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: 16-Bit Instruction Word
Mot Description Cycles St Notes
Operands MSb LSbh Affected
BYTE-ORIENTED OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 plda. £fff £fff |C,DC. Z,0V.N |1.2
ADDWFC f,d,a |Add WREG and Carry bittof |1 081D: D0da: E£EEE «£EEE B DG Z:OV:N |12
ANDWF f,d,a |AND WREG with f 1 0001 0lda £ffff f£fff|Z, N 12
CLRF f,a Clear f 1 0110 10la: E££ff £E£EE |Z 2
COMF f,d,a |Complementf 1 0001 1l1da f£fff f£fff |Z, N 1,2
CPFSEQ f,a Compare fwith WREG, skip= |[1(20r3) | 0110 00la ££fff ££££f |None 4
CPFSGT f,a Compare fwith WREG, skip>= |[1(20r3)| 0110 010a ffff f£ff |None 4
CPFSLT f,a Compare fwith WREG, skip< (1(20r3) | 0110 000a f£fff £££f |None 1,2
DECF f,d,a |Decrementf 1 0000 0lda £fff £f££|C,DC,Z, OV.,N |1,2, 3,4
DECFSZ f,d,a |Decrementf, Skipif0 1(2or3) | 0010 11da £f£ff £ff£f None 1,2,3,4
DCFSNZ  f,d,a |Decrementf, Skip if Not 0 1{(2or3) | 0100 11da £f£ff £f£f |[None 1,2
INCF f,d,a |Incrementf 1 0010 10da: £fff £fff |C,DC,Z;0V,N |1,2.3;4
INCFSZ f,d,a |Incrementf, Skipif0 1{(2o0r3) | 0011 11da £fff £f£ff [None 4
INFSNZ f,d,a |Incrementf, Skip if Not 0 1(2or3) | 0100 10da £ff£ff ff£f None 1,2
IORWF f,d,a |Inclusive OR WREG with f 1 0001 00da £ffff f£££f|Z N 1.2
MOVF f,d,a |Movef 1 0101 00da ffff f£fff|Z N 1
MOVFF fs, fg |Move fg (source)to 1stword |2 1100 ffff ££fff £££f |None
f4 (destination) 2nd word 1111 f£fEf ££EF £fff
MOVWE  f,a Move WREG to f 1 0110 11l1a £fff £££f |None
MULWF f,a Multiply WREG with f 1 0000 00la £fff £££f |None 1.2
NEGF f,a Negate f 1 0110 110a. ££fff £f£f |C,DC.Z,OV.N
RLCF f,d,a |Rotate Left f through Camy 1 0011 0lda f£fff ff£f |C,Z, N 1,2
RLNCF f,d,a |Rotate Leftf (No Carry) 1 0100 0lda £fff f££f£f£f|Z, N
RRCF f,d, a |Rotate Right f through Carry 1 0011 o00da ffff ffff |C,Z N
RRNCF f,d,a |Rotate Right f (No Carmry) 1 0100 00da ffff f£f£f|Z N
SETF f,a Setf 1 0110 100a £fff £££f |None 1.2
SUBFWB f,d,a |Subtract ffrom WREG with 1 0101 0lda ffff f££fff |C,DC,7Z, OV.N
borrow
SUBWF f,d,a |Subtract WREG from f 1 0201, 1dda. EEff £fef |C.DGC. 7. OV.N. |1.2
SUBWFB f,d,a |Subtract WREG from f with 1 0101 10da: £fff ££f£f |C,DC,Z,0OV.N
borrow
SWAPF f,d,a |Swapnibblesinf 1 0011 10da £f£ff £££f |None 4
TSTFSZ  f,a Testf, skipif 0 1{(2or3) | 0110 01la £fE££ff £f£f [None 1,2
XORWF f,d,a |Exclusive OR WREG with f 1 0001 10da ffff f£f£ff|Z N




Mnemonic o 16-Bit Instruction Word Status
i Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f,b,a |BitClearf 1 1001 bbba ffff f£fff [None 1.2
BSF f,b,a |BitSetf 1 1000 bbba ffff £fff |None T2
BTFSC f,b,a |Bit Testf, Skip if Clear 1(2or3)|1011 bbba £ffff £f££f |[None 3.4
BTFSS f,b,a |Bit Testf, Skip if Set 1(2or3)|1010 bbba £f£fff f£f££f [None 3,4
BTG f,d,a |BitTogglef 1 0111 bbba ffff £f£f [None 1.2
CONTROL OPERATIONS
BC n Branch if Carry 1 {2) 1110 0010 nnnn nnnn [None
BN n Branch if Negative 1{2) 1110 0110 nnnn nnnn [None
BNC n Branch if Not Carry 1{2) 1110 0011 nnnn nnnn [None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn [None
BNOV n Branch if Not Overflow 1{(2) 1110 0101 nnnn nnnn [None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnon nnnn [None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn [None
BRA n Branch Unconditionally 7 1101 Onnn nnnn nnnn [None
BZ n Branch if Zero 1{2) 1110 0000 nnnn nnnn [None
CALL ns Call subroutine 1st word 2 1110 110s kkkk kkkk |[None

2nd word 1111 kkkk kkkk  kkkk |
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to address 1st word 2 1110 1111 kkkk kkkk |None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 xxxx xxxx xxxx |None 4
POP — Pop top of return stack (TOS) |1 0000 0000 0000 0110 |[None
PUSH — Push top of retum stack (TOS) |1 0000 0000 0000 0101 |[None
RCALL n Relative Call 2 1101 1lnnn nnon  nnnn |[None
RESET Software device Reset 1 0000 0000 1111 1111 (Al
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s |GIE/GIEH,

PEIE/GIEL

RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP  — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD
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ISA - Instruction Set Architecture ou jeu dinstructions PIC18

16-Bit Instruction Word Status

Mnemonic, e

Operands Description Cycles e T Affected Notes
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk [C,DC, Z, OV N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk |Z,N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk |Z,N
LFSR f k Move literal (12-bit) 2nd word |2 1110 1110 O00ff kkkk |None

to FSR(f) 1st word 1111 0000 kkkk kkkk

MOVLB k Move literal to BSR<3:0=> 1 0000 0001 0000 kkkk |None
MOVLW k Move literal to WREG 1 0000 1110 kkkk kkkk |None
MULLW k Multiply literal with WREG 1 0000 1101 kkkk kkkk [None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk [C,DC,Z OV N
XORLW k Exclusive OR literal with WREG |1 0000 1010 kkkk kkkk |Z,N
DATA MEMORY < PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 |None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+" Table Read with pre-increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2 0000 0000 0000 1100 |None
TBLWT"+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 |None

