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Avant-propos

Les microprocesseurs constituent le cceur de presqutes les réalisations
électroniques ; on en trouve dans tous les domaginesamment : I'informatique
(de la calculatrice a I'ordinateur), l'automobileABS, injection, ...),
'automatique (automates programmables, contréle deocessus, ...),
I'électronique domestique (thermometre, télécomnegndhrte a puce, ...)

Les performances des microprocesseurs sonsleex possibilités offertes
par la technologie, en terme de capacité (nombreares logiques intégrées)
et de vitesse, et au choix d'architectures adap{éasimposées pour cause de
compatibilité ascendante); a I'heure actuelle, oautve sur le marché des
microprocesseurs intégrant des millions de tramgist fonctionnant a plus de
3000 MHz et disposés dans des boitiers de plusieerdaines de broches, ils
sont issus de différentes approches architectura@sC, RISC, DSP et VLIW.

En effet, la gestion des ressources internes dnicrocontréleur impose de
faire appel a de nombreuses fonctions nouvelle®cdpgues de ce type de
circuit. En outre, si vous voulez pouvoir mettre maint votre application avec
un maximum de chances de succes, le recours a wircamement de
développement spécialisé, allant de I'éditeur deggamme au simulateur en
passant par le compilateur, est nécessaire.

Enfin, lorsque votre programme est prét &eé&ssayé en « vrai grandeur »,
il faut encore savoir comment le charger en mémadaiuemicrocontréleur.

Ce document constitue un support de Travauxtigues qui se propose de
réepondre a toutes ces questions avec des exemplsplications sur des
microcontréleurs de type PIC en langage C. Ce dosmmims'adresse aux
eétudiants Masterl (Master en instrumentation Bioméate, département de
Génie Biomédical, Faculté de technologie, Univegsie Tlemcen.
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1. Introduction

Pour doter I'étudiant d'outils, lui permettame révision et une assimilation
de notions de base sur la programmation des Micnorddeurs de type Pic :

Le compilateumikroC pour PIC Version 6 est présenté en premier lieu ;
ce dernier a trouvé une large application pour &e@loppement de systémes
embarqués sur la base de microcontrdleur. |l assume combinaison de
I’environnement de programmation avancée IDE (Imtdgd Development
Environment), et d’'un vaste ensemble de bibliothegipour le matériel, de la
documentation complete et d’un grand nombre desrgXes.

Le logiciel de simulationlSIS-PROTEUS Version 8 est présenté en
deuxiéme lieu, ce dernier est largement utilisé desniéres années comme
outil pédagogique, en particulier pour sa simplécdue a son environnement
graphique et interactif. Cet outil facilitera, pka suite la tache de I'étudiant
durant la réalisation de ses projets.

Ces des outils des deux logiciels sont décrits au dt a mesure, via une
série d'exemples et d'applications, couvrant difés domaines de
l'utilisations des Pic :

Certaines applications sont validées par dsist expérimentaux effectuées
au niveau du laboratoire, afin de doter I'étudiaditin esprit critique lui
permettant d'analyser et de comparer les résultdtenus, théoriqguement,
expérimentalement, et par simulation informatique.

2. Langage et compilateur
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La programmation des microcontroleurs se fadtturellement en langage
assembleur. Microchip propose MPLAB IDE, un environnement de
développement performant, téléchargeable gratuitemdl permet d'éditer
le code source (sous la forme d'un fichier texte@wextension.asm), de le
simuler et de le débugger. Le compilateur fourratdode objet (fichier avec
extensionHEX).

Notez que I'on peut aussi programmer les microcoleturs en :
- Langage C inikroC) Utiliser dans Notre cas ;

- Pascal Pic Micro Pascal; mikroPasca) ;
- Basic Proton DS; mikroBasig.

Il existe aussi des langages de programmation giph:
- FElowcodeet Niple.

2.1 La carte de programmation (hardware)

Il existe des cartes de programmation @ei branchent sur le port
paralléle, le port série ou bien le port USB d'umioateur. Plusieurs marque
existe sur le marché, chaque société propose dassavec un logiciel pilote.

2.2 Le programmateur (logiciel)

IC-Prog (logiciel freeware développé parorBy Gijzen), Serial
Bootloader AN1310 (Microchip) et mikroProg Suite 1o PIC
(Mikroelectronika) permettent le transfert du coadlejet fichier.HEX ) dans la
mémoire Flash du microcontréleur.

3. MikroC Pro for PIC

A chaque nouvelle version denikroC Pro for Pic de tres nombreuses
ameliorations du compilateur mikroC sont introduite nouvelles variables
utilisables, nouvelle interface IDE, amélioratioesdperformances du linker et
de I'optimisateur, cycle de compilation plus rapid®@de machine généré plus
compact, nouveaux PIC supportés, environnement éeelbppement encore
plus ergonomique, nouveaux exemples d'applicatiais,..

mikroC

VERSION 6.0.0

a. Installation du compilateur mikroC PRO
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Etape 1 : Cliquer sur I'icbnemikroC_PRO_PIC_2012 Build.5.61.exgSi la
fenétre du Contrdle de compte d’utilisateur s’ouvebBquer sur oui), et attendre
que les données de l'installation se décompressent.

:

mikroC_PRO_PIC
Etape 2 : Cliguer surNext 2012 _Build.5.61

G mikoCPROforPIC20t25ee

Welcome to the mikroC PRO for PIC
2012 Setup Wizard

This wizard will guide you through the installation of mikroC
PRO for PIC 2012,

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without hawving to reboot your
computer,

Click Next to continue,

‘_ MNext = ] | Cancel

I

Etape 3:Cocher la casel accept the terms in the License Agreemeneét
cliquer surNext.

Flease review the license terms before instaling mikroC PRO for
PIC 2012,

Press Page Down to see the rest of the agreement.

MIKROELEKTRONIKA ASSOCIATES LICENSE STATEMENT -
AND LIMITED WARRANTY E

IMPORTAMT - READ CAREFULLY

This license statement and limited warranty constitutes a legal agreement
("License Agreement”) between you {gither as an individual or a single entity)
and MikroElektronika (MikroElekironika Assodates”) for the software product
("Software”) identified above, induding any software, media, and accompanying
nnine or nrinted donmentation.

If you accept the terms of the agreement, select the first option below. You must accept the
agreement to install mikroC PRO for PIC 2012, Click Next to continue,

@@1 1 socept the terms of the License Agreement
) I do net accept the terms of the License Agreement

mikroC PROcampller Far PIC 2012 Build. 561

< Back " Next > ][ Cancel

Etape 4: Avant de cliquer sur Next, il est recd

Install For All Users coché. Cliquer suNext.
Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontrdleurs
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{53 mikot PR for PIC 20125

mikroC PRO for PIC 2012

@ @ Install For All Users{recommended)

(71 Current User

mikraC PRO compiler for PIC 2012 Bulld:S, 61

J

<Back | next> | [ cancel

Etape 5 : Cliquer surNext.

(1 mikroC PRO for PIC
Choose Components

Choose which features of mikroC PRO for PIC 2012 you want to
install,

Check the components you want to install and unchecdk the components you don't want to
install. Click Next to continue.

; Bl . IEEEE— Description
Sehctiomenent Wikt A Po::;ﬁ YOUr MoUse
“| Help Files T i

awver-a component to
Examples see s description,

Space required: 153, 4ME

ikro PRG- compller for PIC 2012 Build. 5,61

L <Bask |

Etape 6 :Cliquer sur Install (Noter bien I’endroit d’instaliion).
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=

Choose Install Location
Choose the folder in which to install mikroC PRO for PIC 2012,

Destination Folder

:\Users\Public\Documents

WikroelekironikaymikraC PRO for PIC

Space required: 153.4MB
Space available: 20.6GB

mikroC PR compiler for PIC 2012 Build.5.61

Setup will install mikroC PRO for PIC 2012in the following folder. To installin a different
folder, dick Browse and select another folder, Click Install to start the installation.

oot ][

| | cance

Etape 7 :Patienter pendant I'installation.

1 mikeoC PRO for PIC 2012 Set

Installing
Please wait while mikroC PRO for PIC 2012 is being installed.

Extract: P18F2423.md

- =

_ Show details

mikral PRC compiler for PIC 2012 Blild, 5,61

< Badk “

Mext =

Cancel

Etape 8 :Cliquer surFinish
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Completing the mikroC PRO for PIC ‘
2012 Setup Wizard ‘

mikroC PRO for PIC 2012 has been installed on your
computer,

Click Finish to close this wizard.

| < Back I Finish I| Canicel

Etape 9 :InstallermikroProg Suit For PIC etmikroProg Suit drivers si
vous avez besoin, sinon continuer en cliquantNan.

v n
{77 mikroC PRO for PIC 2012 Setup

Installation Complete
Setup was completed successfully,

Lmilkeo FRO compiler For' PIC 2012 8ulld. 5,61

< Back |[ Finish ] | Cancel

(51 mikroC PRO for PIC 2012 Setup

Dr HAMZA CHERIFL Installation Complete t Microcontroleurs
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Etape 10 :

Avant de lancemikroC_PRO_PIC ; Aller dans le répertoire M_License
et copier le fichier qui s’y trouveniColler pour remplacer le fichier copié
auparavant dans le répertoir®likroelectronika) ou mikroC_PRO_PIC a étée
installé.

Etape 11 :

Lancer le compilateur mikroC PRO en cliquant sucdne :

iC

kd

mikroC PRO for
PIC

Maintenant, nous allons décrire seulement lecpssus d’écriture d'un

programme en langage mikroC ; La description dééade toutes les options
Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontréleurs
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disponibles dans ce compilateur prendre trop deptgnte n’est pas le but de
nos Travaux Pratiques ; Pour plus d’informationpagez-vous a I'aide [Help].

Menu
Toolbar

'3 mikeoC PROr P?vSﬁicme nika\mikroC PRO for PIC\Examples... == et e

File Edit E[ewvgroject Build Run Tools Help

G AR N S e = S W A ! S P 2y ||y

&r|| {ot startPage [ LedBlinking.c [£2 | ==

=z ! =

- i 3 S =

o St a 8| [ New Project.. Get Started : g
(paramétres A 2
principaux du o ) -
microcontrileur) o ; Welcome  Links ES
= Open Project... ==

=] — e Welcome to mikroC PRI | _1:

. ::m} Open Examples Folder... | = g

&3 | mikraC PRO for PIC Help =

o W _Show Page On Startyp ! e DB Fvr DI wunbenaaas | | [

= - ol I | ¥ 2

=1 s a2

g g

i Messages | [ Quick Converter g

: W Errors W Warnings W Hints E

Line Message Mo, Message Text ;_:!

§-.

=
Error Window E> i

o

]

4 1 b .g.

CihnmikeoC PRO for

Figure.1. L’environnemenkDE du compilateur mikroC PRO for PIC.

b. Création d’un nouveau projet

Pour créer un nouveau projet il faut cligaepartir de la barre d'outils
sur I'icone :New project ou a partir duMenu > Project > New Project).

[H mikroC PRO for PIC v.5.6.1 - C:AUsers\PubliciDocuments\Mikroelektrol

‘| File Edit View Project Build Run Tools Help
i@ mEmE e DE-A800 i
|| ) startpage BB [T Ledsirking.c (63| B
£ . ! '
= . | Create New Project
§ | ¥ ; Qpen ‘ 2 Create new project
E o— : 1
L E@_ Open Examples Folder...
E W Shaw Baas On Stark in
5 1 -

Al e .
File Edit View Emjer:t| Build Run Tools Help

DRy B~ (H %|L% New Project... Shift+ Ctrl+N |i i
o} StartPage| E% Open Project.. Shift+Ctrl+ 0
|:E'] Kisid {% Open Praject Group... ot 5E> Microprocesseurs et Microcontrdleurs

Recent Projects [

Velcomr 12
ﬁ Qper ;@ Save Project

Dr HAMZA CHERIF Lotfi
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- Pour commencer la création de votre nouveau progditquer sur le
boutonNext :

Welcome to the New Project
Wizard

This wizard helps you:

» Create a new project

» Select the device for your project

+ Setup device clock
» Add project files

Click Next to continue

[__ . Back ,Ji Mext & | Cancel

Step 1: Project Settings:

Project Name: TP1

Browse

Device Name: PL1EFB44

Device Clock: 1.000000| MHz

Enter praject name, project folder, select device name and enter a device dock {for example: 80.000),

MNote: Project name and project folder must not be left empty.

4 Back Next 3 Cancel

- Renommer votre projet sitRroject Name: ex (TP1).

- Enregistrer votre projet sur un Dossier bien détmer : ex
(TP_Microcontroleurs) sur le bureau.

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontrdleurs
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|- Bureau|
;“_;E_E:igl-i-clbthéques
I q% Groupe résidentiel
b A loth
4 1M Ordinateur
4 ﬁ Disque local {C)
ol SWindows.~BT

[Créerunﬂmeaudnssier ] @

- Sélectionner le périphérique6F84A dans le périphérique dans la liste
déroulante.

- Sélectionner la fréquence d’horlodéMHz.

D

Step 2: Select files you want to add to project.

Add File Te Project:
| Add

Remove
File Mame -
Remove Al

Cancel

- Cliquer surNext.

Cette fenétre est utilisée si vous voulez ajouterfichier a votre Project,
vous pouvez le faire aussi en utilisatoject Manager.

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontrdleurs
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Cliqguez surFinish pour créer votre nouveau projet.

" Open Edit Project window to set Configuration bits

Chedking 'Open Edit Project’ option will open 'Edit Project’ window after dosing this wizard,
This enables you to easily setup your device and project.

¢ Back l Finish |

- Une fenétre vide s’affiche afin de saisir le progmae (code - source).

I oo PRO for IC 361 CUSENT TP Mirocontrolers\TPLmeppi - NOT REGISTERED.

File Edit View Project Build Run Tools Help

a2 D2 iadisuatd iows ~ BB ol
; [ R

.- Bvoid main() {

sBuipes palayd B

| ici Pemplacement du code - source

o epon

] Messages | [EB Quick Converter

Size Sign DECIMAL HEXADECIMAL  BINARY
1718 bits.

(7 16 bits =
@ 3z2bits ) Signed

@ Unsigned

FLOAT DECIMAL

FLOAT 32 bit (IEEE) FLOAT 32 bit (MICROCHIP) RADIX 1.15

xapalod 15| [ dow 11 - (zfe] ebeueyy asloi [iT]] [ 2517 aumnoy D|\/

.Q\Uﬁm\N‘ﬂC\Dﬁm p\TP_MicrocontroleursiTPlc

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontrdleurs
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c. Compilation

Aprés I’écriture ducode source la compilation est I'’étape suivante pour
avoir le fichier :extension. Hex

- SélectionnezBuild a partir du menu déroulant ou cliquez sur l'icone
Build dans la barre d'outils du projet.

File Edit View Project | Build | Bun Tools Help
BBy P[0 @ [N puid CtiteFs |

Bebuild All Sources Alt+F9

+ Blvoid main ()| “ Build current project (CTRL-F8)

Build All Projects  Shift+F2

Stop Build All Ctrl+F12

siuipes palosy E)
sBunies Jaalond E)

¢ Build + Program Ctrl+F11

07

Le mikroC PRO for PIC organise des applications dans des projets,
composé d'un seul fichier de proje¢xgension. mcpp) et un ou plusieurs
fichiers sources (extension).

&Ae‘ A- » TP_Microcontroleurs

Fichier Edition Affichage Outils 2

Organiser v [ Ouvrir avec... Partager avec v Graver »

J|| Fichier Edition Affichage Outils S Fovori *  Nom Modifié le Type

Organiser v » = [ L. Emplacements récents ] TPLasm 04/04/2020 ... Fichier ASM

= Bl Bureau B TPLc 04/04/2020 mikroC PRO for P1
B Téléchargements | TPLcfg 04/04/2020 Fichier CFG
@ OneDrive L TPLcp 04/04/2020 ...  Fichier CP

. TP1.dbg 04/04/2020 Fichier DBG

4 Bibliothéques ) TP1.dct 04/04/2020 . Fichier DCT

3¢ Favoris
% Emplacements récents
Bl Bureau
8 Téléchargements
@ OneDrive

< Documents | TPLdR 04/04/2020 ... Fichier DLT
G Bibliothiques &) Images P <j 04/04/2020...  HEX File <j
o Musique L 04/04/2020.. Document texte

% Documents

& Images B vidéos | TPLIst 04/04/2020 ...  Fichier LST

& Musique - <[ ®r 04/04/2020 ...  Fichier MCL Wind...
S élément(s) « Groupe résidentiel 3 P1.meppi 04/04/2020 mikroC PRO for PL
) Avant compilation ) TPL.mcppi_callertable ~ 04/04/2020 . Document texte
) % Ordinateur || TPLuser 04/04/2020 Document texte
- &L Disque local (C) hll] L]
v TPL Modifié le: 04/04/2020 16:53 Date de création : 04/04/2020 16:49
I HEXFile  Taille: 175 octets Apres compilation

Les fichiers sources peuvent étre compilés s’ilatfpartie d'un projet.
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Le fichier projet contient les informations suivasst:

Nom du projet et une description facultative

Composant cible.

Option du composant

Fréquence d’horloge du composant

La liste des fichiers source du projet avec lesmhes

Fichiers d'images

Fichiers binaires (* mcl.)

D'autres fichiers Aprés compilation on aura d'autegtensions dont
I'extension. Hex, qui sera par la suite intégrée au niveauRIC.

Si plus d'un projet est ouvert, vous pouvez les pdar tous avecBuild All
Projects en sélectionnanBuild.

