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Microcontroleurs

Famille PIC 16
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Objectifs de ce cours

1 - Présenter la structure générale des
ordinateurs et les concepts associés

2 - Donner les potentialités permettant d’analyser
et/ou de concevoir des éléments matériels
(cartes) ou logiciels (programmes) de systemes
batis autour des PIC

3 - Définir les éléments génériques des systemes
mformathues permettant une comprehension
trés rapide d'un nouveau systeme
indépendamment du microcontroleur dont il est
issu
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Organisation de la formation

o En DUT+3 : 15h
Cours (7h)
TD (8h)
Examen (devoir de 2h)
o Theme: matériel et/ou logiciel
o Documents autorisés

o En 4GE (2i¢me semestre)
Un TP sur les interruptions (4h)
Question TP (dans I'examen du module IF3)
Projets...
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Plan du cours

1.  Généralités
Structure élémentaire d’'un calculateur
1. Les microcontroleurs PIC16

1m1.  Jeu d’instructions des PIC16

v. Ports d’entrées/sorties des PIC16

v. Fonctionnalités standards des PIC16
vi. Considérations techniques

Insa GE - DUT+3




| — Description globale

o Schéma fonctionnel d’un systeme
informatique

Programme

Données . Données
en entrée > Ordinateur > en sortie

v

Actions
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| — Description globale

Definition : Un systeme informatique est un
systeme que fait interagir « du logiciel »,
(Software) sur « du materiel » (Hardware),
en vue d'une finalité codée dans le logiciel.

Les 5 éléments constitutifs du S.I représentés
sont :

L'ordinateur

Le programme

Les données en entrée
Les données en sortie
Les actions

O O O O O
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| — Description globale

a) L'ordinateur : Elément matériel central, il comporte
essentiellement

- un calculateur et sa mémoire, un ensemble clavier, ecran,, des
périphériques mformathues conventionnels tels que : unites de
sauvegarde, unités d'édition, unités de communlcatlon

- des périphériques spécialisés : carte d'acquisition de son,
d'images, des dispositifs de contrdle de processus industriels .

b) Le programme : Elément logiciel central, il indique a
l'ordinateur

- le type de traitement a effectuer sur les données d'entrée,
- les données a fournir et les actions a entreprendre en sortie.

) Les données en entrée : Elles peuvent étre d'origines
iverses

- ensemble de nombres a traiter issus de la gestion bancaire, du
traitement des signaux d'images, des bases de données .

- informations en provenance de capteurs (température,
hygrometrle )

- données issues du clavier, (dialogue homme machine)
DUT+3 7
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| — Description globale

d) Les données en sortie :

Elles représentent le résultat attendu du traitement
spécifié par le programme des données en entrée.

e) Actions :
Elles sont couramment destinées:
- au systeme informatique lui méme (sauvegarde)

- au processus industriel commandé (marche, arrét,
commande de vanne, de moteur... )
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| — Description globale

o Exemple: systeme a microcontrdleur

r )
Unite de wraitemment slectronique |
' | ACTIONNEUR
B
|
. 2 \, J
CAPTELIES Um:fac_:emralf- de Intersfa:;ﬂige de ILE_
Z I.-'. 4 ™
# /
] OPERATELR
Signaux ana logigure, Siignaus nu‘nJEn‘qu‘esj a traiter sfg'rrau;‘-;;r;mrfm.res I'r'ilfl'-E-S-- - -_;I'-I-:JITEI'D‘ . } }
numengue etfou logigue nug:;E'HqU'E E{.-'irﬁ;'qu \
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| — Description globale
=> Il -Architecture
o Description de Von Neumann
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Il =Architecture de Von Neumann

o Historique :
Cette architecture a été introduite dans les années 50 a
I'Institute for Advanced Study (IAS) de Princeton.

Von Neumann a donné son nom a l'architecture de Von
Neumann utilisée dans la quasi totalité des ordinateurs
modernes, I'apport d'autres collaborateurs de I'EDVAC en
est par consequent %randement minimisé (on citera J.
Presper Eckert et John William Mauchly parmi d'autres).
Cela est d{ au fait qu'il est, en 1944, le rapporteur des
travaux pionniers en la matiere (Flrst Draft of a Report on
the EDVAC).

Le modele de calculateur a programme auquel son hom
reste attaché et qu'il attribuait lui-méme a Turing, possede
une unique mémoire qui sert a conserver les logiciels
et les données. Ce modele, extrémement innovant pour
' epoque est a la base de la conceptlon de nombre
d'ordinateurs mais a fortement évolué depuis.
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Il =Architecture de Von Neumann

=>» L’architecture de von Neumann décompose |‘ordinateur en

« 4 unités distinctes
. 3 bus (outre les liaisons externes)

NN
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Il =Architecture de Von Neumann

Unité Arithmeétique et Logique (UAL)

o effectue les opérations arithmétiques ou logiques élémentaires
(+, -, *%,/,..; ET, OU, complémentation...)

0 une batterie de registres « généraux » permet de stoker temporairement
les opérandes et résultats en cours. L’accumulateur désigne le registre
stockant 'une des deux opérandes et le résultat (A, AC, ACC, W).

s

— N \/ OF = Overflow Flag
= 0 CF = Carry Flag
| Ci—» -
o 5 F v Cz _’ ZF ZGI’O Flag

SF = Sign Flag
G UAL PF = Parity Flag
8
/ 4
14 . R
Représentation
standard
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Il =Architecture de Von Neumann

Unité Mémoire
2 types de mémoires fonctionnellement et
technologiquement différents:

o_mémoire de masse (ROM, Read Only Memory)
stocke un programme figé et/ou une table de
constantes

— o_mémoire vive (RAM, Random Access Memory)
-(Q stocke des variables et des segments de
. programmes susceptibles d’étre écrasés par
- L d’autres apres qu'ils aient été exécutés.

= Une position mémoire particuliére est sélectionnée par le biais
de son adresse, puis lue ou écrite via le bus de données
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Il =Architecture de Von Neumann

Unité de controle (UC)

o chef d'orchestre de I'ensemble des unités
o réalise 3 taches:

- lire une instruction du programme en cours,
la décoder et pointer vers la suivante®,

- faire exécuter |'instruction par les
différentes unités

- gérer les « événement exceptionnels »

susceptible d'intervenir de maniéere
impromptus

*L'UC contient souvent un dispositif d'incrémentation du PC, évitant ainsi
de surcharger et de ralentir I'UAL
Insa GE — DUT+3
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Il =Architecture de Von Neumann

Unité de controle (UC)

0 comporte 2 registres principaux :

- PC (Programme counter) ou IP (Instruction

Pointer) qui « pointe » vers |'adresse de la
prochaine instruction a traiter

E CONTROLE (CB)

A
4
vs o g

r:z) >

- IR (Instruction Register) qui contient le code de
I'instruction courante.

- Cycles instruction
Insa GE — DUT+3
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Il =Architecture de Von Neumann

Unité d’entrées et sorties (E/S, 1I/0)

o Interface entre le monde externe et le calculateur

-> importante diversité des périphériques connectables,

- nombreux protocoles d’échanges (propre aux périphériques
externes)

2 types de communications:

0 communication série

les bits sont transmis les uns apreés les
autres

o communication parallele
les bits d’'un bloc sont transmis simultanément

Insa GE - DUT+3 17

Il =Architecture de Von Neumann

Bus de Données (Data Bus)

o voie de communication (de données) bidirectionnelle pouvant
étre « écrite » ou « lue » par une unité quelconque.

= A un instant donné, une seule unité est
autorisée a écrire ou lire une information sur DB,
les autres étant temporairement “déconnectées
électriquement” du bus de données.

BUS DE CONTROLE (CB}

_/

E
{
== =» | 'UC coordonne l'utilisation de ce bus par
H I'intermédiaire du bus de controle (CB).

=> Taille de DB souvent identique a celle des
registres de I'UAL. (représentative de la puissance
de calcul de la machine).

Bus de données

Insa GE - DUT+3 18




Il =Architecture de Von Neumann

Bus d’'Adresses (Address Bus)

o0 voie de communication unidirectionnelle
- seuls I'UC ou I'UAL peuvent ecrire
- seuls les unités mémoires ou d’E/S peuvent lire

Remarques:

e L'UC positionne I'adresse de l'instruction a
traiter, et généralement I'UAL qui contient
(soit directement soit a I'issu d'un calcul)
I'adresse d'un opérande en mémoire ou en
E/S.

e La taille de ce bus T, en bit (nombre de fils
de AB) représente la capacité maximale C,
Bus d’adresses d'adressage du calculateur, suivant la relation

C, =2

-2 QQ ex.
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Il =Architecture de Von Neumann

Bus de Controle (Control Bus)
= Permet a I'UC de synchroniser et de commander les
autres unités (sélection d’adresse (Mem), selection
d’'une opération (UAL), activation/désactivation des
unités, type d'acces (lecture/écriture)...)

|
s |
[
|
|
|
|
- |
1 s
/

Bus de controle

Pour |'éxecution d’une instruction:
0 sélection des registres/mémoires source et
destinataires du ou des opérandes,
o commande de l'instant des transferts des
opérandes,
Zal o sélection de |'opération particuliére a effectuer
- dans I'UAL et du destinataire du résultat,
o commande de l'instant du transfert du résultat

Remarques: =>Découpage d'une instruction en plusieurs cycles
= Synchronisation sur signal d’horloge

Insa GE - DUT+3 20




Il =Architecture de Von Neumann

Architecture
Von Neumann

= Evolution de l'architecture :
séparation des espaces mémoires
programme et données

- architecture Harvard programme

aonnees

- Architecture
Architecture Harvard : HARVARD

- mémoires programme et données distinctes,
- bus programme et données distincts,

- transfere simultané des instructions a
exécuter et des données.

- modele plus rapide que Von Neumann,

- structure interne plus complexe complexité
interne de la structure.

programme

Insa GE - DUT+3

Il -Architecture de Von Neumann
= lll -Communication par bus

gérer les acces aux bus bidirectionnels
N

activer une unité (ou boitier)
et désactiver les autres

Insa GE - DUT+3 22




Il -Communication par bus
1- Représentation plan mémoire

= Exemple:
bus d’adresse 16 bits, bus de données 8 bits

adresses données unités

LITTTT T T TTITITTIT ] 0x0000
adresses 16 bits ™~ 0x0001

- 0x0002

)

|

, > ]

| RAM

ROM

/
o~ == = —

:

CLITITTT]
données 8 bits 0xABCD E /S
BUS DE DONNEES (DB) 0xABCE
CB: active et désactive les unités,
sélectionne lecture ou écriture OxFFFF
Insa GE — DUT+3 >3

Il -Communication par bus
2- Logique 3 etats

Communication bidirectionnelle :
Comment désactiver des unités ?

= Logique 3 états

o On ajoute aux deux états un 3ieme état noté
HZ (haute impédance)

o Un circuit dans I'état HZ est déconnecté
électriquement des autres (insensible aux
modifications de ces entrées et n’influe pas sur
I’états des autres circuits)

+ vcc

-
[~

S

-

£

wsn'mness:m T /EN e S impédance
= BUS DE DONNEES (DB) ~= le JEN s Y 0 0 faible
”L 0 1 1 faible
1 0 z forte
/EN 1 1 z forte
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Il -Communication par bus
2- Logique 3 états

=> A chaque instant, au plus une unité doit étre active en écriture sur un bus
bidirectionnel, sinon: risque de court circuit!
généralement, en plus de I’'UC: une seule unité active

Unité A { = .....:4........_.;...
'l JENa :
s : < aNe) .B
Unite B { I S -1 R & Too—h
"1 jenb | ‘\>/\: '\
3 R /ENC =\ Un bit du bus
Unite C { : '0'  /ENc 2 >___55 de donnees
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Il -Communication par bus
2- Logique 3 etats
=>» Le bus de contrble gére 'activation des unités (ou circuits)
~.«— Bus de contréle
el
Ex: écriture
sur Bus données
e
el
Bus de données > Accés R/W ?
26
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Il -Communication par bus

BUS DE DONNEES BUS D'ADRESS
3- Exemple
| - .
>Bus de données : 8 bits L] Ram ]
->Bus d’adresses : 12 bits ) ’
JRAN ko T |
—->ROM : 1 ko i .
->E/S :1ko — —]
. ROM .
Bus d’adresses (12bits) -~ -
J/EN-ROM
I —~ Y
Al2 |All A<10:1> sélection |zone Plage 51— —s
adressée |d'adresse = |
PERIPH. E/S
0 0 0000000000 |/ENRAM RAM 000h = :
0 0 1111111111 3FFh
0 1 0000000000 |/ENROM ROM 400h . Lkl
0 1 1111111111 7FFh
1 0 0000000000 800h
JENPERIPH |PERIPH. E/S DECODAGE
1 0 1111111111 BFFh D'ADRESSE
1 |1 |0000000000 ibre Cooh s
1 1 1111111111 FFFh
Y ™ B

= Activation/désactivation

BUS DE . .
DONNEES BUS DE ?IUZSbI?tA)DRES.
fa OB BUTH (8 bits) CONTROLE its

IV — Diversite et applications

Insa GE - DUT+3 28




IV — Diversite et applications

o Caractéristiques d’un microcontroleur
Périphériques: CAN/CNA(PWM), ports d’entrée/sortie, ports séries
(protocole I12C, usb...), compteur, IRQ,...
Mémoires
o programme ROM (qq ko a gqq 100ko)
o données RAM (qqg ko a qg 100ko)
o données non volatile (qg ko a qq Mo)
Registres
o largeurs: 8, 16, 32 bits...
o type (opérande): entiers, virgule fixe/flottantes
Fonctionnalité internes
o instructions: frég. exécution, nombres et types (maths,
spécialisées)
o compteurs/timers, Watch Dog, ...
o débogage
Alimentation
o plage de tension de fonctionnement
o consommation électrique
Insa GE — DUT+3 29

IV — Diversite et applications

o Fabricants et familles
Intel (80C51)
Motorola (Série 68HC11)
Atmel (Série AVR)
o Comfile Technology (Cubloc, basé sur uP Atmel)
Parallax (Série Basic Stamp)
Arizona Microchip (Série PIC)
Rabbit Semiconductor (Série Rabbit)
Cypress Microsystem (PSoC)
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IV — Diversite et applications

o interfacage ?
= microcontroleur !!

o Utilisation en augmentation

miniaturisation des cartes

systéme autonome: alimentation (faible consommation),
communication, ...

puissances de calcul diverses: mise en forme de signal,
pilotage d’automate - applications complexes avec
calcul

Insa GE - DUT+3 31

Programme
Structuration en couches logicielles

Niveau du langage

A

Langages évolués
et applications

L5: Lang. « C »

> Compilateur C
L4: lang. Assembleur
« assembleur »

L3: lang. Machine
+routine systeme > Systéme d’

_ exploitation
L2: lang. Machine
Micro machine

L1: micro commande
(UAL) > Structures

logiques

LO: matériel




Plan

L.

1. Les microcontroleurs PIC
Familles PICs

Caractéristiques des PICs
Mémoire, E/S standards et fonctionnalités intégrées

Architecture PIC16
Structure, Registres, Mémoires RAM / ROM

III.
IV.
V.

VI.
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High Voltage
1o

| - PICs

Telecom
DTMF
B Frecision (e s
igital Volta
Potentiometer st
Reference ¢

|
ol

Amplifiars

i L) 1 L
Filters ViF Power
é 9 - Drivers

Sensors

SRl bbby
® Supervisory Microcontroller
@ \oltage Detectors
e Charge Pumps 9 or

Battery Ch
:B:tt.gg Maﬂ‘;l%e::rfs dsPIC®

=» Digital Signal

AR | =

Bus Comm |
KeeLon® Serial NV ® CAN Bus
Secure Memory : LISE
Data eLIN Bus
Products ® Serial /O

Site microchip

Comparators . Controllers

Digital Peripherals :
e Capture Speech

o PWMs Processing

eSS eee——
® Real Tima Cloc

.
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| — Famille PICs: intégration

PICmicro®
CORE

W EEPROM

L
i
L
=
B
lI'.!:_i

[}
|
=
—_
|

;III!IIIII!IIIIIII' |_') 1-‘-1-|-ra

PIC 16F87x
Insa GE - DUT+3

| — Familles PICS

Scaling the PIC® MCU & dsPIC® DSC Families

Mouse over and click on each

product family to learn more - —

PIC32
dsPIC33 ' ¥
A -
dsPIC30
| e—.
PIC24H

.
i F'I'324F

Functionality

PIC12 \\~
s “\ - \

P|c1'n

Site microchip

Performance
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| — Familles PICs: identification

Familles 10,12 _____PI1C16 F 876 - 20

16, 17 ou 18

Fréquence Max

Type de mémoire &

d’Alimentation

F Flash4,5a6V

C EEPROM ou EPROM 4,526V
CRROM 45a6V

LF Flash2a6V

Référence a
2 ou 3 chiffres

Example

PIC16F877-04/P

O

0T12S5AA
MicrocHP

Example

R

MicrocHIP
PIC16F877
-04/PT

O OT1THAT

Example
LC EEPROM ou EPROM 2,526V o
LCRROM 25a6V Microche
PIC16F877
-20/PQ
O O0104SAT
Insa GE — DUT+3 >
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Il — Caracteéristiques
8-bit Microcontrollers
Devices
Family Falmnlly c::u:t tKFI:;::sJ 'ig;":';“ t::t:, ADCCh | Comp |  Timers 'E’g:; Interfaces Other Features
PIC10 - 500 ns Instruction Execution, 33 Instruction, 8 MHz
Pclor222 | 6 | & | 0750375 [ - | 2416 [ 2@bit | 1 [ Lebit | - | - | Internal Bandgap reference
PIC12 - 500 ns Instruction Execution, 33 Instruction, 20 MHz
PIC12F500 2 8 1.5/0.75 - 41/25 - - 1BDit - -
PIC12F510 1 8 1.5 - a8 3x8-hit 1 1x8-hit - - Internal Bandgap reference
PIC12F535 1 8 175 128 64 1 [ Dt baebt | - - KeeLog', WUR
PIC12F875 2 8 175 128 64 Adodit | 1 | 1x8bit Ixiebit | - -
PIC12F583 1 8 3.5 256 128 Adodit | 1 | 1xL6bit, 28t | 1/0 -
PIC16 - 100-200 ns Instruction Execution, 35 Instruction, 20 MHz
PIC16F50X 2 14 15 - 72/67 | 3w@bit | 2 138 bit - - Internal Bandgap reference
PIC16F676 2 14 175 128 64 8uodit | 2 | 1@bit 1xiebit | - -
PIC16F684 1 14 3.5 256 128 Buodit | 2 | 1a6bit, 28 bit | 0/1 -
PIC16F688 1 14 7 256 256 8u0dit | 2 [ 1@bit xaebit | - EUSART
PIC16FT16 1 18 3.5 - 128 a1odit | - [ 1a6bit, 28 bit | 0/1 -
PIC16F50 6 20 7/35/1.75 | 256/128 | 256/128/64 | 12x10bit | 2 [ 1x16bI, 2x8bit | O/1 |  EUSARTC/SPI  |Internal Bandgap feference
PIC16F785 1 20 3.5 256 128 [12d0bit | 2 | 1d6bit, 28bit | 1/0 - 2¢ 0p amp, Int Shunt Reg
PIC16FO46 1 64 14 256 336 Bul0dit | 2 [ 1d6bit, 28 bit | 2/0 |  AUSART/EC/SPI  [LCD Control - 96 segments
PIC16FB19 2 20/18 3.5/1.75 256 | 256/128 [ Sul04it | - [ 1x16bit, 28hit | 1/0 IC/SPI
PIC16F88 2 20/18 3.5 256 | 368/256 | 7xlOdit | 2 [ 1xiGbit 2xBhbit | 1/0 |  AUSART/IC/SP
PIC16F5X 3 | 40/28/18 3/0.75 - 134/25 - - 148 bit - -
PIC16FT7 5 44/28 14/1/3.5 - 368/192 | Bx8hit | - [ 1xi6bH 28bit | 2/0 |  USART FC/SPI  [PSP
PICI6FTTT 4 44/28 14/7 - 368 | 14x0bit | 2 [ 1d6DbH, 28 bit | 3/0 | AUSART MI2C/SPI | PSP
PICIGFBTTA | 7 44/28 14/1/3.5 256 | 368/192 | BdlOdit | 2 [ 1xi6bIt, 2Bbit | 2/0 | AUSART MPC/SPI  |PSP
PIC16FO17 4 44/28 14/7 256 352 BuI0dit | 2 | 1x16DI 2BbIt | 2/0 |  AUSART/FC/SPI | LCD Control - 96 segments

Insa GE - DUT+3
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Il — Caracteristiques