ISA de 77 instructions
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Byte-oriented file register operations

15 10 9 87 0
OPCODE | d ‘ a ‘ f (FILE #)

d = o for result destination to be WREG register
d = 1 for result destination to be file register (f)
0 to force Access Bank

1 for BSR to select bank

8-bit file register address

a=
a=
f =

Byte to Byte move operations (2-word)

15 12 11 0
| OPCODE f (Source FILE #) |
15 12 11 0

| 1111 f (Destination FILE #) |

f = 12-bit file register address

Bit-oriented file register operations

15 12 11 98 7 0
OPCODE |b (BIT#)| a | f(FILE#)

b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank

a = 1 for BSR to select bank

f = B-bit file register address

Example Instruction

ADDWF MYREG, W, B Literal operations

15 8 7 0
OPCODE | k (literal) |

k = 8-bit immediate value

Control operations
CALL, GOTO and Branch operations
15 87 0
MOVFF MYREG1, MYREG2 | OPCODE | n<7:0> (literal) |
15 12 11 0
| 1111 | n<19:8> (literal) |

n = 20-bit immediate value

15 8 7 0
| OPCODE | s| n<7:0> (iteral) |
15 12 11 0
BSF MYREG, bit, B | 1111 | n<19:8> (literal) |
S = Fast bit
15 11 10 0
| opcopE | n<10.0> (iiteral) |
15 87 0
| oPcoDE | n<7:0> (iteral) |

MOVLW 7Fh

GOTO Label

CALL MYFUNC

BRA MYFUNC

BC MYFUNMC
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Simulateur et programme de test

Afin d'appréhender le jeu d'instruction, nous allons traduire un
programme C en assembleur PIC18. Ce travail peut étre répété depuis
chez vous en installant I'DE MPLABX avec les toolchains C XC8 et C18
tout en utilisant le mode simulation (cf. moodle)

€3 MPLAB X IDE v350 - dema asm pic18 : default - o X
File Edit View Navigate Source Refactor Run Debug Team Tools Window Help G Search (o)
BRSPS T B b L L UH D000 8 S SIS G fooom [iwzne vwo- o] W owsan
~ s | Clas..| B .. @ minspeskerh x| Buerth x| 0 vete x| {0 moinc = PO ulaskh x| @tesks.c x| O uloske = [ mane x| P platessh x 18550... (03 ) B program Memory =|
g'=°°°"'m [sowee | oy | GE-B-QRFEEGFLT Aulon @I k| e b | e
D Heoder e 18 [ void main(void) ( ~E i .
1@ mportant Fies ¥ r
| EE Linker Files 19 static char state = TASK TOGGLE: *
3@ Source Fies = M ©
" @ manc 20 hd
| B @ Libraries e 5 " "
| E @ Loadables 21 /* initializations */
& £y .
w.f:‘:ﬁ_ 22 LATD = 0x00;
& pre 23 TRISD = O0xF7; o
@l queue
@ uarttest 24 e
25 /* application scheduling engine */ v
26 while (1) { i
27 switch (state) { &
28 case TASK TOGGLE: i
o
30 break;
31 case TASK SET:
= i . E 2
33 break;
34 case TASK CLEAR: .
o e
. MPLAB
|37 } -
I_nu-ndmwlnam—-] 2 aal e XL
3% B demosempicts | | < I — =
Hi ==y | LEET e e o - COMPILER
1; j : FICLBFASS0 & > Omoinp whie(1) 3 swnchismte) 3 cose TASK_SET 3 u
b hadins 04
Sl:jrimﬂﬂlfn:lﬂw Watches =| varibles  output | callStack | Breakpoints | SIRs | I
1 gm(‘ﬂ-ﬂ)[‘ (@] hame Type Address Value & 4 s i
|, o ¥ Debualmags: ) |l 15 7 @ 14D SRR [ orac [l 008 - SEE o 2
o @ - e g g o Bt ety
< s Memory | Frogram Memary | Format Cote |
v

demo asm pict8 (Buld, 1036, -..) debugger halted ] E |ms
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case TASK_SET:
task_set_led_D2();
break;

case TASK_CLEAR:
task_clear_led_D2();

/* CPU specific features configuration */
#pragma config FEXTOSC = OFF CLKOUTEN = OFF
#pragma config RSTOSC = HFINTOSC_64MHZ
#pragma config MCLRE = EXTMCLR PWRTE = OFF
#pragma config BOREN SBORDIS DEBUG = OFF

#include <picl18f27K40.h> break;

#define TASK_TOGGLE 1
#define TASK_SET 2 /* state machine */
#define TASK_CLEAR 3 if (state == TASK_CLEAR)
state = 0;
statet++;

void task_toggle_led_D2 (void);
void task_set_led_D2 (void);
void task_clear_led_D2 (void);

}

void task_toggle led D2 (void) {

void main(void) { y
asm

static char state;
BTG LATA, 4

/* system init */ #endasm

state = TASK_TOGGLE;
LATA = 0x00;

LATA |= 0x10;

Programme a traduire

/* scheduling engine */

while (1) {
void task_clear_led D2 (void) {

switch (state) { LATAbits.LATA4 = 0;

case TASK_TOGGLE: }
task_toggle_led_D2();
break;
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Insertion ASM dans C

De facon générale, les squelettes des applications seront
développés en C. Ceci facilite la lisibilité, I'édition et la maintenance du
code. L'assembleur sera en générale utilisé afin de développer des
procédures ou fonctions spécifiques, le plus souvent dans une optique
d'optimisation (empreinte mémoire du code et/ou accélération d'un
traitement)

void task_toggle_led_D2 (void) { void task_toggle_led_D2 (void) {
static char toggle = 0; #asm
BTG LATA, 4

if ( toggle != 0) { #endasm

toggle = 0; }

LATAbits.LATA4 = 0;
} else {

toggle = 1;

LATAbits.LATA4

Il
'_\
~e
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- Allocation statique de variable

Afin de faciliter la compréhension du jeu d'instruction, toutes les
allocations en assembleur de variables en mémoire donnée seront
statiques (dans cet exercice). Adresse générée a I'édition des liens et
connue pendant la totalité de la durée de vie du programme. Nous ne
regarderons pas l'utilisation de la pile (stack) et n'allouerons pas de
variables locales hors static (vu en cours d’architectures des ordi.).