[H mikroC PRO for PIC v.5.6.1 - C:\U_sers\l"vl'ﬂC\Deskturp\TF’_M'icrocon

Eile Edit Yiew Project Euildiﬂun Tools Help
e~ [ (%~ | ™ Build Ctrl+F9

| |40} startPage [E21| [  Rebuild Al Sources  Alt+Fo

I

|| sbumas paoig Ey|

=

Build All Projects  Shift+F2

Stop Build All Ctrl+F12

Build + Program  Ctrl+F11

La Barre de progression s'affiche pour vous infornseir I'état de la
mémoire RAM et ROM, I'espace mémoire utilisé et kecompilation.
S’il y'a des erreurs, vous en serez informé dansféaétre d'erreur
(Figure. 2).

Le convertisseur rapide est souvent utilisé poure uaide dans la
programmation (Figure.2).
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Messages Quick Converter

¥ Errors V' Warnings ¥ Hints
Line Message Mo, Message Text Unit
0 1144 Used RAM (bytes): 3 (6%) Free RAM (bytes): 49 (94%%) Used RAM (bytes): 3 (6%) Free RAM (bytes): 49 (94%)
0 1144 Used ROM (program words): 19 (2%:) Free ROM (program words): 1005 (98%:) Used ROM (program words): 15 (28%) Free ROM {progra...
0 125 Project Linked Successfully TP 1.mcppi
0 128 Linked in 250 ms
0 139 Project TP 1.mcppi' completed: 453 ms
0 103 Finished successfully: 04 avr. 2020, 16:53:02 TP 1.mcppi
Messages Quick Converter

Size Sign DECIMAL HEXADECIMAL BINARY CHARACTER

©8bits | @) Unsigned 17 00000011 0000000 00000000 00000000 00010001 4

() 16 bits .

@ 32 bits () Signed

FLOAT DECIMAL
17

Format } .

1 Bin FLOAT 32 bit (IEEE) FLOAT 32 bit (MICROCHIF) RADIX 1.15

-6-HE)( 41350000 83050000

Figure.2. Message d’erreur et le convertisseurisiéilpar L’environnement
IDE du compilateumikroC PRO for PIC.

4. Le langage de programmation miKroC

a. Structure d'un programme en mikroC

La structure la plus simple d'un programmengikroC, c’est le programme
représenté dans le code-source suivant :

void main() {// Début du programme
TRISB = 0; // Configuration du PORTB en sortie
PORTB = 0; // Initialisation du PORTB
for(;;) // Boucle sans fin

{ /] Début de la boucle

PORTB.b0 = 0/ RBO =0
Delay_ms(1000);// Pause d’'une seconde
PORTB.b0 =1;// RBO =1
Delay_ms(1000);// Pause d’'une seconde
} // Fin de la boucle

} // Fin du programme

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontréleurs
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Ce programme nous permettra de faire clignaine LED connectée au
PORTB (par exemple bit 0 du PORTB) du microcontid®IC avec une période
de 2 secondes (1 seconde allumée et une secondedte

b. Regle générale de I'écriture en mikroC

- Les instructions propres au langage microC doivéthte écrites en
minuscule. Ex : void main

- Les instructions particulieres aux microcontrélewsivent étre écrites
en majuscule. Ex : PORTB

- Les retours a la ligne et les espaces servent wamitant a aérer le code

- Toutes instructions ou actions se terminent pampomt-virgule «; ».

- Les commentaires sont utilisés pour préciser lectoonnement du
programme et pour une annotation du programme.

- Les lignes de commentaires sont ignorées et non pimpar le
compilateur. IlIs commencent par le caracter#/ » et il n’a pas besoin
d'un caractére de terminaison.

5. La simulation avec le logiciel ISIS de PROTEUS V8

Proteusest un logiciel de développement et de simulatitapplication via
un environnement graphique simple et interaclié. lancement de PROTEUS
donne un environnement classique de type Windowsstitué d'une fenétre
principale, et d'un ensemble de barres d’outilsg(Fe.3).

3 UNTITLED - Proteus & Professional - Home Pags
File System Help |
DEEY AERECGER - @

ﬁ Home Page x |

Getting Started

® Schematic Capture Jpen F’roi&c New F‘mieq aport Legac 'pen Sampl

- Recent Projects
Help

@ Help Home =

About

Figure.3. Le logiciel PROTEUS V8
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En cliquant sur I'icondSIS de PROTEUS une autre fenétre apparaisse
(Figure.4).

Outre le menu classique permettant la gestlen fichiers, de I'affichage,
et des options des projets, fenétre principale comprend une Zone de travail
destinée au développement des circuits a simulex &tster.

Une Bibliothéque d'objets affiche la liste dekjets (circuits électriques,
eélectroniques...) utilisés dans |'application en caur

Les différentes Touches magnétoscope conasitdes raccourcis permettant
le lancement de la simulation, ainsi que la misepanse, I'exécution pas a pas,
et I'arrét de la simulation (Figure.4)

—

i 3 UNTITLED - Pm‘_s 8 Fl?essional - Schematic Capture
File Edit View Togl# Design Graph Debug Library Template System Help
DEEY dEEEGEE R~ @ Menu
) Q| 34 B (% | B | @ 4t 42
ﬁ Home Page x E Schematic Caplure x .:
Mode sélection —=k | C
Mode composant—3 9 “
Point de jonction—+ [ '
-
J; tB@ oevies Espace de travail
_‘L—_t *
Terminal—= Bllbll'oti]eque
> d'objets
<1
(e
=
Mode générateur.i.@
Ed
| ’ I’ " | [ ] Mo Meszages Wwhire label.
i| Touches pour lancer la simulation
o — = — ——————— —g"

Figure.4. Fenétre de gestion ISIS de PROTEUS.

a. La simulation des Microcontrdleurs

Dans cette partie on s’intéresse ala simolatdes a base de Microcontréleur
de Type PIC 16F84A. Le circuit de base d'un systemenicrocontrbleurs
comprend généralement et en particulier :
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- Un circuit RESET, qui peut étre un simple circiRC.
- Un circuit d'horloge, qui est généralement unidateur a quartz.

Remarque : On n’a pas besoin lors de la simulation de cesxdeiucuits ; Le
PIC une fois poser dans I'espace de travail fonchi®@ méme sans alimentation.

Etape 1 :Dans la barre d’outils principale, cliquer surnmede composant (1),
ensuite sur |eP (Pick Devices), choisir des appareils ; Vous noser la case
recherche 16F84 par exemple, et vous cliquer sappareil que vous voulez.

@ UNTITLED - Proteus 8 Professional - Schematic Capture = _EI _53 =
File Edit View Tool Design Graph Debug  Library T=mr|' e System Help
DEHS CBEEEQBER-~ @
D¢ & B _'!=_':@1-3"%:e’ 5 IE Al N G
ﬁ Home Page = - fiss S-élhema;t.i::_é:':lptme ¥ | !E Device Libraries X
5.__ c
+ l_ e — 1
|/ [E8 Pick Devices | .
-+ !
3 ﬁ f Keywards: Besults [1]:
e DEVICES I
Lo ; 1EFB4 e | Device Library Dresoription
7
i | Pt T | pic1erass PICMICRO  PICTS Microcontrolis [1024B code, G5B datz
4] 2 | Show only parts with models? ||
o=t . Eategol_l,l
- I
Mlcroprocessol ICs
B

Etape 2 : Approuver votre choix en cliquant s@K

PCE Preview:
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Etape 3 : Vous pouvez centrer le PIC, faire un Zoom et corieecautre

éléments et appareils en proceédent de la méme

manhous pouvez ajouter

les appareils avec la souris (cliquer sur le boutrnit de la souris) ; pour
ajouter la masse par exemple (GROUND), comme iHeastsur la figure

suivante :

Etape 4 : Un double clic sur le microcontrdleur

@ UNTITLED - Proteus 8 Professional - Schematic Capture L=l = L g2
File Fdit View Tool Design Graph Debug Library T
O G EEE R D@ &
D¢ | 6B BE S @, @64 HRER R
fa} HomePage x [ Devicelibrares x  [BB Schematic Capture x|
=
k (& Place P Component L4
D 0 U1 Select All Objects R
& [ [l e T Wik : == | Text Script
] o L5 oscacikour  Rat 2 ! it | Bus
RAD [—— | | cut !
= S | ‘ :D: Sub-Circuit
= 1@  7ermnas RS i 2 D1 | B3 Copy To Clipboard o
T |peRauT B & pon | 5] Terminal DEFAULT
i QUTRUT i | rostaneet 4| Device Pin M| meut
= £ t et
i U e ammmear B 14 Grophs » | outeur
o . =TEXT= |
- GROLND 455 |7 Animation Region BIDIR
L CHASSIS T |
Eis RBS —5 | @) Generator H POWER
RES [—= {7
O RE7 |12 2 Probe | | GROUND
@ PICT16FS4A | Virtual Instrurnent | CHASSIS
<TEXT> |
ﬁ . Line B
[ 3 I 1] [ | @ Mo Message: Root sheet 1 @; Box Q From Libraries
+1600.0 +pong | Circle {
@B Arc

choisi 16F84permet la

définition de sa fréquence de fonctionnement, etndum du fichier contenant
le code machine (fichier.hex) qui sera exécuté duda simulationl.

Remarque : Pour une bonne synchronisation il faut choisiméme fréquence
de fonctionnement (horloge) choisie auparavantlguprogramme de mikroC.

r
[E8 Edit Component

=

Part R eference: Hidden: [ oK. |<j
Part ¥ alue: Hidder: [~ T|
Element; =~ MHew ]

| [Microcontroleur| | DPaa |
PLE Package: DiL13 v [2][Higean <] | | HiddenPins | |
Foganfie | Le fichier exécutable I:: > [D(Hig=ar <] | [Edt Fimwere

Cancel

Processor Clock Frequency: MHz Hide Al i

Program Configuration ‘word: D“3FFB. Hide Al -

Advanced Properties:

Randomize Program Memon? '“ND \ - ] | Hide &l b s |
. "

Fréquence de
I'Horloge

Other Properties:

[ Exclude from Simulation [] Attach hierarchy module
Hide commor pins

[T Edit all properties a3 text

|71 Exclude from Eill of Materialz
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Etape 5 :Une fois le fichier extension.HEX est chargé suPlkC, vous

pouvez lancer la simulation

~| .. » TP_Microcontroleurs v |42 Il Rechercher.., @ i

=

Fichier Edition Affichage  Outils 7
Organiser v Inclure dans la bibliothéque » Partager avec = Graver  # Hazi=w @
X P 4 Nom . Modificle  Type Taill ~
5] Emplacements récents | TPl.c 04/04/2020 ... Paramétres de co..,
B Bureau || TPL.cfy 04/04/2020 .. Fichier CFG
5. Téléchargements L TPLep 04/04/2020 ... Fichier CP =
& OneDrive L | TP1.dbg 04/04/2020 ...  Fichier DBG
= L | TP1.dct 04/04/2020 ..  Fichier DCT
- Bibliothéques |_| TPL.dit 04/04/2020 ...  Fichier DET
| Documents (L TP 04/04/2020 .. HEX File |
=l Images = TP 04/04/2020 .., Document texte E
Jl Musique L] TPLIst 04/04/2020 ... Fichier LST
B vidéos — @71 04/04/2020 ..  Fichier MCL Wind...
E TPL.mcppi 04/04/2020 ... mikroC PRO for PL..
ﬁ Groupe résidentiel ,_] TPL.mcppi_callertable 4/04/2020 ...  Document texte
| TPL.user W4/2020 ..  Document texte -
ol Niedinatcne Sl 1, \\ | b
) 7 Eementt) Fichier extension. HEX

Etape 6 :Lancer de la simulatioavecPLAY surlSIS. 2
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TP N° 1 : Gestion Des Sorties Et Multiplexage
Avec Un Microcontroleur

(Exemple : PIC 16F84) Utilisation des Afficheursségments.

1. Généralités :

Le PIC 16F84A est un uC (microcontréle@ )its de la société américaine
Microchip. Le 16F84A possede3 entrées/sorties(5 dans le port A et 8 dans
le port B). Chaque entrée/sortie est configurabidividuellement (en entrée
ou bien en sortie). On peut par exemple configuess broches RB0, RA2 et
RA3 en entrée et les broches RB1, RB2, RB3, RARAL en sortie.

Cas particulier de la broche RA4 configurée emortie possédaine sortie
de type drain ouvert. Cela veut dire qu'elle ne peut pas fournir de @our
Cependant, elle peut en consommer.

+5Y g
1 18
— RA2 RAT1 e
| 2 17
4.7K $ - RA3 RAD o
2 3 e oser 16 4Mhz
4 |— 1 —T—,_,
MCLR 0SC2 2
5 14 |{
Vss Vdd i
6 RBO RB7 L T
- > [220f 22pf
— RB1 RBE o -
1
470 iﬂii? RBS -—1-
9 10
— RB3 RBA o
LED - 1uf
L L PIC16F84 J_—

Figure. 5. Présentation du PIC 16F84.
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2. Premiere partie :
Objectifs : Vérifier le fonctionnement d®PIC 16F84 (Jeu de lumiere et
feu tricolore de circulation).

Lancer ISIS de Proteus, et développer le cir@auliase du 16F84 ci-contre.
Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
Simuler le circuit précédent, en lui associanfpl®gramme donnée.

- Modifier le programme pour allumer les LEDs des@&condes au lieu d’'une
seconde.

- Modifier le programme pour allumer deux ou traiEDs au méme temps.

Designation: LED BLUE / RED / GREEN / YELLOW. .

Programmel : D1
void main() gED
TRISB=0x00; o
// Registre de configuration i
// ((TRISB=0 : sortie, TRISB=1 : entrée)) PE
// TRISB=0b00000000; TRISB=0 ; l bl
PORTB=0x00; AN e D4
// registre de travail, pour initialisation iy p— Ra2 B

RALTOCKI —: LEI?—EED
for(;;) e D5 HH
{ [ T
PORTB=0b00000001; delay_ms(1000); = e
PORTB=0b00000010; delay_ms(1000); 4
PORTB=0b00000100; delay_ms(1000); 4%
PORTB=0b00001000; delay _ms(1000); i
PORTB=0b00001000; delay _ms(1000);
PORTB=0b00010000; delay_ms(1000); LED-ReD
PORTB=0b00100000; delay_ms(1000); D8

PORTB=0b01000000; delay_ms(1000);
PORTB=0b10000000; delay_ms(1000); =25
}
}

- Modifier le programme pouréaliser deux feux tricolores—
Désignation: TRAFFIC LIGHTS

000
|
00O

Rouge : Tout conducteur doit marquer l'arrét absolu.
Vert : Autorisation de passage des véhicules.
Orange : Clignote avec le vert pour prévenir du passageauge.

A: ROUGE (5 secondes) >> VERT (3 s) >> ORANGE (2> ROUGE (5 s)
B: VERT (3 secondes) >> ORANGE (2 s) >> ROUGE (5>%) VERT (3 s)
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3. Deuxieme partie :
Objectifs : Application du multiplexage : Utilisation des Affi@eurs 7
segments et le décodeur 741s48.

Désignation : 7SEG-COM-CATHODE

Développer le circuit a base du 16F84 avec l'elfieur 7 segments ci-contre.
Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
Simuler le circuit précédent, en lui associanfpl®gramme donnée.

Modifier le programme pour afficher la suite deembres de 0 a 9 (utiliser
un afficheur 7 Segments a cathode commune).

- Modifier le programme pour afficher la suite desmbres comme suite 5 a 9
ensuite de 0 & 9.

Programme2 :
U1

void main G A

2|
TRISB=0x00; // registre de configuration. m RM/TOT:?(? :§
PORTB=0x00; // registre de travail. RBOINT ';‘
PORTB=0 ; e s
PORTB=1; 5 10
PORTB=3 ; =
PORTB=4 ; Re7 2
PORTB=5 ; PICTEF84A
PORTB=6 ; 1
PORTB=7 ; i
PORTB=8 ;
PORTB=9 ;
}

Ou avec une Boucle for :

void main()

{

TRISB=0x00; // registre de configuration.
PORTB=0x00; // registre de travail.

for(;;)

{
PORTB++;
delay_ms(1000);
if (PORTB==9)(PORTB=0);
delay_ms(1000);

1}
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-Utiliser le décodeur 741s48 avec I'afficheur 7 se@nts pour afficher la suite
des nombres de 0 a 9.

U1
12 OSCUCLKIN RAD T
15 1 oscacLkour RA1 2
‘ Ra2 -
—— MCIR RA3 [——
RA4TOCK! |- U2
RBOINT |5 A N =
RB1 [— 8 a8 |2
RB2/—o [ Q¢ 5
RB3 [ 2o Qo |-
RB4 |1 —+q 8iReO QE =
e R D oF 4
RBS [—2 =du QG
Rre7 [—2
740548

PIC16F84A
B ===

-Modifier le schéma avec un décalage des lignesanections (RB2 avec A,
RB3 avec B, RB4 avec C et RB5 avec D) et modifiepprogramme pour
afficher la suite des nombres de 0 a 9.

Application du multiplexage (Utilisation de deux afficheurs 7 segments).

- Développer le circuit a base du 16F84 avec defficheurs 7 segments ci-
contre (Cathode commune).

- Déterminer le fonctionnement de I'afficheurs déeitavec RAO et RAL.

- Modifier le programme pour afficher la suite desmbres de 00, 11, 22...

- Modifier le programme pour afficher le chiffre 15

U1

12 OSC1/CLKIN RAD |2
121 oscaicLkout RA1 |—
4 RA2 [—5-
—— MCLR m—3
RA4TOCK! |-
RBOINT (2 Qa2
RB1 | a8 (—2
RB2 — ac 4
R8I |—= Qo |2
RB4 |2 o
RBS — aF 2
RBG'—13 QG

PIC16F34A

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontréleurs

27




TP N° 2 : Gestion des entrées / sorties et
utilisation de case mémoire RAM

(Application sur le microcontréleur PIC 16F84A)

1. Généralités :

Le PORT A est un des deux Ports du PIC 84Fet comprend 5 lignes
Entrées/Sorties. Sa configuration et sa programarapiassent par l'utilisation
de deux registres qui sont PORTA et TRISA.

