPER <14:8>
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTPER <7:0>
bit 7 bit 0

bit 15 Unimplemented: Read as ‘0’
bit 14-0 PTPER<14:0>: PWM Time Base Period Value bits
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Register 15-2:

PTMR: PWM Time Base Register

Upper Byte:
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTDIR | PTMR <14:8>
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTMR <7.0>
bit 7 bit 0
bit 15 PTDIR: PWM Time Base Count Direction Status bit (Read Only)
1 = PWM time base is counting down
0 =PWM time base is counting up
bit 14-0 PTMR <14:0>: PWM Timebase Register Count Value
Register 15-4: SEVTCMP: Special Event Compare Register
Upper Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SEVTDIR | SEVTCMP <14:8>
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SEVTCMP <7:0>
bit 7 bit 0
bit 15 SEVTDIR: Special Event Trigger Time Base Direction bit(1)
1 = A special event trigger will occur when the PWM time base is counting downwards.
0 = A special event trigger will occur when the PWM time base is counting upwards.
bit 14-0 SEVTCMP <14:0>: Special Event Compare Value bit(2)
Note 1: SEVTDIR is compared with PTDIR (PTMR<15>) to generate the special event trigger.
2: SEVTCMP<14:0> is compared with PTMR<14:0> to generate the special event trigger.
Register 15-5: PWMCON1: PWM Control Register 1
Upper Byte:
U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
- | = — |  — | pmOD4 | PMOD3 | PMOD2 | PMOD1
bit 15 bit 8
Lower Byte:
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
PEN4H | PEN3H PEN2H PEN1H PEN4L PEN3L PEN2L PENIL |
bit 7 bit 0

bit 15-12 Unimplemented: Read as ‘0’
bit 11-8 PMOD4:PMOD1: PWM 1/O Pair Mode bits
1 = PWM I/O pin pair is in the independent output mode
0 =PWM I/O pin pair is in the complementary output mode
bit 7-4 PEN4H-PEN1H: PWMxH 1/O Enable bits(1)
1 = PWMxH pin is enabled for PWM output
0 = PWMxH pin disabled. I/0 pin becomes general purpose 1/0
bit 3-0 PEN4L-PEN1L: PWMxL I/O Enable bits(1)
1 = PWMXxL pin is enabled for PWM output
0 = PWMXL pin disabled. I/O pin becomes general purpose I/O

Note 1: Reset condition of the PENxH and PENXL bits depend on the value of the PWM/PIN device configuration

bit in the FBORPOR Device Configuration Register.
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Register 15-11: OVDCON: Override Control Register

Upper Byte:
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
POVD4H | POVDAL | POVD3H | POVD3L | POVD2H | POVD2L | POVD1H | POVDIL
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POUT4H | POUT4L | POUT3H | POUTAL | POUT2H | POUT2L | POUT1H | POUTIL
bit 7 bit 0
bit 15-8 POVD4H-POVD1L: PWM Output Override bits
1 = Output on PWMxx I/O pin is controlled by the PWM generator
0 = Output on PWMxx I/O pin is controlled by the value in the corresponding POUTxx bit
bit 7-0 POUT4H-POUT1L: PWM Manual Output bits
1 = PWMxx I/O pin is driven ACTIVE when the corresponding POVDxx bit is cleared
0 =PWMxx I/O pin is driven INACTIVE when the corresponding POVDxx bit is cleared
Register 15-12: PDC1: PWM Duty Cycle Register 1
Upper Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PWM Duty Cycle #1 bits 15-8
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PWM Duty Cycle #1 bits 7-0
bit 7 bit 0
bit 15-0 PDC1<15:0>: PWM Duty Cycle #1 Value bits
Register 15-16: FBORPOR: BOR AND POR Device Configuration Register
Upper Byte:
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
— [ — [ — = | — [ = [ = ] —
bit 23 bit 16
Middle Byte:
U-0 U-0 U-0 U-0 U-0 R/P R/P R/P
— | = | = — — PWMPIN | HPOL LPOL
bit 15 bit 8
Lower Byte:
R/P U-0 R/P R/P uU-0 uU-0 R/P R/P
BOREN | - BORV<1:0> - - FPWRT<1:0>
bit 7 bit 0

bit 10 PWMPIN: MPWM Drivers Initialization bit
1 = Pin state at reset controlled by 1/0 Port (PWMCON1<7:0> = 0x00)
0 = Pin state at reset controlled by module (PWMCON1<7:0> = 0xFF)
bit 9 HPOL: MCPWM High Side Drivers (PWMxH) Polarity bit
1 = Output signal on PWMxH pins has active high polarity
0 = Output signal on PWMxH pins has active low polarity
bit 8 LPOL: MCPWM Low Side Drivers (PWMxL) Polarity bit
1 = Output signal on PWMxL pins has active high polarity
0 = Output signal on PWMXxL pins has active low polarity