En partant d'un programme assembleur PIC18, chez Microchip il
existe 2 solutions technologiques pour réaliser une conversion binaire.
Par la toolchain C XC8 ou le programme assembleur MPASMWIN

; reserve 1 byte in access bank ; reserve 1 byte in access bank
PSECT <static_section_name>,class=BANKO, space=1 idata_acs

state: ds 1 state db 0
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Une instruction utilisant un adressage immediat manipule
directement une constante. Le binaire correspondant a la constante est
encapsulé dans le code binaire de I'instruction. Sur architecture RISC
32bits, il est souvent limité a des constantes sur 16bits. L'adressage
immeédiat est nommeé Jiteral operation sur architecture PIC18

PIC18 C Program

/* system init */ MOVLW
state = MOVWE
TASK_TOGGLE MOVLW
LATA = 0x00; MOVWEF
TRISA = MOVLW

0pb00000000; MOVWE

PIC18 assembler Program

1 ; adressage immédiat
state ; adressage direct
0x00

LATA

000000000

TRISA
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Adressage immediat - toutes les instructions |

: 16-Bit Instruction Word
T ) Description Cycles - Notes
Operands MSb LSh Affected
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC Z OV N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk [Z, N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk [Z,N
LFSR f. k Move literal (12-bit) 2nd word |2 1110 1110 ODf£f kkkk [None
to FSR(f) 1st word 1111 0000 kkkk kkkk
MOVLB k Move literal to BSR<3.0= 1 0000 0001 0000 kkkk |(MNone
MOWVLW k Move literal to WREG 1 0000 1110 kkkk kkkk [None
MULLW k Multiply literal with WREG 1 0000 1101 kkkk kkkk [MNone
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk [None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC Z OV N
XORLW k Exclusive OR literal with WREG |1 0000 1010 kkkk kkkk (Z,N
Literal operations
15 8 7 0

OPCODE

k (literal)

k = 8-bit immediate value
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Rappelons que la mémoire donnée est découpée en 16 banques de
2560. Afin d'adresser la mémoire, le CPU examine le champ <a> des
instructions a adressage direct manipulant une adresse relative sur
8bits. L'exemple ci-dessous présente deux solutions afin d'adresser la
banque 0. L'instruction MOVLB (MOV 4bits constant to BSR, Bank Select
Register) permet d'adresser la totalité du mapping mémoire. BSR fixe
les 4 bits de poids forts d'une adresse 12bits en mémoire donnée

v
; access bank (bank0 or bankl5) el
; bankO : 0x000-0x05F (GPR) M ency
; bankl5 : OxF60-0xFFF (SFR) e
ADDWF <8bits_relative_address_data_memory>, 0, 0O fﬁ

‘/_/ Data Address<12>

Autre solution :

; only bank0O is selected I - E
MOVLB 0x0
ADDWF <8bits_relative_address_data_memory >, 0, 1
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Intéressons-nous aux instructions de contréle (if, else if, else,
switch/case, while, for ...) et appels de fonction en langage C. Toutes ces
instructions ont un point commun, elles réalisent un saut dans le code.
Toutes ces instructions modifient le pointeur programme PC (Program
Counter) présent dans |I'étage de FETCH du CPU.

PIC18 C Program

volid main (void) H{
/* user code 1 */

while (1) {
/* user code 2 */

}

PIC18 assembler Program

main:
; user code 1
main 11:
;user code 2
GOTO main_11

label = référence symbolique a une
adresse physique en mémoire programme
résolue a 1l’édition des liens
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La mémoire programme est adressable par octet sur 21bits, soit un
espace mémoire accessible de 2Mo (ou 1Mword). 1 mot ou word pour
notre processeur correspond a la taille par défaut de I'opcode la
majorité des instructions, soit 20. A titre indicatif, l'opcode de
"instruction GOTO fait 32bits ou 40 car elle implémente une opérande
représentant une adresse absolue en mémoire programme sur 20bits

PIC18F27K40 MCU architecture

GOTO instruction Datasheet

GOTO Unconditional Branch
Syntax: [ label] GOTO k
Operands: 0 <k <£1048575
Operation: k — PC<20:1>
0 — PC<0=,
Status Affected: None

Encoding:

1st word (k<7:0>)
2nd word (k<19:8>)

1110 | 1111 | k kkk | kkkk,
1111 |k, gkkk| kkkk |kkkkg

20

Address Latch

Program Memory
(8/16/32/64 Kbytes)

Data Latch

Data Bus<8>

A 4
8

N |
8

PCLATU|PCLATH

A 4

PCL

Program Counter

Table Latch
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L'instruction GOTO implémente un adressage absolu. L'opérande
représentant I'adresse de saut fait donc 20bits (opcode sur 40).
L'instruction BRA implémente un adressage relatif a PC entre -10240 et
+10230. L'opérande représentant |'offset est codée sur 11 bits (opcode
sur 20). BRA possedent une empreinte mémoire plus faible mais n'est
pas plus rapide a I'exécution (2 cycles CPU car le pipeline du CPU doit
étre vidé - pipeline flush). Néanmoins, BRA ne permet pas d'adresser
toute la mémoire, soit les 4Ko potentiel d'un PIC18. Elle n'implémente
qgu'un saut relatif par rapport a I'adresse courante (PC) durant
"exécution du BRA.