8-bit Microcontrollers

S Pin Flash EEPROM RAM CCP/

Family I:almllmr Count {Kbytes) (Bytes) (Bytes) ADC Ch | Comp Timers ECCP Interfaces Other Features
PIC18 - 100 ns Instructlon Executlon, 77 Instruction, 40 MHz
PIC18F1320 2 20/18 8/4 256 256 Tx104it - | 3xl6hit, %8 bit | O/1 EUSART
PIC18F1330 2 20/18 8/4 128 256 45104it 3 216 bit - EUSART Motor Control PWMs
PIC18F4431 4 44/28 16/8 256 768/512 9x104it - | 3x16bit, %8 bit | 2/0 EUSART, MFC/SPI | Motor Control PWMs
PIC18F4523 4 44/28 32/16 256 1536/768 | 13x12bit | 2 | 3x16bit, 18 bit | 1/1 EUSART, MI*C/SPI
PIC18F4550 & 44/28 32/24/18 256 2048/768 | 13x10bit | 2 | 3x16bit, 18 bit | 1/1 MIFC/SPI, EUSART | Full Speed USB 2.0
PIC18F4620 18 44/28 64/48/32/16 1024 | 3968/1536 | 13x10hit | 2 | 3xl6hit, 2680t | 1/1 EUSART, MIFC/SPI | PSP
PIC18F4680 8 44/28 64/48/32/16 1024 | 3328/1536 | 11x10hit | 2 | 3xd6bit, 28 bt | 1/1 EUSART, MI2C/SPI | CAN 2.0B
PIC18F45J10 4 44/28 32/16 - 1024 13x10bit | 2 | 3x16bit, 28 bit | 1/1 | 2XEUSART, 2xMIC/SPI | PSP
PIC18F8490 4 80/64 16/8 - 768 12x10bit | 2 | 3x1Gbit, 28 bit | 2/0 | MPC/SPI, 2 x USART | LCD: up to 192 segments
PIC18F8680 4 80/64 64/48 1024 3328 16x10bit | 2 | 3x1Ghit, 28 bt | 1/1 EUSART, MIFC/SPI | CAN 2.0B, EMA
PIC18F8722 12 80/64 128/64/32/16 | 1024 | 3936/2048 | 16x10hit | 2 | 3x16bit, %8 bit | 2/3 | 2«EUSART, 2«MFC/SPI | PSP EMA
PIC1BF87I10 10 80/64 128/96/64/ - 3936/2048 | 15x10hit | 2 | 3x16bit, 28 bit | 2/3 | 2xEUSART, 2xMEC/SPI | PSP EMA

8/32

PIC18F97IG0 9 100/80/64 | 128/96/64 - 3808/2048 | 16x10-bit | 2 | 3x16Dbit, 268 hit | 2/3 | 2xEUSART, 2xMPC/SPI | 10 BASET Ethemet
Insa GE - DUT+3 7

Il — Caracteéristiques

16-bit Microcontrollers and Digital Signal Controllers

Fash

SRAM Timers Input Output Communications
Pins ;.'I“:m Kbytes 16bit | Capture | Comp/PWM Analog Serial 1/0 AddHtlonal Featuras
PIC24F Family - 16 MIPS, Lowest Cost, General Purpose
28/44 3284 8 5 5 5 10-13x 10-bit (500 ksps), 2 comparators | UART w/IrDA" (2), SPI (2), I12C (2) | JTAG, Parallel Master Port (PMP),
Real Time Clock Calendar (RTCC)
64100 | 64-128 8 5 5 5 16x% 10-bit (500 ksps), 2 comparators UART w/IrDA" (2), SPI (2), 12C (2) | JTAG, Parallel Master Port (PMP),

Real Time Clock Calendar (RTCC)

PIC24HJ) Famlly - 40 MIPS, Highest Performance, General Purpose

64-100 | 64-256 316 9 8 8 User selectable 12-bit A/D UART w/IrDA" (2], SPI (2), IC, JTAG, 8 ch. DMA
(500 ksps) or 10-bit A/D (1.1 Msps), 16 ch. | CAN (0,1,2)

dsPIC30F Sensor Famlly - 20, 30 MIPS, Digital Signal Controllers

1828 | 12 or 24 | 12 | 3 | 2 | 2 |8/1O ch. 12:bit A/D (200 ksps) | UART (1,2), SPI, I2C |30|c, PDIR QFN (6x6 mm) packages
dsPIC30F General Purpose Family - 20, 30 MIPS, Digltal Slgnal Controllers

4080 | 24144 | 28 | 35 | 28 | 28  |13/16ch 124it A/D (200 ksps) | UART (2), SPI (1,2), %C, CAN (0,1,2) | Codec Interface - AC97/12S
dsPIC33F General Purpose Family - 40 MIPS, Digital Slgnal Controllers

64100 | 64256 830 9 8 8 User selectable 12-5it A/D UART (2), SPI (2], C (1,2), Codec Interface, 8 ch. DMA

(500 ksps) of 10-bit A/D (1.1 Msps), 16 ch. | CAN (0,1,2)

dsPIC30F Motor Control and Power Converslon Famlly - 20, 30 MIPS, Digital Signal Controliers

2880 12-144 0.5-8 3,5 4-8 28 6/9/16 ch. 10bit A/D (1000 ksps) UART (2), SPI (1,2), I2C, CAN (0,1,2) | Motor control PWMs & Quad
Encoder Modules

dsPIC33F Motor Control and Power Converslon Famlly - 20, 30 MIPS, Digital Signal Controliers

64-100 64-256 830 ] 8 8 User selectable 12-bit A/D UART (2), SPI (2), I2C (2), CAN (1,2) | Motor control PWMs (8) & Quad
(500 ksps) or 10-hit A/D (1.1 Msps), 16 ch. Encoder Modules, 8 ch. DMA

Insa GE - DUT+3 8




Il — Caracteéristiques, réesumeé

Famille Mémoire RAM (Octets) |EEPROM |Horloge (MHz)
programme (Octets)
(instruction)

PIC12 512-4096 25-128 0-256 4

PIC16 512-8192 25-368 0-256 4-20

PIC17 2048-16384 454-902 0 33

PIC18 8192-16383 | 256-1536 0-256 25-40

=» Reduce Instruction Set Computer (RISC): PIC16 <35 instructions
= Temps constant d’exécution des instructions (1 ou 2 cycles instruction)
= 1 type de mémoire programme / PIC : ROM, EEPROM, FLASH...
= 1 type de mémoire données / PIC : RAM

et 1 type de mémoire données optionnel: EEPROM

Insa GE — DUT+3 9

lll — Architecture PIC16

o Famille choisie : PIC16

- Microcontroleurs utilisés
PIC16 F 84 (doc TD)
PIC16 F 877 (cours et TP)

Insa GE - DUT+3 10




lll — Architecture:
Boitier PIC 16F877

in PDIP

MCLRNVPP —= [ 1 / 40 [J=—= RBT/PGD
FADNAND -—e 72 39 [ =—= RBGPGC
RAT/ANT =—[13 38 [ =—» RES
RAZANZ2MWREF-/CVREF = = [T 4 37 [J~—= RB4 PDIP, SOIC
RAZ/ANINVREF+ «-—s [ 5 36 [J=+—= RBI'PGM
RALTOCKICIOUT -—=[1 6 35 [ =—= RBZ \_/
RAS/AN4/SS/C20UT = 7 <L 34 J-=—» RBI RAZ E” 18% RAT
REO/RD/ANS == [ 8 M~ 323 ] <—= RBOANT RAs =12 e TR
" oo - e RA4TOCK| =—=[]3 U 16[] ~— OSCI/CLKIN
RETWR/ANG =— L] 9 < R2H=— Voo WeR —=[O4 Q150 oscarcLiout
RE2ICS/ANT =—=[110 F... 3 [ -— V35 vss —[]5 o 14d=<—vm
VED —= [ 11 ) 30 [J=—= RD7/PSPT  ReoiNT < []6 O 130~ re7
VEs . | I % 29 | | =— RDG/PSPE RB1 == [|7 g 12| ] =— RB6
OSCUCLKl — =[] 13 -— 28 [] =—= RDS/PSPS RE2 <« []8 11[] == RB5
OSCACLKD = [714 E 27 [ =—= RD4PSP4 RB3 =—=[|9 10[] =— RB4
RCOTIOSOMICK] =—e[1 15 26 [ =—= RCV/RX/DT
RCUTI10SICCP2 =——=[1] 16 25 [[ == RCETXICK
RC2ICCPT =—[117 24 [] =—= RCHSD0O
RC3/SCKISCL =—=[118 23 [J =—= RC4/SDI/SDA
RDO/PSPO =—[1 19 22 [ =—= RD3IFPSP3
RD1PSP1 =[] 20 21 [J=-—= RD2/IPSPZ
Insa GE - DUT+3 11
a u
u
lll — Architecture
Caracteristiques PIC 16F87x
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
I/O Ports Ports A, B, C Ports A,B,C,D, E Ports A, B, C Ports A,B,C,D, E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Insa GE— DUT+3 12




'

1 o1 Databs ¢ PORTA
] {2 wame
J

Flash 1 |‘ RAT/ANT
RAZ/AN2/VREF-/CVREF
RAJ/AN3VREF+
RA4/TOCKIIC1OUT
RAS/AN4/SSIC20UT

I}

Program i

'}

33

Architecture ™[] | x0T

Registers

1

oiingone s

PORTH

RBO/NT
RB1

Program
IC 1 6 Bus 14
P AL
Instruction reg

. H RB2
“ Direct Addr 7 4 RB3/PGM
& RB4
- RBS
W RBE/PGC
4 RB7/PGD
a8
PORTC
| RCOMIOSOITICKI
Power-up || RC1/T10SICCP2
Timer <+ =] RC2/CCP
[ /!
Instruction | Oscillator l4—] Egigglﬁss[%
Decode & [<—.3 | Start-up Timer
Control X RCHSDO
P?qwef-?" l+—[{x| rRCETX/CK
. ese [4—=[X] RC7TRXDT
XK= Timing . Watchdog
—1- Generation [~ Timer PORTD
QSC1/CLKI Brown-out ] RDO/PSPO
QSC2/ICLKO Reset ] RD/PSP1
In-Circuit ¢ RD2/PSP2
Debugger ! . RD3/PSP3
Low-Voltage r et — RD4/PSP4
Programming [ RDS/PSPS
et — RDG/PSPE
| RD7/PSPT
PORTE
MCLR VDD, Vss —[X] REO/RD/ANS
Pic 16 F 877 || R e
<—=[x] RE2/CSIANT
y P Parallel
Timer0 Timer1 Timer2 10-bit A/D Slave Port

| I I i i
[ T T i I 1

Voltage
Data EEPROM CCP1,2 Ségagr‘o;g#s USART Comparator Referegr;me

Insa GE - DUT+3 13

lll — Architecture (Harvard) des PIC16

1 Architecture
HARVARD

Mémoaoire
données

o Tailles des bus

Bus Mémoire Données
o Bus adresses: 9 bits (512 octets)
o Bus données: 8 bits (taille des données)

Bus Mémoire Programme

o Bus adresses : 13 bits (8k instructions)
o Bus données : 14 bits (taille d’une instruction)

programme

Insa GE - DUT+3 14




lll — Architecture des PIC16

o Registres
Accumulateur: W (8 bits)
Pointeur programme: PC (13 bits)
Registre d’instruction: Instruction Reg (14 bits)
Drapeaux d’état UAL : 3 (Z, DC, C)
Adressage indirect :
adresse: FSR (8bits), valeur: INDF (8bits)

Zone SFR: Special Function Registers

o Paramétrer et accéder aux périphérigues et
fonctionnalités intégrés du PIC

o En RAM !

Insa GE - DUT+3 15

lll — Architecture Mémoire

o Memoire programme ROM (PIC 16F877)
Flash 8k mots (1 mot = 14bits)

o Mémoiree Données RAM (PIC 16F877)
368 octets a usage genéral (utilisateur)

Insa GE - DUT+3 16




lll - Architecture
Mémoire ROM

o 4 pages de programme...
o Apres un Reset

Reset = PC = 0000h

o Interruption

IRQ = PC = 0004h
1 seul vecteur

Gestion de la source d'IRQ
par programme! (TP 4GE)

o Pile: 8 niveaux
Réservée a PC

Empilage/dépilage de PC
auto. par le microcontréleur

Empilage/dépilage des autres
registres par programme !!!
(TP 4GE)

PC=12:0=

CALL, RETURN

13
RETFIE, RETLW jl}

Stack Level 1
Stack Level 2
-
-
-
Stack Level 2
Reset Vector 000Ch
L
" <}:
-
Internupt Vector 0004h
D00Sh
Page 0
O7FFh
0300h
Page 1
OnChip OFFFh
Frogram '<.
Meamory 1000h
Page 2
17FFh
1300h
Page 3
1FFFh

Insa GE— DUT+3 17
u I 4 ]
lll — Architecture Mémoire ROM
PCH PCL ORG 0x500
12 @ 7 0 psincton win Bar P, jelect page 1
: . jGelect page
FC | 7 = | Sgsl_:ii;tion i (800h-FFFh)
T} PCLATH=4:0= a8 CALL 8UB1_P1 ;Call subrcoutine in
1 T T I%. ALU : ;page 1 (200h-FFFh)
PCLATH CRG 0x000 ;page 1 (200h-FFFh)
8UR1_P1
PCH PCL ;joalled subroutine
2 110 8 7 o ijpage 1 (800h-FFFh)
PC | | i | soTo,caLL :
i 7 RETURN jreturn to
2 E PCLATH=4:3= 1 Oncode <100 ;Zall subroutine
Dm E-:: ::? .
jin page 0
HEEEEREN - (000h-7FFh)
PCLATH
Insa GE - DUT+3 18




lll — Architecture Mémoire RAM

PIC16F876/877 Register File Map
368 Bytes General Purpose RAM Plus Special Function Registers
000h 080h 100h i 180h J
10Fh
_ SFR
SFR : Special 1on
Fu nCtlon 01Fh 09Fh 11Fh 19Fh
Reg | S te rS 020h 0ADh 120h 1A0h
Acceés fonctionnalités
du microcontréleur
GPR GPR
GPR : General GPR 80 bytes 80 bytes
Purpose Al bcs
Registers
Variables utilisateur
OEFh 16Fh 1EFh
LN Accesses LUl Accesses iUl ACCesses
07Fh e FO0h-FFh il 70h-7Fh T 70h-7Fh
Bank 0 Bank 1 Bank 2 Bank3
Insa GE — DUT+3 19
Flash :[[ “
- Program N
lll - Architecture L[] | B
{13-hit) Registers
Mémoire RAM o ST
Instruction reg ;«ddr MU?
| Direct Addr 7 | g
\
o Probleme

Bus adresse donnees : 9 bits
Nb bits adressage / instruction : 7 bits

Il manque 2 bits !!!

> RP1 et RPO bits les plus significatifs
d’'adressage des données, ajouté aux 7 bits
d’adresses de l'instruction

> Les valeurs de RP1 et RPO créés 4 « Bank » en

RAM RP1:RPO Bank
00 0
01 1
10 2
11 3

Insa GE - DUT+3
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File File File File

I I I A h = t t Address Address Address Addres:
rc I ec u re Indrect addr.?| noh Indirect addr| zon Indir=ct ader.?| 100h Indirect addr."?| q30h
TMRO 01h OPTION_REG| 81h TMRD 101h OPTION_REG| 131h
PCL 02h PCL 32h PCL 102h PCL 132h
SIAIUS 03h SIAIUS 83h STATUS 103h STATUS 183h
F3R 04h FSR 34h FSR 104h FSR 134h
PORTA 08h TRISA 35h 105h 135h
PORTR 06h TRISE 26h FORTE 106h TRISE 136h
PORTC n7h TRISC 37h 107h 137h
poRTD™ | 08h TrRISDM | 38h 108h 138h
PORTE® | 09h TRISEM | aon 109h 130h
PCLATH DAR PCLATH 3AK PCLATH 1DAh PCLATE 134K
INTCON 0Bh INTCON 3Bh INTCON 10Bh INTCON 13Bh
PR OCh PE1 3Ch EEDATA 10Ch EECON1 13Ch
PIRZ oDh P2 8Dh EEADR 10Dh EECONZ 180N
TMRL DEhR PCON 3Eh EEDATH 10Ch ¢ 13Et
TMR1!1 OFh 8Fh CCADRII | 10Fh Reser=d® | 137h
T1CON 10h 90h 110h 190h
TMR? 11h SSPCON2 | 91h 111h 191h
T2CCHN 12h PR2 9%h 112h 192h
SSPBUF 13h $SPADD 93h 113h 193h
SSPCCN | 14h SSPSTAT | 94h 114h 194h
CCPRIL 15h 95h 115h 195h
CCPRiH 16h 96h 116h 196h
CCPICeN | 1Th 97h Se”em' 17h ge”fra' 19/h
S } RCSTA | 18h TXSTA__| 98h Register | 118h Register | 198h
Details: cf. doc teChnlque TXRCG | 19h SPORG 99h 16 Dytes | 119h 13 Dytes | 199h
RCREG 1AR 94h 11Ah 19Ak
CCPR2L 1Bk 9Bh 11Bh 19Bk
CCPR2H | 1Ch CMCON 9Ch 11Ch 19Ch
CCP2CON | 1Dh CWVRCON 90k 11Dh 13Dh
ADRESH | 1Eh ADRESL 9Eh TER 19EHR
ADCONG | IFh ADCON1 9Fh 11Fh 19Fh
20h AR 120h 1ADh
General Genzeral General
~ ol F’UI’pOSE Purpose F"L,II'p_Z)SE!
0 Unimplemented data memory locations, read as ‘0. 5’5&%& Register Register Register
* Not a physical register. Register &0 Bytes 80 Bytcs 80 Bytes
1: These registers are not implemented on the PIC16FETEA. 96 Bytes EFh 15Fh 1EFh
2: These registers are reserved; maintain these registers clear. accesses FOh accesses 1roh accesses 1r0h
TOh-TFh 70n-TFh 7Ch -7Fh _
7Fh S FFh e 17Fh T 15FF
Bank C Ban an an
Insa GE — DUT+3 an
u
lll — Architecture SFR : bank
I
u
Y 4 \
o Exemple d'acces aux Bank
l ESF STATUS,RP1 ;
y Y -
Pour accéder a un registre BCF  STATUS,REO ; Bank 2
SFR dlu ne ba n k MOVE DATR EE ADDR,W ; Data Memory
HMOVHFE EEADE ; Addrezss to read
14
1) Parametrer RP1 et RPO |Bse “sTaTus,Reo i Bank 3
2) A , d . t EBCF EECCON]1 , EERPGD ; Point to Data
cceder au registre ' memory
EBSF EECCON]1, RD ; EE Eead
|ECF STATUS , RPO ; Bank 2
Exemp|e: MOWVE EEDATE W ; W = EEDATA

Insa GE - DUT+3 22




lll — Architecture: qq registres SFR

STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

RW-O RW-0 RW-0 R R-1 RW-x  RW-x  RW-x
IRP RP1 RPO TO PD Z DC C
bit 7 bit 0
OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RW-1  RW-1 RIW-1 RW-1  RW-1  RW-1
RBPU | INTEDG | TOCS | TOSE PSA Ps2 | PS1 PS0
bit 7 bit 0

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)
RWO RWO RWO RWO RWO RWO RWOD  RWx
GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF
bit 7 bit 0

Insa GE - DUT+3
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Plan

II.
1. Jeu d’instructions des PIC16
Les types d’instruction
Adressage
Cycle instruction
Les instructions dans les détails
Acces aux différentes mémoires

IV.
V.
VI.
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| — Instructions des PIC16

(constantes)

o PIC16: 35 instructions

o 3 catégories d’'instructions
Manipulation de valeurs littérales

Manipulation de variables en RAM

(SFR ou GPR)

Manipulation de bit

(mise a 1 ou a 0 d’un bit)

> _Support : Listes des instructions et détails de fonctionnement
(issu du document constructeur PIC16 User Guide)

Insa GE - DUT+3

| - Format
des instructions

f : adresse en mémoire données
(RAM : SFR et GPR) de 7 bits
000h = 07Fh

13

Byte-oriented file register operations

8

7 6

OPCODE

d f (FILE %)

13

d = 0 for destination W

d=
f =

Bit-oriented file register operations

10

1 for destination f
7-bit file register address

9 7 6

OPCODE

b(BIT#| f(FILE#®)

b=
f =

=g =3

3-
T-

Literal and control operations

b : 3 bits pour déterminer une
position dans un octet

000 »> 111

o »> 7

k : constante de 8 bits (0 - 255d)
ou de 11 bits (Oh > 07FFh)

Insa GE - DUT+3

General

13

it bit address
it file register address

OPCODE

k (literal)

k = 8-bit literal (immediate) value

CALL and GOTO instructions only

13

11

10

OPCODE

k (literal)

k = 11-bit literal (immediate) value




| — Instructions des PIC16
manipulation de constante

Mnemonic, . 14-Bit Instruction Word Status
Description Cycles Notes
Operands MSh LSh Affected
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11  111x kkkk kkkk |CDC/Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk |Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 |TOPD
GOTO k Go to address 2 10 1kkk kkkk Kkkkk
IORLW k Inclusive OR literal with W 1 11 1000 Kkkkk kkkk |Z
MOVLW k Move literal to W 1 11  00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01xx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011 |[TOPD
SUBLW k Subtract W from literal 1 11  11o0ox kkkk kkkk |CDCZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk |Z

k: valeur constante ou littérale de 8 ou 11 bits

Ex: addlw?2; W+ 2> W

Insa GE - DUT+3

| — Instructions des PIC16
manipulation de bit

Mnemonic, o 14-Bit Instruction Word Status
Description Cycles Notes
Operands MSh LSb Affected
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b |Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f.b |BitSetf 1 01 0lbb bfff £fff 1,2
BTFSC f. b |Bit Testf, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f. b |Bit Test f, Skip if Set 1(2) 01 11lbb bfff ££fff 3

f: adresse 7 bits d’'une données en RAM (SFR ou GPR)
b: numéro du bit a manipuler (de 0 a 7)