Attention : Ce registre est configuré par les bits de configurations

_FBORPOR(RST_PWMPIN & PWMxH_ACT_LO & PWMxL_ACT_HI & PBOR_OFF & BORV_27 & PWRT_16 & MCLR_EN);

en début du programme.
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Exemple d'utilisation de la PWM

Routine d'initialisation :
void InitMCPWM()
{

PTPER = HalfDUTY; // set the pwm period register, ne pas oublier la double

précision
// OVDCON = OXFFFF;
OVDCON = OxO0FF;

// Cmde MLI, no effect of OVDCON
// allow control using OVD register (active low :

// PWMCON1 = @x0700; // disable PWMs

PWMCON1= 0x0770;

// enable PWM outputs (mais pas les LOW)
PDC1=HalfDUTY; PDC2=HalfDUTY; PDC3=HalfDUTY,

Enablel6234=0; // disable L298
PWMCON2 = 0x0000; // 1 PWM values

PTCON = 0x8002; // start PWM symetrique

Instruction de blocage ou de validation :

OVDCON

OVDCON

Exemple d'ADC SOC + PWM :
Cet exemple montre I'utilisation de I'ADC et sa synchronisation avec la PWM.

OxFFFF; // Cmde MLI, no effect of OVDCON

Ox0OFF; // allow control using OVD register (active low :

PWM pins ie 0)

// init rapport cyclique 50%

PWM pins ie 0)

Le lancement de conversion (SOC) se fait sur "Period Match" a I'aide du registre sevrcwe.
L'interruption de I'ADC est programmée afin que I'ISR soit appelé en fin de conversion (EOC)

// Setup the ADC registers for :

// 4 channels conversion

// PWM trigger starts conversion

// AD interrupt is set and buffer is read in the interrupt

void InitADC1e()
{

ADCON1 = Ox006F;
configuring

ADCON2 = 0x0200;
EOC=100 us

ADCHS= 0x0022;
AN5/RB5 Ch3 NC

ADCON3 = 0x0080; // Tad = internal RC (4uS)
_ADIF = 0, // Adc int flag Off
_ADIE = 1; // Adc int On
_ADON = 1; // turn ADC ON
}

// InitMCPWM, intializes the PWM as follows:

//
//
/7

PWM starts conversion, 4 ch simultanés, ADC Off for

simulataneous sample 4 channels, ADC INTerrupt a chaque

AN2/RB2 Cho@ Bref, AN3/RB3 Chl Bmes, AN4/RB4 Ch2 NC,

// FPWM = 16 khz voir en haut

// Independant PWMs
// Set ADC to be triggered by PWM special trigger

void InitMCPWM()
{

PTPER = HalfDUTY; // set the pwm period register, ne pas oublier la double

précision
OVDCON = OxOOFF;
ie 0)

// allow control using OVD register (active low pour PWM pins

// PWMCON1 = ©x0700; // disable PWMs
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PWMCON1= 0x0770; // enable PWM outputs (mais pas les LOW)

PDC1=HalfDUTY; PDC2=HalfDUTY; PDC3=HalfDUTY; // init sans rien, apres une
regul ¢a change

Enablel6234=0; // disable L298

SEVTCMP = PTPER; // set ADC to trigeer at ...

PWMCON2 = 0x0000; // 1 PWM values

PTCON = 0x8002; // start PWM symetrique

// The ADC interrupt reads the demand pot value.
// tt est synchrone % a cette int de ADC int =2*PWMperiod=2*62.5 us=125 us

void __attribute__ ((interrupt, auto_psv)) _ADCInterrupt ()
{
InfolLED=1;
_ADIF = 0;
k_V_f=ADCBUF@<<2; // 4.12 pu 4096=1.0=6V
fs=ADCBUF1<<2; // 4.12 pu 4096=1.0=20 Hz
InfolLED=0;

//Main routine
int main()
{
setup_ports();
InitADC10();
InitMCPWM();
RunninglLED=1; // LED run
RunninglLED=0; // LED run
while(1)
{
} // end of while (1)
} // end of main

On
off
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Glossaire

DSP Disgital Signal Processor

Dspic

MLI Modulation de Largeur d’Impulsion
PWM Pulse Width Modulation

DSC Digital Signal Controller

SPI Serial Peripheral Interface

UART Universal Asynchronous Receiver Transmitter
12C Inter Integrated Circuit

CAN Controller Area Network

DAC Digital Analog Converter

ADC Analog to Digital Converter

CAN Convertisseur Analogique-Numérique
CNA Convertisseur Numérique-Analogique
MIPS Million d'instructions par seconde
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