Adressage absolu Adressage relatif
main: main:
; user code 1 ; user code 1
main_11: main_11:
;user code 2 ;user code 2

GOTO main_11 BRA main_11



SYSTEMES EMBARQUES

Instructions de contrdle - saut conditionnel

Un saut conditionnel est lié au résultat d'une opération traitée
precédemment par I'ALU. A chaque opération, I'ALU sauvegarde dans le
registre STATUS des informations sur le résultat de I'opération (flags ou
drapeaux C, DC, Z, OV et N). C ou carry précise un éeventuel
débordement. Z si le résultat est nul. N si le résultat est négatif. Les
sauts conditionnels se font sur activation de ces flags et donc apres
I'utilisation d'une instruction affectant les flags

C program ~ PCi8ossemberpogam

if (state == TASK_CLEAR) MOLLW 3
state = 0; SUBWF state, w

state++; BNZ main_12
MOVLW 0x00
MOVWE state
main_12: INCF state
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Registre STATUS ou registre détat de ALU

Bit

Accass
Reset

7 [ 5 4 3 2 1 0
[ [ O PD N ov z DC c
R R RAW RAW RN RW RN
1 1 [} [} 0 0 0
Bit 6 - TO Time-Out bit
Reset States: POR/BOR =1
All Other Resets = q
Value Description
1 | Set at power-up or by execution of CLEWDT or 5LEEF instruction
[e | AWDT time-out occurred |
Bit 5—PD Power-Down bit
Reset States: POR/BOR =1
All Other Resets =g
Value Description
1 Set at power-up or by execution of CLRWDT instruction
[0 | Cleared by execution of the SLEEP instruction |

Bit4 - N Negative bit
Used for signed arithmetic (2's complement); indicates if the result is negative,
(ALU MSb = 1).
Reset States: POR/BOR =0
All Other Resets = u

Value Description
il The result is negative
[0 | The result is positive |

Bit 3 - OV Overflow bit
Used for signed arthmetic (2's complement); indicates an overflow of the 7-bit magnitude, which causes
the sign bit (bit 7) to change state.
Reset States: POR/BOR =0
All Other Resets = u

[PRODH] PRODL|

8x8 Multiply |

1‘4—6

A 4
[BITOP|

8

Y | 8 i
8

STATUS

=
-~
(o]

Value Description 16-Bit Instruction Word
1 | Overflow occurred for current signed arithmetic operation Mnemonic, Description Cycles
lo | No overflow occurred | S MSb Lsb
Bit2—2Z Zerobit BYTE-ORIENTED OPERATIONS
Reset States: POR/BOR =0 ADDWF f.d,a |Add WREG and f 1 0010 0lda ffff £ffff
ADDWFC f d,a |Add WREG and Carry bit to f |1 ‘ 0010 00da ffff ffff
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Instructions de contrdle - ISA

Mnemonic, 5 B 16-Bit Instruction Word Status
escription Cycles Notes
Operands MSb Lsb Affected
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnon nnon |None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnon |None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnon |None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn |None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn |None
BRA n Branch Unconditionally 2 1101 Onnn nonn  nnnon |None
BZ n Branch if Zero 1(2) 1110 0000 nonn nnon |None
CALL ns Call subroutine 1st word 2 1110 110s kkkk kkkk |None
2nd word 1111 kkkk kkkk kkkk| _
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100]|TO,PD
DAW —_ Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to address 1st word 2 1110 1111 kkkk kkkk |None
2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 sexxx xxxx  socex |None
POP — Pop top of return stack (TOS) |1 0000 0000 0000 0110 [None
PUSH — Push top of retum stack (TOS) |1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1nnn nnnn onnn | None
RESET Software device Reset 1 0000 0000 1111 1111 |Ad
RETFIE 5 Return from interrupt enable 2 po00 0000 0001 o0o00s |GIE/GIEH,
PEIE/GIEL
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s [None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD
15 87 0 15 8 7 0 i 1 10 -
‘ OPCODE | n<7:0> (literal) | oTO Lavel | OPCODE | 5| n<7:0>(lteral) | CALL MYFUNC | oPcoDE | n<10:0> (lteral)
15 12 1 0 15 12 " 0 15 87
= n<19:8> (literal) | \ 1111 | n<19:8> (literal) \ | opcoDE [ n<7:0> (literal)
S = Fast bit

n = 20-bit immediate value
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INnstructions de contrdle - Exercice de traduction

Fo qu’')'fé quoi 17

switch (state) {

case TASK TOGGLE:
task_toggle_led _D2();
break;

case TASK_SET:
task_set_ _led _D2();
break;

case TASK_CLEAR:
task_clear_ led D2 ();
break;
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Instructions de contrdle - Exercice de traduction
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YTl  Instructions de contrdle - Une solution possible |

state, w
XORLW 1
BZ main_cl
MOVFE state, w
XORLW 2
BZ main_c?2
MOVF state, w
XORLW 3
BZ main_c3
main_cl: CALL task_toggle_led_ D2
BRA main_el
main_c2: CALL task_set_led_D2
BRA main_el
main_c3: CALL task_clear_led_D2

main_el:



Architecture processeur MCU PIC18

21-bit
ADDRESS BUS

12-bit
ADDRESS BUS

16-bit

8-bit
DATA BUS

INSTRUCTION BUS

Data Bus<8>

[Table Pointer<21>|

[ incidec logic

Program Counter

Address Latch

Program Memory
(8/16/32/64 Kbytes)|:

Data Latch

31-Level Stack
STKPTR

Table Latch

v

Data Latch

Data Memory

Address Latch

Data Address<12>

; 8 I
i State machine
If!rzsmt{ggh;?d * control signals t ‘t
Control "
2 —p Internal
osct Oscillator PU‘I!Ver-up
@ Block imer
0SC24 —p 4—»|| Oscillator
LFINTOSC || | | ||Start-up Timer] ALU=<8>
SOSCl —M Oscillator Power-on .
Reset
64 MHz
SOSCO — ||| Osdcillator Watchdog —P
Timer
Rl i Bi ut Precision FVR
MCLR!1) —»| | Single-Supply rown-o Band Gap
Programming Reset ¢ REfrSies —>
In-Circuit Fail-Safe
Debugger Clock Monitor
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Instructions de contréle - Appel de fonction

L'instruction CALL implémente un adressage absolu (opcode 40),
contrairement a RCALL utilisant un adressage relatif a PC avec un offset
de -1024/4+10230 (opcode 20). Les instructions CALL et RCALL modifient
PC mais réalisent également une écriture sur la pile matérielle de 31
niveaux. L'adresse de retour est sauvee (PC+4 pour CALL et PC+2 pour
RCALL). Par exemple, I'appel de I'instruction RETURN dépile I'adresse de
retour pour |'écrire dans PC

return_address Jjump-address
PC<20:0> |
RETURN @ 2 CALL
RETFIE , Stack Level 1 RCALL
RETLW 3

Stack L.evel 31 return_address
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Instructions de contrble - Sauvegarde de contexte matérielle

CAL L Call Subroutine
Syntax: [label] CALL Kk, s
Operands: QS eeTe Top Of Stack pour I'adresse
Operation: T (PO) AN TOS de retour
.‘.""k."—.)"P.c-'q.é.o.ﬁ.;.:"".
O PC<O>, .
ifs=1 :

(WREG) - WREGS,

(STATUS) > STATUSS,
L moes L ——— L e registres dont le nom

"
Status Affected: None

Encoding: ESt SUfﬁXé par S (ShadOWS
istword (k<7:0>) | 1110 | 110s | k,kkk | kkkk, Registers) sont CaChéS des
2nd word (k<19:8>)| 1111 |k;okkk| kkkk | kkkkg

développeurs et utilisés
Description: Subroutine call of entire 2M byte memory range. First, return address (PC+ d ura nt | es sau Vega rd es d e

4) is pushed onto the return stack (20-bits wide).