Ex: btfsc 0x03, 0 ; test si le bit 0 de la valeur
a l'adresse 0x03 = 0
bcf 0x20, 4 ; cette instruction n’est pas
exécutée si le test précédant est vrai

Insa GE - DUT+3




| — Instructions des PIC16
manipulation de variables RAM

Mnemonic o 14-Bit Instruction Word Status
: Description Cycles Notes

Operands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF fd |[AddWandf 1 00 0111 dfff ffff (CDCZ 1,2
ANDWEF f.d [AND W with f 1 00 o010l dfff ffff |Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff |Z 2
CLRW - Clear W 1 00 0001 Omxx xxxx |Z
COMF f,d |Complementf 1 00 1loo0l1 Afff ffff |7 1,2
DECF f,d |Decrement f 1 00 0011 A4fff ffff |Z 1,2
DECFSsZ f.d |Decrementf Skipif0 1(2) 00 1011 dAfff f£fff 1,23
INCF f,d |Incrementf 1 [o]4] 1010 dfff f£fff |Z 1,2
INCFSZ f.d |Incrementf, Skip if 0 1(2) 00 1111 dfff ffff 1,23
IORWF f.d |Inclusive OR W with f 1 00 0100 dAfff f£fff |7 1,2
MOVF f.d [Movef 1 00 1000 dfff ffff |7 1,2
MOVWE f Move W to f 1 00 Qo000 1fff ffff
NOP - No Operation 1 00 0000 OxXx0O 0000
RLF f,d |Rotate Left f through Carry 1 00 1101 Aafff ffff |C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 Afff ffff |C 1,2
SUBWF f.d |Subtract W from f 1 00  00l0 dfff ffff (CDCZ 1,2
SWAPF f.d | Swap nibbles inf 1 00 1110 Afff ffff 1,2
XORWF f.d |Exclusive OR W with f 1 00 0110 dAfff f£fff |7 1,2

f: adresse 7 bits d'une données en RAM (SFR ou GPR)
d: destination du résultat ‘0’ ou "W’ > W

Insa GE — DUT+3 1" ou'f’ > f (méme adresse en RAM)

| — Instructions des PIC16
manipulation de variables RAM

8-bit literal Relgilster
(from instruction word) ile

8 8-bit register value Special
e [ e | £
W Register vV (SFR's)

v 8 8 gg:gral
Rﬂ RAM

ALU (GPR)

8
d bit, or from instruction
d="'0"or ‘ d="1"

h 4

Literal Instructions

Insa GE - DUT+3 7




| — Instructions des PIC16,
exemples simples

1- Mettre O dans W

2- Charger la valeur 20h dans W

3- Charger la valeur de W a l'adresse 020h

4- Charger la valeur a I'adresse 020h dans W

5- Mettre a 1 le bit 5 de la valeur a I'adresse 003h

6- décrémenter la valeur a I'adresse 020h,
et stoker le résultat a la méme adresse

7- décrémenter la valeur a I'adresse 020h,
et stoker le résultat dans W

8- décrémenter la valeur a I'adresse 020h,
et stoker le résultat a I'adresse 021h

Insa GE - DUT+3

Il - Adressage

o PIC16: 3 types adressages des valeurs
Immeédiat (literal)
o Valeur (constante) passée a l'instruction
Direct
o Adresse (constante) contenant la valeur

Indirect
o Adresse d’'une adresse contenant la valeur

Insa GE - DUT+3




Il - Adressage immediat

o Valeur (littérale) passeée a l'instruction
=>» Bases des valeurs (reconnues par mpasm)

Type Syntax Example

Decimal D’'<digitss’ D”100" 100 d'100’

Hexadecimal H'<hex digitss>’ H'9f" h'of’
Ox<hex digits> 0x9f

Octal O’<octal digitss>’ o777’

Binary B’<binary digitss’ B’00111001’

ASCII '<characters’ el
A'<characters’ A'C’

2b- Charger la valeur 20 dans W ?
Insa GE—- DUT+3

10

Il - Adressage direct

o Adresse contenant une valeur
=>» Utilisation d’équivalences

adresse < nom du registre

bit & nom du bit
Les adresses de tous les registres SFR sont connues
implicitement:
movwf STATUS <& movwf 0x003

Les bits des registres SFR sont connus implicitement:

bcf STATUS, RPO < bcf STATUS, 5
Equivalence d'une adresse GPR possible:
toto equ 0x020
> movwf toto < movwf 0x020

Insa GE - DUT+3
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Il - Adressage indirect

o Adresse d’'une adresse contenant une valeur
Utiliser pour les tableaux
Pointeur
Acces rapide a une autre bangue

______________________________

= PIC16 utilisation de 2 registres
i chara=5;

FSR : adresse de la donnee ' char *FSR =8a:
File Select Register T

INDF : valeur stockée a I'adresse contenu
d_ans FSR 6
INDirect File DA

Insa GE - DUT+3 12

Il - Adressage indirect, exemple

Data Memory
Exo: Déterminer INDF si 020h = FSR
INDF = ?2? 00h RN
EXxo: Faire la somme dans W des valeurs 0ah | FSR

aux adresses 020h a 023h

: Que fait le programme suivant:

MOVLW 0x20 ;initialize pointer (
MOVWEF FSR ;Lo RAM 20h 0000 0000

NEXT CLRF INDF ;clear INDF register
INCF FSR,F ;inc pointer
BTFSS FSR,4 ;all done?

GOTO NEXT ;ho clear next /\/\/\/\\
CONTINUE /\/\\/\/\

;yes continue

m
X
o

7Fh
Insa GE - DUT+3 13




Il - Adressage indirect, et les bank?
= FSR : 8 bits, bus d’adresse RAM : 9 bits

Direct Addressing Indirect Addressing

RP1:RPO 4] From Opcode 0 7 FSR Register 0
4 - J A J

W W
Bank Select Location Select Bank Select ] Location Select
s\

</

» 00 01 10 M
00h 80h 100h 180h

Data
Memory1)
RPO, RP1 : bit 5 et 6 IRP : bit 7 de STATUS
de STATUS 7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Insa GE - DUT+3 14

lll - Cycle instruction

o 1 cycle instruction (T, ) est decompose
en 4 étapes Q1 - Q4
oQ1: Décodage d’instruction (ou nop)
0Q2: Lecture (ou nop)
0Q3: Calcul
0Q4: Ecriture (ou nop)
o période Q = periode oscillateur (T...)
> f, = fo /4 1!

Insa GE - DUT+3 15




lll - Cycle instruction

o Une instruction s’exécute entierement
en 2 cycles instructions

qier Tey fetch (gestion de PC, chargement
instruction dans Instruction Reg)

2ieme T : décodage et exécution

o « Pipelining » : traitement en parallele
du fetch et du « décodage-exécution »!

Insa GE - DUT+3 16

lll - Cycle instruction

Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 Q1 | Q2 | Q3 | Q4
osctl L N e

Q1 S f | |/ ! !
@zp — — |
) S ] L
PC ¢ PC }|{ PC+1 lK PC+2 |
OSC2/CLKOUT L ! \ S A /
(RC mode) | | |
! Fefch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Feich INST (PC+2)
| Execute INST (FC+1)
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTE Fetch 2 Execute 2
3., CALL ESUB 1 Fetch 3 Execute 3
4. BSF PORTA, BIT2 Fetch 4 Flush

Fetch SUB_1| Execute SUB_1

Insa GE - DUT+3 17




IV — Les Instructions en détails

o Cf. document annexe

Insa GE - DUT+3
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V — Acces aux méemoires

o RAM en lecture / écriture
- Pas de problemes

o EEPROM en lecture / écriture

o ROM en lecture / écriture ?

Insa GE - DUT+3
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V — Acces a ’EEPROM et a la ROM

o Acces via des SFR
o EEPROM et ROM : méme meéthode

o 6 registres utilisés
EEDATAH:EEDATA - donnée
EEADRH:EEADR - adresse a lire/écrire

EECON1 - registre de controle et de
parameétrage des acces

EECON2 - registre de controle en écriture
(séquences de valeur pour |'écriture)

Insa GE - DUT+3 20

V — EECON1 (adr : 18Ch)

R-x U-0 RWx RWO RSO0 RSO
|ecpeb | — | — | — [ WRERR| WREN WR RD
bit 7 bit0
bit 7 EEPGD: Program/Data EEPROM Select bit

1 = Accesses program memory
0 = Accesses data memory
Reads ‘0" after a POR; this bit cannot be changed while a write operation is in progress.

bit 6-4 Unimplemented: Read as "0’
bit 3 WRERR: EEPROM Error Flag bit
1 = A write operation is prematurely terminated (any MCLR or any WDT Reset during normal
operation)
0 = The write operation completed
bit 2 WREN: EEPROM Write Enable bit

1 = Allows write cycles
0 = Inhibits write to the EEPROM

bit 1 WR: Write Control bit

1 = Initiates a write cycle. The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.
0 = Write cycle to the EEPROM is complete

bit 0 RD: Read Control bit

1 = Initiates an EEPROM read; RD is cleared in hardware. The RD bit can only be set (not
cleared) in software.
0 = Does not initiate an EEPROM read

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
Insa GE — DUT+ -n = Value at POR “"=Bitis set ‘0" = Bit is cleared X = Bit is unknown 21




V —

Lire en EEPROM

1.
2.

Ecrire dans EEADR |'adresse a lire

Choisir un acces a I'EEPROM
0 > EECON1<EEPGD>

3. Démarrer la lecture
1 > EECON1<RD> &cr STATUS, RP1
] BCF STATUS, REO
4. Lire la valeur EEDATA MOVF  DATA EE ADDR,W
MOVWF  EEADR
BSF STATUS, REO
BCF EECON1, EEPGD
BSF EECON1, RD
Code associé : BCF STATUS, RPO
) MOVF EEDATA, W
Insa GE — DUT+3 22
V — Ecrire en EEPROM (sans IRQ)

1
2
3.
4
5

Insa GE - DUT+3

Vérifier qu‘une écriture ne soit pas en cours
Choisir I'adresse EEPROM et la valeur a écrire
Choisir un acces a I'EEPROM

Autoriser |'écriture: 1-> EECON1<WREN>

Executer la séquence :
55h > EECON2
AAh > EECON2
1 > EECON1<WR>

Interdire I'écriture: 0> EECON1<WREN>

23




V — Ecrire en EEPROM, code

BSF STATUS,RP1 ;
BSF STATUS,RPO

BTFSC EECON1,WR ;Wait for write
GOTO s-1 ;Lo complete
BCF STATUS, RPO ;Bank 2
MOVEF  DATA EE ADDR,W ;Data Memory
MOVWF EEADR ;Address to write
MOVF DATA EE DATA,W ;Data Memory Value
MOVWEF EEDATA ;to write
BSF STATUS, REPO ;Bank 3
BCF EECON1 , EEPGD ;Point to DATA
;memory

BSF EECON1 ,WREN ;Enable writes
BCF INTCON, GIE ;Disable INTs.

[ MOVLW 55h ;

3 & MOVWEF EECON2 ;Write 55h

S § MOVLW AAh ;

§§ MOVWF EECON2 ;Write AAh
BSF EECON1,WR ;Set WR bit to

| ;begin write
BSF INTCON, GIE ;Enable INTs.
BCF EECON1, WREN ;Disable writes

Insa GE - DUT+3 24

V — Lire et Ecrire en mémoire
programme

o Possibilité de lire en ROM, 2 méthodes

o Possibilité d’écrire en ROM !

Cf. doc constructeurs

Insa GE - DUT+3 25




Plan

I1.

III.

1v. Ports d’entrées/sorties des PIC16
Port d'E/S standards
Port série
Autres entrées/sorties

VI.

Insa GE - DUT+3

Introduction

o Plusieurs types d’ E/S
Port E/S standards
o Lire / écrire un état logique sur une broche
o Port parallele

o Port Paralléle esclave (PSP)
Communication // commandé par une autre unité

Port E/S série
o SSP et USART
Entrée pour détection d’événements
o Interruptions
o Compteurs
o Capture
Entrées analogiques
o Convertisseur A/N
o Comparateurs de tension
Sorties
o Compare/PWM
o Générateur de tension
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Introduction

o Remarque:
Grande diversité des fonctions d’E/S
+ Beaucoup de possibilités d‘interface
mais Nombre de broches limité

= Multiplexage des broches:
Chaque broche peut réaliser plusieurs fonctions
Jamais simultanément !!!

Besoin de configurer les interfaces et donc
I"utilisation des broches

Attention aux compatibilités électriques
(éviter double utilisation d'une méme broche)

Insa GE - DUT+3

| — Port E/S standards (/O Ports)

o Configuration par défaut du PIC

o Lire ou écrire un état logique sur une
broche
Nom du

o PIC 16F877 5 ports Registre (SFR)
Ports A: 6 bits RAO a RA5 = PORTA
Ports B: 8 bits RBO a RB7 = PORTB
Ports C: 8 bits RCO a RC7 = PORTC
Ports D: 8 bits RDO a RD7 = PORTD

(non présent sur les boitiers 28 broches)

Ports E: 3 bits REO a RE2 = PORTE

(non présent sur les boitiers 28 broches)

Insa GE - DUT+3




| — Port E/S standards (/O Ports)

3 états électriques possibles de la broche
OL (OV) ou 1L (Vcc) = écriture
Haute Impédance > lecture

= Choix de la direction de communication !

Role des registres SFR: TRISA, TRISB, ...

L’état du bit i de TRISx ( TRISx<i> )
controle la direction du bit i de PORTX (
PORTX<i> ):

o Bit de chaque port en lecture ou écriture

TRISx<i> = 0 = PORTx<i> en sortie (écriture)
TRISx<i> = 1 = PORTx<i> en entrée (lecture)

Exemple : TRISB = OxFF = les 8 bits du PORTB en entrées

TRISC = 0xOF = RC7 a RC4 en sorties, RC3 a RCO en entrées

Insa GE - DUT+3
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| — Port E/S standards (/O Ports)

o Schema P R B
Valeur a écrire ou lire WR
Port | Mok
4 Ecriture de PORTx<i> TRIS Latch
D Q}—e
WR
)] Ecri TRISx<i> ———» TRIS | N Schmitt |
0 criture de Sx<i t H‘-ﬁ‘"r N
-g | BLTffer
g < Lecture de TRISx<i> ————» Rg ﬁ
a | S
k Lecture de PORTx<i> —™—™——— F EN T
RD Port | DO

X

/0 pin™

Note 1: /O pins have protection diodes to VDD and Vss.
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| — Port E/S standards (/O Ports)

o Les broches des ports d'E/S sont

mUItipleXées afin Port/Peripheral Select(?
de réaliser plusieu 'S FeererEmRed Vo
fonction wret Lo o | s ;
Data Latch X’
—D Q pliﬁ”
WR TRIS cKZQ N
wms [ s
gnlairig}heral /I = 5 * ‘7 %7
PORTC<4:3> r N W Troger
3 fonctions... 5 P Sibus
SSP Input ) I>G T oo
Insa GE — DUT+3 ggIESTAT<B> 7
| — Port E/S standards
Parallel Slave Port
o Port parallele esclave
=» Port (communication) piloté par un autre
composant T
:Databu; D a [~ : E
: WRPort iy PSP7:PSPC
| \l\ Q D ﬁ H_/
Le port D est complétement e o - PORTD
piloté par le port E: R R A
- accés au registre (R/W) S N
- configuration de la direction L
(entrée (HZ) / sortie (0-1) ) (W (
Read TTL 4@@
Registre principal de PORTE Shp setet L[] es
configuration PSP: TRISE wrte I% R
8

Insa GE - DUT+3




Il — Port série
SSP

o SSP: Synchronous Serial Port
SSP = BSSP (B pour Basic)
~ MSSP, M pour Master
o Communication avec périphériques série
EEPROM, registres a décalage, convertisseur A/D, afficheur, ...
o SSP opére dans les modes
Serial Peripheral Interface (SPI™)
Inter-Integrated Circuit (I2C™)
o Mode esclave
o Mode maitre ou multi maitre
o Registres de paramétrages principaux
SSPSTAT : status SSP
SSPCON : contrble SSP

Insa GE — DUT+3 9

Il — Port série
USART

o USART: Universal Synchronous Asynchronous Receiver
Transmitter
Autre nom: Serial Communication Interface (SCI)
o communication avec périphériques
Mode duplex : terminal, ordinateur personnel...
Mode half duplex: circuit A/D ou D/A, EEPROM série...
o 3 modes de fonctionnement
Asynchrone Full Duplex
Maitre Synchrone (Half duplex)
Esclave synchrone (Half duplex)
o Registres de paramétrages principaux
TXSTA : statu et contrble transmission
RCSTA : statu et contrble réception
SPBGR: configuration du Baud rate

Insa GE - DUT+3 10




Il - Port série, USART

v Write to TXREG (¢
g BRG output U‘uord 1 iy
= (shift clock) I T 1 - S :
O TX/CK pin L
S - | I\_Start Bit 8it0 X Bit1 X_ §y < Bit7ie /smp Bit
2 T TXF bit Do WORDT
4&,’ {Transmit buffar : q¢ '
g g reg. empty flag) ” 5
@ — WORD 1
g -(rTFrtﬂ-tls—nE:% <hift Transmit meg
c reg. empty flag) —| cc
m -Jd‘l
=
8 01|o |03|o4 QI|02P3|D401|O |o3|a4b1|02|03|0d01|0 |:33F:4| |03{o¢'o1|oz|aaf:4!m|oz|oqb¢!mpzF:3|04io1|0:|c>3{o:131|32f:3|04§01|020304
g RX/DT pin ; : W BRO W BAT X | Bi2 ><:5:>< BE7 X : 5RO x: it - GW
S TCKpin B = il e e e W e B (A
> Write to L | \ l | : | | |
D8 whece — I+ L+ s
T e O R e L
= TRMTbit : ' : ‘e ‘o ,7
(7)) | A P |
C I
© TXEN bit g ! g i)
= J
Insa GE — DUT+3 11
lll — Autres ports
o Entrée pour détection d’événements
Interruptions
Compteurs
Capture
o Entrées analogiques
Convertisseurs A/N
Comparateur de tension
o Sorties
/Compare/PWM
Générateur de tension (convertisseur N/A)
12
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lll — Autres ports:
entrées d’interruption ?

o INT : méme broche que RBO
entrée d’interruption externe

o RB7:RB4

interruption si changement d’état d’un des
4 bits

o Comparator Change IRQ
IRQ si une tension dépasse un seuil

o CCP, SSP, USART...

Insa GE - DUT+3 13

lll — Autres ports:
compteur

o Permet de compter des impulsions arrivant sur
des broches

o 2 compteurs d’'impulsion
TIMERO (8bits)
TIMER1 (16bits)

o Registres
OPTION_REG : configuration TIMERO
TMRO : valeur du comptage du TIMERO
T1CON: configuration TIMER1
TMR1H:TMR1L : valeur du comptage du TIMER1

Insa GE - DUT+3 14




lll — Autres ports: compteur

\\ Data bus

Foscid 1]
PSout a
. ’ H

\

T Sync with
J \II ) 1 L InlterEaI TMRO
. ; [ - clocks
TIMERO :  wckion [ 74 Programmanie | | o
Prescaler
TOSE ‘T/ (2 cycle delay)
3

Setinterrupt
P52, P51, P50 FSA flag hit TCIF
TOCS on overflow

Note 1: TOCS, TOSE, PSA, PSZ:PS0 (OPTION_REG<=5:0=).

OPTION_REG

RAW-1 RAW-1 RAV-1 RIV-1 RW-1  RW-1  RW-1  RW-1
|RBPU| INTEDG | TOCS | TOSE | Psa | Ps2 PS1 PSO
bit 7 bit 0

bit 7 RBPU V: Weak Pull-up Enable bit
1 =Weak pull-ups are disabled -> 0
0 =Weak pull—ups are enabled D}‘ individual pDrt latch values

bita INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin e
0 = Interrupt on falling edge of INT pin ChOISI r
bit 5 TOCS: TMRO Clock Source Select bit
1 =Transition on TOCKI pin > 1
0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRD Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin choisir

0 = Increment on low-to-high transition on TOCKI pin
Insa GE — DUT+3 15

lll — Autres ports:
capture/compare/PWM

o Deux modules CCP
CCP1 et CCP2

o Registres
CCPxCON : registre de controle et statu
CCPRxH:CCPRXxL : valeurs 16 bits de comparaison
CCPx : broche utilisée
Les registres liés au TIMER1 et TIMER2...