Le registre PORTA (Bank 0) est une copesdignes RAO...RA4, tant en
entrée qu’en sortie. En effet, lire le PORTA revienlire I'’état des pins alors
gu’'une écriture place le niveau correspondant se$s pins qui auront éte
configurées en sorties (dans une séquence intetind®l&€ de Read-modify-
write).

Les lignes RAO ... RA3 sont des entrées weaux compatibles TTL et
des sorties CMOS standards. La ligne RA4 est unteéena Trigger de Schmitt
et une sortie a drain ouvert qui est multiplexéeaVentrée de Timer TMRO.
Le registre TRISA (Bank 1) est le registre qui pettna de placer les pins
indépendamment en entrée ou en sortie.

- Mettre un bit de TRISA a 1 placera le pin corresgant en entrée (et le
circuit de sortie correspondant en haute impédance)

- Mettre un bit de TRISA a 0 placera le pin corresgant du PORTA en
sortie.

2. Premiere partie :
Objectifs : Utilisation des interrupteurs pour allumer les LEDs

Désignation : Symboles | Désignations

R3

. RES
10

=* | BuTTON

- SW3
. |sw_spsT

—
SW-SPET
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- Lancer ISIS de Proteus, et développer le cir@auliase du 16F84 ci-contre.
- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
- Simuler le circuit précédent, en lui associantpl®gramme donné.

U1
:g: OSC1/CLKIN RAD
0SC2/CLKOUT RA1
7o | - RA2
—— MCIR RA3
RA4/TOCKI
RBO/INT
RB1
RB2
RB3
RB4
RB5
Programmel : 23?
void main() PIC16F84A

{

TRISB=0x00;  // registre de configuration
TRISA=0xff ; // Quick Converter mikroC //ou TRISA=0b00000111(RAO, RA1 et RA2 on sortie) ;

PORTB=0x00; // registre de travail.
PORTA=0x00; // registre de travail.

for(;;)
{
If(PORTA.b0==0)PORTB.b0=1;else PORTB.b0=0;
// b représente le bit, un seul “ = “ implique une erreur au niveau du simulateur ISIS
//et pas au niveau du compilateur mikroC.

If(PORTA.b1==0)PORTB.b1=1;

else PORTB.b1=0;
If(PORTA.b2==0)PORTB.b2=1;

else PORTB.b2=0;

}

1

- Procéder a un remplacement des masses et de®mtl@rions et Modifier le
programmel pour allumer les différentes LEDs.
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3. Deuxieme partie :
Objectifs : Utilisation de case mémaoire.

Une variable est une portion réservée d’aréaoire a laquelle on a donné
un nom. On peut stocker ou lire les informations des variables. Toute
variable utilisée dans un programme doit auparavéneé définie.

Ladéfinition d'une variable consiste a mommer et lui donnée unype
et éventuellement lui donner une valeur initialmifialiser). C’est cette
définition qui réservedlloue) la place mémoire nécessaire en fonction du type.

Certains noms sont réservés pour le compilateurmi@me et ne peut pas
étre utilisés comme noms de variables dans un mmgne :

Asm enum signed, auto, extern, sizeof, break, float, static, case,
for, struct, char, goto, switch, const, if, typedef, continue int,
uni on, default, long, unsigned, do, register, void, double, return,
vol atile, else, short, while.

Le langage mikroC prend en charge les types dealdeis suivant :

Type ;ﬂﬂ; Plage

unsigned char g 0 & 255

unsigned short int g 0 & 255

unsigned int 16 0 & 65535

unsigned long int 32 0 & 42094967295

signed char 8 -1283 & 127

signed sheort int 3 -128 a 127

signed int 16 -32768 a 32767

signed long int 32 - 2147483648 & 2147483647

float 32 + 1.17549435082E-38 & +6.80564774407E38
double 32 + 1.17549435082E-38 & + €.80564774407E38
long double 32 + 1.17549435082E-38 & £ ©6.80564774407E38

Tableau.l Types de variables en mikroC.

bit a ; /ICrée une case de mémoire avesceun bit soit 0 ou 1
char b ; /| Crée un octet dans la mémoire RAM
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Le programme 2, présente une autre utilisation ich¢srrupteurs.

-Donner la différence entre

programme2.

Programme2 :
bit al,a2,a3 ; //Crée trois case mémoire ;

void main()

{

TRISB=0x00 ; // registre de configuration
PORTB=0x00 ; // registre de travail.
TRISA=0xff ;

al=a2=a3=0;

for(;;)

{

if(PORTA.b0==0) { al=~al; delay_ms(300); }
PORTB.b0=al;

if(PORTA.b1==0) {a2="a2 ; delay_ms(300); }
PORTB.b1=a2;

if(PORTA.b2==0) { a3="a3 ; delay_ms(300); }
PORTB.b2=a3;

1

1

U1

OSC1/CLKIN
——1 OSC2/CLKOUT

—— MCLR

RAO
RA1
RA2
RA3
RA4/TOCKI

RBO/INT
RB1
RB2

le fonctionnement dales programmel et

PIC16F84A

- Réaliser un compteur décompteur de 0 a 9 et @e09sur un afficheur 7
segments ; a I'aide d’'interrupteurs.
-Si un interrupteur A est enfoncé, on a un compteur
-Si un interrupteur B est enfoncé, on a un décompte
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TP N° 3 : Gestion des interruptions et
utilisation des sous-programmes

(Application sur les afficheurs LCD)

1. Généralités :

Les afficheurs a cristaux liquides, appelafficheursLCD (Liquid
Crystal Display), sont des modules compacts intelligenta@tessitent peu de
composants externes pour un bon fonctionnementcdlssomment relativement
peu (de 1 a 5 mA).

Plusieurs afficheurs sont disponibles searnmharché et different les uns
des autres, par leurs dimensions, (de 1 a 4 ligtee6 a 80 caracteres), et aussi
par leurs caractéristiques techniques et leur t@mgle service. Certains sont
dotés d'un rétro-éclairage. Cette fonction fait app@ des LED montées derriére
['écran du module.

Deux modes de fonctionnement de I'afficheur sormstpainibles, le mode 4
bits et le mode 8 bits :

Mode 8 bits : Dans ce mode 8 bits, les données sont envoye&sfacheur sur
les broches DO a D7.

Mode 4 bits : Il peut, dans certains cas, étre nécessaire dendier le nombre

de fils utilisés pour commander l|'afficheur, commmar exemple lorsqu'on
dispose de tres peu de broches d'entrées sortiepodibles sur un

microcontrdleur. Dans ce cas, on peut utiliser led® quatre bits de I'afficheur
LCD. Dans ce mode, seuls les 4 bits de poids fod & D7) de I'afficheur sont
utilisées pour transmettre les données et les lies 4 bits de poids faible (DO
a D3) sont alors connectés a la masse. On a dosoibghors alimentation de
sept fils pour commander I'afficheur. Les donnéentsalors écrites ou lues en
envoyant séquentiellement les quatre bits de pdods suivi desquatre bits de

poids faible.
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Un afficheur LCD est composé de plusieurs parties :
- Un contréleur (driver LCD) qui communique avec Itéxieur et gere
I'affichage.
- Led de rétro éclairage (pour activer le rétro écdgie ou non).
- Contraste : contraste de I'affichage.

LCD1
LMO16L

Il existe plusieurs tailles d’écran ; Dans notres@mn utilise un 16 x 2 (2 lignes
de 16 caracteres).

- VEE ajuster I’éclairage avec un potentiometreldeou 20 k.

- RW =1 lecture a partir du LCD.

- RW=0 écriture dans le LCD.

- La communication du LCD (afficheur et registre) avie PIC se fait via un
bus de données de 4bits (D4,D5,D6 et D7 (data kot))de 8bits.

RBO avec RS(Registre entré select).

RB1 avec E(Entrée de validation).

Avant chaque connexion d’'un LCD les variables suitess doivent étre défini
avant d'utiliser cette fonction :

- LCD_D7: Data bit 7

- LCD_D6: Data bit 6

- LCD_D5: Data bit 5

- LCD_D4: Data bit 4

- LCD_RS: Register Select (data/instruction) signal p
« LCD_EN: Enable signal pin

- LCD_D7_Direction: Direction of the Data 7 pin

« LCD_D6_Direction: Direction of the Data 6 pin

« LCD_D5_ Direction: Direction of the Data 5 pin

« LCD_D4 Direction: Direction of the Data 4 pin

- LCD_RS_Direction: Direction of the Register Selgun

LCD_EN_Direction: Direction of the Enable signalnpi
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2. Premiere partie :
Objectifs : Utilisation des afficheurs LCD.

Désignation : LM0O16L ou LCD

- Développer le circuit a base du 16F84 avec l'alitur LCD 16X2 ci-contre.
- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
- Simuler le circuit précédent, en lui associantpl®@gramme donné.

Programmel:
LCD1

LMo1eL

// Lcd pinout settings

sbit LCD_RS at RBO_bit;
sbit LCD_EN at RB1_bit;

sbit LCD_D7 at RB5_bit; 88% o3 szaszseas

>>> @ w [~X-N-N-R-N-N-N-}
sbit LCD_D6 at RB4_bit; mEEEEEEEEEmEEEEE
sbit LCD_D5 at RB3_bit; ? AR
sbit LCD_D4 at RB2_bit;

// Pin direction

sbit LCD_RS_Direction at TRISBO_bit; o~ U;CVCWN == iy
sbit LCD_EN_Direction at TRISB1_bit; 22 oscaicukout g:;—:*"
sbit LCD_D7_Direction at TRISB5_bit; s RA3 -
RA4TOCKI

sbit LCD_D6_Direction at TRISB4_bit; ReomT |2
sbit LCD_D5 Direction at TRISB3_bit; D
B
sbit LCD_D4_Direction at TRISB2_bit; Rog 110
RES |—1
o

void main() {

PIC18F84A

LCD_Init();
Lcd_Cmd(_LCD_CURSOR_OFF);
Lcd_Out(2, 2, "Hello!");
Delay_ms(2000);
Lcd_Cmd(_LCD_CLEAR);

Avec les instructions suivantes (Programme&jus pouvez faire un
affichage depuis le commencement de I'écran LCD.
Programme?2 :

lcd_out_cp ("M1 "); /l CP Afficher depuis le commencement de I'écran.
lcd_out_cp ("INB");
lcd_out_cp (" GBM");
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- Modifier le schéma ainsi que le programmel pdutilisation des entrés pour

un affichage au niveau du LCD.

Programme3 :

TRISA=0xff;

LCD_Init();
Lcd_Cmd(_LCD_CURSOR_OFF);

for(;;){

while (PORTA.b0==0) lcd_out(1,1,"ON");
while (PORTA.b1==0) lcd_out(1,1,"Off");
Lcd_Cmd(_LCD_CLEAR);

LCD1
Lmo18L

PIC16F34A

- Le programme4 permet de faire défiler un texte vers la droiteeawuatre
emplacements ensuite vers la gauche avec sept emplants et a la fin vers la
gauche avec sept emplacements, le temps du mouviethetexte est fixé avec

un sous-programmy¥oid move delay.

- Modifier le programme4 pour avoir un texte quifdé sans limite.

Programme4 :

chari; // Loop variable
void Move_Delay() {
Delay_ms(500);
1
void main() {
LCD_Init();
Led_Out(1,1,"M1 INB");
Lcd_Out(2,5,"GBM");
Delay_ms(2000);
// Moving text
for(i=0; i<4; i++) { // Move text to the right 4 times
Lcd_Cmd(_LCD_SHIFT_RIGHT);
Move_Delay();
}
while(1) { // Endless loop
for(i=0; i<8; i++) { // Move text to the left 7 times
Led_Cmd(_LCD_SHIFT LEFT);
Move_Delay();
1
for(i=0; i<8; i++) { // Move text to the right 7 times
Lcd_Cmd(_LCD_SHIFT_RIGHT);
Move_Delay();

m
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// Function used for text moving

// Write text in first row
// Write text in second row

// You can change the moving speed here

U1
12 oscrictkn RAD (—1%
12 oscacikour  RA1 2
4 | o
~ ] WR RA3 -
RA4TOCK) [~
RBOINT |2
RB1 —
RE2 [—2
Re3 2
RB4
RES
RBS [
RE7 [—

PIC16FS4A
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3. Deuxieme partie :
Objectifs : Gestion des interruptions et utilisation des sousggamme.

En informatique, une interruption est une sarspion temporaire de
I'exécution d'un programme informatique par le nojgrocesseur afin
d'exécuter un programme prioritaire (appelé servitmterruption. Le PIC
16F84 utilise 3 types d’interruptions (TimerO, RBRT ou I’ensemble des RB
qui restent).

Configuration du Pic pour utiliser les interruptions.

Pour Configurer le Pic pour qu’il utilise I'interpgion RBO il faut fermer GIE
et INTE (mettre a 1) (Figure.6). D’ou l'utilisatiodu registre INTCON :
-INTF représente le Flag par défaut elle est égalkune fois on choisit RBO
elle devient 1.

. _Rw@ RWE) RW(O) RW(O) RW(E© RWEO) RW() RWk
INTCON | GIE | PEIE [ TOIE [ INTE | RBIE | TOIF | INTF | RBIF |
: 'BR7  Ba6  BM5  Bea B3 BK2 Rl Bit0

Figure.6. Registre INTCON

SFRs: INTCON, PIE1, PIE2, PIR1, PIR2 and I10CB ]

Pin RBO/INT

[loc-rBO

USART

receiver r
{1oC-RB2

[loc-rB3
[loc-rB4
[loc-rBS
loc-Res|
[loc-rB7

PortB

transmitter
MSSP (SPI, I12C)

Transmission

Pins

Error

Waking up

v
o) (G > JicHe % _L’@Interrupt CPU

Analog »
comparator 2 m I
PinRA) R T T R T TR

Figure.7. Interrupt System Registers
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- Développer un circuit a base du PIC 16F84, aféieh LCD 16X2 et
I'interrupteur ci-contre connecter au niveau de RBO

- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
- Simuler le circuit précédant, en lui associantpl®gramme donné.
-Modifier le programme5 en ajoutant un deuxieme rna@teur pour le
réeglage des minutes.

Programmeb5 (Utilisation d’une interruption avec RB0):

sbit LCD_RS at RBO_bit;

sbit LCD_EN at RB1_bit;

sbit LCD_D7 at RB5_bit; A
sbit LCD_D6 at RB4_bit; L1
sbit LCD_D5 at RB3_bit; 1 R3
sbit LCD_D4 at RB2_bit; H k
shit LCD_RS_Direction at TRISBO_bit;
sbit LCD_EN_Direction at TRISB1_bit; RBO
sbit LCD_D7_Direction at TRISB5_bit; . 006
sbit LCD_D6_Direction at TRISB4_bit;

sbit LCD_D5_Direction at TRISB3_bit;

sbit LCD_D4_Direction at TRISB2_bit;

charsl, s2;

void interrupt ()

{

if (INTCON.b1==1) // pour ouvrire le FLAG.

{

sl++;
}

INTCON.b1=0; // pour fermer le flag.

}

void main()

{
INTCON=0b10010000 ;
s1=s2=48; //code ascci de 0 initialisation
LCD_Init();
Led_Cmd(_LCD_CURSOR_OFF);
Lcd_chr(1,8,s1); Led_chr(1,7,52);
for(;;)

{

delay_ms (1000);

sl++;

if(s1==58) {s1=48; s2++;}

if(s2==54) {s1=48; s2=48;}

Lcd_chr(1,8,s1); Led_chr(1,7,s2);

1
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4. Troisiéme partie :
Objectifs : Utilisation du TIMERO, Application : Réalisation dhe montre
numérique avec réglage des secondes, des minuesshelurs et des jours.

- Développer un circuit a base du PIC 16F84, aféich LCD 16X2 et des
interrupteurs selon vos besoin de réglage.

- Lancer MikroC for Pic, puis éditer et compiler pegogramme6 en C.

- eéditer et compiler leprogramme7 et donner la difféerence dans le
fonctionnement entre les deux programmes 6 et 7.