If 's" =1, the WREG, STATUS and BSR Registers are also pushed into CcO ﬂtEXte m até I’i 6| | es avecC
their respective Shadow Registers, WREGS, STATUSS and BSRS. | ] usa ge d ) | nte ry ptl on Cette

If 's'= 0, no update occurs.

Then lh_e 20-bit value 'k’ is loaded into PC<20:1>. CALL is a two-cycle m ét h O d e a CCé | é re | e
Jeiuetion mécanise de commutation

Words: 2
Cycles: 2
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Data Bus<8>

Architecture processeur MCU PIC18 [Table Poi;ter%li = ¥
[ inc/dec logic | 8 Data Laich
Data Memory
21
2
Program Counter
31-Level Stack
Address Latch
(g;vuram Memymoés;)
Data Latch

21-bit 16-bit
ADDRESS BUS INSTRUCTION BUS

Table Latch

Instruction Bus <16>

: State machine
Sgﬁgg’ﬁd * contfrol signals
Control
12-bit 8-bit
ADDRESS BUS DATA BUS
(2) > Internal E A\ /
RECs Oscillator PU‘I\:ver—up : 8 7s
@ Block fear :
osc2 P 4—»| Oscillator ] ALL<8>
LFINTOSC || ~  ||Start-up Timer, i
soscl —p|| Oscillator Power-on E 8
Reset L
64 MHz : ﬁ
s0scO —#|| Oscillator Watchdog CessmssssrsrssssEsssasansnunnns
Timer
Precision FVR
MCLR(N —| | Single-Supply Brown-out | .g | Band Gap ———p
Programming Reset Reference
In-Circuit Fail-Safe
Debugger Clock Maonitor

N NN NN RN NN NN NI NN NN NN NI EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREmEEnnld
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~ Instructions orientees octet

Microchip définit une famille d'instructions dites orientées octet.
Cette famille regroupe les instructions arithmétiques et logiqgues
traitées par I'ALU 8bits ou le multiplieur 8bits ainsi que les instructions
de déplacement de données.

Les instructions de déplacement d'information utilisent un mode
d'adressage direct afin d'effectuer des chargements et sauvegardes de
données du CPU vers mémoire (MOVWEF, 1cy), de la mémoire vers la
meéemoire (MOVFF, 2cy) ou de la mémoire vers le CPU (MOVF, 1cy).

Cpogom  PClSassemblerpogam

/* activate LED state */ ; activate LED state
void task_set_led D2 (void) { task_set_led_D2: MOLLW 0x10
LATA |= 0x10; IORWFE LATA, £

} RETURN
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SYSTEMES EMBARQUES

f 16-Bit Instruction Word
Mnmnani, Description Cycles i Notes
Operands MSb LSh Affected
BYTE-ORIENTED OPERATIONS
ADDWF  f,d,a |Add WREG andf 1 0010 0lda ££fff f£f£ff |C,DC,Z OV,N (1,2
ADDWFC f d a |Add WREG and Carry bittof |1 0010 o00da ffff f£fff |C,DC,7Z OV,N (1,2
ANDWF  f,d,a |AND WREG with f 1 0001 0l1da ££fff f£f£f |Z N 1,2
CLRF f,a Clear f 1 0110 10la E££fff f£f£ff |72 2
COMF f,d,a |Complementf 1 D001 11da Efff E££fff |Z,N 1.2
CPFSEQ f,a Compare f with WREG, skip= |1(20or3)| 0110 00la £fff ££fff |None 4
CPFSGT f,a Compare f with WREG, skip> |1(20r3) | 0110 010a £fff £££f [None 4
CPFSLT f,a Compare f with WREG, skip< |1(2o0r3) | 0110 0o00a f£ffff £££f [None T2
DECF f.d,a |Decrementf 1 D000 0l1da f£fff ffff |C,DC,7Z, OV,N (1,2 3,4
DECFSZ f,d,a |Decrementf, Skipif0 1(20r3)| 0010 11lda ££fff £££f [None 1,2,3;4
DCFSNZ f,d,a |Decrementf, Skipif Not0 1(20r3) | 0100 11da £fff f£fff |None 1,2
INCF f,d,a |Incrementf 1 0010 1l0da ££fff f£f£ff |C,DC,Z OV,N (1,2 3,4
INCFSZ f,d,a |Incrementf, Skipif 0 1(20r3) | 0011 11da ££fff f£fff |None 4
INFSNZ f,d,a |Incrementf, Skip if Not 0 1(20r3)| 0100 10da f££fff £££f [None T2
IORWF f,d,a |Inclusive OR WREG with f 1 0001 o00da f£fff ffff |Z N 1.2
MOVF f.d,a |[Movef 1 0101 o00da ffff ffff |7, N 1
MOVFF fe,fg |Move f; (source)to 1stword |2 1100 ££ff £fff f£f£ff [None
f4 (destination) 2nd word 1111 f£fff ££ff £fff
MOVWF f a Move WREG to f 1 0110 11la ££fff £££f |None
MULWF f,a Multiply WREG with f 1 0000 00la ££fff £fff |None 1,2
NEGF f,a Negate T 1 0110 11l0a £££ff f£f£f |C,DC,Z OV,N
RLCF f,d,a |Rotate Left f through Carry 1 D011 ‘01da: E£££fEF £EEE |C.Z;N T2
RLNCF f.d,a |Rotate Left f (No Carry) 1 0100 01da ffff ffff |7, N
RRCF f,d,a |Rotate Right f through Carry 1 0011 00da: EEEE E£EEE |B:Z:N
RRNCF f,d,a |Rotate Right f (No Camy) 1 0100 o00da £fff f£fff |Z N
SETF f.a Setf 1 0110 100a £fff £££f |None 12
SUBFWB f,d,a |Subtractffrom WREG with 1 0101 o0lda £fff f£fff |C,DC,Z OV,N
borrow
SUBWF f,d,a |Subtract WREG from f 1 0101 1llda ££fff f£fff |C,DC,Z OV,N (1,2
SUBWFB f,d, a |Subtract WREG from f with 1 0101 10da ffff ffff |C,DC,7Z OV.N
borrow
SWAPF f,d,a |Swap nibblesinf 1 0011 1l0da £fff f£fff |None 4
TSTFSZ f,a Testf, skipif 0 1(20r3)| 0110 011a ££f£ff £££f [None 1.2
XORWF  f,d,a |Exclusive OR WREG with f 1 0001 1loda £fff f£fff |Z N
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 Instructions orientees bits