Insa GE - DUT+3 16




lll — Autres ports:
capture/compare/PWM

o Capture (16 bits)
meémorisation de la valeur du TIMER1 (cf. prochain
cours) a l'apparition d’un front sur une entrée CCPx
o Compare (16 bits)

une valeur constante est comparée avec celle de
TIMER1 (qui évolue)

quand une égalité apparait une sortie CCPx peut
passer a OL ou 1L, ou rester inchangée

o PWM (max. 10 bits)

création d’une impulsion de rapport cyclique variable
(fréquence constante)

il s'agit d’'une sortie PWM
La PWM est liee au TIMER2

Insa GE - DUT+3
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lll — Autres ports:
convertisseur A/N

o CAN: charge d'une capacité + conversion A/N
Temps d’acquisition (Tacq) + temps conversion !!

~12.10%s +  9,5%T,p
composants T,p: temps conversion/bit
du circuit Tapmin=1,6.10"°s

Par programme de conversion:
> Configurer la conversion A/N
> Attendre Tpcq

> Lancer la conversion

> Attendre conversion finie

> Lire la valeur convertie

Insa GE - DUT+3
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lll — Autres ports:
convertisseur A/N

Choisir I'entrée a convertir !!!
o Conversion par rapport a une

CHS2:CHSO0

o 8 Entrées analogiques, 1 module de conversion:

- 7 V4 \ 111 :
tension de reference! o D
ANE
O\O 101 X ANE
VAIN = AN4
{Input voltage) 011 ,_'X AN3VREF
el X
: 0ol 4|X AN
_______ o Lo Mot B ae
Rk
Qoo ® . 71 ooror
N oazer
Insa GE — DUT+3 FOFEZRCRED 19
lll — Autres ports:
convertisseur A/N
o Registres
ADRES : résultat de la conversion A/N (8bits)
ADCONO, ADCON1 : registres de configuration de la
conversion
ADCONO
R/W-0 R/W-0 RMW-0 R/AWV-0 RMW-0 R/W-0 R/W-0 RMW-0
‘ ADCS1 ADCSO0 CHS2 CHS1 CHSO0 GO/DONE Resv ADON
bit 7 bit 0
ADCONI1 U-0 u-0 U-0 u-0 U-0 R/W-0 R/AW-0 R/W-0
| — — — PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
Insa GE— DUT+3 20




lll — Autres ports:
comparateur de tension

o 2 comparateurs analogiques disponibles
2*2 entrées analogiques

o Les 2 comparateurs sont indépendants

o Possibilité de générer une tension de référence
par le pic

o 8 possibilités d’utilisation des 2 comparateurs

Désactivé, indépendants, référence commune,
multiplexage des entrées...

o Registre
CMCON : configuration et états des comparateurs

Insa GE - DUT+3 21

lll — Autres ports: comparateur de tension

R-0 R-0 u-0 u-0 R/W-0 R/W-0 RMWW-0 RM-0
CMCON [cour[cioutr [ — [ — T o [ cm2 [ cm1 [ cmo |
ggqri::ahrlaut:rg DRE:asel: (POR Default Value) bit 7 bit 0
RAD/AND —2— e =
RA/ANS A Vit | C1 Off (Read as '07) CM2:CM0 = 011 CM2:CM0 = 110 )
! — Two Commen Reference Comparators Two Common Reference Comparators with Outputs

RATAN] AV RAQ/AND A Vit | RAD/AND —2— Y- |
! . c1ouUT c1ouT
RAZ/ANZ A Vit |, C2 Off (Read as 0') RAzANs D vme | O RAJ/AN3 lL vt |, C
RATANT 2 Vit

; A VIN-
RA1/AN1 —
CM2:CM0 = 100
Two Independent Comparators RAZIANZ _A vins |, C2 c20uT RAZANZ A i | c2 c20UT
Vin RA4 Open Drain

RAD/AND 2
clouT
RAZANZ _A M|

v

>
CM2:CMO =101 CM2:CM0 = 001
A VN > One Independent Comparator Three Inputs Multiplexed to Two Comparators
RAT/AN1
c2

RA2/ANZ A Vint | cz20UT

. D ViN- . A
RAD/AND —— - O RAQDIAND ——2 cig=0 v [>
D Vin+ ead as 0) / _A L CIs=1
CM2:CMO0 = 010 AN3 — + RAJ/ANZ ——o vins | C1 c1ouUT
Four Inputs Multiplexed to Two Comparators =
ANp A Vi > RAT/ANT -2 Vi |

ang A
RAQ/ANO R ° L Cis=0 e ang A Ve | G2 c20UT RAZ/AN2 A Ve || ©2 20Ut
RAAN3 2o CIE=T L c1ouT
RATANT 2o
! S _CIs=0 VN |
RAZAN2 Ao CB=T Lc2 C20UT

From VREF Module 22




lll — Autres ports:
géneérateur de tension

o eéquivalent a un convertisseur N/A 4 bits

Register 19-1: VRCON Register

RW-0  RMW-0 RIW-0 U-0 RW-0 RW-0 RW-O  RW-0
[ VREN | VROE | VRR | — | VR3 | VR2 | VR1 | VRO |
bit 7 bit 0

bit 7 VREN: VREF Enable
1 = VREF circuit powered on
0 = VREF circuit powered down
bit 6 VROE: VVREF Output Enable
1 = VREF is internally connected to Comparator module’s VREF. This voltage level is also

output on the VREF pin
0 = VREF is not connected to the comparator module. This voltage is disconnected from the

VREF pin 16 Stages
bit 5 VRR: VREF Range selection g - — = -
1= 0V to 0.75 VoD, with VDD/24 step size vren—o—dD e e R RO
0=0.25VDD to 0.75 VDD, with VDD/32 step size see
bit 4 Unimplemented: Read as '0’ ) vRR
bit 3:0 VR3:VRO: VREF value selection 0 <VR3:VRO <15
When VRR = 1: = =
VREF = (VR<3:0>/ 24) « VDD VR3
When VRR = 0: VREF ——— | 16-1 Analog MUX — ' (From VRCON=<3:0>)
y
VREF = 1/4 * VDD + (VR3:VR0O/ 32) « VDD "
Insa GE—- DUT+3 23
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II.
ITI.
IV.
. . ’
v. Fonctionnalites standards des PIC16
Compteur/Timer
(WatchDog)...
VI.

Insa GE - DUT+3 1




| — Compteur / Timer

o Role d’un timer : compter !

Compter un nombre d’impulsions
o externes

o internes (basées sur f_ )
o Intérét principal
I'incrémentation est automatique
o Utilite
Comptage automatique
Temporisation (tres précise)

Insa GE - DUT+3

| — Compteur / Timer

o 3 TIMERs disponibles sur PIC16F877
TIMERO : 8 bits
TIMER1 : 16 bits

TIMER?2 : 8 bits (uniquement sur f_..)

o Parameétrage des TIMERS
TIMERO : OPTION_REG, INTCON<2,5>, TMRO

TIMER1 : T1CON, PIR<TMR1IF>, PIE<TMR1IE>,
TMRIH:TMRI1L

TIMER2 : T2CON, PIR<TMR2IF>, PIE<TMR2IE>,
TMR2, PR2 (équivalent a 16bits)

Insa GE - DUT+3




| — Compteur / Timer

o Fonctionnement d’'un TIMER &
K
exemple du TIMER1 &
A N
- Les impulsions sont comptées si — OXFFFF

T1CON<TMR1ON> =1

- Le TIMER1 est bloqué si
T1CON<TMR10ON> =0

- Au retour a 0x0000

mise a 1 du bit PIR1<TMR1IF> <’

<7—— 0x0002
— 0x0001

0x0000

-La valeur du comptage est stockée
dans TMR1H:TMR1L

(accessible en lecture et écriture) /

impulsion

Insa GE - DUT+3

| — Compteur / Timer
Parametrage, ex TIMER1

Set TMR1IF flag bit CCP Special Trigger

on Overflow
Synchronized

TMR1 0=
CLR clock input

TMR1H TMRA1L
J 1
TMR10ON

........ on/off T1SYNC

T10S0/ T10sC D )

T1CKI | < [ Prescaler Synchronize
—T10SCEN  Fosc/4 1.2,4,8 _f det
. Enable Internal —{ 0

T108| | Oscillator'™  clock } 2 SLEEP input

“““““ T1CKPS1:T1CKPS0
TMR1CS

. . /
Source des impulsions

Division / base de temps

Note 1: When the T1OSCEN bit is cleared, the inverter and feedback resistor are turned

off. This eliminates power drain.
Insa GE - DUT+3




| — Compteur / Timer, reg TICON

bit 5:4 T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T10SCEN: Timer1 Oscillator Enable bit
1 = Oscillator is enabled

U-0 U-0  RMW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
| — | — | T1CcKPs1 | T1CKPSO | T10OSCEN | TISYNC | TMR1CS | TMR1ON
bit 7 bit 0

0 = Oscillator is shut off. The oscillator inverter and feedback resistor are turned off to

eliminate power drain
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit
When TMR1CS = 1:

1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMR1CS = 0:
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit

1 = External clock from pin T10OSO/T1CKI (on the rising edge)
0 = Internal clock (Fosc/4)

bit O TMR1ON: Timer1 On bit

1 = Enables Timer1
Insa GE — DUT+3 0 = Stops Timer1

| — Compteur / Timer
exemple de paramétrage

o Reéaliser une temporisation d’'une
milliseconde avec le TIMER1

(basée sur Fosc=20MHz)

- Utilisation de Fosc : 0 > TMR1CS
Fosc /4 = 5MHz

- Choix d’un prescale : 2 2 T1CKPS1:T1CKPSO = 01

(Fosc/4) / 2 = 2500kHz
Donc 2500 incrémentations = 1 ms
- Valeur de départ de TMR1? :65536 - 2500 = 63036

63036 = OxF63C

/ \
OxF6 - TMR1H 0x3C = TMR1L

Insa GE - DUT+3




| — Compteur / Timer
exemple temporisation 1ms

; INIT compteur
bsf STATUS, RPO ; Bank1
clrf PIE1 ; Disable peripheral interrupts
bef STATUS, RPO ; BankO
clrf PIR1 ; Clear peripheral interrupts Flags

movlw  0x10 ; Internal Clock source with 1:2 prescaler,
movwf  T1CON ; Timerl is stopped and T1 osc is disabled
movlw  0xF6

movwf TMRIH ;

movlw  0x3C

movwf TMRIL ;

bsf T1CON, TMRI1ON ; Timerl1 starts to increment

Tempo Wms OVFL WAIT:
btfss PIR1, TMRI1IF

goto Tempo Wms OVFL WAIT
; Timer has overflowed
bef PIR1, TMRI1IF
bef T1CON, TMR1ON ; Timerl stops to increment

Insa GE - DUT+3

Il — Interruption (/IRQ),
définition 02

(@®

o Interruption

événement produisant l'interruption du programme
en cours d’exécution pour exécuter une routine
d’interruption

Une interruption provient d’'une source d’interruption
et peut se produire n‘importe quand!
Une source d’interruption peut étre ignorée
(par configuration)
o Une routine d’interruption doit
1) sauvegarder le contexte (valeur des registres)
2) prendre en charge la demande d’interruption
3) la traiter (le + rapidement possible)
4) Restaurer le contexte

5) Retour au programme
(instruction RETFIE pour les PIC, RETI en général)

Insa GE - DUT+3




Il — Interruption (/IRQ),
PIC?

o PIC16 :
1 vecteur reset 0x0000~> lancement programme

1 seul vecteur d’interruption 0x0004
- une seule routine d’interruption

o PIC 16 :
~15 sources d’interruption
= LA routine d’interruption doit trouver quelle est la
sources (tester les registres et trouver la source)
o Registres
INTCON: registre principal
PIR1, PIR2 : registres des IRQ des sources
(1bit ou flag par source)

PIE1, PIE2 : registres d’activation des IRQ pour

les sources
Insa GE— DUTH+3 10

Il — Interruption (IRQ)
[ D

ADIF ™\
ADIE S
CCP1IF INTCON
CCP1E—/
CCP2IF N
ccPaE-_J - N
CMIF ol
CMIE INTF Wake-up (If in SLEEP mode)
EEIF \ INTE
EEIE RBIF :D .
RBIE I —| j Interrupt to CPU
TOIF R Clear GIE bit
LCDIF — TOIE
PIR/PIE LCDIE—_)_|
OVFIF — PEIE
OVFIE—__/ (EEIE 2)
2
PBIF N, (ADIE )
v
PBIE A
GIE
PSPIF ,
PSPIE
RCIF
RCIE
SSPIF
SSPIE Note 1: This shows all current Interrupt bits (at time of manual printing) for
TMRIIF — all PICmicro Mid-Range MCUs. Which bits pertain to a specific
TMR1IE —_/ device is dependent upon the device type and peripherals imple-
TMR2IF :]:\ N gﬁented_fS:,e SPE'CIHFN?ZVEE datadshget. dont e
TMR2IE  E— © Some of the original Mid-Range devices had only one periphera
module. These devices do not have the PEIE bit, and have the mod-
I,::E \ ule enable bit in the INTCON register.

Insa GE - DUT+3 11




Il — Interruption (IRQ)

Détails des registres associés:

INTCON

GIE

PEIE

TMROIE

INTE

RBIE

TMROIF

INTF

REIF

0000 000x

PIR1

PsPIFC)

ADIF

RCIF

TXIF

SSPIF

CCP1IF

TMR2IF

TMR1IF

0000 0000

FIR2

CMIF

EEIF

BCLIF

CCP2IF

-0-0 0--0

FIE1

PSPIE@

ADIE

RCIE

TXIE

SSPIE

CCP1IE

TMR2IE

TMR1IE

0000 0000

PIE2

CMIE

EEIE

BCLIE

CCP2IE

-0-0 0--0

Insa GE - DUT+3

Il — Interruption (IRQ)

R/W-0
GIE

R/W-0
PEIE ()

R/W-0
TOIE

R/W-0
INTE (@

R/W-0

RBIE (1
2)

R/W-0
TOIF

R/W-0
INTF @

RIW-0
RBIF (1:2)

INTCON

bit 7 bit 0

bit 7 GIE: Global Interrupt Enable bit

1 = Enables all un-masked interrupts
0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all un-masked peripheral interrupts

0 = Disables all peripheral interrupts

TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt

0 = Disables the TMRO overflow interrupt

INTE: INT External Interrupt Enable bit

1 = Enables the INT external interrupt

0 = Disables the INT external interrupt

RBIE {"): RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TOIF: TMRO Overflow Interrupt Flag bit

1 =TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

INTF: INT External Interrupt Flag bit

1 =The INT external interrupt occurred (must be cleared in software)
0 = The INT external interrupt did not occur

RBIF ("): RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Insa GE - DUT+3




Il — Interruption (IRQ)

Sauvegarde et restauration du contexte dans I'ISR:

MOVWEF W_TEMP ;Copy W to TEMP register
SWAPF STRATUS, W ;Swap status to be saved inteo W
CLRF STRETUS i;bank 0, regardless of current bank, Clears IRP,RP1,REO
MOVWF STATUS_TEMP jSave status to bank zero STATUS_TEMF register
MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 2
MOVWF PCLATH_TEMP ;j8ave PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page
s (ISR) ; (Insert user code here)
MOVE PCLATH_TEMP, W i Restore PCLATH
MOVWEF PCLATH iMove W into PCLATH
SWAPF STATUS TEMF,W ;iSwap STATUS TEMP register into W
; (2ets bank teo origlnal state)
MOVWF STRATUS ;Move W into STATUS register
SWAPF W_TEMP,F ;Swap W_TEMP
SWAPF W_TEMPF,W iSwap W_TEMP into W
Insa GE— DUT+3 14

Il — Interruption (IRQ)
temps de latence

L Q1] Q2] Q3] Q4 Q1] Q2] Q3| Q4. Q1] Q2] Q3] Q4. Q1| Q2| Q3] Q4. Q1| Q2] Q3| Q4.
0sC1 *'_LF \_X_\_f’_\_!_\_f_\ I\ ,’_\_,?’_\_F\_/_\_;’_\J_\_F M\J—\_/_\_H_L

CLKOUT (3) W |

S gy o) i tom— ; ;

l(PNTﬁCfgﬁ 1>) . (53 : Interrupt Latencyo.
< 1 . .

GIE bit ; :
(INTCON<7>) . .
INSTRUCTION FLOW ;
PC ¢ PC X PC+

PCH X 0004R X 0005k

I B &

Instruction

fetched Inst (PC)

Inst (PC+1) Inst (0004h) Inst (0005h)

\
Instruction {
executed "1\

. Inst(PC-1) : Inst (PC) ' DummyCycle | Dummy Cycle | Inst (0004h)

Insa GE - DUT+3 15




Plan

I1.

III.
IV.
V.

vi. Considérations techniques
Alimentation et protection électrique
Oscillateur
Cycle instruction et pipeline
Solutions de développement

Insa GE - DUT+3

| — Alimentation et
protection électrique

Voltage on any pin with respect to Vss (except VDD, MCLR. @nd RA4) .......ccuevevvceveveveieceseeveeennnes -0.3V to (VoD + 0.3V)
Voltage on VDD With F@SPECE 10 VS .. e s e s e e e s e e e reeeean -0.3to +7.5V
Voltage on MCLR with respect 10 Vss (NOTe 2) ... e e 0 to +14V
Voltage on RAG With reSPeCE 10 WSS ...t e e e e e e e smr e e e enr e e e s sren e e nnne s 0to +8.5V

Total power dissiPation (NOTE ) .o et e et ettt et e e e e et re e e e e e e e e e e mee e e e e e eeaeaaansemneeeeeaeeaaaan 1.0W
Maximum CUTENT OUL OF WSS PN et e e e e e e e e e e s s e s m e e e e e e e e s s emnsrmneeeeeen e s nnnnsrnees 300 mA
Maximum CUTENT INTO WDD PN .ottt e e e e e e e e e e e sbme e e e e sme e e e e b ee e e s embe e e e nansnne e e mnes 250 mA

Input clamp current, K (V1< 0 08 V1> VDD oot sren s s e eesemn e st s seen e nn e nanss e sensennenes £ 20 A
Output clamp current, 10K (VO <0 OF VO 3 VDD ) .ecoiiicriii e sr s e e e st sres e s sren s ssnn s sennes e ensseenens £ 20 A

Maximum output current SUNK BY @ny 1O Pin. ettt et e e e e e e e e e e e nneees 25 mA
Maximum output current sourced by @ny [/O PIN ... e e e 25 mA
Maximum current sunk by PORTA, PORTB and PORTE (combined) (Note 3) ... 200 mA
Maximum current sourced by PORTA, PORTB and PORTE (combined) (Note 3)......cooiiii e 200 mA
Maximum current sunk by PORTC and PORTD (combined) (Note 3) ... e 200 mA
Maximum current sourced by PORTC and PORTD (combined) (Note 3) ... 200 mA

Note 1. Power dissipation is calculated as follows: Pdis = VDD X {IDD - Z loH} + = {(VDD - VOH) x loH} + Z(Vol X loL)

2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100£ should be used when applying a “low” level to the MCLR pin rather than
pulling this pin directly to Vss.
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| — Alimentation et
protection électrique

VDD

§ r1M

PIC16F87TXA

A

—~ Ci1

Insa GE - DUT+3

K-

R2(2

R1 = 40 kQ is recommended to make
sure that the voltage drop across R does
not violate the device’s electrical
specification.

R2 = than 1K will limit any current
flowing into MCLR from the external
capacitor C, in the event of MCLR/NVPP
breakdown due to Electrostatic
Discharge (ESD) or Electrical
Overstress (EOS).

o Circuit RESET recommandé

Temps nécessaire au PIC

pour démarrer apres un reset:
moins de 132ms

Temps minimal d’un reset:
2ms

Il — Oscillateur

XT : Crystal/resonator
HS : High Speed Crystal/resonator

Mode : LP, XT, HS
C'llm 0sc1 Do_l
l To
r4a Internal
I XTAL g:Rth}XI}' Logic
= osc2(-1-°
Sleep
| RS 1 <
cz2( PIC16F87XA

Insa GE - DUT+3

o 4 modes d’oscillateurs disponibles:
RC : Resistance/capacité
LP : Low Power Crystal

Osc Type Cg:c‘;a-al Cap.cR'lange Cap.change

LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF




Il — Oscillateur

o Il est nécessaire de configurer le PIC en
fonction du mode d’oscillateur utilisé!

Adresse 0x2007 en meémoire programme
(zone « bits de configuration »)

RP-1 U0 RP-1 RP-1 RP-1 RP1 RP-1 RP1 U0 U0 RP1 RP-1/RP-1 RP-I
| cp | — |peBuG|wRT1|WRT0O| CPD | LVP |BOREN| — | — [PWRTEN|WDTHN | Fosc1 | Fosco |
bit 13 bi

bit 1-0 Fosc1:Fosc0: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Insa GE - DUT+3

lll - Cycle instruction et pipeline

o 1 cycle instruction (T, ) est decompose
en 4 étapes Q1 - Q4
oQ1: Décodage d’instruction (ou nop)
0Q2: Lecture (ou nop)
0Q3: Calcul
0Q4: Ecriture (ou nop)
o période Q = periode oscillateur (T...)
> f, = fo /4 1!