Programme6b : (Montre numérique sans TIMERO)
sbit LCD_RS at RB1_bit;
sbit LCD_EN at RB2_bit;
sbit LCD_D7 at RB6_bit;
sbit LCD_D6 at RB5_bit;

UEE pi. Rsps3u8s

sbit LCD_DS5 at RB4_bit; T -”i]: “EEEREEE
sbit LCD_D4 at RB3_bit; ——_f
sbit LCD_RS_Direction at TRISB1_bit; -}‘c‘at-nm mele Lls 8 -
sbit LCD_EN_Direction at TRISB2_bit; .- mbe
sbit LCD_D7_Direction at TRISB6_bit; o g
rewr o= o=t
sbit LCD_D6_Direction at TRISB5_bit; E’,’ f;
sbit LCD_D5_Direction at TRISB4_bit; ] ;L T
sbit LCD_D4_Direction at TRISB3_bit; - e

char s1,s2,p,m1,m2,h1,h2,j ;
void interrupt ()
{

if (INTCON.b1==1) // pour ouvrir le FLAG. Pour détecter que la source de l'interruption
est bien RBO

{
j++;
}
INTCON.b1=0; // pour fermer le flag. Remettre le FLAG de la source RBO a 0 pour pouvoir
détecter une nouvelle interruption
}
void main()
{
INTCON=0b10010000 ;
S1=s2=ml1l=m2=h1=h2=48; //code ascci de O initialisation
P=58 ; // code ascii de :
J=1;
LCD_Init();
Lcd_Cmd(_LCD_CURSOR_OFF);
Lcd_chr(1,8,s1); Lcd_chr(1,7,s2); Lcd_chr(1,6,p); Lcd_chr(1,5,m1); Lcd_chr(1,4,m2);
Lecd_chr(1,3,p); Led_chr(1,2,h1); Led_chr(1,1,h2);// Affichage du début
for(;;) // For san conditions

{
delay_ms (1000);
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sl++;

if(s1==58) {s1=48; s2++;}

if(s2==54) {s1=48; s2=48; ml1l++;}

if(m1==58) {s1=48; s2=48; m1=48; m2++;}
if(m2==54) {s1=48; s2=48; m1=48; m2=48; hl++;}
if(h1==58) {sl=s2=m1=m2=h1=48; h2++;}
if(h2==50&&h1==52) {sl1=s2=ml1=m2=h1=h2=48; j++;}
Lcd_chr(1,8,s1); Lcd_chr(1,7,s2); Lcd_chr(1,5,m1); Lcd_chr(1,4,m2); Lcd_chr(1,2,h1);
Lcd _chr(1,1,h2);

if (j==1) Lcd_out (1,10,"Lundi");

if (j==2) Lcd_out (1,10,"Mar");

if (j==3) Lcd_out (1,10,"Mer");

if (j==4) Lcd_out (1,10,"Jeu");

if (j==5) Lcd_out (1,10,"Ven");

if (j==6) Lcd_out (1,10,"sam");

if (j==7) Lcd_out (1,10,"Dim");

if (j==8)j=1;

}

}

Programme7 : (Montre numérique avec TIMERO)

sbit LCD_RS at RB1_bit;
sbit LCD_EN at RB2_bit;
sbit LCD_D7 at RB6_bit;
sbit LCD_D6 at RB5_bit;
sbit LCD_D5 at RB4_bit;
sbit LCD_D4 at RB3_bit;

// Pin direction

sbit LCD_RS_Direction at TRISB1_bit;
sbit LCD_EN_Direction at TRISB2_bit;
sbit LCD_D7_Direction at TRISB6_bit;
sbit LCD_D6_Direction at TRISB5_bit;
sbit LCD_D5_ Direction at TRISB4_bit;
sbit LCD_D4_Direction at TRISB3_bit;

char t;
char s1,s2,p,m1,m2,h1,h2,j ;

void interrupt ()
/*{
if (INTCON.b1==1) // pour ouvrire le FLAG.
{
hl++; j++;
}
INTCON.b1=0; // pour fermer le flag.
e/
if INTCON.TOIF)
{
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//TMR0O=155;
t++
if (t==15){s1++;t=0}
}
INTCON.TOIF=0;

void main()
{
OPTION reg=0b01010111;
INTCON=0b10110100 ;
TMRO0=0;
// TMRO0=155;
t=0;
S1=s2=m1=m2=h1=h2=48; //code ascci de O initialisation
P=58 ; // code ascii de :
J=1;
LCD_Init();
Lcd_Cmd(_LCD_CURSOR_OFF);
Lcd _chr(1,8,s1); Lcd_chr(1,7,s2); Lcd_chr(1,6,p); Lcd_chr(1,5,m1); Lcd_chr(1,4,m2);
Lcd_chr(1,3,p); Led_chr(1,2,h1); Lecd_chr(1,1,h2);// Affichage du début
for(;;) // For san conditions
{
//delay_ms (1000);
[/s1++;
if(s1==58) {s1=48; s2++;}
if(s2==54) {s1=48; s2=48; ml++;}
if(m1==58) {s1=48; s2=48; m1=48; m2++;}
if(m2==54) {s1=48; s2=48; m1=48; m2=48; hl++;}
if(h1==58) {sl=s2=m1=m2=h1=48; h2++;}
if(h2==50&&h1==52) {sl=s2=ml1l=m2=h1=h2=48; j++;}
Lcd_chr(1,8,s1); Lcd_chr(1,7,s2); Lcd_chr(1,5,m1); Lcd_chr(1,4,m2); Lcd_chr(1,2,h1);
Lcd_chr(1,1,h2);
if (j==1) Lcd_out (1,10,"Lun");
if (j==2) Lcd_out (1,10,"Mar");
if (j==3) Lcd_out (1,10,"Mer");
if (j==4) Lcd_out (1,10,"Jeu");
if (j==5) Lcd_out (1,10,"Ven");
if (j==6) Lcd_out (1,10,"sam");
if (j==7) Lcd_out (1,10,"Dim");
if (j==8)j=1;
}
}
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TP N° 4 : Conversion analogique digitale avec
le PIC 16F877

1. Généralités :

Le convertisseur analogique digita{(&/D) convertit le signal
analogique présent sur une de les 8 entrées dulBEB877 en son équivalent
numeérique, codé sur 10 bits. Les broches AN2 et AiRivent étre utilisées
comme références de tension ou comme entrées ampleg standard, les
reférences de tension étant dans ce dernier case@risur les tensions
d’alimentations du PIC : VDD et VSS. (VDD pour leet VSS pour le -).

On peut donc numériser jusqu’a 8 signanalogiques. Pas tous en
méme temps, bien sir, étant donné qu’il n’y a quseul module de conversion
pour 8 signaux d’entrée multiplexés. Mais si vogreaux n’'évoluent pas trop
vite (fréquence basse), vous pouvez numériser ¢gaali sur la patte ANO, puis
celui sur AN1...

Les parametres importants dont il faudra tenir coenpont :

- La résolution du convertisseur. Ici 10 bits, donceitteur qu’un
convertisseur 8 bits, mais moins précis qu’un 1&bi

- Le temps de conversion.

- La rapidité d’évolution des signaux présents sus lentrées (leur
fréquence pour des signaux périodiques).

- Le nombre de signaux a numériser.

En effet, pour un signal périodique, la fréquencécthantillonnage doit étre au
moins deux fois supérieure a la fréquence du signal

La conversion A/D fait appel au registrDCON1 (Figure.8) pour
configurer les tensions de références, la sélectdes entrées numériques et
analogiques ainsi que au registAeDCONO pour le choix de la fréquence
d’échantillonnage (Figure.8).

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontréleurs

41




ADCON1 REGISTER (ADDRESS 9Fh)

RWO RWO  UO UO RWO RWO RWO RWO
[aDFM [ ADCs2 | — | — | PCFG3 | PCFG2 | PCFGY | PCFGO |
b7 b0

!

o7 ADFM: A'D Result Format Select bt
1 = Right justified Sux (6) Most Signeficant trts of ADRESH are read as 0
0 = Left justified Sux (6) Least Signdficant bits of ADRESL are read as 0

10 - bit result (ADFM=0)

ADCON1 REGISTER (ADRESS 9FH)

RW-0  RW-O u-0 u-0 RWO RWO RWO0 RWO
| AoFm [ Apcs2 | — | — | PcFG3 | PCFG2 | PCFG1 | PCFGO |

bt 7 / bit 0

bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits

:g;‘,’mmmommm»ummnms-cm
%00 AlATAlA] A A | Al A Voo | ves | a0
0or ] Al A Al A Wwee| A | A A AN | ves | 1t
w0 | D] 0l 0| Al A | A A A Voo | ves | s0
0121 D | D D | A [WRere| A | A | A | AN3 | Vss | a1
o0 | D0l D]l D] A | © A A Voo vss | 30
0001 D | D | D | D |Wwees| D | A | A | AN3 | Vs | 211
mx D l0o|D|D| D D0 l0lD| — | — |00
000 Al Al A A |Were | WRer-| A | A | AN3 | AN2 | 62
w00 | D] D1 A|lA] A | A | Al A voo| ves | 60
0100 D | D1 A A |Wwee| A | A A | AN3 | Vss | 511
0121 0 1 D1 A A [WRers | WRer- | A | A | AN | AN2 | 42
2001 D | D | D | A |WRers | WRer- | A | A | AN3 | AN2 | 32
12001 D | D | D | D |Were | WRer-| A | A | AN3 | AN2 | 22
mw D] D1 DlD] O] 0 | 0 A Voo ves | 10
11211 D | D | D | D |Were |WRer-| D | A | AN | AN2 | 12

A = Analog input D = Digtal 11O
C/R = # of analog nput channels/# of A/D voltage references

Figure.8. Configuration des entrées AN avec le séggf ADCON1
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ADCONO REGISTER (ADDRESS 1Fh)
RWO  RW.0 RW.0 RW-0 RW.0 RW-0 u-0 RW.0

[Aocst | Aocso [ cusz | cHst | cuso [GOBORE[ — T ADOow ]

b7 0

bt 5.3 CHS2:CHSO: Analog Channel Select bits
000 = Channel 0 (ANO)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2)
011 = Channel 3 (AN3)

(setting thes bat starts the A/D conversion which 1s automatcally
cleared by hardware the A/D conversion 1s complete)

bt 1 Unimplemented: Re.
bt0  ADON: A/D On bat

= A/D converter module s powered up
= A/D converter module 15 shut-off and consumes no operating current

ADCONO REGISTER (ADDRESS 1Fh)
RW.0 RW-0 RW-0 RW-0 RW.0 RW-0 u-0 RW-0

| ADCS1 | ADCSO | CHS2 | cHS1 | cuso |GODONE| — | ADON
0
ADCON1'REGISTER (ADDRESS 9Fh)

RW-0 0 U0 u-0 RWO RW-0 RW0 RWO
| ADFM s2| — | — | PcFG3 | PCFG2 | PCFG1 | PCFGO |
bt 7 be 0

b6 ADCSY AD Clock Select bt (ADCON1 bits in shaded area and in bold)

ADCON1 ADCONO
<ADCS2> | <ADCS1:ADCS0> Clock Conversion

0 00 Fosci2
0 01 Fosc/8
0 10y Fosc/a2
0 111§ | FRC (clock denved from the internal AD RC oscilator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/t4
1 11 FRC (clock denved from the internal AD RC oscillator)

Figure.9. Configuration du registre ADCONO.

2. Premiere partie :
Objectifs : Utilisation du PIC 16f877 pour la conversion A/D.

- Développer un circuit a base du PIC 16F877 etndpwtentiométre.

- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
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- Simuler le circuit précédent, en lui associantpl®@gramme donné.
Désignation : POT HG (Pour la résistance variable)

A
RV1 P

3
. = oscucu REONT [
=1 OSC2ACLKOUT RB1 ==
o ia RB2 [S5%
14 r “- RANANO RBAPGM "—”
° S| RAVANT RE4 o3
RV2 = RAJANIVREF-/CVREF RES ===
o, - —| RAVANAVREF» RESPGC o=
—— RA4TOCKIC 10UT RBIPGOD =22
Q‘ ——{ RASVANA/SSIC20UT aqe
1~ 4 RCOTIOSOTICK (o=
1 J =1 REWANSFRD RCUT10SVICCP2 T
3 RE /ANSMWR RC2CCP1 |0
— . —— REZANTICS RCUSCK/SCL s
- ! 4 RCASOVSOA |5<=
= ETRVppTHY RCS/S00 [
RCBTXICK p=s=
RCTRXDT =22
RDOPSPO |t
ROIPSP1 ===
RO2PSP2 | =3+
ROIPSPA [=22
ROAPSP4 |3~
ROSPSPS =<2
RO6PSPS =2+
ROTPSPT =2

Programmel :
unsigned int a; // déclarer une variable a 16 bits

void main() {
trisb=0x00;portb=0x00;
trisc=0x00;portc=0x00;

a=0;
ADC_Init(); // Initialiser module de ADC avec les parameétres par défaut (tous les RA sont
des ADC)

//adcon1=0b10000001 ; //tension de référence + au niveau de RA3.

for(;;)

{
a= ADC_Read(0); // Obtenez des résultats 10 bits de conversion AD (0 entrée RAOQ)
PORTB = a >> 2; // Décalage a droite de 8 bits sur le portB

a= ADC_Read(1); // Obtenez des résultats 10 bits de conversion AD (1 entrée RA1)
PORTC = a >> 2; // Décalage a droite de 8 bits sur le portC

1

-Ajouter un troisieme potentiometre et donner leulést de la conversion A/D
sur les PORTD.

-Le convertisseur A/Déalisé est un convertisseur a 8 bits, programregrdur
gu’il soit a 4 bits.

-A jouter une tension de référence a l'entrée RAE DO V. et mettre le
potentiometre a 100%.

- Quelle est la valeur a la sortie du convertiss&dbD (PORTB). Si vous
travaillez avec un ADC 10 bits.
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3. Deuxieme partie :
Objectifs : Utilisation des tensions de références.

Ajouter deux tensions de référence (VREF- 4V et RE5V) avec lI'instruction
suivante :

/ladcon1=0b10001000 ; // deux tension de référen®REF- < VREF+

- Quelle est la valeur a la sortie du convertissedb APORTB). Si vous
travaillez avec un ADC 10 bits.

UI(RANNAIVREF +) A e

RV1 =

= oscicLin REOANT —333
—— OSC2UCLKOUT RB1 s
o 2 RB2 3%
g “— RADANO RBIPGM [—=
oL = RA1/AN1 RB4 i
=] RAZANIVREF-/CVREF RES |—=
= =—| RAYANVREF+ RBSPGC [—=

——{ RA4/TOCKIC10UT RB7PGD
—— RAS/ANA/SSIC20UT T
8 {peomsms | ROITIOSKOGP? 2
N - S p— O/A AL 1m pr———
U1(RAZAN2VRE] -ICVREF)A: %RE"AW Sl _:;
== RE2ANTICS RCI/SCKISCL [—==
- - RCA/SDVSDA |—==
— MCLRVpp/THV RCS5/SDO 5%
RCBITXICK —26
RCTRXDT |—=

- Développer un circuit a base du PIC 16F877, un pttemétre et un
afficheur 7segments pour un affichage des tensicorsverties.
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TP N° 5 : Gestion du contage et minuterie, sur
la base de registre TMRO

(Application sur le microcontrdleur PIC 16F887)

1. Généralités :

Dans cette application de la minugégrie registre TMRO, est utilisé
comme un compteur. L’entrée de comptage est reliéen bouton-poussoir
Input (Figure. 10) de sorte que toute pressionleusouton poussoirprovoque
un changement sur le registre TMRO et commencemapter les impulsions.

Lorsque le nombre d’impulsions correspond aambre stocké dans le
registre nommeé TEST, la valeur logique 1 (5V) apiasur le pin3 du PORTD.
Cette tension active un relais électromécaniqua, lpabit « b3 du PORTD »
dans le programme C (voire le programmel).

Dans le registre TEST est stocké un nombresdeour cet exemple. Bien
sOr, il peut étre n'importe quel nombre défini commne constante. Par
ailleurs, le microcontréleur peut activer un autappareil au lieu de relais,
tandis que le capteur peut étre utilisé a la plake bouton-poussoir. Cet
exemple illustre I'une des applications les plusitantes du microcontrdleur
dans l'industrie ; quand quelque chose est effecaugant de fois que
nécessaire, puis quelque chose d'autre doit étti’é@aou désactive.

2. Application :
Objectifs : Utilisation des moteurs-DC

Désignation :
- Microcontrdleur : 16F887
- Oscillateur : HS, 10.0000 Mhz
- Relai : G5C-1-DC5
- Battery : 12V
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- Motor-DC
- Développer le circuit a base du PIC 16F887.
- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
- Simuler le circuit précédent, en lui associantpl®gramme donné.

U1
—L | REAMCLRAVPP RCOT10SOTICKI =
3 RC1T1OSVCCP2 [—= RL1
~%—{ RAUANOULPWUIC12ING-  RC2PIAICCP1 [—-
—3 RATANICI2INI- RCA/SCKISCL § / G5C-1-DC5
—2—| RAZAN2VREF-/CVREF/C2IN+  RCA/SDI/SDA
——| RAVANIVREF+/C1IN+ RC5/SDO
2— RA4TOCKUC1OUT RCBX/CK
—-—| RASAN4/SS/C20UT RC7/RX/DT
13| RABIOSC2/CLKOUT
12 RA7IOSCI/CLKIN RDO
= RD1
22— RBOANT2INT RD2
£ RBUAN1OCI2ING- RD3
5| RB2ANS RD4
- 57— RBYANIPGMIC12IN2- RDSP1B
ST Re4ANt1 __ RD6PIC
25— RBSIANTATTG RD7/P1D
5] RBSICSPCLK
40 RB7/ICSPDAT REQ/ANS
RE1/AN6
RE2/ANT
P!C16F887
Figure. 10 : Utilisation des moteurs DC
Programmel :
char TEST = 5; // Constante TEST =5
void main() {
PORTA = 0; // Initialisation du porte A
TRISA = OxFF; // Porte A est configuré en entré
PORTD = 0; // Initialisation du PORTD
TRISD = 0b11110111; // Broche 3 du PORTD3 est configuré en sortie
OPTION_REG.b5 = 1; // Compteur TMRO regoit des impulsions par la broche RA4
OPTION_REG.b3 =1; // Taux de pré-diviseur est de 1:1
TMRO = 0; // Initialisation du compteur TMRO
for(;;) { // la boucle sans fin

if (TMRO == TEST) // Est-ce que le nombre d’impulsion TMRO est égale a constante TEST?
*/
(PORTD.b3 =1); // Nombre est égale a TEST. La broche RD3 est en 1(RELAIS est activé) */
1

- Modifier le programme pour arréter le moteur DC.
- Réaliser une application avec le décodeur 74IlpH&r I'affichage sur un
afficheur 7 segments apres un comptage utilisankIMRO.
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TP N° 6 : Génération des signaux carrés ;
Utilisation du module CCP (CAPTURE
COMPARE et PWM)

1. Généralités :

Les deux modules CCP sur le PIC 16F877. CCRrpoCapture, Compare,
PWM ». En association avec les deux Timers, ilstvomus permettre de générer
des signaux a modulation de largeur d’'impulsion (RWpour, par exemple,
faire varier la vitesse d’'un moteur a courant contiréguler le courant (et donc
la luminosité) dans une ampoule...

IIs vont également nous permettre de compé&icurrence d’'un signal en
entrée avec la valeur du compteur Timerl, réalissinsi un chronométrage de
I’événement en question (par exemple : indicatienld fréquence de rotation
d’un moteur).

IIs vont encore nous permettre de générer gighaux carrés, et cela de
maniere quasi-indépendante du reste du microcoatnbqui pourra continuer a
vaquer a ses occupations.