Les instructions orientées bit permettent de modifier voire tester |a
valeur d'un bit dans une case mémoire. Ces instructions sont tres
pratiques pour la configuration et la gestion de périphériqgues méme si
elles restent peu rencontrées sur grand nombre d'architectures
actuelles. Nous devons spécifier I'adresse de la case mémoire (adresse
relative a une banque sur 8bits) et la position du bit dans I'octet (entre
0et?)

/* toggle LED state */ /* inactivate LED state */
C void task_toggle_led D2 (void) { void task_clear_led_D2 (void) {
program #asm LATAbits.LATA4 = O;
BTG LATA, 4 }
#endasm

task_toggle_led _D2: BTG LATA, 4
RETURN




SYSTEMES EMBARQUES

Instructions orientées bits - ISA

: 16-Bit Instruction Word

M nemanc, Description Cycles SR Notes

Operands MSb LSb Affected
BIT-ORIENTED OPERATIONS
BCF f.b,a |BitClearf 1 1001 bbba ffff ffff [None 1.2
BSF f,b,a |BitSetf 1 1000 bbba ffff ff£f [None 1.2
BTFSC f,b,a |Bit Testf, Skip if Clear 1(20or3) (1011 bbba ffff ffff [None 3,4
BTFSS f,b,a |Bit Testf, Skip if Set 1(2or3) (1010 bbba ffff £ffff [None 3,4
BTG f,d,a |Bit Toggle f 1 0111 bbba £ffff £f££f [None 1.2

Bit-oriented file register operations

15 12 11 9.8 7 0
OPCODE (b (BIT#)| a f(FILE#) BSF MYREG, bit, B

b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank

a = 1 for BSR to select bank

f = 8-bit file register address
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Architecture processeur MCU PIC18 [Tabe poi;mmu

[ inc/dec logic

PCLATU|PCLATH !

Program Counter

! 31-Level Stack ]

Address Latch |:

Pi Me b | STKPTR_|

(632164 Kbyies)| i‘_
Data Latch | F ETC H

FoEmamsmsms

=

21-bit 16-bit
ADDRESS BUS INSTRUCTION BUS

Instruction Bus <

Instruction SEQNEL T
Decode and confrol signals
Control

DECODE

12-bit 8-bit
ADDRESS BUS DATA BUS

(2) > Internal E
L Oscillator PO‘I\:Ver—up :
Block fear :
0sc2® — 4| Oscilator i
LFINTOSC Start-up Timer| :
soscl —p|| Oscillator Power-on E
Reset [
64 MHz :
s0scO —#|| Oscillator Watchdog CessmssssrsrssssEsssasansnunnns
Timer
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MCLR!1) —| | Single-Supply rown-o — Band Gap ———
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case TASK_SET:
task_set_led_D2();
break;

case TASK_CLEAR:
task_clear_led_D2();

/* CPU specific features configuration */
#pragma config FEXTOSC = OFF CLKOUTEN = OFF
#pragma config RSTOSC = HFINTOSC_64MHZ
#pragma config MCLRE = EXTMCLR PWRTE = OFF
#pragma config BOREN SBORDIS DEBUG = OFF

#include <picl18f27K40.h> break;

#define TASK_TOGGLE 1
#define TASK_SET 2 /* state machine */
#define TASK_CLEAR 3 if (state == TASK_CLEAR)
state = 0;
statet++;

void task_toggle_led_D2 (void);
void task_set_led_D2 (void);
void task_clear_led_D2 (void);

}

void task_toggle led D2 (void) {

void main(void) { y
asm

static char state;
BTG LATA, 4

/* system init */ #endasm

state = TASK_TOGGLE;
LATA = 0x00;

LATA |= 0x10;

Programme a traduire

/* scheduling engine */

while (1) {
void task_clear_led D2 (void) {

switch (state) { LATAbits.LATA4 = 0;

case TASK_TOGGLE: }
task_toggle_led_D2();
break;
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;, CPU features

CONFIG FEXTOSC = OFF RSTOSC = HFINTOSC_64MHZ

CONFIG MCLRE = EXTMCLR DEBUG = OFF
#include <pl18f27k40.inc>

; private declaration
idata_acs

state db 0

TASK_TOGGLE equ 1
TASK_SET equ 2
TASK_CLEAR equ 3

; reset interrupt vector
org 0x000000
reset_v: GOTO main

; application entry point

main: MOVLW TASK_TOGGLE
MOVWE state
MOVLW 0b00000000
MOVWE LATA
MOVLW 0x00
MOVWE TRISA
main_11: MOVF state,w
XORLW TASK_TOGGLE
BZ main_cl
MOVF state, w
XORLW TASK_SET
BZ main_c?2

MOVFE
XORLW
BZ
main_cl: CALL
BRA
main_c2: CALL
BRA
main_c3: CALL
main_el: MOVLW
SUBWEF
BNz
MOVLW
MOVWE
main 12: INCF
BRA

; toggle LED state

task_toggle_led D2:
BTG
RETURN

; activate LED state

task_set_led_D2:
MOVLW
IORWF
RETURN

; dnactivate LED sate

task_clear_led _D2:
BCF
RETURN
END

Page 2

state,w
TASK_CLEAR
main_c3
task_toggle_led D2
main_el
task_set_led_D2
main_ el
task_clear_led_D2

TASK_CLEAR
state, w
main_ 12
0x00

state
state
main_11

LATA, LATA4

0x10
LATA, £

LATA, LATA4
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Dans le répertoire tp/disco/apps/demos cours, il vous est pro
des projets pré-créés sous XC8 v1.45 (programme C et ASM PIC1

projets vous permettront de pouvoir retravailler et durcir votre
comprehension des processeurs PIC18 et de I'enseignement

PICSimLab

File Board Mcrocontroller Modules Tools Help

Clock (MHz) . 8
[ =] e PICSimLabl.