Insa GE - DUT+3 6




lll - Cycle instruction et pipeline

instruction dans Instruction Reg)
2ieme T : décodage et exécution

o Une instruction s’exécute entierement
en 2 cycles instructions

qier Tey fetch (gestion de PC, chargement

o « Pipelining » : traitement en parallele
du fetch et du « décodage-exécution »!

Insa GE - DUT+3

lll - Cycle instruction et pipeline

Q1 | Q2 | Q3 | Q4 v Q1 | Q2 | Q3 | Q4 v Q1 | Q2 | Q3 | Q4
osctl /v e e
Q1 S ¥ \ | \ !
A — — |
) T T N
PC ¢ PC }|{ P~ lK EC+? |
OSC2/CLKOUT L ! \ ! A /
(RC mode) | | |
! Fefch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Feich INST (PC+2)
| Execufe INST (PC+T)
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTE Fetch 2 Execute 2
3., CALL ESUB 1 Fetch 3 Execute 3
4. BSF PORTA, BIT2 Fetch 4 Flush
Fetch SUB_1| Execute SUB_1

Insa GE - DUT+3
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lll - Cycle instruction supplémentaire

o Annulation du cycle fetch
GOTO, CALL, RET, RETLW et RETFIE
Exécution d'IRQ

o Ajout de cycles internes

Modification des valeurs TIMER (TMRO,
TMR1H:TMR1L,...)

- 2 cycles non comptés par le TIMER

Insa GE - DUT+3

IV — Solutions de développement

o Compilateurs
Assembleur: MPASM
Langage C :MPLAB-C
Editeur de lien: MPLINK
o Outils
Simulateur : MPLAB-SIM
Emulateur : ICEPIC, PICMASTER,...

> Outils développement intégre
MPLAB, ...

o Programmateur /débogueur
ICD, PICSTART, PRO MATE 11, ...

Insa GE - DUT+3
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Microcontrdleur PIC

Documentation technique

FIGURE 2-3: PIC16F876A/877A REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr."” | oon Indirect addr.) | gon Indirect addr ™} | 1000 Indirect addr | 180
TMRO 01h OPTION_REG| 81n TMRO 101h OPTION_REG| 181h
PCL 02h PCL &2nh PCL 102h PCL 182h
STATUS 03h STATUS | 83n STATUS 103h STATUS 183n
FSR 04h FSR a84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 1050 185h
PORTB 06h TRISB 86h PORTE 108h TRISB 186
PORTC 07h TRISC 87n 1070 187N
porTOW | 08h TRISD!Y | 88h 108n 188n
pORTEM | 09n TRISEM | aan 109h 18%h
PCLATH DAR PCLATH BAR PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 och PIET 8ch EEDATA | 10Ch EECON1 18Gh
PIR2 oDh PIEZ 80h EEADR 10Dh EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh Reserved™ | 18Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved® | 18Fh
TICON 10h 90h 110h 190N
TMR2 11n SSPCONZ_| 91n 111h 191n
T2CON 12h PR2 | 92h 12n 192nh
SSPBUF | 13n SSPADD | 93n 112n 193h
SSPCON | 14h SSPSTAT | 94n 114n 194h
CCPRIL | 150 | ash 115h 195n
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h | 97h General 117h General 197h
— Purpose Purpose :
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 19h SPBRG 9h 16 Bytes 19n 16 Bytes 199h
RCREG 1Ah | 9ah 114h 194N
CCPRZL | 1Bh | 9Bh 11Bh 19Bh
CCPR2H 1Ch CMCON 9Ch 1Ch 19Ch
CCP2CQON | 1Dh CVRCON | 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh T1Eh 19Eh
ADCOND | 1Fh ADCON1 9Fh TFh 19Fh
200 AOh 120n 1A0h
General General General
Purpose Purpose Purpose
SSHE;BEI Register Register Register
Reg?&er 80 Bytes BO Bytes 80 Bytes
96 Bytes EFh 16Fh 1EFN
accesses Foh accesses 170h accesses 160N
70n-7Fh 70h-7Fh 70n - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

O Unimplemented data memory locations, read as ‘o’
" Not a physical register.

Note 1: These registers are not implemented on the PIC16F376A.
:  These registers are reserved; maintain these registers clear.

Figure 1 : Organisation mémoire
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Address|  Name Bit7 | Bité Bit5 Bit4 Bit 3 Bit2 Bit1 Bit0 ;gk“’e;gé 929:3';
Bank 0
0ohi3) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) (0000 oooo| 31, 150
01h TMRO Timer0 Module Register xxxx xxxx| 55, 150
nzhi® PCL Program Counter (PC) Least Significant Byte 0000 oooo| 30,150
0ah®  |sTaTUS re | et | o | W@ | PD | z | bc | c o001 1o 22150
04 [FSR Indirect Data Memory Address Pointer soexx xxacx| 31, 150
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x oooo| 43,150
06h PORTB PORTB Data Latch when written: PORTB pins when read Hxoxx xaxx| 45, 150
07h PORTC PORTC Data Latch when written: PORTC pins when read xxxx xxxx| 47, 150
03h¥)  |PORTD PORTD Data Latch when waitten: PORTD pins when read soexx wmex| 48, 150
09k |PORTE — = = = = RE2 RE1 RED |---- -xxx| 49,150
0Ant3 [pCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0o000| 30,150
0Bhi INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |oooo0 ooox| 24, 150
0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |oooo ocoo| 26, 150
0Dh PIR2 — CMIF — EEIF BCLIF — — CCP2IF |-0-0 0--0| 28, 150
0Eh TMRIL Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx| 60, 150
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register ooxx xxxx| 60, 150
10h TICON — | — [vickest] Tickeso [T1oscen| TTSYNG | TMR1CS [ TMRION |--00 oooo] &7, 150
11h TMR2 Timer2 Module Register 0000 0o0o0| 62 150
12h T2CON — | moutpsa|TouTPs2| TOUTPS1 | TOUTPSO| TMR2ON | T20KPS1|T2CKPS0|-000 0o00| 61, 150
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxexx xxxx| 79, 150
14h SSPCON WCOL | SSPOV | SSPEN ‘ CKP SS5PM3 ‘ SSPM2 ‘ SSPM1 ‘ SSPMO |ocoo cooo| 82,82,
150
15h CCPRIL Capture/Compare/PVWM Register 1 (LSB) xxxx xxxx| 63, 150
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) xxxx xxxx| 63, 150
1Th CCP1CON — — CCP1X CCP1Y | CCP1M3 | CCP1M2 | CCPIM1 | CCP1MO |--00 oooo| 64, 150
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |ooo0 ooox| 112, 150
19h TXREG USART Transmit Data Register 0000 oooo| 118, 150
1Ah RCREG USART Receive Data Register oooo oooo| 118, 150
1Bh CCPR2ZL Capture/Compare/PWM Register 2 (LSB) xxxx xxxx| 63, 150
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) xxx xxxx| 63, 150
IDh  |CCP2CON — | — ] corax | ccpay | copams | coPamz | ccPamit [ CCP2MO [--00 nooo| 64, 150
1Eh ADRESH A/D Resuit Register High Byte xxxx xxxx| 133, 150
1Fh  |ADCOND ADCs1 | apcso | cHs2 | cHst | cHso [GoDGNE| — [ ADON [sooo oo-of 127,150
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0, r = reserved.
Shaded locations are unimplemented, read as ‘¢’
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose
contents are fransferred to the upper byte of the program counter.
2: Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.
3:  These registers can be addressed from any bank
4: PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as '0'.
5:  Bit4 of EEADRH implemented only on the PIC18FB76A/877A devices.

Figure 2 : Description des registres
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUNMMARY (CONTINUED)
Address|  Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit2 Bit1 Bit0 :3:95";% og*;:zz:
Bank 1
80nt! INDF Addressing this location uses contents of FSR to address data memory (not a physical register) (0000 0000| 31, 150
gth  |opmion REG| RBPU | NTEDG | Tocs | Tose [ psa | ps2 | pst | Pso |uim 111a] 23150
82h PCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
ganf  |sTATUS mP | mrt | mro | 70 [ PD | z | bc | ¢ Jooor umem| 22,150
gan®  |FSR Indirect Data Memory Address Pointer ook xxacx| 31,150
85h TRISA — | — |PORTA Data Direction Register --11 1111] 43,150
86h TRISB PORTB Data Direction Register 1111 1111 45,150
87h TRISC PORTC Data Direction Register 1111 1111 47,150
gsh*! | TRISD PORTD Data Direction Register 1111 1111] 48,151
goht4 TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction bits 0000 -111| 50,151
santt3 | pCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 30,150
8Bht¥  [INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |ooco ooox| 24, 150
8Ch PIE1 PSPIER) ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |oooo oooo| 25, 151
8Dh PIE2 — CMIE — EEIE BCLIE — — CCP2IE |-0-0 0--0| 27,151
8Eh PCON == = — = — = POR BOR |---- -- aq| 29,151
8Fh — Unimplemented — —
90h — Unimplemented — —
91h SSPCON2 GCEN [ACKSTAT| ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |oooo oaool 83,151
§2h PR2 Timer2 Period Register 1111 1111 62,151
93h SSPADD Synchronous Serial Port (IZC mode) Address Register 0000 ooo0| 79, 151
94h | SSPSTAT swe | cke [ oA | P | s [ mRW [ ua | BF [oo0o oooof 7o, 151
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC X9 TXEN SYNC — BRGH TRMT TX9D |oooo -o1o| 111, 151
99h SPBRG Baud Rate Generator Register oooo oooo| 113, 151
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch CMCON C20UT | C1ouT C2INV C1INV CIs cm2 CM1 CMO 0000 0111] 135, 151
9Dh CVRCON CVREN | CVROE CVRR — CVR3 CVR2 CVR1 CVRO |ooo- oooo| 141,151
9Eh ADRESL A/D Result Register Low Byte ook xxxx| 133, 151
9Fh ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO |ono-- oooo | 128,151
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as 0, r = reserved
Shaded locations are unimplemented, read as '0’".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose
contents are transferred to the upper byte of the program counter.

2:  Bits PSPIE and PSPIF are reserved on PIC16F873A/B7GA devices; always maintain these bits clear.

3:  These registers can be addressed from any bank.

4: PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0",

5:  Bit4 of EEADRH implemented only on the PIC16F876A/B7TA devices
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Bit7 | Bte | Bits | Bitd | Bita Bitz | Bit1 | Bito Q’S'R“‘EB"SF} 025;:59:
Bank 2
100n® | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) [0000 0o00| 31, 150
101h TMRO Timer0 Module Register Koo xxxx| 55, 150
102h®  |PCL Program Counter's (PC) Least Significant Byte 0000 0000| 30,150
103h8 | sTATUS we | ret | reo | @ | PD |z [ bc | ¢ [eoor e 22 150
1040 |FSR Indirect Data Memory Address Pointer s xaxx| 31, 150
105h — Unimplemented — —
106h PORTBE PORTB Data Latch when written: PORTB pins when read xxxx xxxx| 45, 150
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah"13 | PCLATH = = — | Write Buffer for the upper 5 bits of the Program Counter | ---0 oooo| 30, 150
10Bh#? | INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |o0o000 ooox| 24, 150
10Ch EEDATA EEFPROM Data Register Low Byte oo woxx | 39, 151
10Dh EEADR EEFPROM Address Register Low Byte xooxx xxxx| 39, 151
10Eh EEDATH — — EEPROM Data Register High Byte --xx xxxx| 39, 151
10Fh  |EEADRH — — — | —® [EEPROM Address Register High Byte ---- xxxx| 39, 151
Bank 3
180h™ | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) {0000 oooo| 31, 150
18t |oPTIoN REG| RBPU | INTEDG | Tocs | Tose | psa | pse | pst | Pso [1111 111123180
182h  |PCL Program Counter (PC) Least Significant Byte 0000 0000| 30, 150
1830 | STATUS IRP \ RP1 | RPO | TO \ PD | z \ DC \ G 0001 1xxx| 22,150
1840 |FSR Indirect Data Memory Address Pointer socx woacx| 31, 150
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 45 150
187h — Unimplemented — —
188h — Unimplemented — —
188h — Unimplemented — —
18ARS) | PCLATH — — — ‘Write Buffer for the upper 5 bits of the Program Counter ---0 oooof 30,150
188h  |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |o00o0 ooox| 24, 150
18Ch EECON1 EEPGD — — — WRERR | WREN WR RD  |x--- =000 34,151
18Dh EECONZ2 EEPROM Control Register 2 (not a physical registery oo oo 39, 151
18Eh — Reserved; maintain clear 0000 0000 —
18Fh — Reserved; maintain clear 0000 0000 —
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose
contents are transferred to the upper byte of the program counter.
2: Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.
3:  These registers can be addressed from any bank.
4: PORTD, PORTE, TRISD and TRISE are not implemented on PIC16F873A/876A devices, read as ‘o',
5:  Bit4 of EEADRH implemented only on the PIC16F876A/BTTA devices.
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22241 Status Register

The Status register contains the arithmetic status of the
ALU, the Reset status and the bank select bits for data
memory.

The Status register can be the destination for any
instruction, as with any other register. If the Status reg-
ister is the destination for an instruction that affects the
Z, DC or C bits, then the write to these three bits is dis-
abled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
Status register as destination may be different than
intended.

Documentation technique

For example, CLRF STATUS, will clear the upper three
bits and set the Z bit. This leaves the Status register as
000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF Instructions are used to alter the
Status register because these instructions do not affect
the Z, C or DC bits from the Status register. For other
instructions not affecting any status bits, see
Section 15.0 “Instruction Set Summary”.

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.

REGISTER 2-1:  STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

R/W-0 R/W-0 R/W-0 R-1 R-1 RW-x R/W-x RW-x
IRP RP1 | rRP0 | TO | z | oc [ c |
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1= Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (Q0h-FFh)

bit 6-5 RP1:RP0: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
01 = Bank 1 (80h-FFh)
00 = Bank 0 (00h-7Fh)
Each bank is 128 bytes.

bit 4 TO: Time-out bit

1 = After power-up, CLRWDT instruction or SLEEP instruction

0 = A WDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW , SUBWF instructions)

(for borrow, the polarity is reversed)

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred
Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the two's

complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high, or low order bit of the source register.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bitis cleared X = Bit is unknown

Figure 3 : Description du registre STATUS
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2.5 Indirect Addressing, INDF and
FSR Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF reg-
ister. Any instruction using the INDF register actually
accesses the register pointed to by the File Select Reg-
ister, FSR. Reading the INDF register itself, indirectly
(FSR = 0) will read 00h. Writing to the INDF register

Documentation technique

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

EXAMPLE 2-2:

INDIRECT ADDRESSING

MOVLW 0x20
MOVWF FSE
NEXT CLREF INDF
INCF FSE, F
BTFSS FSR, 4
@OTC MEXT

jinitialize pointer
;jto RAM

jclear INDF register
jine pointer

;all donez

;no clear next

indirectly results in a no operation (although status bits COMEINTE . eSS
may be affected). An effective 9-bit address is obtained !
by concatenating the 8-bit FSR register and the IRP bit
(Status<7>) as shown in Figure 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO B From Opcode 0 IRP 7 FSR Register a
\ - e " J
Bank Select Location Selecl‘ Bank Select Location Select
M > 00 01 10 11 -
00h 80h 100h 160h
Data
Memary(1)
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

Note 1: For register file map detail, see Figure 2-3

Figure 4 : Adressage indirect
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4.0 I/OPORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

Additional information on I/O ports may be found in the
PICmicro™ Mid-Range Reference Manual (DS33023).

41 PORTA and the TRISA Register

PORTA is a 6-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open-drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and the analog VREF input for both the A/D converters
and the comparators. The operation of each pin is
selected by clearing/setting the appropriate control bits
in the ADCON1 and/or CMCON registers.

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as ‘0.
The comparators are in the off (digital)
state.

The TRISA register controls the direction of the port
pins even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

Documentation technique

EXAMPLE 4-1: INITIALIZING PORTA
BCF STATUS, RPO  ;
BCF STATUS, RP1 ; Banko
CLRF PORTA ;i Initialize PORTA by
; clearing output
; data latches
BEF STATUS, RPO i &elect Bank 1
MOVLW 0x086 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW OxCF ;i Value used to
i initialize data
; direction
MOVWF TRISA i Set RRA<3:0> as inputs
; RA<5:4> as outputs
;i TRISA<7:6>are always
; read as '0'.
FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RA0 PINS
Data Data Latch
Bus
D Q
Voo
WR
PORTA s
CK Q
~“ ‘D_{ VO pint®
TRIS Laich
e J 1 H
WR
TRISA —
CK Q[
Analog
Input
Mode

RD
TRISA

RD PORTA

5

-

To A/D Converter or Comparator

[

Note 1: I/0 pins have protection diodes to VYoo and Vss

Figure 5 : Description du PORTA
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4.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the correspending PORTE
pin an input (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTE pin an output (i.e.,
put the contents of the output latch on the selected pin).

Three pins of PORTE are multiplexed with the In-Circuit
Debugger and Low-Voltage Programming function:
RB3/PGM. RB6/PGC and RB7/PGD. The alternate
functions of these pins are described in Section 14.0
“Special Features of the CPU".

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

FIGURE 4-4: BLOCK DIAGRAM OF
RB3:RB0O PINS
- Voo
RBPU
Y e
Data Latch
Data Bus o a ™~
WR Port oKy 1G pintt
TRIS Laich
+— D Q ]
npit
WRIRIS CK Yy Efﬁer
RD TRIS |
2] a D |—

RD Port

EN
RBO/INT
RB3/PGM A

X

Schmitt Trigger | RD Port
Buffer

Note 1: I/O pins have diode protection to Voo and Vss

2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<T7>)

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e.. any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR'ed together to generate the RB port change
interrupt with flag bit RBIF (INTCON<0>).

Documentation technique

This interrupt can wake the device from Sleep. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTE will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configurable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the application
note, AN552, “Implementing Wake-up on Key Stroke”
(DS00552).

RBO/INT is an external interrupt input pin and is
configured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 14.11.1 “INT
Interrupt”.

FIGURE 4-5: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
RBFU? i)_{ J Weak
Pull-up
Data Bus Data Latch
D Q

WR Port Ky 110 pinf!)

TRIS Latch

$— D Q

WRTRIS TTL
K Input K7 o
Buffer ST
4 ﬂ . Buffer
RD TRIS
Latch
Q D —e
RD Port
EN a1
Set RBIF
{ﬁ%@ __ |
From other RD Port
RBT:RB4 pins EN &
REB7:RB6

In Serial Programming Mode

Note 1: [/O pins have diode protection fo Voo and Vss,

2; To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Figure 6 : Description PORTB

Microcontréleur PIC Documentation technique

TABLE 4-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit 0 TTUST Input/output pin or external interrupt input. Internal software programmable
weak pull-up.

RB1 bit 1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit 2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3/PGME) bit 3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit 4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RBS bit 5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB6/PGC bit 6 TTUST® | Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit 7 TTUSTR Input/output pin (with interrupt-on-change) or in-circuit debugger pin.
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input. ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode or in-circuit debugger.
3¢ Low-Voltage ICSP Programming (LVP) is enabled by default which disables the RB3 I/O function. LVP
must be disabled to enable RB3 as an I/O pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

TABLE 4-4:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: Value on
Address |  Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 " | all other
POR, BOR
Resets
06h, 106h |PORTB RE7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO |xwcx woooe|uaun uwuu
86h, 186h |TRISB PORTB Data Direction Register 1111 1111)21111 1111
81h, 181h |OPTION_REG | RBPU | INTEDG | Tocs [ T0SE | PsA [ Ps2 | Ps1 | Ps0 1111 11111111 1111

Legend: x =unknown,u = unchanged. Shaded cells are not used by PORTB
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4.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a High-Impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e.,
put the contents of the output latch on the selected pin)

PORTC is multiplexed with several peripheral functions
(Table 4-5). PORTC pins have Schmitt Trigger input
buffers.

When the 1°C module is enabled, the PORTC<4:3>
pins can be configured with normal 12C levels, or with
SMBus levels, by using the CKE bit (SSPSTAT<6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as the
destination, should be avoided. The user should refer
to the corresponding peripheral section for the correct
TRIS bit settings.
FIGURE 4-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,
RC<7:5>

Port/Peripheral Select?!

Peripheral Data Out
Data Bus

D Q

WRPort | L omy g
Data Latch

— D Q
WRTRIS| |~y

o
pin(™

TRIS Latch

Vss
BOTHIS, ] Schmitt
1

Trigger \7
Peripheral
0E®)

EN—|

RD Port

Peripheral Input

Note 1: I/O pins have diode protection to VoD and Vss.
2: Port/Peripheral Select signal selects between port
data and peripheral output.
3: Peripheral OE (Output Enable) is only activated if
Peripheral Select is active

Documentation technique

FIGURE 4-7: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT

OVERRIDE) RC<4:3>

Port/Peripheral Selectt?