2. Application :
Objectifs : Génération des signaux carrés.

Un signal PWM est caractérisé par une période,retamps de travail ou le
signal est a "1". Ce temps est app8BTY CYCLE.

ov ¢ ) PWM1_Set Duty(160);

ov t D) PWM1_Set_Duty(240);

k- pulse width -

e— period —»
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- Développer le circuit a base du PIC 16F877.
- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C suivant.
- Simuler le circuit précédent, en lui associantpl®gramme donné.

char a: -
LKIN REW/INT
LKOUT RE1
. - RBZ
= Blvoid main{(} { 0 RBI/PGM
1 RB4
] a=10; UVREF-ICVREF REBS
3IVREF+ RBE/PGC
trisb.b0=1; SKIC1OUT RET/PGD
4/55Ic200T
PWM1 Init(37000): . RCOTIOSOMICK! |
— SR0. RCUTIOSKCCP2
PWM1 Set Duty(a): BIVR RCVCCP1
— — TICS RC3/SCKISCL ==
.. RC4/SDVSDA
For(;:) BT Regs00 [
] RCB/MUCK
1oy RCTRADT
PWM1_Start(); ity
— 1 o . — 1M1 . RD1/PSP1
if (portb.b0==0) {delay m= (100):; a=a+l0}; RORPEPS
u} . - RD3PSP3
PWM1 Set Dmty(a): ROAPEPA
RDSPSPS

RDGPSPE
RDTPSPT

-Utilisation de I'instrument de simulationOscilloscope

- Affecter une sonde a un graphe du signal a viseal

- Puis glisser la sonde dans le graphe.

- Pour lancer la simulation, le graphe doit étreimié tout en appuyant sur
loucheespace

- Un double clic sur le graphe permet de fixer éenps de simulation (200ms).
- Si I'oscilloscope ne s’affiche pas, Cliquer sudebug / Oscilloscope »
-Modifier le programme précédent pour générer ugnai carré au niveau de
CCP1 (RC2) avec un interrupteur comme illustreilgufe suivante :

Dr HAMZA CHERIF Lotfi

U1

N — -
L oscraum ooy [~ & oo
g CSC2LHOUT ey |
=51 RAMAND REIPGM ﬁ
—3—| Ratan ree (L L
—L maziarvRER.CVRER fs 2 -
2 RANANGVREF+ RBEFOC [—=
£ Raamockict out RETIPGD
= RASANA, 15
*. __ RCOTIOSOMICK == A
——| REOMNSRD  ROIMQSUWO? f—— [
—Lm REVIAMAME RCICCH |5 —
L re2mnics RCISCHSCL |—=
- RCAmOUSDA (22 —
—— WETRRRTHY RCSADO (=it
e +—{p
RETRXDT ==
FOORSPO |2
ROt PSRy [
e
ROPSES [—ia
e
FOSPSPS |2
ROEFSPE ==
rorpser [
NACFBTTA

TP Microprocesseurs et Microcontréleurs

49




- Développer le circuit & base du PIC 16F877 pdamlission/réception IR
- Lancer MikroC for Pic, puis éditer et compiler pgogramme en C.
- Simuler le circuit précédant, en lui associanpl®@gramme éditer.

Désignation : IRLINK (Module d’émission /réception IR)

1 uz
13 =" 13 a3
75| ©sclcLKN REDINT oo T3] OSCUCLKIN REDINT [—==
—— @sC2/cLKOUT RE1 — ] ©scaicLkouT RE1 [
——{ MCLRNpp/THV REZ —— MCLRMppTHV RE2 |—=
= RE3PGM = REIPGM ——
—5—| RADAND RE4 —5—| RADAND RB4 —o
—4 | RAtANT RES — RAtAN RES [
—=—| RAZIAN2VREF- RBGPGC — —5—| RAAN2NREF- RBEIPGC —=
—5—| RAZANSVREF+ RET/IPGD - 5| RAJANIVREF+ RETIPGD ——
—=— RA4TOCKI ——| RA4ITOCKI =
——{ RASIAN4ES RCOM10SOMICK! IRL1 —— RAS/AN4SE RCOT1CSOMTICK] —=
d _ RC1T10SICCR2 — 4 _ RCAT1OSICCR2 ——
—5—| REDIANSIRD RC2ICCP1 [— —5 | RENANSRD RC2(CCP1 [—
G| RE 1/ANBIVR RC3ISCKISCL = F —— 1| 7] RE1/ANSVR RC3/SCKISCL =
———{ REZIANTIGS RC4/SDUSDA % [ — | REANTTS RC4/SDUSDA =
RCE/SDO |—= = RCS/SD0 —22
ROBMXICK —== TTR RCAMUCK =
RCTRNDT —— T RCT/RNDT [——
ROO/PSFOD —123 ROO/PSFD ‘23 D1
RD1PSP1 —0 RD1PSP1 —=0
RD2IPSP2 [~ RD2/PSP2 FER-RED
RD3IPSP3 [—— RDIIPSP3 —— <TEXT=
RD4/PSP4 —2o RD4/PSP4 —o
RDSIPSP5 —- RDSIPSP5 —=
RD&IPSPE —2- RDG/PSPS —2—
ROTIPSFT —— ROTIPSFT —— =L
FIC18FETT &) m BIC16FE7T T
=TEXT> B ETEMT=
—c
— D
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Annexes

1- LCD Data Sheet

XIAMEN AMOTEC DISPLAY CO.,LTD

SPECIFICATIONS OF
LCD MODULE

MODULE NO : ADM1602K-NSW-FBS/3.3V

DOC.REVISION: 00

SIGNATURE DATE

PREPARED BY Ql U 2008-10-29

(RD ENGINEER)

CHECKED BY &ZO‘\ 2008-10-29

APPROVED BY / ?}? 2008-10-29
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1. Features
1. 5x8 dots with cursor
2. 16characters *2lines display
3. 4-bit or 8-bit MPU interfaces
4. Built-in controller (ST7066 or equivalent)
5. Display Mode & Backlight Variations
6. ROHS Compliant

OTN
LCD type OFSTN MFSTN Negative
OSTN Yellow Green OSTN Gray OSTN Blue Negative
View direction 6 O’clock 012 O’clock
Rear Polarizer OReflective OTransflective M Transmissive
- HMLED OEL Olnternal Power 3.3V Input
Backlight Type
OCCFL HEExternal Power 05.0V Input
Backlight Color EWhite O Blue O Amber OYellow-Green
Temperature Range | EINormal | OWide OSuper Wide
DC to DC circuit OBuild-in ENot Build-in
Touch screen OWith EWithout
Font type MEnglish-Japanese | OEnglish-Europen OEnglish-Russian Oother
2. MECHANICAL SPECIFICATIONS
Module size 80.0mm(L)*36.0mm(W)* Max13.5(H)mm

Viewing area

64 .5mm(L)*16.4mm(W)

Character size 3.00mm(L)*5.23mm(W)
Character pitch 3.5Tmm(L)*5.75mm(W)
Weight Approx.
3. Outline dimension
1 I 2 [ 3 i 4 I L I
[__REV_ | DESCRIPTION: | DATE
[ [
Al 5 Al
8.0 2.54X15=38.1 T<MAXD
16-91 ol 4-92.5 Ti+03 |
r' 0.51 -
a 0 T S I 2,00 5
p T N ﬁi o 0.54
i L 0.61
M)yl =TI eI I e N | [} O
gl 3| 5| & O O O 1 A 1 ° o | 0
B +[ H + o) S | O | 6 | S | 1SR | O | | N | SO S | OO | N | | O Y| + | — B
= R R T T T o e T ¥ ,‘ ™ =
& 30| i I L | O O O | A (A T T O ° b ol ol L
A cal = =3t (L | O § U (AN ) %)
ip] D\D —
Ol =
g =
i ¢ : T Ooooo O |
55.65 L_| f—
64.5+0.2 i —
71,3+0.3 o BIN] SIGNAL
. 75.0£0.2 \/:303
80.0+0.5
——— [ T1 | T2 [UNIT %0
(- WITHOUTBKL | 46 95 mm
SIDE BKL 86 135 mm
ARRAY BKL [
Feature: 5 LeD+
1. Display mode: FSTN/ Negative/ Transmissive TED-
2 Dmnng Duty:1/16, 1I5IBans, VLCD: 3.0V xm’ﬁs’a’zK-NSW-FBSB %
Dl 2 Saient (20 ssioniame) SR BB XIAMEN AMOTEC DISPLAY CO.LTD |D
5. Driver : ST7066 VDD:33V —~ 5
6. g&e;zg?? e'tre‘;m 5 -01.0"::::5;06.0(':0 ;:f:o::_., z:;:‘“ DRAWN NO. CALE
7. ROHS Compliant ::: e SZE: e | ‘G‘ uuwm Pag‘e.‘
1 I 2 3 T Z T 5 [

Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontrdleurs

54




4. Absolute maximum ratings

Item Symbol Standard Unit
Power voltage Voo-Vss 0 - 7.0 v
Input voltage Vin VSS - VDD
Operating temperature range Vop 0 - +50 ©
Storage temperature range Vst -10 - +60
5. Block diagram
VDD
VSS
VO COM LCD PANEL
RS LCD
~ / W
E CONTROLLER T T -
[
DBO-DBY . SEG
g DRIVER SEG LCD
DRIVER
LED -
+ —
LED— LED BKL
6. Interface pin description
- External s
Pin no. Symbol o tion Function
1 Vss Signal ground for LCM
2 Voo Power supply Power supply for logic for LCM
3 Vo Contrast adjust
4 RS MPU Register select signal
5 R/W MPU Read/write select signal
6 E MPU Operation (data read/write) enable signal
Four low order bi-directional three-state data bus lines.
7-10 DB0~DB3 MPU Used for data transfer between the MPU and the LCM.
These four are not used during 4-bit operation.
N ~ Four high order bi-directional three-state data bus lines.
- RNy sk Used for data transfer between the MPU
15 LED+ LED BKL power | Power supply for BKL
16 LED- supply Power supply for BKL
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7. Contrast adjust

VDD

VLCD

LCM wo

VSS

]VR -

1

= | LCM w

VDD

[a]
o
|
>

VR ):I

VSS

Voo-Vo: LCD Driving voltage VR: 10k~20k

8. Optical characteristics

12:00
9:00 A
6:00 7
STN type display module (Ta=25C, VDD=3.3V)
Item Symbol | Condition | Min. Typ. Max. Unit
01 20
3 02 _ 40
>
Viewing angle o1 C.=3 35 deg
D2 35
Contrast ratio C: - 10 - -
Response time (rise) T: - - 200 250
Response time (fall) T - - 300 350 ms
9. Electrical characteristics
DC characteristics
Parameter Symbol Conditions Min. Typ. | Max. Unit
Supply voltage for LCD | V/pp-Vo Ta=25C D 30 - \%
Input voltage Voo 31 33 3.5
Supply current loo Ta=25C, Voo=3.3V - 15 25 mA
Input leakage current lka - - 1.0 uA
“H” level input voltage Viu 22 = Voo
“L” level input voltage Vi Twice initial value or less 0 - 0.6
“H” level output voltage | Vox LOH=-0.25mA 24 - : Y
“L” level output voltage | Vo LOH=1.6mA = = 04
Backlight supply voltage | V- - 30
Backlight supply current | lep Vieo-3.3 VR=250Q 16 mA
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10.Timing Characteristics
Write cycle (Ta=25C, VDD=3.3V)

Parameter Symbol Test pin Min. Typ. | Max. Unit

Enable cycle time tc 500 - -

Enable pulse width tw E 300 - -

Enable rise/fall time tr tr l N 25

RSE R%setup time tsut RS: RIW 100 - - ns
RS, R address hold i RS: RIW 10 ) )

time

Read data output delay tsu2 60 _ _

Read data hold time th2 DB0~DB7 10 - _

Write mode timing diagram

RS : : VIH1
VIL1

tsu1 th1
R/ w \ viL1 /.’IU
tw th1 I
1
S VIHT -
E VIL1 VIL1 VL1
tr i tsu2 th2

DBO-DB7 ><£¥'.'CI moom (0

tc

Read cycle (Ta=25°C, VDD=3.3V)

Parameter Symbol Test pin Min. Typ. | Max. Unit

Enable cycle time tc 500 - -

Enable pulse width tw E 300 - -

Enable rise/fall time tr tr - - 25

22 Ré\;\VNset:p time — tsu RS: R/W 100 - - ns
RS; address ho th RS: RIW 10 ) ~

time

Read data output delay td 60 - 90

Read data hold time tan aaal 20 - -

Read mode timing diagram

RS VIH1 ><
>< vIL1
tsu th
) VIL1
R/ w viL1
w th
tf
VIH1
VIH1
E VIL1 viLt vIL1
—_— tr

td tdh
S ] VIH1 L <VIH‘I
DBO—-DB7 vy VALID DATA )

tc
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11. FUNCTION DESCRIPTION
11.1 System Interface

This chip has all two kinds of interface type with MPU : 4-bit bus and 8-bit bus. 4-bit bus and 8-bit bus is
selected by DL bit in the instruction register.

11.2 Busy Flag (BF)

When BF = “High”, it indicates that the internal operation is being processed. So during this time the next
instruction cannot be accepted. BF can be read, when RS = Low and R/W = High (Read Instruction Operation),
through DB7 port. Before executing the next instruction, be sure that BF is not high.

11.3 Address Counter (AC)

Address Counter (AC) stores DDRAM/CGRAM address, transferred from IR. After writing into (reading from)
DDRAM/CGRAM, AC is automatically increased (decreased) by 1. When RS = “Low” and R/W = “High”, AC
can be read through DB0 — DB6 ports.

11.4 Display Data RAM (DDRAM)

DDRAM stores display data of maximum 80 x 8 bits (80 characters). DDRAM address is set in the address
counter (AC) as a hexadecimal number.

Display position 112|134 [(5|6|7[8|9 (10| 11(12[13[(14|15|16
DDRAM address |00 | 01|02 (03|04 |05|06 |07 |08 |09 | OA| OB| OC| OD| OE| OF

DDRAM address | 40 | 41 |42 |43 |44 |45 |46 |47 |48 |49 | 4A| 4B| 4C| 4D| 4E| 4F

11.5 CGROM (Character Generator ROM)

CGROM has a 5 x 8 dots 204 characters pattern and a 5 x 10 dots 32 characters pattern. CGROM has
204 character patterns of 5 x 8 dots.
11.6 CGRAM (Character Generator RAM)

CGRAMhasupto5 _8dot, 8 characters. By writing font data to CGRAM, user defined characters can be
used.

Character Code CGRAM Character Patterns
DDRAM Data Address CGRAM Data)
b8 [b7[b6]b5[b4[b3[b2[b1[b0| b5 b4 [b3[b2][b1[b0|b7[b6[b5][b4[b3[b2[b1[b0
ofo]o o|lofo
ofo]o 0Jo|1 0]0 0|0
ojo]o 0|1]0 0|0 0|0
ofo]o 011 0|0 0|0
010101010 - gTerol % | A Tolo] | | oo ofo
o[o]o 1101 0|0 0|0
ojo]o 1110 00 0|0
ojo]o 1111 ojojof0]0DO
of{of1 o|lofo 0
ofof1 o|lo|1 olofo
ofof1 0j1]0 ojlofo
001 0]1[1 0
orotoiofo - "ol || 0 0o
of{of1 101 oo 0
of[o]1 111]0 ojofo
of{o]1 1111 olof(ofo0]0O

Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character patterns (CGRAM Data)

Notes:

1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 tx}pes).

2. CGRAM address bits 0 to 2 designate the character pattern line position. The 8™ line is the cursor position
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and its display is formed by a logical OR with the cursor. Maintain the 8™ line data, corresponding to the cursor
display position, at 0 as the cursor display. If the 8" line data is 1, 1 bit will light up the 8" line regardless of the
cursor presence.

3. Character pattern row positions correspond to CGRAM data bits 0 to 4 (bit 4 being at the left).

4_As shown Table, CGRAM character patterns are selected when character code bits 4 to 7 are all 0. However,
since character code bit 3 has no effect, the R display example above can be selected by either character code
00H or 08H.

5. 1 for CGRAM data corresponds to display selection and 0 to non-selection.

« a,

- Indicates no effect.

11.7 Cursor/Blink Control Circuit
It controls cursor/blink ON/OFF at cursor position.

11.8 Outline
To overcome the speed difference between the internal clock of ST7066 and the MPU clock, ST7066
performs internal operations by storing control in formations to IR or DR. The internal operation is determined
according to the signal from MPU, composed of read/write and data bus (Refer to Table7).
Instructions can be divided largely into four groups:

1) ST7066 function set instructions (set display methods, set data length, etc.)

2) Address set instructions to internal RAM

3) Data transfer instructions with internal RAM

4) Others
The address of the internal RAM is automatically increased or decreased by 1.