++ | Curioslty HPC

LT
RAQ/ANO
RA4/D2
RAS5/D3
RAG/D4
RATIDS
Serial Port 1 (UART1)
CoM3. |

Serial Port 2 (UART2)

coM3. -

Ch 1 (vidiv) ‘Time (ms/div)

,Tﬂ ,Tﬂ 0001 i’
cnor (v) Ch20ff. (V) Time off. (ms)

- o

‘Trigger channel

A I B

SIE

~ # demos_cours_as
@ Header Files
& Important Files
& Linker Fil

» = Libraries
» B Loadables
» # demos_cours_c

~ % demos_cours
B Project Type: /

32 CRC32: 0x2l
~ - Packs
PIC18F-K_DI

T Debuglmag
T Devicesupj

- & Ve
Data 3,720(

5 Data Usec
~ ® Program 13

Progr.
~ |8 Debug Tool

MPLABX Simulator with Debugger

or Production Debug Team Tools v Help
h

default = T T T T QF

W bsplibh =2 W vartth W delay.h =2 B main.asm @ main.c ®  Program Memory

MOS80 aumdd I e

Line Address Opcode  Label

Asm Source History L

.
PC: ox1FFDC] [n ovzdcc :W:0x0: banko|

DOSE
. Ces

45

jow do 2 Keyword(s)

org  6x000000
reset_v:  GOTO  main

; Application entry point
000

task clear_led D2

task_set led D2

0P
|BCF LATA, 4, ACCESS
RN

100
main: Mo\ TASK_TOGGLE
te

0x00 .... [1FFB2 (7883

task toggle led D2

BTG LATA, 4, ACCESS

LATA . |1FFBA
0000008600 1

[Re
|MOVLB 0x0

6
TRISA . |1FFB8

1GOTO 0x1FFBC
3

state,w
TASK_TOGGLE

IMOVLW 0x1
MOVWE _pnvCOMRAM, ACCESS

TASK_CLEAR

main_c3

main_cl: task_toggle_led_D2

(CALL 0x1FFB2, 0
10

N
[BRA OXFFFO.

main_el

main_c2: task_set_led_D2

|cALL oxaFFAE, O
nop.

main_c. ;. - led_D2

[BRA OxFFFO

main_e: TASK_CLEAR

J
loa01

state,w 5.... 1FFDA_[D00A
. 01

ICALL 0x1FFAA. O
[NoP.
|BRA OXFFFO

[XORLW 0x1

(3408

|BTFSC STATUS, 2, ACCESS
I ca

rchResults  Variables  Call Stack  Breakpoints  Output

XORLW 0x3

onfiguration Loading Error ulator ** Trace/Profiling ** demos_cours_c (Bui

Mem... Program..

Flle Registers

Address 00 01

Form... Code

04 05 06 07 08 09

Form... Hex -

demos_cours_c (Build, Load,

|BTFSC STATUS, 2, ACCESS
RA 0XFFDO

0A 0B OC 0D OE OF ASCil
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Architecture processeur MCU PIC18 [Table Poi;ter%li = ¥
[ inc/dec logic 8 Data Laich

Data Memory
21 PCLATU|PCLATH
20 Address Latch
Program Counter 12
Data Address<12>
31-Level Stack

Address Latch ;
Program Memory STKPTR
(8/16/32/64 Kbytes)
Data Latch

21-bit 16-bit
ADDRESS BUS INSTRUCTION BUS

Instruction Bus <16>

v g
i State machine
Sgsmtfﬁgiﬁﬁd * contfrol signals ;t
Control A
12-bit .
ADDRESS BUS DATA BUS
(2) Internal
OSC1™ =M osilator PO:er-Up
@ Block imer
0sc2l9 —p 4—»|| Oscillator
LFINTOSC || | | ||Start-up Timer ALU<8>
soscl ——p || Osdilator Power-on e
Reset
64 MHz _’
SOSCO —#|| Oscillator Watchdog
Timer Broa
recision

WCIR" —»{[Singe Supply] || Brownout ¢ Band Gap [ — R

7 [[Programming | " Reset Reference

] In-Circuit | : | Fai-Safe

Debugger ¢ |[Clock Monitor
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Sans bootloader déja programmeé dans le processeur, nous devons
utiliser une sonde JTAG (Join Test Action Group) afin de charger voire
debugger le programme depuis I'IDE sur ordinateur vers le MCU cible.
Un StarterKit embarque déja une sonde de programmation a coté du
processeur cible de test. Sinon, nous pouvons utiliser des sondes
externes plus polyvalentes (ICD4, PICKIT4, etc chez Microchip).

External PICKIT4

PIC18F27K40 JTAG in-circuit programmer/Debugger

SPDIP 28 pins package

RB7/ICSPDAT :
RB6/ICSPCLK '

MCLR/\/rr/RE3L]

i CURIOSITY HPC Starter Kit
RBO with JTAG in-circuit programmer/Debugger

RE%Y s, | Pl
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21-bit
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12-bit
ADDRESS BUS

16-bit

8-bit
DATA BUS

Data Bus<8>
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[ inc/dec logic

|
21
20

31-Level Stack

Data Latch
Data Memory
PCLATU|PCLATH
Address Latch
Program Counter 12
Data Address<12=

Address Latch

Program Memory
(8M16/32/64 Kbytes)

Data Latch

STKPTR

INSTRUCTION BUS

Instruction Bus <16>

Table Latch

- State machine
Sgsmtfﬁ,?iﬁﬁd * contfrol signals At
Control A
P T LT U OP P PP PP PPPPPPTPPPPT PN
: osci@ » Internal :
] ! Oscilator | & P°1!‘-'er-up
3 . Block . Acy
1 0sc2®) —p \g=p| Oscillator ALU<8>
E LFINTOSC = ||Start-up Timer
: spscl —pi|| Oscillator : Power-on 8
H E Reset
H 64 MHz .
! 80SCO —P|| Osdilator ; || Watchdog
H E Timer Procic
T e o o recision
MOLR %[ SigieSipply Brownout |\\g | Band Gap VR
Programming Reset Reference
In-Circuit Fail-Safe
Debugger Clock Maonitor
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Divers - Oscillateur et horloge de réference

La référence d'horloge du systeme peut étre réalisée par résonateur
externe (Quartz) ou interne (MEMS, RC, etc). Les résonateurs externes
offrent une meilleure précision (dérive de quelgues ppm) mais necessite
un composant supplémentaire sur la carte.