Peripheral Data Out

VDD
Data Bus o a 5
WR Port ckvqQ
Data Lafch
D Q
WRTRIS ok a N

TRIS Latch
Vss|

)
mﬁ ] Gotimi :\
Trigger

Peripheral
OER Qa D

RD Port | Dc
SSP Input

EN

CKE
BSPSTAT<6>

Note 1: I/O pins have diode protection to VoD and Vss.
2: Port/Peripheral Select signal selects between port data
and peripheral output.
: Peripheral OE (Output Enable) is only activated if
Peripheral Select is active

@

Figure 7 : Description PORTC
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4.4 PORTD and TRISD Registers

Note: PORTD and TRISD are not implemented
on the 28-pin devices.

PORTD is an 8-bit port with Schmitt Trigger input
buffers. Each pin is individually configurable as an input
or output.

PORTD can be configured as an 8-bit wide
microprocessor port (Parallel Slave Port) by setting
control bit, PSPMODE (TRISE<4>). In this mode, the
input buffers are TTL.

TABLE 4-7:  PORTD FUNCTIONS

Documentation technique

FIGURE 4-8: PORTD BLOCK DIAGRAM
(IN I/0 PORT MODE)
Data Data Latch
Bus o al—
\Fi‘vca CK % bt
TRIS Laich

»— D Q

WR

TRIS CcK WL Schmitt
Trigger %7
Input
Buffer

RD

TRIS

EN
RD Port Dﬁ —|

Note 1: I/O pins have protection diodes to VoD and Vss.

Name Bit# Buffer Type Function
RDO/PSPO bit 0 STTTLM Input/output port pin or Parallel Slave Port bit 0.
RD1/PSP1 bit 1 STATLM Input/output port pin or Parallel Slave Port bit 1.
RD2/PSP2 bit2 sTATLM Input/output port pin or Parallel Slave Port bit 2.
RD3/PSP3 bit 3 sTATLM Input/output port pin or Parallel Slave Port bit 3.
RD4/PSP4 bit 4 STTTLM Input/output port pin or Parallel Slave Port bit 4.
RD5/PSP5 bit 5 STATLM Input/output port pin or Parallel Slave Port bit 5.
RD6/PSP6 bit 6 sTATLM Input/output port pin or Parallel Slave Port bit 6.
RD7/PSPT bit 7 STTTLM Input/output port pin or Parallel Slave Port bit 7.

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 4-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on
Address | Name | Bit7 | Bit6 |Bit5| Bit4 | Bit3 | Bit2 | Bit1 | Bit0 ~ | all other
POR, BOR
Resets
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO |xooox zooccfuuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111{1111 1111
89h TRISE | IBF | OBF [1BOV |[PSPMODE| — |PORTE Data Direction Bits| 0000 -111]0000 -111

Legend: x=unknown,u =unchanged. - = unimplemented, read as '0’. Shaded cells are not used by PORTD.

Figure 8 : Description PORTD
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6.0 TIMER1 MODULE

The Timer1 module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 interrupt, if enabled,
is generated on overflow which is latched in interrupt
flag bit, TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit, TMR1IE (PIE1<0>).

Timer1 can operate in one of two modes:
+ As aTimer
« As a Counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

Documentation technique

In Timer mode, Timer1 increments every instruction
cycle. In Counter mede, it increments on every rising
edge of the external clock input.

Timer1 can be enabled/disabled by setting/clearing
control bit, TMR1ON (T1CON<0>).

Timer1 also has an internal “Reset input”. This Reset
can be generated by either of the two CCP modules
(Section 8.0 “Capture/Compare/PWM Modules”).
Register 6-1 shows the Timer1 Control register.

When the Timer1 oscillator is enabled (T10SCEN is
set), the RC1/T10SI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored and these pins read as ‘0'.

Additional information on timer modules is available in
the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — T1CKPS1 [ TICKPSO | T10SCEN |T1SYNC ‘ TMR1CS | TMR1ON
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0
bit 5-4 T1CKPS1:T1CKPS0: Timer1 Input Clock Prescale Select bits
11 = 1:8 prescale value
10 = 1:4 prescale value
01 = 1:2 prescale value
00 = 1:1 prescale value
bit 3 T10SCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
When TMR1CS = 1;
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMR1CS = o:
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n =Value at POR ‘1"=Bitis set ‘0’ = Bitis cleared x = Bit is unknown

Figure 9 : Description TIMERI
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6.1 Timer1 Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit, TISYNC
(T1CON<2>), has no effect since the internal clock is
always in sync.

Documentation technique

6.2 Timer1 Counter Operation

Timer1 may operate in either a Synchronous, or an
Asynchronous mode, depending on the setting of the
TMRI1CS bit.

When Timer1 is being incremented via an external
source, increments occur on a rising edge. After Timer1
is enabled in Counter mode, the module must first have
a falling eclge before the counter begins to increment.

FIGURE 6-1: TIMER1 INCREMENTING EDGE

?I;;?th High) ‘ | | ‘ | ‘ | ‘ ‘
A A 4 4 A

L L L]

Note: Arrows indicate counter increments.

6.3 Timer1 Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2 when bit
T1OSCEN is set, or on pin RCO/T10SO/T1CKI when
bit TIOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple counter.

In this configuration, during Sleep mode, Timer1 will not
increment even if the external clock is present since the
synchronization circuit is shut-off. The prescaler,
however, will continue to increment.

Set Flag bit
TMRI1IF on

Overflow
TMR1

Synchronized
Clock Input

TMR1ON

Onoft TisvNe

RCOT10SOITICKI EI' : : {}\ Synch
| | Prescaler SYHERTonize
! -~ T10SCEN  Fosci4 12,48 _A det
RCIT10SI CCF’Z‘Z]E : | Geellatortt: meomel
/ ‘ ‘ 2 Q Clock
........ TICKPS1.T1CKPSO

Note 1: When the T1OSCEN bit is cleared, the inverter is turned off. This eliminates power drain

TMRI1CS
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14.11 Interrupts

The PIC16F87XA family has up to 15 sources of
interrupt. The Interrupt Control register (INTCON)
records individual interrupt requests in flag bits. It also
has individual and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding
mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled and an
interrupt's flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be
disabled through their corresponding enable bits in
various registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on Reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

FIGURE 14-10: INTERRUPT LOGIC

Documentation technique

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the
Special Function Registers, PIR1 and PIR2. The
corresponding interrupt enable bits are contained in
Special Function Registers. PIE1 and PIE2, and the
peripheral interrupt enable bit is contained in Special
Function Register, INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two-cycle instructions. Individual
interrupt flag bits are set regardless of the status of their
corresponding mask bit, PEIE bit or GIE bit

EEIF
EEIE
pspIFt
PSPIEM
ADIF
ADIE
e TMROIF Wake-up (If in Sleep mode)
chE:Di TMROIE
TXIF INTE :D;
TXIE INTE Interrupt to CPU
RBIF
SSPIF RBIE
SSPIE
CCP1IF
CCP1IE
TMR2IF.
TMRZIE
TMR‘HF:I )
TMR1I
CCPZWF:] )
CCP2l
BCLIF.
BCLIE
CMIF
CMIE
Note 1: PSP interruptis implemented only on PIC16F874A/877A devices

Figure 10 : Interruptions
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14.11.1  INT INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising if bit INTEDG (OPTION_REG<6>) is set or
falling if the INTEDG bit is clear. When a valid edge
appears on the RBO/NT pin, flag bit, INTF
(INTCON<1>), is set. This interrupt can be disabled by
clearing enable bit, INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT
interrupt can wake-up the processor from Sleep if bit
INTE was set prior to going into Sleep. The status of
global interrupt enable bit, GIE, decides whether or not
the processor branches to the interrupt vector following
wake-up. See Section 14.14 “Power-down Mode
(Sleep)” for details on Sleep mode.

14.11.2  TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit, TMROIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit.
TMROIE (INTCON<5>). See Section 5.0 “Timer0
Module”.

14.11.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<4>). See
Section 4.2 “PORTB and the TRISE Register”.

Documentation technique

14.12 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt (i.e., W register and Status
register). This will have to be implemented in software

For the PIC16F873A/874A devices, the register
W_TEMP must be defined in both Banks 0 and 1 and
must be defined at the same offset from the bank base
address (i.e., If W_TEMP is defined at 0x20 in Bank 0,
it must also be defined at 0xAQ in Bank 1). The regis-
ters, PCLATH_TEMP and STATUS_TEMP, are only
defined in Bank 0.

Since the upper 16 bytes of each bank are commeon in
the PIC16F876A/877A devices, temporary holding reg-
isters, W_TEMP, STATUS_TEMP and PCLATH_TEMP,
should be placed in here. These 16 locations don’t
require banking and therefore, make it easier for con-
text save and restore. The same code shown in
Example 14-1 can be used.

EXAMPLE 14-1: SAVING STATUS, W AND PCLATH REGISTERS IN RAM

MOVF PCLATH, W ionly required
MOVWF PCLATH_TEMP jSave PCLATH in
CLRF PCLATH ;Page zero, reg

: (ISR) ; (Insert user o

MOVF PCLATH_TEMP, W iRestore PCLATH

MOVWF BCLATH iMove W into PC
SWAPF STATUS_TEMP,W ;j8wap STATUS_TE!

MOVWE W_TEMP ;Copy W to TEMP register
SWAFF STATUS, W ;Swap status to
CLRF STATUS jbank 0, regard
MOVWE STATUS_TEMP ;Save status to

be saved into W

less of current bank, Clears IRP,RP1,RPO
bank zero STATUS_TEMP register

if using pages 1, 2 and/or 2

to W

ardless of current page

ode here)

'LATH
MP register inteo W

; (eeta bank to original state)
MOVWF STATUS iMove W into STATUS register
SWAFPF W_TEMP,F ;Swap W_TEMP
SWAPF W_TEMP,W jSwap W_TEMP into W
18 /24
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2222 OPTION_REG Register Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG Register is a readable and writable the TMRO register, assign the prescaler to
register, which contains various control bits to configure the Watchdog Timer.

the TMRO prescaler/WDT postscaler (single assign-
able register known also as the prascaler), the external
INT interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1  RW-1  RAW-1 RIW-1 RW-1  RW-1  RMW-1
RBPU | INTEDG | Tocs | TosE | Psa | psz2 | Pst PS0
bit 7 bit0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTBE pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 152

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

113 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0" = Bit is cleared X = Bit is unknown

Note:  When using Low-Voltage ICSP Programming (LVP) and the pull-ups on PORTE are
enabled, bit 3 in the TRISB register must be cleared to disable the pull-up on RB3
and ensure the proper operation of the device

Figure 11 :Détails registre OPTION _REG
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2223 INTCON Register Note:

The INTCON register is a readable and writable regis-
ter, which contains various enable and flag bits for the corresponding enable bit or the global
TMRO register overflow, RB port change and external enable bit, GIE (INTCON<7>). User software
RBO/INT pin interrupts. should ensure the appropriate interrupt flag
bits are clear prior to enabling an interrupt.

Interrupt flag bits are set when an interrupt
condition occurs regardless of the state of its

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE PEEE [ TMROE | INTE RBIE [ TMROIF | INTF RBIF
bit 7 bit0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit
1= Atleast one of the RB7:RE4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).
0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

Figure 12 : Détails du registre INTCON
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2224  PIE1 Register Note: Bit PEIE (INTCON<6>) must be set to

The PIE1 register contains the individual enable bits for

enable any peripheral interrupt.

the peripheral interrupts.

REGISTER 2-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PIE1 REGISTER (ADDRESS 8Ch)

RW-0  RW-0 RW-0  RW-0 RIW-0 RW-0 RW-0 RW-0
PsPEM | ADIE | RCIE [ TXEE | SSPE CCP1IE | TMR2IE | TMRIIE
bit7 bit 0

PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit!!)
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt
Note 1: PSPIE is reserved on PIC16F873A/876A devices; always maintain this bit clear.

ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt

0 = Disables the A/D converter interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt

0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt

0 = Disables the USART transmit interrupt
SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt

0 = Disables the SSP interrupt

CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt

0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt

0 = Disables the TMR2 to PR2 match interrupt
TMR1IE: TMR1 Qverflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n =Value at POR ‘1" =Bitis set ‘0" = Bitis cleared X = Bit is unknown

Figure 13 : Détails du registre PIE]
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2225 PIR1 Register Note:

The PIR1 register contains the individual flag bits for
the peripheral interrupts.

REGISTER 2-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Documentation technique

Interrupt flag bits are set when an interrupt
condition occurs regardless of the state of its
corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User software
should ensure the appropriate interrupt bits
are clear prior to enabling an interrupt.

PIR1 REGISTER (ADDRESS 0Ch)

RIW-D  RIW-0 R-0 R-0 RW-0  RW-0  RW-D  RW-0
PsPF" [ ADIF | RCIF | TXIF [ SSPIF [ CCP1IF [ TMR2IF | TMRIIF
bit7 bit 0

PSPIF: Parallel Slave Port Read/\Write Interrupt Flag bit(")
1= Aread or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred
Note 1: PSPIF is reserved on PIC16F873A/876A devices; always maintain this bit clear.

ADIF: A/D Converter Interrupt Flag bit

1= An A/D conversion completed

0 = The A/D conversion is not complete

RCIF: USART Receive Interrupt Flag bit

1= The USART receive buffer is full

0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit

1= The USART transmit buffer is empty

0 = The USART transmit buffer is full

SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit

1= The SSP interrupt condition has occurred and must be cleared in software before returning
from the Interrupt Service Routine. The conditions that will set this bit are:
« SPI - A transmission/reception has taken place.

I2C Slave - A transmission/reception has taken place.

12C Master

- A transmission/reception has taken place.

The initiated Start condition was completed by the SSP module.

The initiated Stop condition was completed by the SSP module.

The initiated Restart condition was completed by the SSP module.

The initiated Acknowledge condition was completed by the SSP module.

- A Start condition occurred while the SSP medule was Idle (multi-master system).
- A Stop condition occurred while the SSP module was Idle (multi-master system).

0 = No SSP interrupt condition has occurred

CCP1IF: CCP1 Interrupt Flag bit

Capture mode:

1= A TMRI1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1= A TMR1 register compare match occurred (must be cleared in software)

0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode.

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1=TMR2 to PR2 match occurred (must be cleared in software)

0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1= TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1'=Bitis set ‘0" = Bitis cleared X = Bit is unknown

Figure 14: Détails du registre PIR1
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15.0 INSTRUCTION SET SUMMARY

The PIC16 instruction set is highly orthogonal and is
comprised of three basic categories:

- Byte-oriented operations
+ Bit-oriented operations
+ Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode which specifies the instruction type and one or
more operands which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 15-1, while the various opcode
fields are summarized in Table 15-1.

Table 15-2 lists the instructions recognized by the
MPASM™ Assembler. A complete description of each
instruction is also available in the PICmicro® Mid-Range
MCU Family Reference Manual (DS33023).

For byte-oriented instructions, ‘T represents a file
register designator and ‘d’ represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd’ is zero, the result is
placed in the W register. If ‘d" is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the bit affected by the opera-
tion, while 'f' represents the address of the file in which
the bit is located.

For literal and control operations, 'k’ represents an
eight or eleven-bit constant or literal value

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 ps. All instructions are
executed within a single instruction cycle, unless a
conditional test is true, or the program counter is
changed as a result of an instruction. When this occurs,
the execution takes two instruction cycles with the
second cycle executed as a NOP.

Note: To maintain upward compatibility with
future PIC16F87XA products, do not use
the OPTION and TRIS instructions.

All instruction examples use the format 'Oxhh’' to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

15.1 READ-MODIFY-WRITE
OPERATIONS

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-WV)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

Documentation technique

For example, a “CLRF PORTB" instruction will read
PORTB, clear all the data bits, then write the result
back to PORTE. This example would have the unin-
tended result that the condition that sets the REIF flag
would be cleared.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Microcontrdleur PIC
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Field Description

£ Register file address (0x00 to 0x7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

Wlw|o =

Don't care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d Destination select; d = 0: store resultin W,
d = 1: store result in file register f.
Defaultisd=1.

PC Program Counter

TO Time-out bit

PD Power-down bit

FIGURE 15-1: GENERAL FORMAT FOR

INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d] fFILE®) |

d = o for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 76 0

OPCODE  [b(BIT#)| f(FLE#)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations
General
13 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

CALL and ¢oTo instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

Mnemeonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSh Lsb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d Add W and f 1 00 0111 dfff ffff| CDCZ 12
ANDWF f.d AND W with f 1 00 0101 dfff ffff z 1.2
CLRF f Clear f 1 00 0001 1fff f£fff z 2
CLRW - Clear W 1 [ils] 0001 Oxxx XXX Z
COMF f.d Complement f 1 00 1001 dfff f£fff & 12
DECF fd Decrement f 1 00 0011 dfff ffff 7z 1,2
DECFSZ f.d Decrement f, Skip if 0 1(2) |oo 1011 dfff f£E£ff 1,23
INCF f.d Increment f 1 00 1010 dfff ffff Z 1,2
INCFSZ f,d Increment f, Skip If 0 1(2) |oo 1111 Adfff fEff 1,23
IORWF fd Inclusive OR W with f 1 00 0l00 dfff ffff 7z 1,2
MOVF f,d Mave f 1 00 1000 dfff f£Eff z 12
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 Oxx0 0000
RLF f.d Rotate Left f through Carry 1 00 1101 dfff ffff [} 1,2
RRF f,d Rotate Right f through Carry 1 00 1100 Qdfff ffff & 1,2
SUBWF fd Subtract W from f 1 00 oolo dfff ffff| CDCZ 1,2
SWAPF fd Swap nibbles in f 1 [ils] 1110 A4fff ffff 12
XORWF f.d Exclusive OR W with f 1 00 0110 Afff ffff Z 1.2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f.b Bit Set f 1 01 0lbb bfff ffff 12
BTFSC f.b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f.b Bit Test f, Skip if Set 1(2) 01 1lbb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11  111x kkkk kkkk| CDCZ
ANDLW k AND literal with W 1 11 1001 kkkk kkkk i
CALL k Call subroutine 2 10 0Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TOPD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk 72
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP = Go into standby mode 1 00 0000 0110 0011| TOPD
SUBLW Subtract W from literal 1 11 110x kkkk kkkk| CDCZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z

23/24

Note 1: When an /O reqister is
on the pins themselves.

modified as a function of itself ( e.g., MOVF PORTBE, 1), the value used will be that value present
For example, if the data latch is 1" for a pin configured as input and is driven low by an external

device, the data will be written back with a '0".
2: Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned

to the TimerQ Module.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is

executed as a NOP.

Figure 15: Jeu d’instructions des PIC 16
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29.1 Introduction

Each midrange instruction is a 14-bit word divided into an OPCODE which specifies the instruc-
tion type and one or more operands which further specify the operation of the instruction. The
midrange Instruction Set Summary in Table 29-1 lists the instructions recognized by the MPASM
assembler. The instruction set is highly orthogonal and is grouped into three basic categories:

» Byte-oriented operations
« Bit-oriented operations
« Literal and control operations

Table 29-2 gives the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file register designator and 'd' represents a des-
tination designator. The file register designator specifies which file register is to be used by the
instruction.

The destination designator specifies where the result of the operation is to be placed. If 'd' is zero,
the result is placed in the W register. If 'd' is one, the result is placed in the file register specified
in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field designator which selects the number of the
bit affected by the operation, while 'f' represents the number of the file in which the bit is located.

For literal and control operations, 'k’ represents an eight or eleven bit constant or literal value.

Allinstructions are executed in one single instruction cycle, unless a conditional test is true or the
program counter is changed as a result of an instruction. In these cases, the execution takes two
instruction cycles with the second cycle executed as an NOP. One instruction cycle consists of
four oscillator periods. Thus, for an oscillator frequency of 4 MHz, the normal instruction execu-
tion time is 1 us. If a conditional test is true or the program counter is changed as a result of an
instruction, the instruction execution time is 2 us.

DS31029A-page 29-2
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Table 29-1: Midrange Instruction Set

Mnemonic - 14-Bit Instruction Word Status

! Description Cycles Notes

Operands MSb Lsh | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d |Add W and f 1 00 0111 dfff ffff|CDC,Z 1,2
ANDWF f,d |AND W with f 1 00 0101 dfff ffff |Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff |Z 2
CLRW - Clear W 1 00 0001 Oxxx xxxx|Z
COMF f,d | Complement f 1 00 1001 dfff ffff|Z 1,2
DECF f,d |Decrement f 1 00 0011 dfff f£fff|Z 12
DECFSZ f,d |Decrement f, Skip if O 1(2) 00 1011 dfff ffff 1,23
INCF f,d |Increment f 1 00 1010 dfff ffff|Z 1,2
INCFSZ f,d |Increment f, Skip if O 1(2) 00 1111 dfff ffff 1,2,3
IORWF f,d |Inclusive OR W with f 1 00 0100 dfff ffff |Z 1,2
MOVF f,d |Move f 1 00 1000 dfff ffff |Z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 Oxx0 0000
RLF f, d |Rotate Left f through Carry 1 00 1101 dfff ffff|C 1,2
RRF f,d |Rotate Right f through Carry 1 00 1100 dfff f£fff|C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff |C,DCZ 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d | Exclusive OR W with f 1 00 0110 dfff ffff |Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b |Bit Clear f 1 01 00bb bEff ffff 1,2
BSF f,b |Bit Set f 1 01 0lbb Dbfff ffff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2) 01 10bb Dbfff ffff 3
BTFSS f b |Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk [C,DC.Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk |Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 |TOPD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk |Z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11  0lxx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011 |TOPD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk [C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk |Z

Note 1: When an I/O register is modified as a function of itself (e.g., MOVF PORTB, 1), the value used will be that
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is

driven low by an external device, the data will be written back with a ‘0.