Note: during internal operation, busy flag (DB7) is read “High”.
Busy flag check must be preceded by the next instruction.
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12.Standard character pattern

Upper
4bit
S LLLL |LLLH |LLHL |LLHH|LHLL |[LHLH|LHHL|LHHH HLLL ' HLLH|HLHL HLHH HHLL |HHLH HHHL HHHH
Jower
4bit
CG .-l snmn
LLLL | RAM mama" s 'slalals
0] :
- - mn . sumam
H "= R R R R mms | amw = a
LLLH ) o H SesEs = 8 8| sses| sass LT "
- " mm = - - - -
- mEm (® m mmow mmes - m=n -
- = wen (wess | sses | = T
- = s mlm -
LLHI .-m ¥ Smaa" e s | H
JLHL 3 T - - -
s & = ==
" | wsms =
-
LLHH | 4) Paes |2 H
L 2
LT
.-E-- ] mmam E E = m| =as
LHLL (5) "a"a | Runms - H H E a
mnmm - - - - H
- - - - =
ms | mssss seses (s o=
a" | """ | Raas (2B H H 1]
LHLH %) - - - - - - -
= umlm - gl | - =m
| mEs | (mssss| sss (L]
- LT T TN - anee=
| . = = g . EEE | EEEEm - -
LHHL [ (7 s w2 2" |22 HE-
- = = -w -.
" m| mmm -
- BT IR e ——
- " ®|s--a
LHHH| (8) s s as
- - ==
- smus| ==
- Ll L) L3S L] - - LN
" H H 2 " " |5 an = - - o= il Bl
HLLL | (1) Hetee] Flalse T sms o] st [l s = "R e | a=Tey
"a | "aaa" 22 == E|a""a " -
- Ll L] - - - - - - -
R | §EE | SRER | RER | HCSER | GR e | GRAER | EOCRE | SOREE |l | ey
HLLH | (2) 8 |-"me| a8 | Ma"| 8| Manss otatel | FEretel iiE. eoaal
- - - - - . - - - - =
- - == - = T - - - - Caa®
== om mm .E. ...:= -: LT " '; segst
HLHL 3) w"='s = H -" H - ar H H " E -.E--
- - - = = - = - - - - - H
- wnnen | ww mnmn - " m. -
- - Sl B wiute - Sa®
-.=.. Jalal -- = = .- .. = =l
HLHH| &) - - - - - - -
0 it “a| man = "u "a H
- - - !
- - - = SEEEE | EEEEE | ene
-' = = I=III - = = = = .-
HHLL 5 - - - - - = - - | ==3"
- - - - - - - -
- - amm - - LT = -
LT - B
- . - - smmEn |- [T - -
HHLH| (6) CETT L A Belututu H HE s (T a |*"a u| == L bl
" LLLLL] = = - = = H -l- = .l -=m- -
wem (m  w|im snnss|w’ Cm CLL
- - - -m-
- -. - mEae . e | e e
"a 5" * FEa""s | muams H . ==
HHHL 7) - - - - - - . H H)
- - I - - .
- - - = -
- mn T
B | s |38 | 1
HHHH| (8) " - e st s aaE " aa"
- i - - - -
| ] L1 1] EEEEN L L] L1 L 1} -
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13.3 Reliability of LCM

Reliability test condition:

Iltem Condition Time (hrs) Assessment
High temp. Storage 80°C 48
High temp. Operating 70°C 48
No ab liti
Low temp. Storage 30°C 48 0 abnormatiies
. in functions
Low temp. Operating -20°C 48 and appearance
Humidity 40°C/ 90%RH 48
Temp. Cycle 0°C « 25°C—» 50°C 10cycles

(30 min « 5 min — 30min)

Recovery time should be 24 hours minimum. Moreover, functions, performance and appearance shall be free
from remarkable deterioration within 50,000 hours under ordinary operating and storage conditions room

temperature (20+8°C), normal humidity (below 65% RH), and in the area not exposed to direct sun light.

13.4 Precaution for using LCD/LCM
LCD/LCM is assembled and adjusted with a high degree of precision. Do not attempt to make

any alteration or modification. The followings should be noted.

General Precautions:

1. LCD panel is made of glass. Avoid excessive mechanical shock or applying strong
pressure onto the surface of display area.

2. The polarizer used on the display surface is easily scratched and damaged. Extreme care
should be taken when handling. To clean dust or dirt off the display surface, wipe gently
with cotton, or other soft material soaked with isoproply alcohol, ethyl alcohol or
trichlorotriflorothane, do not use water, ketone or aromatics and never scrub hard.

3. Do not tamper in any way with the tabs on the metal frame.

4. Do not make any modification on the PCB without consulting AMOTEC

5. When mounting a LCM, make sure that the PCB is not under any stress such as bending
or twisting. Elastomer contacts are very delicate and missing pixels could result from
slight dislocation of any of the elements.

6. Avoid pressing on the metal bezel, otherwise the elastomer connector could be deformed

and lose contact, resulting in missing pixels and also cause rainbow on the display.

7. Be careful not to touch or swallow liquid crystal that might leak from a damaged cell. Any liquid crystal
adheres to skin or clothes, wash it off inmediately with soap and water.

Static Electricity Precautions:
1. CMOS LSI is used for the module circuit; therefore operators should be grounded whenever
he/she comes into contact with the module.
2. Do not touch any of the conductive parts such as the LSI pads; the copper leads on the PCB and
the interface terminals with any parts of the human body.
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Do not touch the connection terminals of the display with bare hand; it will cause disconnection or
defective insulation of terminals.

The modules should be kept in anti-static bags or other containers resistant to static for storage.
Only properly grounded soldering irons should be used.

If an electric screwdriver is used, it should be grounded and shielded to prevent sparks.

The normal static prevention measures should be observed for work clothes and working
benches.

8. Since dry air is inductive to static, a relative humidity of 50-60% is recommended.

NO O A

Soldering Precautions:
1. Soldering should be performed only on the |/O terminals.
Use soldering irons with proper grounding and no leakage.
Soldering temperature: 280°C+10°C
Soldering time: 3 to 4 second.
Use eutectic solder with resin flux filling.
If flux is used, the LCD surface should be protected to avoid spattering flux.
Flux residue should be removed.

NoOAWN

Operation Precautions:

1. The viewing angle can be adjusted by varying the LCD driving voltage Vo.

2. Since applied DC voltage causes electro-chemical reactions, which deteriorate the display, the applied
pulse waveform should be a symmetric waveform such that no DC component remains. Be sure to use
the specified operating voltage.

3. Driving voltage should be kept within specified range; excess voltage will shorten display life.

4. Response time increases with decrease in temperature.

5. Display color may be affected at temperatures above its operational range.

6.Keep the temperature within the specified range usage and storage. Excessive temperature and humidity
could cause polarization degradation, polarizer peel-off or generate bubbles.

7. For long-term storage over 40 C is required, the relative humidity should be kept below 60%,and avoid

direct sunlight.

Limited Warranty

AMOTEC LCDs and modules are not consumer products, but may be incorporated by AMOTEC s
customers into consumer products or components thereof, AMOTEC does not warrant that its LCDs and
components are fit for any such particular purpose.

y [ The liability of AMOTEC is limited to repair or replacement on the terms set forth below.
AMOTEC will not be responsible for any subsequent or consequential events or injury or damage to
any personnel or user including third party personnel and/or user. Unless otherwise agreed in writing
between AMOTEC and the customer, AMOTEC will only replace or repair any of its LCD which is
found defective electrically or visually when inspected in accordance with AMOTEC  general LCD
inspection standard . (Copies available on request)

2 No warranty can be granted if any of the precautions state in handling liquid crystal display above
has been disregarded. Broken glass, scratches on polarizer mechanical damages as well as defects that
are caused accelerated environment tests are excluded from warranty.

3. In returning the LCD/LCM, they must be properly packaged; there should be detailed description of
the failures or defect.
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MICROCHIP

PIC16F84A

18-pin Enhanced FLASH/EEPROM 8-Bit Microcontroller

High Performance RISC CPU Features:

Only 35 single word instructions to learn
All instructions single-cycle except for program
branches which are two-cycle

Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

1024 words of program memory

68 bytes of Data RAM

64 bytes of Data EEPROM

14-bit wide instruction words

8-bit wide data bytes

15 Special Function Hardware registers
Eight-level deep hardware stack

Direct, indirect and relative addressing modes
Four interrupt sources:

- External RBO/INT pin

- TMRO timer overflow

- PORTB<7:4> interrupt-on-change

- Data EEPROM write complete

Peripheral Features:

13 I/O pins with individual direction control
High current sink/source for direct LED drive
- 25 mA sink max. per pin

- 25 mA source max. per pin

TMRO: 8-bit timer/counter with 8-bit
programmable prescaler

Special Microcontroller Features:

10,000 erase/write cycles Enhanced FLASH
Program memory typical

10,000,000 typical erase/write cycles EEPROM
Data memory typical

EEPROM Data Retention > 40 years

In-Circuit Serial Programming™ (ICSP™) - via
two pins

Power-on Reset (POR), Power-up Timer (PWRT),

Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own On-Chip RC
Oscillator for reliable operation

Code protection
Power saving SLEEP mode
Selectable oscillator options

Dr HAMZA CHERIF Lotfi

Pin Diagrams

PDIP, SOIC

RA2 = [e1 ~ 18[] = RA1

RA3 =—[]2 17[] =— RAD
RA4TOCKI =—[]3 5  16[J<— OSCI/CLKIN

MCIR—=[4 O 15— OSC2/CLKOUT
Vss—=[]5 2 14[] «— VoD
RBO/INT =[] 6 ® 130=-—R87

RB1 =—=[]7 >  12[]-—RB6

RB2 =—=[]8 11[J=—RBS

RB3 =—[]9 10[] =— RB4
SSOP

RA2 <—[e1 et 20[] =— RA1

RA3 =—[]2 19[] =— RAD
RA4/TOCK] =[] 3 v  18[J<— OSC1/CLKIN

MCIR — [ 4 Q  17[J— 0SC2/CLKOUT
Vss —=[] 5 @ 16[J<+—Vop
Vss—=[]6 ® 15J=—VoD
RBO/INT =—[] 7 > 14 < RB7

RB1 =—=[]8 13[] = RB6

RB2 =—=[]9 12[] == RBS

RB3 «—= [] 10 11[J «— RB4

CMOS Enhanced FLASH/EEPROM
Technology:

» Low power, high speed technology
+» Fully static design
» Wide operating voltage range:
- Commercial: 2.0V to 5.5V
- Industrial: 2.0V to 5.5V
* Low power consumption:
- <2 mA typical @ 5V, 4 MHz
- 15 pA typical @ 2V, 32 kHz
- < 0.5 pA typical standby current @ 2V
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Reader Response
PIC16F84A Product Identification System

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via

E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
» Microchip’s Worldwide Web site; http://www.microchip.com

« Your local Microchip sales office (see last page)

« The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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PIC16F84A

1.0 DEVICE OVERVIEW

This document contains device specific information for
the operation of the PIC16F84A device. Additional
information may be found in the PICmicro™ Mid-
Range Reference Manual, (DS33023), which may be
downloaded from the Microchip website. The Refer-
ence Manual should be considered a complementary
document to this data sheet, and is highly recom-
mended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

The PIC16F84A belongs to the mid-range family of the
PICmicro® microcontroller devices. A block diagram of
the device is shown in Figure 1-1.

The program memory contains 1K words, which trans-
lates to 1024 instructions, since each 14-bit program
memory word is the same width as each device instruc-
tion. The data memory (RAM) contains 68 bytes. Data
EEPROM is 64 bytes.

There are also 13 I/O pins that are user-configured on
a pin-to-pin basis. Some pins are multiplexed with other
device functions. These functions include:

» External interrupt

» Change on PORTB interrupt

*» TimerO clock input

Table 1-1 details the pinout of the device with descrip-
tions and details for each pin.

FIGURE 1-1: PIC16F84A BLOCK DIAGRAM
13 Data Bus 8,
Program Counter |< [ E EEPROM Data Memory

FLASH 1 d

Program ] [ =

Memory

EEPROM
e N
8 Level Stack - : — EEDATA <=3 Data Memo
1K x 14 (13-bit File Registers - e ry
68x8
Program Q)
bus 1 s RAM Addr > EEADR
Instruction Register [ Addr Mux
| : ] Indirect TMRO
5 Direct Addr [ Addr
[X] ragrmocki
8,
7
MUX
Power-up —
/ Timer :lz Il B/ /O Ports

Instruction | Oscillator -
Decode & == | Start-up Timer ALU

Control = |

ower-on < RA3-RAD
Reset [ -

Tamin N Watchdog = I

Coperan [—> Timer Wreg g REZREt
ft é é <H-+[X] rBOINT
OSC2/CLKOUT
OSC1/CLKIN
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PIC16F84A

TABLE 1-1: PIC16F84A PINOUT DESCRIPTION
Pl lianse PDIP | SOIC | SSOP | l/O/P Buffer Description
No. No. No. Type Type
OSC1/CLKIN 16 16 18 I |ST/IcMOS®! | Oscillator crystal input/external clock source input.
OSC2/CLKOUT | 15 15 19 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode. In RC mode,
OSC2 pin outputs CLKOUT, which has 1/4 the
frequency of OSC1 and denotes the instruction
cycle rate.
MCLR 4 < 4 /P ST Master Clear (Reset) input/programming voltage
input. This pin is an active low RESET to the device.
PORTA is a bi-directional I/O port.
RAO 17 g 7 4 19 /1O TTL
RA1 18 18 20 /10 TTL
RA2 1 1 1 /10 TTL
RA3 2 2 2 110 TTL
RA4/TOCKI 3 3 3 110 ST Can also be selected to be the clock input to the
TMRO timer/counter. Output is open drain type.
PORTB is a bi-directional I/O port. PORTB can be
software programmed for internal weak pull-up on
all inputs.
RBO/INT 6 6 7 o | TTusT RBO/INT can also be selected as an external
interrupt pin.
RB1 7 7 8 /10 TTL
RB2 8 8 9 /1O TTL
RB3 9 9 10 /10 TTL
RB4 10 10 11 110 TTL Interrupt-on-change pin.
RB5 11 11 12 110 TTL Interrupt-on-change pin.
RB6 12 12 13 Vo | TTUST@ Interrupt-on-change pin.
Serial programming clock.
RB7 13 13 14 o | TTUST@ Interrupt-on-change pin.
Serial programming data.
Vss 5 5 56 P — Ground reference for logic and I/O pins.
VDD 14 14 15,16 P — Positive supply for logic and I/O pins.
Legend: I=input O = Output 1/0 = Input/Output P = Power
— = Not used 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.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16F84A

2.0 MEMORY ORGANIZATION FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK -PIC16F84A

There are two memory blocks in the PIC16F84A.
These are the program memory and the data memory. [ PC<12:0> |
Each block has its own bus, so that access to each CALL, RETURN 13

block can occur during the same oscillator cycle. RETFIE, RETLW
Stack Level 1

The data memory can further be broken down into the
general purpose RAM and the Special Function :
Registers (SFRs). The operation of the SFRs that Stack Level 8
control the “core” are described here. The SFRs used -
to control the peripheral modules are described in the
section discussing each individual peripheral module. Peripheral Interrupt Vector | 0004h

RESET Vector 0000h

The data memory area also contains the data
EEPROM memory. This memory is not directly mapped
into the data memory, but is indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory to read/write. The 64 bytes of
data EEPROM memory have the address range
0h-3Fh. More details on the EEPROM memory can be
found in Section 3.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

|

User Memol
Space

3FFh

21 Program Memory Organization

The PIC16FXX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. For
the PIC16F84A, the first 1K x 14 (0000h-03FFh) are
physically implemented (Figure 2-1). Accessing a loca-
tion above the physically implemented address will
cause a wraparound. For example, for locations 20h,
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h,
the instruction will be the same.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

1FFFh
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2.2 Data Memory Organization FIGURE 2-2: REGISTER FILE MAP -
- , PIC16F84A

The data memory is partitioned into two areas. The first
is the Special Function Registers (SFR) area, while the File Address File Address
second is the General Purpose Registers (GPR) area. 00h | Indirect addr™ | Indirect addr™ | 80
The SFRs control the operation of the device.

0th TMRO OPTION_REG 81h
Portions of data memory are banked. This is for both =

02h PCL PCL 82h

the SFR area and the GPR area. The GPR area is
banked to allow greater than 116 bytes of general 03h STATUS STATUS 83h
purpose RAM. The banked areas of the SFR are for the

. : : : 04h FSR FSR 84h
registers that control the peripheral functions. Banking
requires the use of control bits for bank selection. 05h PORTA TRISA 85h
These control bits are located in the STATUS Register. 06h PORTB TRISB 86h
Figure 2-2 shows the data memory map organization. 07h _ _ 87h
Instructions MOVWF and MOVF can move values from 08h EEDATA EECON1 88h
the W register to any location in the register file (“F”), 09%h EEADR EECON2(1 89h
and vice-versa.

) ) 0Ah PCLATH PCLATH 8Ah
The entire data memory can be accessed either
directly using the absolute address of each register file 0Bh INTCON INTCON 88h
or indirectly through the File Select Register (FSR) 0Ch 8Ch
(Section 2.5). Indirect addressing uses the present
value of the RPO bit for access into the banked areas of
data memory. 68
) = : . General Mapped

Data memory is partitioned into two banks which Purpose (accesses)
contain the general purpose registers and the special '}gﬁf\‘&’f in Bank 0

function registers. Bank 0 is selected by clearing the
RPO bit (STATUS<5>). Setting the RPO bit selects Bank
1. Each Bank extends up to 7Fh (128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
eral Purpose Registers, implemented as static RAM. 4Fh CFh

50h DOh
2124 GENERAL PURPOSE REGISTER

FILE K
Each General Purpose Register (GPR) is 8-bits wide R

and is accessed either directly or indirectly through the
FSR (Section 2.5).
7Fh FFh

The GPR addresses in Bank 1 are mapped to Bank 0 Bank 1
addresses in Bank 0. As an example, addressing loca-
tion OCh or 8Ch will access the same GPR.

[T Unimplemented data memory location, read as '0’.
Note 1: Not a physical register.
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2.3 Special Function Registers The special function registers can be classified into two
sets, core and peripheral. Those associated with the

The Special Function Registers (Figure 2-2 and core functions are described in this section. Those
Table 2-1) are used by the CPU and Peripheral related to the operation of the peripheral features are
functions to control the device operation. These described in the section for that specific feature.
registers are static RAM.