CLKIN/OSC1

&— Extemnal

=My Langage C
CLKOUT/OSC2
- CDIV<4:0>
COS8C<2:0>

JR— - J\ #pragma config FEXTOSC = OFF
&—Soeoqlrlﬁfry \t |512| #pragma config RSTOSC = HFINTOSC_64MHZ
scillator
B tsoso) 11 %1000 reep o i #pragma config MCLRE = EXTMCLR
sosco o1 Fa, ¥ SystamClock : fpragma config DEBUG = OFF
7777777777777777 s 100 2 o110 H H
LFINTOSC i oy fimm >' _
ol Pt | 2 S oo svscmn—o} Peripheral Clock®
L Reserved— 011 L8 oo S
:.::.1:::.1::.1:::.::::.E rasariEl—| biri L4 1 5010 | Steep
I wewiosc Reserved—| 000 g aand e Langage ASM
s - -E -
[ 1248121632484 || =
D e '
:L, : ;Fé:ilgiy(';s::rlfgdoctﬁ' FSCM CONFIG FEXTOSC = OFF
ristisbtnivh, ittt CONFIG RSTOSC = HFINTOSC_64MHZ
e > To Parpherls CONFIG MCLRE = EXTMCLR
1| 31.25kHz and 500 kHz |! » To Peripherals
} Oscillator } # To Peripherals CONFIG DEBUG =5 OFF
e - To Peripherals
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20
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Data Memory
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Address Latch
Program Counter -
Data Address<12>

31-Level Stack

Address Latch
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soscl —p|| Oscillator Power-on .
Reset
64 MHz 1 L
SOSCO — ||| Osdcillator i Watchdog ||
1 Timer i S
3. e recision
MCLR!1) —»| | Single-Supply Brownout 44— Band Gap —PFVR
Programming Rf:set REfrSies
In-Circuit Fail-Safe
Debugger Clock Monitor
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Divers - Watchdog

Un watchdog est a ajouter en fin de développement, de test et de
validation fonctionnelle d'une application afin d'ajouter une ultime
possibilité de redémarrer le programme en cas de défaut grave
(application bloquée dans une fonction, boucle infinie, etc). Un
Watchdog est un timer pouvant réaliser un RESET (redémarrage) du
processeur si il arrive en fin de comptage. Il doit étre forcé a zéro par
appel de I'instruction CLRWDT en certains endroits clés d'un
programme.
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- Divers - Mode vellle

Les PIC18 supportent un mode veille et des modes ldle permettant
de manager les périphériques activés et ainsi de controler la
consommation du processeur en phase repos. L'application doit
explicitement demander a passer en veille via I'appel de I'instruction
SLEEP. Il pourra alors étre réveillé par interruption, reset ou par le Watch
dog. Une fois en veille, le CPU cesse d'exécuter des instructions mais
méemorise néanmoins le contexte d'exécution (registres W, STATUS, BSR,
etc) pour le réveil afin de pouvoir restaurer I'état de la machine avant la
mise en veille
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21-bit
ADDRESS BUS

12-bit
ADDRESS BUS

16-bit

8-bit
DATA BUS

INSTRUCTION BUS

SEEEEEEEEEEEEmEay

i State machine
Sgsmt{ge?i:r?d » confrol signals ‘t
Control "
2 —p Internal
0sc Oscillator PU‘I!Ver-up
@ Block imer
0sc2l9 —p 4—»|| Oscillator
LFINTOSC || | | ||Start-up Timer] ALU<8>
soscl —p|| Oscillator Power-on .
Reset
64 MHz
SOSCO — ||| Osdcillator Watchdog
Timer
Rl i Bi ut Precision FVR
MCLR!1) —»| | Single-Supply rown-o Band Gap
Programming Rf:set ¢ REfrSies —>
In-Circuit Fail-Safe
Debugger Clock Monitor

[Table Pointer<21>| 4

Data Bus<8>

[ incidec logic |

20

PCLATU[PCLATH

Program Counter

31-Level Stack

Address Latch

Program Memary
(8/16/32/64 Kbytes)

Data Latch

Instruction Bus <16>

STKPTR

v

Data Latch

Data Memory

Address Latch

Data Address<12>
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- Divers - Placer des donnees en memoire programme

Les PIC18 offrent une architecture de Harvard et par défaut une
faible empreinte de mémoire donnée (application de contréle). Il est
néanmoins possible de manipuler des données chargées en mémoire
programme, transformant ainsi I'architecture en processeur de Von
Neumann (solution lente). En langage C, utiliser les classes de stockage
rom ou ram (par défaut) afin de forcer les outils a utiliser les
instructions associées. Par exemple, rom char foo ou ram char foo/char
foo

DATA MEMORY <> PROGRAM MEMORY OPERATIONS

TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD™+ Table Read with post-increment 0000 0000 0000 1001 |None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT™*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 |None
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- Divers - Placer des donnees en memoire programme

Microchip propose |'acces gratuit a ses outils de développement,
notamment ses chaines de compilation en version LITE. Ces versions ne
permettent pas de lever toutes les options d'optimisation a la
compilation. Sous XC8 et C18, les versions payantes permettent
notamment d'offrir au compilateur C I'acces aux instructions suivantes

16-Bit Instruction Word

return

NEIHEHIES Description Cycles SR
Operands MSb LSb Affected
ADDFSR f k Add literal to FSR 1 1110 1000 ffkk kkkk None
ADDULNK k Add literal to FSR2 and return 2 1110 1000 11kk kkkk None
CALLW Call subroutine using WREG 2 0000 0000 0001 0100 None
MOVSF z., fy |[Move 2z, (source)to 1stword 2 1L a0 Ll DR e S None
fy (destination) 2nd word 1170 EEEE FEEF EEEE
MOVSS 2., Zy |Move 2z, (source)to 1stword 2 LR e B | e SO None
24 (destination) 2nd word T oo EZZ  ZZZZ
PUSHL k Store literal at FSR2, 1 1110 1010 kkkk kkkk None
decrement FSR2
SUBFSR f k Subtract literal from FSR | Al wEnd. ekl kkklks None
SUBULNK k Subtract literal from FSR2 and 2 1110 1001 11kk kkkk None

X
COMPILER

.
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Mercl pour votre attention ...
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