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be
cleared if assigned to the Timer0 Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The sec-

ond cycle is executed as a NOP.
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29.2 Instruction Formats

Figure 29-1 shows the three general formats that the instructions can have. As can be seen from
the general format of the instructions, the opcode portion of the instruction word varies from
3-bits to 6-bits of information. This is what allows the midrange instruction set to have 35 instruc-
tions.

Note 1: Any unused opcode is Reserved. Use of any reserved opcode may cause unex-
pected operation.

Note 2: To maintain upward compatibility with future midrange products, do not use the
OPTION and TRIS instructions.

All instruction examples use the following format to represent a hexadecimal number:
Oxhh

where h signifies a hexadecimal digit.

To represent a binary number:
00000100b

where b is a binary string identifier.

Figure 29-1: General Format for Instructions

Byte-oriented file register operations
13 8 7 6 0
OPCODE ‘ d ‘ 1 (FILE #)
d = 0 for destination W

d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations

13 10 9 76
OPCODE ‘b (BIT #)‘ f (FILE #)
b = 3-bit bit address
f = 7-bit file register address
Literal and control operations
General
13 8 7 0
OPCODE \ k (literal)

k = 8-bit literal (immediate) value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit literal (immediate) value

DS31029A-page 29-4
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Table 29-2: Instruction Description Conventions
Field Description

£ Register file address (0x00 to Ox7F)

W Working register (accumulator)

b Bit address within an 8-bit file register (0 to 7)

k Literal field, constant data or label (may be either an 8-bit or an 11-bit value)

x Don't care (0 or 1)
The assembler will generate code with x = 0. It is the recommended form of use for
compatibility with all Microchip software tools.

d Destination select;
d = 0: store result in W,
d = 1: store result in file register f.

dest Destination either the W register or the specified register file location

label Label name

TOS Top of Stack

PC Program Counter

PCLATH | Program Counter High Latch

GIE Global Interrupt Enable bit

WDT Watchdog Timer

TO Time-out bit

PD Power-down bit

[1] Optional

() Contents

- Assigned to

<> Register bit field

€ In the set of

italics |User defined term (font is courier)
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29.3 Special Function Registers as Source/Destination

The Section 29. Instruction Set’s orthogonal instruction set allows read and write of all file regis-
ters, including special function registers. Some special situations the user should be aware of are
explained in the following subsections:

29.3.1  STATUS Register as Destination

If an instruction writes to the STATUS register, the Z, C, DC and OV bits may be set or cleared
as a result of the instruction and overwrite the original data bits written. For example, executing
CLRF STATUS will clear register STATUS, and then set the Z bit leaving 0000 0100b in the reg-
ister.

29.3.2 PCL as Source or Destination

Read, write or read-modify-write on PCL may have the following results:
Read PC: PCL — dest; PCLATH does not change;

Write PCL: PCLATH — PCH;
8-bit destination value — PCL

Read-Modify-Write:  PCL— ALU operand

PCLATH — PCH;

8-bit result - PCL
Where PCH = program counter high byte (not an addressable register), PCLATH = Program
counter high holding latch, dest = destination, W register or register file f.

29.3.3  Bit Manipulation

All bit manipulation instructions will first read the entire register, operate on the selected bit and
then write the result back (read-modify-write (R-M-W)) the specified register. The user should
keep this in mind when operating on some special function registers, such as ports.

Note:  Status bits that are manipulated by the device (including the interrupt flag bits) are
set or cleared in the Q1 cycle. So there is no issue with executing R-M-W instructions
on registers which contain these bits.
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Section 29. Instruction Set

29.4

Q Cycle Activity

Each instruction cycle (Tcy) is comprised of four Q cycles (Q1-Q4). The Q cycle is the same as
the device oscillator cycle (Tosc). The Q cycles provide the timing/designation for the Decode,
Read, Process Data, Write etc., of each instruction cycle. The following diagram shows the rela-
tionship of the Q cycles to the instruction cycle.
The four Q cycles that make up an instruction cycle (Tcy) can be generalized as:

Q1: Instruction Decode Cycle or forced No Operation

Q2: Instruction Read Cycle or No Operation

Q3: Process the Data

Q4: Instruction Write Cycle or No Operation

Each instruction will show the detailed Q cycle operation for the instruction.

Figure 29-2: Q Cycle Activity

1 QL1Q27Q3,Q4, QL 1Q2/Q3;Q4, QL Q2;Q3;0Q4,;

© 1997 Microchip Technology Inc.
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29.5 Instruction Descriptions

ADDLW

Add Literal and W

Syntax: [ label] ADDLW  k
Operands: 0<k<255
Operation: (W) +k >W
Status Affected: C,DC, Z
Encoding: ‘ 11 ‘ 111x ‘ kkkk ‘ kkkk ‘
Description: The contents of the W register are added to the eight bit literal 'k’ and the result is
placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal k' data register
Examplel ADDLW  0x15
Before Instruction
W = 0x10
After Instruction
W = 0x25
Example 2 ADDLW  MYREG

Before Instruction

W = 0x10

Address of MYREG T = 0x37

T MYREG is a symbol for a data memory location
After Instruction

W = 0x47

Example 3 ADDLW HIGH (LU_TABLE)

Before Instruction

w = 0x10

Address of Lu_TABLE = 0x9375

T LU_TABLE is a label for an address in program memory
After Instruction

W = OxA3

Example 4 ADDLW MYREG

Before Instruction

W = 0x10

Address of pc. T =0x02

1 PCL is the symbol for the Program Counter low byte location
After Instruction

W = 0x12
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Section 29.

Instruction Set

ADDWF

Add W and f

Syntax: [ label] ADDWF  fd
Operands: 0<f<127
de [0,1]
Operation: (W) + (f) — destination
Status Affected: C,DC, Z
Encoding: ‘ 00 ‘ 0111 ‘ Aafff ‘ FEEE ‘
Description: Add the contents of the W register with register 'f'. If 'd" is 0 the result is stored in the
W register. If 'd" is 1 the result is stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 ADDWF  FSR, 0
Before Instruction
w = 0x17
FSR= 0xC2
After Instruction
W = 0xD9
FSR= 0xC2
Example 2 ADDWF  INDF, 1
Before Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0x20
After Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0x37
Example 3 ADDWF  PCL
Case 1: Before Instruction
W = 0x10
PCL = 0x37
c =X
After Instruction
PCL = 0x47
c =0
Case 2: Before Instruction
W = 0x10
pPCL = OXF7
PCH = 0x08
c =X
After Instruction
PCL = Ox07
PCH = 0x08
c =1
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ANDLW

And Literal with W

Syntax: [ label] ANDLW  k
Operands: 0<k<255
Operation: (W).AND. (k) > W
Status Affected: Z
Encoding: ‘ 11 ‘ 1001 ‘ kkkk ‘ kkkk ‘
Description: The contents of W register are AND’ed with the eight bit literal 'k’. The result is
placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to W
'K data register
Example 1 ANDLW  O0xSF
Before Instruction ; 0101 1111 (O0XSF)
W = OxA3 ; 1010 0011 (0xA3)
After Instruction fmmmmmmmmem meem-
W = 0x03 ; 0000 0011 (0x03)
Example 2 ANDLW  MYREG
Before Instruction
W = OxA3
Address of MYREG T = 0x37
T MYREG is a symbol for a data memory location
After Instruction
W = 0x23
Example 3 ANDLW HIGH (LU_TABLE)

Before Instruction
W = O0xA3
Address of Lu_TABLE ' =0x9375

1 LU_TABLE is a label for an address in program memory

After Instruction
W = 0x83
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Section 29. Instruction Set

ANDWF

AND W with f

Syntax: [ label] ANDWF  fd
Operands: 0<f<127
de [0,1]
Operation: (W).AND. (f) — destination
Status Affected: Z
Encoding: ‘ 00 ‘ 0101 ‘ Aafff ‘ FEEE ‘
Description: AND the W register with register 'f'. If 'd" is 0 the result is stored in the W register. If
'd"is 1 the result is stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 ANDWF  FSR, 1
Before Instruction ; 0001 0111 (0x17)
W = 0x17 ; 1100 0010 (0xC2)
FSR= 0xC2 G s
After Instruction ; 0000 0010 (0x02)
W = 0x17
FSR= 0x02
Example 2 ANDWF  FSR, 0
Before Instruction ; 0001 0111 (0x17)
W = 0x17 ; 1100 0010 (0xC2)
FSR= 0xC2 PR
After Instruction ; 0000 0010 (0x02)
W = 0x02
FSR= 0xC2
Example 3 ANDWF  INDF, 1

Before Instruction

W = 0x17

FSR= 0xC2

Contents of Address (FSR) = 0x5A
After Instruction

w = 0x17

FSR= 0xC2

Contents of Address (FSR) = 0x15
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BCF

Bit Clear f

Syntax: [ label] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — f<b>
Status Affected:  None
Encoding: ‘ 01 ‘ 00bb ‘ bEff ‘ FEEF ‘
Description: Bit 'b' in register 'f' is cleared.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
‘ Decode R’_ead n ‘ Process Write " ‘
register 'f' data register 'f
Example 1 BCF FLAG_REG, 7
Before Instruction
FLAG_REG = 0xC7 ; 1100 0111
After Instruction
FLAG_REG = 0x47 ; 0100 0111
Example 2 BCF INDF, 3

Before Instruction

w = 0x17

FSR=  0xC2

Contents of Address (FSR) = Ox2F
After Instruction

w = 0x17

FSR=  0xC2

Contents of Address (FSR) = 0x27
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Section 29. Instruction Set

BSF

Bit Set f

Syntax: [ label] BSF fb
Operands: 0<f<127
0<b<7
Operation: 1 — f<b>
Status Affected:  None
Encoding: ‘ 01 ‘ 01bb ‘ bEff ‘ FEEE ‘
Description: Bit 'b* in register 'f' is set.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
‘ Decode R’_ead Process Write
register 'f data register 'f
Example 1 BSF FLAG_REG, 7
Before Instruction
FLAG_REG =0x0A ; 0000 1010
After Instruction
FLAG_REG =0x8A ; 1000 1010
Example 2 BSF INDF, 3

Before Instruction

W = 0x17

FSR= 0xC2

Contents of Address (FSR) = 0x20
After Instruction

W = 0x17

FSR= 0xC2

Contents of Address (FSR) = 0x28
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BTFSC

Bit Test, Skip if Clear

Syntax: [ label] BTFSC fb
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) = 0
Status Affected:  None
Encoding: ‘ 01 ‘ 10bb ‘ bEff ‘ FEEE ‘
Description: If bit 'b" in register 'f' is '0' then the next instruction is skipped.
If bit 'b" is '0" then the next instruction (fetched during the current instruction execu-
tion) is discarded, and a NOP is executed instead, making this a 2 cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register 'f data operation
If skip (2nd cycle):
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example 1 HERE BTFSC FLAG, 4
FALSE GOTO  PROCESS_CODE
TRUE .
.
.
Case 1: Before Instruction
PC = addressHERE
FLAG= xxx0 XxxXx
After Instruction
Since FLAG<4>=0,
PC = addressTRUE
Case 2: Before Instruction

PC =  addressHERE

FLAG= xxxl xxxx
After Instruction

Since FLAG<4>=1,

PC = addressFALSE
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Section 29. Instruction Set

BTFSS

Bit Test f, Skip if Set

Syntax: [ label] BTFSS fb
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) = 1
Status Affected:  None
Encoding: ‘ 01 ‘ 11bb ‘ bEff ‘ FEFF ‘
Description: If bit ‘b in register 'f' is '1' then the next instruction is skipped.
If bit 'b* is '1', then the next instruction (fetched during the current instruc-
tion execution) is discarded and a NOP is executed instead, making this a
2 cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register 'f' data operation
If skip (2nd cycle):
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example 1 HERE BTFSS FLAG, 4
FALSE GOTO  PROCESS_CODE
TRUE .
.
.
Case 1: Before Instruction
PC = addressHERE
FLAG= xxx0 xxxx
After Instruction
Since FLAG<4>=0,
PC =  addressFALSE
Case 2: Before Instruction

PC =  addressHERE

FLAG= xxx1 XXXX
After Instruction

Since FLAG<4>=1,

PC = addressTRUE
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CALL

Call Subroutine

Syntax: [ label] CALL k

Operands: 0<k<2047

Operation: (PC)+ 1> TOS,

k — PC<10:0>,
(PCLATH<4:3>) — PC<12:11>

Status Affected: ~ None

Encoding: ‘ 10 ‘ okkk ‘ Kkkk ‘ Kkkk ‘

Description: Call Subroutine. First, the 13-bit return address (PC+1) is pushed onto the
stack. The eleven bit immediate address is loaded into PC bits <10:0>. The
upper bits of the PC are loaded from PCLATH<4:3>. CALL is a two cycle
instruction.

Words: 1

Cycles: 2

Q Cycle Activity:

1st cycle:

Q1 Q2 Q3 Q4
Decode Read literal Process No
'k data operation
2nd cycle:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example 1 HERE CALL THERE

Before Instruction
PC = AddressHERE
After Instruction
TOS = Address HERE+1
PC = Address THERE
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Section 29. Instruction Set

CLRF

Clear f

Syntax: [ label] CLRF f
Operands: 0<f<127
Operation: 00h — f
1-27
Status Affected: Z
Encoding: ‘ 00 ‘ 0001 ‘ 1fff ‘ FEEE ‘
Description: The contents of register 'f' are cleared and the Z bit is set.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register 'f data register 'f
Example 1 CLRF FLAG_REG
Before Instruction
FLAG_REG=0x5A
After Instruction
FLAG_REG=0x00
z = 1
Example 2 CLRF INDF

Before Instruction

FSR=  0xC2

Contents of Address (FSR)=0xAA
After Instruction

FSR=  0xC2
Contents of Address (FSR)=0x00
z = 1
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CLRW

Clear W

Syntax: [ label] CLRW
Operands: None
Operation: 00h -» W
1-2
Status Affected: Z
Encoding: ‘ 00 ‘ 0001 ‘ 0xxx ‘ XXXX ‘
Description: W register is cleared. Zero bit (Z) is set.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ' data register ‘W'
Example 1 CLRW
Before Instruction
W = Ox5A
After Instruction
W = 0x00
z = 1
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Section 29. Instruction Set

CLRWDT

Clear Watchdog Timer

Syntax: [ label] CLRWDT
Operands: None
Operation: 00h - WDT
0 — WDT prescaler count,
1-5TO
1—-PD
Status Affected: TO, PD
Encoding: ‘ 00 ‘ 0000 ‘ 0110 ‘ 0100 ‘
Description: CLRWDT instruction clears the Watchdog Timer. It also clears the pres-
caler count of the WDT. Status bits TO and PD are set.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process Clear
operation data WDT
Counter
Example 1 CLRWDT
Before Instruction
WDT counter= x
WDT prescaler =1:128
After Instruction
WDT counter=0x00
WDT prescaler count=0
To =1
PD =1
WDT prescaler =1:128
Note:  The CLRWDT instruction does not affect the assignment of the WDT prescaler. \
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COMF

Complement f

Syntax: [ label] COMF fd
Operands: 0<f<127
de [0,1]
Operation: (f) — destination
Status Affected: Z
Encoding: ‘ 00 ‘ 1001 ‘ dafff ‘ FEEF ‘
Description: The contents of register 'f' are 1's complemented. If 'd" is O the result is
stored in W. If 'd" is 1 the result is stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 COMF REG1, 0
Before Instruction
REG1= 0x13
After Instruction
REG1= 0x13
W = O0xEC
Example 2 COMF INDF, 1
Before Instruction
FSR=  0xC2
Contents of Address (FSR)=0xAA
After Instruction
FSR=  0xC2
Contents of Address (FSR)=0x55
Example 3 COMF REG1, 1

Before Instruction

REG1= OxFF

After Instruction
REG1= 0x00
z = 1
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Section 29. Instruction Set

DECF

Decrement f

Syntax: [ label] DECF f,d
Operands: 0<f<127
de [0,1]
Operation: (f) - 1 — destination
Status Affected: Z
Encoding: ‘ 00 ‘ 0011 ‘ Aafff ‘ FEEE ‘
Description: Decrement register 'f. If 'd" is O the result is stored in the W register. If 'd" is 1 the
result is stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 DECF CNT, 1
Before Instruction
CNT= 0x01
zZ =0
After Instruction
CNT= 0x00
z =1
Example 2 DECF INDF, 1
Before Instruction
FSR= 0xC2
Contents of Address (FSR) = 0x01
zZ =0
After Instruction
FSR= 0xC2
Contents of Address (FSR) = 0x00
z =1
Example 3 DECF CNT, 0
Before Instruction
CNT= 0x10
W = x
zZ =0
After Instruction
CNT= 0x10
W = OxOF
zZ =0
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DECFSZ

Decrement f, Skip if 0

Syntax: [ label] DECFSz fd
Operands: 0<f<127
de [0,1]
Operation: (f) - 1 — destination; skip if result = 0
Status Affected: None
Encoding: ‘ 00 ‘ 1011 ‘ Afff ‘ FEEE ‘
Description: The contents of register 'f' are decremented. If 'd" is O the result is placed
in the W register. If 'd" is 1 the result is placed back in register 'f'.
If the result is 0, then the next instruction (fetched during the current
instruction execution) is discarded and a NOP is executed instead, mak-
ing this a 2 cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ' data destination
If skip (2nd cycle):
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example HERE DECFSZ  CNT, 1
GOTO LOOP
CONTINUE e
.
.
Case 1: Before Instruction
PC =  address HERE
CNT = 0x01
After Instruction
CNT = 0x00
PC = address CONTINUE
Case 2: Before Instruction

PC =  address HERE
CNT =  0x02
After Instruction
CNT = 0x01
PC = addressHEre +1
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Section 29. Instruction Set

GOTO

Unconditional Branch

Syntax: [ label] GOTO k
Operands: 0<k<2047
Operation: k — PC<10:0>
PCLATH<4:3> — PC<12:11>
Status Affected:  None
Encoding: ‘ 10 ‘ 1kkk ‘ kkkk ‘ kkkk ‘
Description: GOTO is an unconditional branch. The eleven bit immediate value is loaded
into PC bits <10:0>. The upper bits of PC are loaded from PCLATH<4:3>.
GOTO is a two cycle instruction.
Words: 1
Cycles: 2
Q Cycle Activity:
1st cycle:
Q1 Q2 Q3 Q4
Decode Read literal Process No
'k'<7:0> data operation
2nd cycle:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example GOTO THERE

After Instruction
PC =AddressTHERE
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INCF

Increment f

Syntax: [ label] INCF fd
Operands: 0<f<127
de [0,1]
Operation: (f) + 1 — destination
Status Affected: Z
Encoding: ‘ 00 ‘ 1010 ‘ dafff ‘ FEEF ‘
Description: The contents of register 'f' are incremented. If 'd' is 0 the result is placed in
the W register. If 'd" is 1 the result is placed back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 INCF CNT, 1
Before Instruction
CNT=  OxFF
zZ = 0
After Instruction
CNT=  0x00
z = 1
Example 2 INCF INDF, 1
Before Instruction
FSR=  0xC2
Contents of Address (FSR) = OxFF
z =0
After Instruction
FSR= 0xC2
Contents of Address (FSR) = 0x00
z =1
Example 3 INCF CNT, 0

Before Instruction

CNT= 0x10

W = x

Z =0
After Instruction

CNT= 0x10

W = 0x1l

zZ =0
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Section 29. Instruction Set

INCFSZ

Increment f, Skip if 0

Syntax: [ label] INCFSz fd
Operands: 0<f<127
de [0,1]
Operation: (f) + 1 — destination, skip if result = 0
Status Affected:  None
Encoding: ‘ 00 ‘ 1111 ‘ Aafff ‘ FEEE ‘
Description: The contents of register 'f' are incremented. If 'd' is O the result is placed in
the W register. If 'd" is 1 the result is placed back in register 'f'.
If the result is 0, then the next instruction (fetched during the current
instruction execution) is discarded and a NOP is executed instead, making
this a 2 cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ' data destination
If skip (2nd cycle):
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example HERE INCFSZ  CNT, 1
GOTO LOOP
CONTINUE e
.
.
Case 1: Before Instruction
PC =  address HERE
CNT = OXFF
After Instruction
CNT = 0x00
PC = address CONTINUE
Case 2: Before Instruction

PC =  address HERE
CNT =  0x00
After Instruction
CNT = 0x01
PC = address HERE + 1
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IORLW

Inclusive OR Literal with W

Syntax: [ label] I1ORLW k
Operands: 0<k<255
Operation: (W).OR. k »>W
Status Affected: Z
Encoding: ‘ 11 ‘ 1000 ‘ kkkk ‘ kkkk ‘
Description: The contents of the W register is OR’ed with the eight bit literal 'k'. The result is
placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal k' data register
Example 1 IORLW  0x35
Before Instruction
W = O0x9A
After Instruction
W = OxBF
zZ =0
Example 2 IORLW MYREG
Before Instruction
W = Ox9A
Address of MYREG T = 0x37
T MYREG is a symbol for a data memory location
After Instruction
W = Ox9F
zZ =0
Example 3 IORLW HIGH (LU_TABLE)
Before Instruction
W = Ox9A
Address of Lu_TABLE = 0x9375
1 LU_TABLE is a label for an address in program memory
After Instruction
W = 0x9B
Z =0
Example 4 IORLW  0x00

Before Instruction

W = 0x00
After Instruction

W = 0x00

z =1
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Section 29. Instruction Set

IORWF

Inclusive OR W with f

Inclusive OR the W register with register 'f'. If 'd" is O the result is placed in

Syntax: [ label] I10ORWF fd
Operands: 0<f<127
de [0,1]
Operation: (W).OR. (f) — destination
Status Affected:  Z
Encoding: ‘ 00 ‘ 0100 ‘ Aafff ‘ FEEE ‘
Description:
the W register. If 'd" is 1 the result is placed back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 IORWF RESULT, 0
Before Instruction
RESULT=0x13
W = 0x91
After Instruction
RESULT=0x13
W = 0x93
z =0
Example 2 IORWF  INDF, 1
Before Instruction
W = 0x17
FSR=  0xC2
Contents of Address (FSR) = 0x30
After Instruction
W = 0x17
FSR=  0xC2
Contents of Address (FSR) = 0x37
zZ =0
Example 3 IORWF RESULT, 1
Case 1: Before Instruction
RESULT=0x13
W = 0x91
After Instruction
RESULT=0x93
W = 0x91
z =0
Case 2: Before Instruction

RESULT=0x00
W = 0x00

After Instruction
RESULT=0x00
w 0x00
z 1
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MOVLW

Move Literal to W

The eight bit literal 'k’ is loaded into W register. The don’t cares will assemble as 0's.