TABLE 2-1:  SPECIAL FUNCTION REGISTER FILE SUMMARY

. . . . . . . . Whaon | posise
Addr Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
RESET |°"Page
Bank 0
00h |INDF Uses contents of FSR to address Data Memory (not a physical register) | ---- ---- 1"
01h |TMRO 8-bit Real-Time Clock/Counter XHKK HHXK 20
02h |PCL Low Order 8 bits of the Program Counter (PC) 0000 0000 1"
03h [sTATUS®@ IRP [ RP1 | RPO | T0 | PD | z | DC | C |o0001 1xxx| B8
04h |FSR Indirect Data Memory Address Pointer 0 XXX KXXX "
05h [PORTA®™ — — - RA4/TOCKI | RA3 RA2 RA1 RA0 |---x xxxx| 16
06h |PORTB® RB7 RB6 RB5 RB4 RB3 RB2 RB1 [ RBO/INT |xxxx xxxx| 18
07h — Unimplemented location, read as '0' — —
08h |EEDATA EEPROM Data Register xxxx xxxx | 13,14
09h |EEADR EEPROM Address Register xxxx xxxx | 13,14
0Ah [PCLATH = = — | Write Buffer for upper 5 bits of the PC!") ---0 oooo| M
0Bh [INTCON GIE EEIE TOIE INTE | RBIE | TOIF [ INTF | RBIF o000 ooox| 10
Bank 1
80h |[INDF Uses Contents of FSR to address Data Memory (not a physical register) | ---- ---- 1"
81h |OPTION_REG | RBPU | INTEDG | ToCS | TOSE | PSA | PS2 | PS1 | PSO (1111 1111 9
82h |PCL Low order 8 bits of Program Counter (PC) 0000 0000 "
83h [STATUS @ IRP | RP1 | RPO | T0 | PD | z | DC | C |ooo1 13xx| 8
84h |[FSR Indirect data memory address pointer 0 AXAX KAXX "
85h |TRISA — | — | — [PORTADataDirection Register ---1 1111 16
86h |TRISB PORTB Data Direction Register 1111 1111 18
87h — Unimplemented location, read as '0' — —
88h [EECON1 — | — | — | EEF [WRERR|WREN| WR | RD [---0 x000[ 13
89h |EECON2 EEPROM Control Register 2 (not a physical register) [ ____ 14
0Ah |PCLATH — — — | Write buffer for upper 5 bits of the PC(") ---0 oooo| M
0Bh [INTCON GIE EEIE TOIE INTE | RBIE | TOIF | INTF [ RBIF [o0o000 ooox| 10

Legend: x = unknown, u =unchanged. - = unimplemented, read as '0', g = value depends on condition

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents
of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> are never trans-
ferred to PCLATH.

The TO and PD status bits in the STATUS register are not affected by a MCLR Reset.

Other (non power-up) RESETS include: external RESET through MCLR and the Watchdog Timer Reset.

On any device RESET, these pins are configured as inputs.

This is the value that will be in the port output latch.
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9.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

Amber demperatURe ONEeT DRSS o o i s s I A T R S -55°C to +125°C
SIrage tempaIating .. ..o mammmmn e amrs s e e T S R R T -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4) ..o -0.3V to (VDD + 0.3V)
Voltage on VDD with respect 10 VS e -0.3to +7.5V
Voltageion MCER Withirespert BoNVB8IN.. oy oo o o o o oo - s s e e s sz -0.3to +14V
Vola0E GRIRATWINTESHBEEIO VS8, .vnmmmnnnimmmmonam s i s s s s e saaiss -0.3to +8.5V
R et s o e e i ) 800 mW
Nazimam cmenh ot OENSS P oo conmm s oo oo ooy o, i o o 8 S 150 mA
MK COTETIE IO VDD DML o smmmrmmsaos o e s s s s s S A e S A S e A A A A 100 mA
Input clamp curent, TiC VI <0 OF VI MDD, cicuissvnmisinisimsaisesmniosinissssssnasistssasisnsssasisarsisiiass st sieest sosasss sibninsssasosis +20 mA
ORI I e L O VO I NI WD o i e i S A i +20 mA
Maximan oupul cireil S By G PP e e ooy, s oo ool 25 mA
Maximum output current sourced by any /O Pin ... e 25mA
Maximum curment SUNK by POR T A L e 80 mA
Maxmomicument sainced DY EORBA:. oo oo s o e S0 I e SN T e D ST U 50 mA
Maximum current sUNK by POR T B. ... e 150 mA
Maamiim et SOMCEd Y PORIB ..o e e s 100 mA

Note 1: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than
pulling this pin directly to Vss.

2: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ I0H} + ¥ {(VDD-VOH) x |oH} + ¥ (VoI x loL).

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above
those indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 9-1: PIC16F84A-20 VOLTAGE-FREQUENCY GRAPH

6.0V
55V
5.0V 4
45V
@
g 40V 4 I
S 3svt I
3.0V 1+ :
25V +— |
20V + |
I
I
I
20 MHz
Frequency
FIGURE 9-2: PIC16LF84A-04 VOLTAGE- FIGURE 9-3: PIC16F84A-04 VOLTAGE-
FREQUENCY GRAPH FREQUENCY GRAPH
6.0V +
55V 6.0V
5.0V - 55V
4.5V 4 50V
4.0V 45V +
)
S 35V 4.0V
S 3 |
3.0V A g 3V
S I
2.5V A I > 3.0V -+ I
2.0V - : 25V - |
l | 20V |
I | I
I i |
4 MHz 10 MHz !
Frequency 4 MHz
Fmax = (6.0 MHz/V) (VDDAPPMIN - 2.0V) + 4 MHz Frequency
Note 1: VDDAPPMIN is the minimum voltage of the
PICmicro® device in the application.
2: Fmax has a maximum frequency of 10 MHz.
Dr HAMZA CHERIF Lotfi TP Microprocesseurs et Microcontrdleurs

72




PIC16F84A

9.1 DC Characteristics

Standard Operating Conditions (unless otherwise stated)
PIC16LF84A-04 Operating temperature 0°C <Ta < +70°C (commercial)
(Commercial, Industrial) -40°C < TA < +85°C (industnial)
-40°C <TA < +125°C (extended)
PIC16F84A-04 Standard Operating Conditions (unless otherwise stated)
(Commercial, Industrial, Extended) Operating temperature 0°C <Ta < +70°C (commercial)
PIC16F84A-20 -40°C <TA < +85°C (industrial)
(Commercial, Industrial, Extended) -40°C <TA < +125°C (extended)
P:lr:m Symbol Characteristic Min | Typt| Max |Units Conditions
VDD Supply Voltage
D001 16LF84A| 20 | — | 55 V [XT, RC, and LP osc configuration
D001 16F84A| 40 | — | 55 | V |XT, RC and LP osc configuration
DO01A 45| — | 55 | V |HS osc configuration
D002 (VDR RAM Data Retention 15| — — V |Device in SLEEP mode
Voltage (Note 1)
D003 |VPOR VDD Start Voltage toensure | — | Vss | — V [See section on Power-on Reset for details
internal Power-on Reset
signal
D004 |SvDD VDD Rise Rate to ensure 005| — — |Vims
internal Power-on Reset
signal
IDD Supply Current (Note 2)
D010 16LFB4A| — 1 4 mA |RC and XT osc configuration (Note 4)
Fosc = 2.0 MHz, VbD = 5.5V
D010 16F84A| — | 1.8 | 45 | mA |RC and XT osc configuration (Note 4)
Fosc =4.0 MHz, VoD = 5.5V
DO10A — 3 10 | mA |RC and XT osc configuration (Note 4)
Fosc =4.0 MHz, Vob = 5.5V
(During FLASH programming)
D013 — 10 | 20 | mA |HS osc configuration (PIC16F84A-20)
Fosc = 20 MHz, Vbp = 5.5V
D014 16LF84A — 15 | 45 | pA |LP osc configuration
Fosc = 32 kHz, VDD = 2.0V, WDT disabled

Legend: Rows with standard voltage device data only are shaded for improved readability.

1 Datain "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.
NR Not rated for operation.
Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/0
pin loading and switching rate, oscillator type, internal code execution pattern, and temperature also have
an impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD,
TOCKI = VoD, MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

4: For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula IR = VDD/2REXT (mA) with REXT in kOhm.

5: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD measurement.
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933 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 9-6:

EXTERNAL CLOCK TIMING

Q4 Q1

Q2

Q3

'-‘3-»: -3

2

Q4

4! -’ :4—4
L 1

Q1

CLKOUT

: /—

TABLE 9-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Param No.| Sym Characteristic Min | Typt Max | Units Conditions
Fosc |External CLKIN Frequency'! | DC s 2 MHz |XT,RCosc (-04,LF)
DC — < MHz [XT,RCosc (-04)
DC — 20 MHz |HS osc (-20)
DC — 200 kHz [LP osc (-04, LF)
Oscillator Frequencym DC — 2 MHz [RC osc (-04, LF)
DC — 4 MHz |RC osc (-04)
0.1 — 2 MHz [XT osc (-04, LF)
0.1 — < MHz |XT osc (-04)
10 —_ 20 MHz [HS osc (-20)
DC o 200 kHz |LP osc (-04, LF)
1 Tosc |External CLKIN Period(!) 500 o e ns [XT,RCosc (-04,LF)
250 — — ns ([XT,RCosc (-04)
50 —_ — ns |HS osc (-20)
50 — — us |LPosc (-04, LF)
Oscillator Period'") 500 | — — ns [RC osc (-04, LF)
250 —_ — ns |RC osc (-04)
500 —_ 10,000 [ ns |XTosc (-04, LF)
250 — 10,000 | ns ([XTosc (-04)
50 — 1,000 ns |[HS osc (-20)
50 — — us |LPosc (-04, LF)
2 Tcy  |Instruction Cycle Time!" 02 |4/Fosc| DC us
3 TosL, |[Clock in (OSC1) High or Low 60 — — ns |XT osc (-04, LF)
TosH |Time 50 — — ns |XT osc (-04)
20 —_ — us |[LPosc (-04, LF)
175 — — ns |HS osc (-20)
4 TosR, [Clock in (OSC1) Rise or Fall 25 —_ — ns |[XT osc (-04)
TosF | Time 50 — — ns [LPosc (-04, LF)
75 —_ — ns |[HS osc (-20)

1 Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions

with the device executing code. Exceeding these specified limits may result in an unstable oscillator opera-

tion and/or higher than expected current consumption. All devices are tested to operate at "Min." values

with an external clock applied to the OSC1 pin.
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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PIC16F84A

18-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

r— E1—=
] R
] 72
n !.Jl: O 1 O |-
‘ — A2
. |
1] )
f 1 L
Al *
— - B1
B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 18 18
Pitch p 100 2.54
Top to Seating Plane A 140 155 170 3.56 3.94 432
Molded Package Thickness A2 115 130 145 292 3.30 368
Base to Seating Plane Al 015 0.38
Shoulder to Shoulder Width E 300 313 325 762 7.94 8.26
Molded Package Width E1 240 250 260 6.10 6.35 6.60
Overall Length D 890 898 .905 22 61 2280 2299
Tip to Seating Plane L 125 130 135 3.18 3.30 343
Lead Thickness c 008 012 015 0.20 0.29 0.38
Upper Lead Width B1 045 058 070 1.14 1.46 178
Lower Lead Width B 014 018 022 0.36 0.46 0.56
Overall Row Spacing § eB 310 370 430 7.87 9.40 10.92
Moid Draft Angle Top a 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
* Controlling Parameter
§ Significant Charactenstic
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
010" (0.254mm) per side.
JEDEC Equivalent: MS-001
Drawing No. C04-007
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18-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

PIC16F84A

%

Units INCHES* MILLIMETERS

Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 18 18
Pitch P 050 1.27
Overall Height A 093 099 104 236 250 264
Molded Package Thickness A2 .088 091 094 224 2.3 239
Standoff § Al .004 008 012 0.10 0.20 0.30
Overall Width E 394 407 420 10.01 10.34 10.67
Molded Package Width E1 291 295 209 7.39 7.49 7.59
Overall Length D 446 454 462 11.33 1153 1.73
Chamfer Distance h .010 020 029 0.25 0.50 0.74
Foot Length i .016 033 050 041 0.84 1.27
Foot Angle L 0 4 8 0 4 8
Lead Thickness c .009 01 012 023 0.27 0.30
Lead Width B 014 017 020 0.36 042 0.51
Mold Draft Angle Top [ 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15
* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold fiash or protrusions.

010" (0.254mm) per side.
JEDEC Equivalent: MS-013
Drawing No. C04-051
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APPENDIX B: CONVERSION CONSIDERATIONS

Considerations for converting from one PIC16X8X
device to another are listed in Table 1.

TABLE 1: CONVERSION CONSIDERATIONS - PIC16C84, PIC16F83/F84, PIC16CR83/CR84,
PIC16F84A

Difference PIC16C84 PIC16F83/F84 e~ PIC16F84A
Program Memory Size [1K x 14 512x 14/1K x 14 512x14/1Kx 14 1Kx 14
Data Memory Size 36x8 36x8/68x8 36x8/68x8 68x8
Voltage Range 20V-6.0vV 20V-6.0v 20V-6.0v 20V-55V

(-40°C to +85°C) (-40°C to +85°C) (-40°C to +85°C) (-40°C to +125°C)

Maximum Operating Fre-| 10 MHz 10 MHz 10 MHz 20 MHz
quency
Supply Current (IDD). IDD (typ) = 60 pA 10D (typ) = 15 pA 10D (typ) = 15 pA IoD (typ) = 15 pA
See parameter# D014 in [IDD (max) = 400 pA IDD (max) = 45 nA DD (max) = 45 pA IDD (max) = 45 pA

the electrical specs for
more detail.

(LP osc, Fosc = 32 kHz,
VoD = 2.0V,

(LP osc, Fosc = 32 kHz,
VDD = 2.0V,

(LP osc, Fosc = 32 kHz,
VDD = 2.0V,

(LP osc, Fosc = 32 kHz,
VoD = 2.0V,

in the electrical specs for
more detail.

WDT disabled, industrial)

WDT disabled, industrial)

WDT disabled, industrial)

WDT disabled) WDT disabled) WDT disabled) WDT disabled)
Power-down Current IPD (typ) = 26 nA IPD (typ) = 0.4 pA IPD (typ) = 0.4 pA IPD (typ) = 0.4 pA
(IPD). See parameters # |[IPD (max) = 100 pA IPD (max) = 9 pA IPD (max) = 6 pA IPD (max) = 1 pA
D020, D021, and DO21A | (VDD = 2.0V, (VoD =20V, (VoD = 2.0V, (Voo = 2.0V,

WDT disabled, industrial)

Input Low Voltage (VIL).
See parameters # D032
and D034 in the electrical
specs for more detail.

ViL (max) = 0.2VDD
(OSC1, RC mode)

ViL (max) = 0.1VDD
(OSC1, RC mode)

ViL (max) = 0.1VDD
(OSC1, RC mode)

ViL (max) = 0.1VDD
(OSC1, RC mode)

Input High Voltage (VIH).
See parameter # D040 in
the electrical specs for
more detail.

ViH (min) = 0.36VDD
(/O Ports with TTL,
45V <VbD<5.5V)

VIH (min) = 2.4V
(/O Ports with TTL,
45V <VDD<5.5V)

VIH (min) = 2.4V
(I/O Ports with TTL,
45V <VpD<55V)

VIH (min) = 2.4V
(VO Ports with TTL,
45V <VDD<55V)

Data EEPROM Memory
Erase/Write cycle time
(TDEW). See parameter #
D122 in the electrical
specs for more detail.

Toew (typ) = 10 ms
Toew (max) =20 ms

ToEW (typ) = 10 ms
ToEW (max) =20 ms

TDEW (typ) = 10 ms
ToEW (max) = 20 ms

TDEW (typ) =4 ms
TDEW (max) =8 ms

Port Output Rise/Fall
time (TioR, TioF). See
parameters #20, 20A,
21, and 21A in the elec-
trical specs for more
detail.

TioR, TioF (max)=25ns
(C84)

TioR, TioF (max) =60 ns
(LC84)

TioR, TioF (max)=35ns
(C84)

TioR, TioF (max) =70 ns
(LC84)

TioR, TioF (max) =35 ns
(C84)

TioR, TioF (max) =70 ns
(LC84)

TioR, TioF (max) =35 ns
(C84)

TioR, TioF (max) =70 ns
(LC84)

MCLR on-chip filter. See |No Yes Yes Yes
parameter #30 in the
electrical specs for more
detail.
PORTA and crystal oscil- | For crystal oscillator con- |N/A N/A N/A
lator values less than figurations operating
500 kHz below 500 kHz, the device
may generate a spurious
internal Q-clock when
PORTA<0> switches
state.
RBO/INT pin TTL TTUST* TTUST* TTUST*
(*Schmitt Trigger) (*Schmitt Trigger) (*Schmitt Trigger)
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PIC16F84A PRODUCT IDENTIFICATION SYSTEM

To order or obtain information (e.g., on pricing or delivery) refer to the factory or the listed sales office.

PART NO. -XX X XX XXX Examples:
Device Frequency Temperature Package  Pattern a) PIC16F84A -04/P 301 = Commercial
Range Range temp., PDIP package, 4 MHz, normal VDD

limits, QTP pattern #301.

Device PIC16EB4AM PICIGEB4AT® b) PIC16LF84A - 041/SO = Industrial temp.,
: SOIC pack 200 kHz, Extended VDD
PIC16LF84A1Y), PIC16LFB4AT®) S P EOR, i
c) PIC16F84A - 20I/P = Industrial temp.,
Frequency Range 04 = 4MHz PDIP package, 20 MHz, normal VDD limits.
20 = 20MHz
Temperature - = 0°C to +70°C
Range I = -40°C to +85°C
Package P = PDIP Note 1: F = Standard VDD range
SO =  SOIC (Gull Wing, 300 mil body) LF = Extended VDD range
SS = SSOP 2: T =intape and reel - SOIC and
SSOP packages only.
Pattern QTP, SQTP, ROM Code (factory specified) or
Special Requirements . Blank for OTP and
Windowed devices.