Syntax: [ label] MOVLW k
Operands: 0<k<255
Operation: k—>W
Status Affected: ~ None
Encoding: ‘ 11 ‘ 00xx ‘ kkkk ‘ kkkk ‘
Description:
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal k' data register
Example 1 MOVLW  Ox5A
After Instruction
W = O0x5A
Example 2 MOVLW  MYREG
Before Instruction
W = 0x10
Address of MYREG T = 0x37
T MYREG is a symbol for a data memory location
After Instruction
W = 0x37
Example 3 MOVLW HIGH (LU_TABLE)

Before Instruction
W = 0x10
Address of Lu_TaBLE ' =0x9375

1 LU_TABLE is a label for an address in program memory

After Instruction
W = 0x93
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Section 29. Instruction Set

MOVF

Move f

The contents of register 'f’is moved to a destination dependent upon the

1, the destination is

file register 'f’ itself. 'd’ = 1 is useful to test a file register since status flag Z

Syntax: [ label] MOVF fd
Operands: 0<f<127
de [0,1]
Operation: (f) — destination
Status Affected: Z
Encoding: ‘ 00 ‘ 1000 ‘ Aafff ‘ FEEE ‘
Description:
status of 'd". If 'd’ = 0, destination is W register. If 'd’
is affected.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 MOVF FSR, 0
Before Instruction
W = 0x00
FSR= 0xC2
After Instruction
W = 0xC2
Z =0
Example 2 MOVF INDF, 0
Before Instruction
W = 0x17
FSR=  0xC2
Contents of Address (FSR) = 0x00
After Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0x00
z = 1
Example 3 MOVF FSR, 1
Case 1: Before Instruction
FSR= 0x43
After Instruction
FSR= 0x43
zZ =0
Case 2: Before Instruction
FSR = 0x00
After Instruction
FSR = 0x00
z =1
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MOVWF Move W to f
Syntax: [ label] MOVWF f
Operands: 0<f<127
Operation: W) - f
Status Affected: ~ None
Encoding: ‘ 00 ‘ 0000 ‘ 1ff£ ‘ fEEE ‘
Description: Move data from W register to register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register 'f data register 'f'
Example 1 MOVWF  OPTION_REG
Before Instruction
OPTION_REG=0xFF
W = Ox4F
After Instruction
OPTION_REG=0x4F
W = Ox4F
Example 2 MOVWF  INDF
Before Instruction
W = 0x17
FSR= 0xC2

Contents of Address (FSR) = 0x00
After Instruction

W = 0x17

FSR= 0xC2

Contents of Address (FSR) = 0x17
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Section 29. Instruction Set

NOP No Operation

Syntax: [ label] NOP
Operands: None
Operation: No operation

Status Affected: ~ None

Encoding: ‘ 00 ‘ 0000 ‘ 0xx0 ‘ 0000 ‘
Description: No operation.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
Example HERE NOP
Before Instruction
PC =  address HERE
After Instruction
PC = address HERE + 1
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OPT'ON Load Option Register

Syntax: [ label] OPTION

Operands: None

Operation: (W) - OPTION

Status Affected: None

Encoding: 00 [ 0000 [ 0110 ‘ 0010 ‘

Description: The contents of the W register are loaded in the OPTION register. This

instruction is supported for code compatibility with PIC16C5X products.
Since OPTION is a readable/writable register, the user can directly

address it.
Words: 1
Cycles: 1

To maintain upward compatibility with future PIC16CXX products, do
not use this instruction.
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RETF'E Return from Interrupt

Syntax: [ label] RETFIE
Operands: None
Operation: TOS — PC,
1- GIE
Status Affected:  None
Encoding: ‘ 00 ‘ 0000 ‘ 0000 ‘ 1001 ‘
Description: Return from Interrupt. The 13-bit address at the Top of Stack (TOS) is

loaded in the PC. The Global Interrupt Enable bit, GIE (INTCON<7>), is
automatically set, enabling Interrupts. This is a two cycle instruction.

Words: 1
Cycles: 2
Q Cycle Activity:
1st cycle:
Q1 Q2 Q3 Q4
Decode No Process No
operation data operation
2nd cycle:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example RETFIE
After Instruction
PC = TOS
GE = 1
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RETLW Return with Literal in W

Syntax: [ label] RETLW k
Operands: 0<k<255
Operation: k—>W;
TOS — PC
Status Affected:  None
Encoding: ‘ 11 ‘ 01xx ‘ kkkk ‘ kkkk ‘
Description: The W register is loaded with the eight bit literal 'k'. The program counter is

loaded 13-bit address at the Top of Stack (the return address). This is a
two cycle instruction.

Words: 1
Cycles: 2
Q Cycle Activity:
1st cycle:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal 'k' data register
2nd cycle:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example HERE CALL TABLE ; W contains table
; offset value
. ; W now has table value
.
.
TABLE ADDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
.
.
.
RETLW kn ; End of table
Before Instruction
W = 0x07
After Instruction
W = value of k8

PC = TOS = AddressHere + 1
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RETURN

Return from Subroutine

Syntax: [ label] RETURN

Operands: None

Operation: TOS — PC

Status Affected: None

Encoding: ‘ 00 ‘ 0000 ‘ 0000 ‘ 1000 ‘

Description: Return from subroutine. The stack is POPed and the top of the stack
(TOS) is loaded into the program counter. This is a two cycle instruc-
tion.

Words: 1

Cycles: 2

Q Cycle Activity:

1st cycle:

Q1 Q2 Q3 Q4
Decode ‘ No ‘ Process ‘ No ‘
operation data operation
2nd cycle:
Q1 Q2 Q3 Q4
No ‘ No ‘ No ‘ No ‘
operation operation operation operation
Example HERE RETURN

After Instruction

PC = TOS
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R L F Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Encoding: ‘ 00 ‘ 1101 ‘ dfff ‘ 3334 ‘
Description: The contents of register 'f' are rotated one bit to the left through the Carry

Flag. If 'd" is O the result is placed in the W register. If 'd" is 1 the result is
stored back in register 'f'.

Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f data destination
Example 1 RLF REG1, 0

Before Instruction
REG1= 1110 0110
cC = o0

After Instruction
REG1=1110 0110
W  =1100 1100
c =1

Example 2 RLF INDF, 1

Case 1: Before Instruction
W = xxxx xxxx
FSR= 0xC2
Contents of Address (FSR) = 0011 1010
CcC =1
After Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0111 0101
C =0

Case 2: Before Instruction
W = XXX XXXX
FSR= 0xC2
Contents of Address (FSR) = 1011 1001
C =0
After Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0111 0010
C =1
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Section 29. Instruction Set

RRF Rotate Right f through Carry
Syntax: [ label] RRF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Encoding: ‘ 00 ‘ 1100 ‘ Aafff ‘ FEEE ‘
Description: The contents of register 'f' are rotated one bit to the right through the Carry

Flag. If 'd" is 0 the result is placed in the W register. If 'd" is 1 the result is
placed back in register 'f'.

[T~ Regsert J

Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
‘ Decode Read Process Wr_ite t_o
register 'f data destination
Example 1 RRF REG1, 0

Before Instruction
REG1= 1110 0110
W = XXXX XXXX
C =0

After Instruction
REG1= 1110 0110

W = 0111 0011
C =0
Example 2 RRF INDF, 1

Case 1: Before Instruction
W = xxxx XXXX
FSR= 0xC2
Contents of Address (FSR) = 0011 1010
CcC =1

After Instruction

W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 1001 1101
C =0

Case 2: Before Instruction
W = xxXX XXXX
FSR= 0xC2
Contents of Address (FSR) = 0011 1001
C =0

After Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0001 1100
CcC =1
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SLEEP

Syntax: [ label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler count,
1-TO,
0—-PD
Status Affected: ~ TO, PD
Encoding: ‘ 00 ‘ 0000 ‘ 0110 ‘ 0011 ‘
Description: The power-down status bit, PD is cleared. Time-out status bit, TO is set.

Watchdog Timer and its prescaler count are cleared.
The processor is put into SLEEP mode with the oscillator stopped.

Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
‘ Decode ‘ No‘ No. ‘ Go to sleep ‘
operation operation
Example: SLEEP

Note:  The SLEEP instruction does not affect the assignment of the WDT prescaler
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SUBLW

Subtract W from Literal

Syntax: [ label] SUBLW k
Operands: 0<k<255
Operation: k-(W)->W
Status Affected: C,DC,z
Encoding: [ ] 110x [ o [ ek |
Description: The W register is subtracted (2's complement method) from the eight bit
literal 'k'. The result is placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal k' data register
Example 1: SUBLW 0x02
Case 1:  Before Instruction
W = 0x01
C = x
zZ = x
After Instruction
W = 0x01
c =1 ; result is positive
zZ =0
Case 2:  Before Instruction
W = 0x02
C = x
zZ = x
After Instruction
W = 0x00
c =1 ;result is zero
zZ =1
Case 3:  Before Instruction
W = 0x03
C = x
zZ = x
After Instruction
W = OxFF
cC =0 ; result is negative
zZ =0
Example 2 SUBLW  MYREG

Before Instruction

W = 0x10

Address of MYREG T = 0x37

T MYREG is a symbol for a data memory location
After Instruction

W = 0x27

cC =1 ; result is positive
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SUBWF

Subtract W from f

Syntax: [ label] SUBWF fd
Operands: 0<f<127
de [0,1]
Operation: (f) - (W) — destination
Status Affected: C,DC, Z
Encoding: [ oo [ ooto [ arer [ £res |
Description: Subtract (2's complement method) W register from register 'f'. If 'd" is O the
result is stored in the W register. If 'd" is 1 the result is stored back in reg-
ister 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' data destination
Example 1: SUBWF REG1, 1
Case 1: Before Instruction
REG1= 3
w = 2
C = x
zZ = x
After Instruction
REG1= 1
w = 2
c =1 ; result is positive
zZ =0
Case 2: Before Instruction
REG1= 2
W = 2
C = x
zZ = x
After Instruction
REG1= 0
w = 2
c =1 ; result is zero
z =1
Case 3: Before Instruction
REG1= 1
w = 2
C = x
Z = x
After Instruction
REG1= OxFF
w = 2
cC =0 ; result is negative
zZ =0
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SWAPF

Swap Nibbles in f

Syntax:
Operands:

Operation:

[ label] SWAPF f,d
0<f<127

de [01]

(f<3:0>) — destination<7:4>,
(f<7:4>) — destination<3:0>

Status Affected: ~ None
Encoding: ‘ 00 ‘ 1110 ‘ afff ‘ 3334 ‘
Description: The upper and lower nibbles of register 'f' are exchanged. If 'd" is 0 the
result is placed in W register. If 'd' is 1 the result is placed in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' data destination
Example 1 SWAPF  REG, 0
Before Instruction
REG1= 0xA5
After Instruction
REG1= 0xA5
W = Ox5A
Example 2 SWAPF  INDF, 1
Before Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0x20
After Instruction
W = 0x17
FSR= 0xC2
Contents of Address (FSR) = 0x02
Example 3 SWAPF  REG, 1

Before Instruction
REG1= OxA5

After Instruction
REG1= Ox5A
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TRIS

Load TRIS Register

Syntax:
Operands:
Operation:

Status Affected:

Encoding:
Description:

Words:
Cycles:

Example

[label] TRIS f

5<f<7

(W) — TRIS register f;

None

‘OO [0000 {0110 [Offf ‘

The instruction is supported for code compatibility with the PIC16C5X prod-
ucts. Since TRIS registers are readable and writable, the user can directly
address them.

1

1

To maintain upward compatibility with future PIC16CXX products, do
not use this instruction.
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XORLW

Exclusive OR Literal with W

Syntax: [ label] XORLW k
Operands: 0<k<255
Operation: (W).XOR. k - W
Status Affected: z
Encoding: [ 11 [ 1010 [ sk [ kickk |
Description: The contents of the W register are XOR’ed with the eight bit literal 'k'. The
result is placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal k' data register
Example 1 XORLW  OxAF ; 1010 1111  (OxAF)
Before Instruction ; 1011 0101 (0xB5)
W = 0xB5 § ommmmmmmmmmmeen
After Instruction ; 0001 1010 (0x1A)
W = Ox1A
zZ =0
Example 2 XORLW  MYREG
Before Instruction
W = OxAF
Address of MyREG T = 0x37
+ MYREG is a symbol for a data memory location
After Instruction
W = 0x18
zZ =0
Example 3 XORLW HIGH (LU_TABLE)

Before Instruction

W = OxAF

Address of Lu_TABLE ' = 0x9375

t LU_TABLE is a label for an address in program memory
After Instruction

W = 0x3C

zZ =0

© 1997 Microchip Technology Inc.

DS31029A-page 29-43

rase purchase PDF Split-Merae on www.verypdf.com to remove this watermark.

=1
0
@
=
c
o
=
o
S

PICmicro MID-RANGE MCU FAMILY

XORWF

Exclusive ORW with f

Syntax: [ label] XORWF fd
Operands: 0<f<127
de [0,1]
Operation: (W).XOR. (f) — destination
Status Affected: Z
Encoding: ‘ 00 ‘ 0110 ‘ dafff ‘ FEEF ‘
Description: Exclusive OR the contents of the W register with register 'f'. If 'd" is 0 the
result is stored in the W register. If 'd" is 1 the result is stored back in regis-
ter 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f' data destination
Example 1 XORWF REG, 1 ; 1010 1111 (0xXAF)
Before Instruction ; 1011 0101 (0xB5)
REG= OxAF §ommmmmmme emeen
W = 0xB5 ; 0001 1010  (0x1A)

After Instruction

REG= Ox1A
W = O0xB5
Example 2 XORWF REG, 0 ; 1010 1111 (OXAF)
Before Instruction ; 1011 0101 (0xB5)
REG= OxAF PR
W = O0xBS ; 0001 1010  (0x1A)

After Instruction

REG= OxAF
W = O0x1A

Example 3 XORWF  INDF, 1

Before Instruction

W = 0xB5

FSR= 0xC2

Contents of Address (FSR) = OXAF
After Instruction

W = 0xB5

FSR= 0xC2

Contents of Address (FSR) = 0x1A

DS31029A-page 29-44 © 1997 Microchip Technology Inc.

rase purchase PDF Split-Merae on www.verypdf.com to remove this watermark.




Section 29. Instruction Set

29.6

Design Tips

Question 1:  How can I modify the value of W directly? | want to decrement W.
Answer 1:
There are a few possibilities, two are:

1. For the midrange devices, there are several instructions that work with a literal and W. For
instance, if it were desired to decrement W, this can be done with an ADDLW 0xFE. (the Ox
prefix denotes hex to the assembler)

2. Notice that all of the instructions can modify a value right where it sits in the file register.
This means you can decrement it right where it is. You do not even need to move it to W.
If you want to decrement it AND move it somewhere else, then you make W the DESTI-
NATION of the decrement (DECF register,W) then put it where you want it. It is the same
number of instructions as a straight move, but it gets decremented along the way.

Question 2:  Is there any danger in using the TRIS instruction for the PIC16CXXX since
there is a warning in the Data book suggesting it not be used?

Answer 2:

For code compatibility and upgrades to later parts, the use of the TRIS instruction is not recom-
mended. You should note the TRIS instruction is limited to ports A, B and C. Future devices may
not support these instructions.

Question 3: Do I have to switch to Bank1 of data memory before using the TRIS instruc-
tion (for parts with TRIS registers in the memory map)?

Answer 3:

No. The TRIS instruction is Bank independent. Again the use of the TRIS instruction is not rec-
ommended.

Question 4: | have seen references to “Read-Modify-Write” instructions in your data
sheet, but | do not know what that is. Can you explain what it is and why |
need to know this?

Answer 4:

An easy example of a Read-Modify-Write (R-M-W) instruction is the bit clear instruction BCE You
might think that the processor just clears the bit, which on a port output pin would clear the pin.
What actually happens is the whole port (or register) is first read, THEN the bit is cleared, then
the new modified value is written back to the port (or register). Actually, any instruction that
depends on a value currently in the register is going to be a Read-Modify-Write instruction. This
includes ADDWF, SUBWF, BCF, BSF, INCF, XORWE, etc... Instructions that do not depend on
the current register value, like MOVWF, CLRF, and so on are not R-M-W instructions.

One situation where you would want to consider the affects of a R-M-W instruction is a port that
is continuously changed from input to output and back. For example, say you have TRISB set to
all outputs, and write all ones to the PORTB register, all of the PORTB pins will go high. Now, say
you turn pin RB3 into an input, which happens to go low. A BCF PORTB, 6 is then executed to
drive pin RB6 low. If you then turn RB3 back into an output, it will now drive low, even though the
last value you put there was a one. What happened was that the BCF of the other pin (RB6)
caused the whole port to be read, including the zero on RB3 when it was an input. Then, bit 6
was changed as requested, but since RB3 was read as a zero, zero will also be placed back into
that port latch, overwriting the one that was there before. When the pin is turned back into an
output, the new value was reflected.
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Question 5:  When | perform a BCF other pins get cleared in the port. Why?

Answer 5:

There are a few possibilities, two are:

1.

Another case where a R-M-W instruction may seem to change other pin values unexpect-
edly can be illustrated as follows: Suppose you make PORTC all outputs and drive the
pins low. On each of the port pins is an LED connected to ground, such that a high output
lights it. Across each LED is a 100 uF capacitor. Let's also suppose that the processor is
running very fast, say 20 MHz. Now if you go down the port setting each pin in order; BSF
PORTC, 0 then BSF PORTC,1 then BSF PORTC, 2 and so on, you may see that only the last
pin was set, and only the last LED actually turns on. This is because the capacitors take
a while to charge. As each pin was set, the pin before it was not charged yet and so was
read as a zero. This zero is written back out to the port latch (R-M-W, remember) which
clears the bit you just tried to set the instruction before. This is usually only a concern at
high speeds and for successive port operations, but it can happen so take it into consid-
eration.

If this is on a PIC16C7X device, you may not have configured the 1/O pins properly in the
ADCONLI register. If a pin is configured for analog input, any read of that pin will read a
zero, regardless of the voltage on the pin. This is an exception to the normal rule that the
pin state is always read. You can still configure an analog pin as an output in the TRIS reg-
ister, and drive the pin high or low by writing to it, but you will always read a zero. Therefore
if you execute a Read-Modify-Write instruction (see previous question) all analog pins are
read as zero, and those not directly modified by the instruction will be written back to the
port latch as zero. A pin configured as analog is expected to have values that may be nei-
ther high nor low to a digital pin, or floating. Floating inputs on digital pins are a no-no, and
can lead to high current draw in the input buffer, so the input buffer is disabled.
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Section 29. Instruction Set

29.7 Related Application Notes
This section lists application notes that are related to this section of the manual. These applica-
tion notes may not be written specifically for the Mid-Range MCU family (that is they may be writ-
ten for the Base-Line, or High-End families), but the concepts are pertinent, and could be used
(with modification and possible limitations). The current application notes related to the instruc-
tion set are:

Currently No related Application Notes
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