Sales and Support

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

* PIC16F873A
» PIC16F874A

» PIC16F876A
+ PIC16F877A

High-Performance RISC CPU:

+ Only 35 single-word instructions to learn
« All single-cycle instructions except for program
branches, which are two-cycle
Operating speed: DC — 20 MHz clock input

DC - 200 ns instruction cycle
Up to 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

Timer0Q: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal/clock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

Synchronous Serial Port (SSP) with SPI™
(Master mode) and 2cm™ (Master/Slave)
Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

Parallel Slave Port (PSP) — 8 bits wide with
external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)

Analog Features:

10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

Brown-out Reset (BOR)

Analog Comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

100,000 erase/write cycle Enhanced Flash
program memory typical

1,000,000 erase/write cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Self-reprogrammable under software control
In-Circuit Serial Programming™ (ICSP™)

via two pins

Single-supply 5V In-Circuit Serial Programming
Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection

Power saving Sleep mode

Selectable oscillator options

In-Circuit Debug (ICD) via two pins

CMOS Technology:

Low-power, high-speed Flash/EEPROM
technology

Fully static design

Wide operating voltage range (2.0V to 5.5V)
Commercial and Industrial temperature ranges
Low-power consumption

Program Memory Data MSSP
& EEPROM 10-bit | CCP Timers
Device # Single Word SRAM (Bytes) 110 AID (ch) | (PWM) Master | USART 8/16.bit Comparators
Fgees Instructions |(BYtes) - 12C
PIC16F873A | 7.2K 4096 192 128 22 5 2 |Yes| Yes Yes 21 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 |Yes| Yes Yes 21 2
PIC16F876A | 143K 8192 368 256 22 5 2 |Yes| Yes Yes 21 2
PIC16F877A | 143K 8192 368 256 a3 8 2 |Yes| Yes Yes 21 2
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP

MCRVee —= []°1 ~7 28[] «—= RB7/PGD
RAAND =[] 2 27[] = RB6IPGC
RA1ANT =[] 3 26[ ] = RB5
RA2/AN2/VREF-/CVRer =[] 4 < 25[] < RB4
RA/AN3VRer+ =[] 5 2 24[] = RBIPGM
RA4/TOCKI/IC1OUT =[] 6 3 23[] = RB2
RAS/AN4/SS/C20UT =— E 7 d 22% ~— RB1
ves—=[] 8 5 21[] =— RBO/NT
osci/iclkl —[] 9 - 20[] =— Voo
0SC2/CLKO =—[]10 5 19[] =— Vss
RCOT10SOT1CKI =— |11 = 18[] =—= RCT/RXDT
RC1T10SIICCP2 =— []12 17[] = RCAMTX/CK
RC2/CCP1 =—=[]13 16[ ] =— RC5/SDO
RC3/SCK/SCL =—[]14 15[] =— RC4/SDISDA
28-Pin QFN
RA2/AN2/VREF-ICVREF =—=
RA3/AN3/VREF+ =—»
RA4/TOCKI/C10UT <—»
RAS/ANA/SS/C20UT <—»
Vss —
OSCA/CLKI —=
OSC2ICLKO -—
; 2
44-Pin QFN | ad
gO>mnna2108
p§8§&&&§SEE
88388288858
rerecrrrecoeoco
I N OB N E DT
RC7/RX/DT = 1.3" AL "’8"’333 — = OSC2ICLKO
RD4/PSP4 <—s |2 32 <—— OSC1/CLKI
RD5/PSP5 =—= |3 31f ~— Vss
RD6/PSP6 =— )4 30§ =— Vss
ROTPSee == |2 PIC16F874A  2f = U20
VoD —= )7 PIC16F877A 57t «» RE2CSIANT
Voo — 8 26 = RE1@AN6
RBO/NT = 9 251 = REORDIANS
%} -— }0 241 <— RAS/AN4/SS/C20UT
.- 1‘:&11’9:2?_’85%23 <— RA4/TOCKI/C10UT
SOXTVOOLYS B+
geaEgeiesly
3 3835293
& rxf@ee 2
= g §
2z
3
[+ 4

-— RB3/PGM
-— RB2

- RB1

< RBO/INT
<+— VDD
-—Vss

<— RC7/RX/DT

~NoO ;s WN =0

RC1/T10SICCP2 =—=p9
RC2/CCP1=—=10
RC3/SCK/SCL=—=111
RCA4/SDI/SDA=—=112
RCS5/SDO =—=113
RCETX/CK=—=114

RCOT10SO/TICK =—=p8
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Pin Diagrams (Continued)

40-Pin PDIP
McRvee —=1 -/ 401 < RB7PGD
RAD/ANO «— ]2 39[] < RBSIPGC
RA1/ANT <=3 38[J == RBE5
RA2ZAN2NVREF-/CVREF -« [ 4 37[J =-— RB4
RA3/ANIVREF+ <—» [ 5 36 [] =— RBIPGM
RA4/TOCKICIOUT =[] 6 357 <—» RB2
RAS/AN4/SSIC20UT =— [ 7 < 34[J-— RBI
REORDIANS <——=[]8 1= 33[]=— RBOINT
REIWRIANG «—9 2 320 «— Voo
REJCSANT <—=[10 &  31J<—Vss
Voo—e[11 &  30[]<— RD7/PSP7
Vss —s[]12 Y5  29[J=— RDE/PSPE
OSC1/CLKI—=[]13 ¥  28[]<—» RD5PSP5
OSCACLKO «—[14 £ 277« RO4PSP4 m
RCOT10SOTICK «—s [ 15 26 ] «—s RC7T/RXDT 5
RCA/T10SICCP2 < [ 16 257 =—= RCHITXICK &
RC2/CCP1 «—e[] 17 24 [] «—» RC5/SDO ¢ g
RCSCKISCL -—s [] 18 23] =—= RCA/SDISDA 35-o § 89
RDO/PSP0 < [ 19 227 -<—» RD3/PSP3 §%§§5 g2e
RD1/PSP1 <—» ] 20 217 -—» RD2PSP2 gggg‘ggéﬁéég
44-Pin PLCC SITRERY
LI T ar el
OOVTON~TON—O
RA4TOCKICIOUT = 17 o ¥ ¥ ¥ V390« RBIPGM
RAS/AN4/SSIC20UT <[] § 38« RB2
e TS0t 2
WRIANS <[] 10
REZCSIANT <—~[I1i  PIC16F874A 320+— Voo
—
vis _~ 13 PICI6F87T7A 30T Rdveser
OSCH/CLKI — [] 14 32[] - RD6/PSPE
OSC2CLKO ~— [ 15 31[J-—» RD5PSP5
RCOTIOSOMICK1 = O 16 30[] < RD4/PSP4
Q*eegsyneaang™ " RO
EN 8
5 Goncobcl PEELEITL
QS:&&E&IEO "
DHBBBOQ = T & 2
Eagddddalc BREzarpaas
- - a =GR
PrfrerrRee 2 g8885§2§§8
OCgmreaas®y
wentore 111111111 3 I
(&)
HHRHHAAHARA .
RD4/PSP4 =—[1T]2 32TJ<— RCO/T10SO/TICKI
RDS/PSP5 *—= CIT 3 31— OSC2/CLKO
RDG/PSPE = tT] 30T ~— OSC1/CLKI
RD7PSP7T =—t1r]5  PIC16F874A ApSs— b
Vss —=[CIH6 <-— VoD ___
Ve TCHS  PIC16F877A oo . RexcmanT
RBO/INT ==t 8 26T = RE1WR/ANG
RB1 =——[TIT]9 2517 <— REQ/RD/ANS
RB2 =—=L1T 10 24T T7<—= RA5/AN4/SS/C20UT
RBYPGM =By v voroag ggj23:u::<—— RA4/TOCKI/C10UT
HHHHHHBHHH
qooooogoa
T v (=) - m +
2gggeiezsl
522x9
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PIC16F87XA
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http:/fwww.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
* Microchip’s Worldwide Web site; http://www.microchip.com

+ Your local Microchip sales office (see last page)

« The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our Web site at www.microchip.com/cn to receive the most current information on all of our products.
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

* PIC16F873A

* PIC16F874A

+ PIC16F876A

» PIC16F877A

PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-

able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture with

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device

the following differences:

» The PIC16F873A and PIC16F874A have one-half
of the total on-chip memory of the PIC16F876A

and PIC16F877A

* The 28-pin devices have three I/O ports, while the

40/44-pin devices have five

+ The 28-pin devices have fourteen interrupts, while

the 40/44-pin devices have fifteen

* The 28-pin devices have five A/D input channels,
while the 40/44-pin devices have eight

the 40/44-pin devices

The Parallel Slave Port is implemented only on

architecture and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
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
1/0 Ports Ports A, B, C Ports A,B,C,D,E| PortsA 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 5input 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
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN
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FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
13 ) Data Bus 8 PORTA
<=#= Program Counter |< RAO/ANO
Flash i I l RA1/AN1
Program ] ! RA2/AN2/VReF-ICVREF
Memory RAM — RA3/AN3/NVREF+
8 Level Stack File = [X| RA4ITOCKI/C10UT
(13-bit Registers RAS/AN4/SSIC20UT
Program ~
Bus ¥ RAM Addd" 1y 9
Instruction reg £ PdarMUX
|[ Direct Addr 7 I ndirect ol
- | RBO/INT
RB1
RB2
_ i RB3/PGM
8 [~V RB4
y +—= <] RB5
7 RBB6/PGC
—— 3 RB7/PGD
N/ Timer = i
Instruction | _ Oscillator
Decode & <= >{ | Start-up Timer ‘-\ AL\—/U ;
Control Power-on T
Reset 8 |,— PORTC
. .| Tming |[. .|| Watchdog I——| RCO/T10SOMICKI
K=>{ Generation [ Timer Wreg RC1/T10SI/CCP2
OSC1/CLKI Brown-out I— RC2/CCP1
OSC2/CLKO Reset RC3/SCK/SCL
In-Circuit B RC4/SDI/SDA
Debugger RC&/SDO
Low-Voltage RCE/TX/CK
Programming RC7/RX/IDT
MCLR  Vop, Vss
Timer0 Timer1 Timer2 10-bit AD
L 1L [ [
Il I I I I 1l
Synchronous Voltage
Data EEPROM ccP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F873A 4K words 192 Bytes 128 Bytes
PIC16F876A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the Status register.
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FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 Data Bus 8 PORTA
;;t| Prograw\(:omter } I l o] RAO/AND
Flash I < RA1/AN1
Program I RA2/AN2/VRerF-/CVREF
Wy 8 Leve! Stack RAM 4= [X] RAVAN3VREF+
(13-bit) F]le | RM/TOCKLC‘I ouT
Registers < RAS/AN4/SS/C20UT
Program =
Bus RAM Addl" 7y g A
7 . : RBO/INT
[Cinsuctonreg | £ Sl \ 1] Fet
A AN . RB2
| Direct Addr 7 | g]fwieect +—X| RB3PGM
| 4+ rB4
4 RBS
4 RB6/PGC
: RB7/PGD
8
4—=[X] RCOT10SOTICKI
Power-up < RC1/T10SI/CCP2
Timer 5 RC2/CCP1
Instruction | _ Oscillator b o
Decode & [< Start-up Timer
Control <4—=[X] RC5/SDO
F’%vef?n < RCB/TX/CK
= Wate:z 8 RC7/RX/IDT
A mi P Ci
DX}=>{ Generation [ Timer -
OSC1/CLKI Brown-out |_..[X] RDO/PSPO
OSC2/CLKO Reset -5 rRo1PSP1
In-Circuit l4—=%| RD2/PSP2
Debugger e RD3/PSP3
LowVoltage » RD4/PSP4
Programming - RD5/PSP5
4+—[X] RD7/PSP7
PORTE
MCLR Vbp, Vss <—~[X] REO/RDIANS
4—=D<] RE1WRIANG
+—=[X] RE2CSIANT
) Parallel
Timer0 Timert TR 10-bit AD Slave Port
][' 1L 1L 1L 1L
Synchronous Voltage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16FS77A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the Status register.
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TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION
PDIP [ PLCC | TQFP | QFN | VO/P Buffer

o Pin# | Pin# | Pin# | Pin# | Type | Type Hription
OSC1/CLKI 13 14 30 32 ST/ICMOS4| Oscillator crystal or external clock input.
0SC1 | Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.
CLKI | External clock source input. Always associated
with pin function OSC1 (see OSC1/CLKI,
OSC2/CLKO pins).
0OSC2/CLKO 14 15 31 33 — Oscillator crystal or clock output.
0SscC2 o} Oscillator crystal output.

Connects to crystal or resonator in Crystal
Oscillator mode.

CLKO (0] In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

[MCLRIVeP 1 2 18 18 ST Master Clear (input) or programming voltage (output).

MCLR | Master Clear (Reset) input. This pin is an active

low Reset to the device.
Vep P Programming voltage input.
PORTA is a bidirectional I/O port.

RAO/ANO 2 3 19 19 L8

RAO /0 Digital /0.

ANO | Analog input 0.
RA1/AN1 3 4 20 20 TTL

RA1 /10 Digital /0.

AN1 I Analog input 1.
RA2/AN2/VREF-/CVREF| 4 5 21 21 TTL

RA2 /10 Digital /0.

AN2 | Analog input 2.

VREF- | AJ/D reference voltage (Low) input.

CVREF 0 Comparator VREF output.
RA3/AN3/VREF+ 5 6 22 22 L

RA3 /0 Digital /0.

AN3 | Analog input 3.

VREF+ I AJD reference voltage (High) input.
RA4/TOCKI/C10UT 6 F § 23 23 ST

RA4 110 Digital I/0 — Open-drain when configured as

output.

TOCKI | Timer0 external clock input.

C10UT o} Comparator 1 output.
RAS/AN4/SS/C20UT 7 8 24 24 14

RA5 /0 Digital /0.

AN4 | Analog input 4.

SS | SPI slave select input.

C20uUT o) Comparator 2 output.
Legend: |=input O = output /O = input/output P = power

—=Notused 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.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87XA devices. The program memory and data
memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 3.0
“Data EEPROM and Flash Program Memory”.

Additional information on device memory may be found
in the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023).

21 Program Memory Organization

The PIC16F87XA devices have a 13-bit program
counter capable of addressing an 8K word x 14 bit
program memory space. The PIC16F876A/877A
devices have 8K words x 14 bits of Flash program
memory, while PIC16F873A/874A devices have
4K words x 14 bits. Accessing a location above the
physically implemented address will cause a
wraparound.

The Reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 2-1: PIC16F876A/877A FIGURE 2-2: PIC16F873A/874A
PROGRAM MEMORY MAP PROGRAM MEMORY MAP
AND STACK AND STACK
PC<12:0> PC<12:0>
CALL, RETURN % 13 CALL, RETURN 13 )
RETFIE, RETLW {b ra RETFIE, RETLW
Stack Level 1 Stack Level 1
Stack Level 2 Stack Level 2
: :
Stack Level 8 Stack Level 8
Reset Vector 0000h Reset Vector 0000h
. =1 : K=
Interrupt Vector 0004h Interrupt Vector 0004h
0005h 0005h
Page 0 On-Chip Page 0
07FFh Program - 07FFh
0800h Memory 0800h
Page 1 ’ Page 1
hiw OFFFh OFFFh
:Areoggrr; 1000h 1000h
Page 2
17FFh
1800h
Page 3
1FFFh 1FFFh
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FIGURE 2-3: PIC16F876A/877A REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.\") | 00h Indirect addr?| goh Indirect addr.(") | 100n Indirect addr.?| 180h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD™ | 08h TRISD" | 88h 108h 188h
PORTE™ | 0%h TRISE" | 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON!1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh Reserved? | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved? | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 11h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h l(DSeneraI 117h general 197h
RCSTA | 18h TXSTA__ | 98h Register | 118 Register | 198h
TXREG 19h SPBRG 9%h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 1Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch CMCON 9Ch 11Ch 19Ch
CCP2CON | 1Dh CVRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1AOh
General General General
Purpose Purpose Purpose
g:rg%r:é Register Register Register
Register 80 Bytes 80 Bytes 80 Bytes
96 Bytes EFh 16Fh 1EFh
accesses FOh accesses 170h accesses T
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
O Unimplemented data memory locations, read as ‘0'.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F876A.
2: These registers are reserved; maintain these registers clear.
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FIGURE 2-4: PIC16F873A/874A REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr."? | 00h Indirect addr.") | goh Indirect addr.? | 100h | Indirect addr.”? | 180n
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD™ | 08h TRISD" | 88h 108h 188h
PORTE™M | 09h TRISE(" | 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL OEh PCON 8Eh EEDATH | 10Eh Reserved?) | 18Eh
TMR1H 0OFh 8Fh EEADRH 10Fh Reserved? | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah 9Ah
CCPR2L 1Bh 9Bh
CCPR2H 1Ch CMCON aCh
CCP2CON | 1Dh CVRCON 9Dh
ADRESH 1Eh ADRESL 9Eh
ADCONO ; E: ADCON1 9Fh 120h 1AOh
AOh
General General
Eurpose Purpose accesses accesses
egister Register 20h-7Fh AOh - FFh
96 Bytes 96 Bytes 16Fh 1EFh
170h 1FOh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
[ Unimplemented data memory locations, read as ‘0’.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F873A.
2: These registers are reserved; maintain these registers clear.
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222 SPECIAL FUNCTION REGISTERS The Special Function Registers can be classified into
two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detalil in this section. Those related to the operation of
the peripheral features are described in detail in the
peripheral features section.

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
given in Table 2-1.

TABLE 2-1:  SPECIAL FUNCTION REGISTER SUMMARY

Address|  Name Bit7 | Bit6 | Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 F‘,’gk"'e;g,; ozept::se:
Bank 0
00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) (oooo oooo| 31,150
01h TMRO Timer0 Module Register oo xoox | 55, 150
02h®  (PCL Program Counter (PC) Least Significant Byte 0000 oooo| 30,150
03n®  [sTATUS rp | rRe1 | RPO | TO PD z | oc | ¢ |ooor 1:xx| 22,150
04h®  |FSR Indirect Data Memory Address Pointer oo x| 31,150
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x 0ooo0| 43,150
06h PORTB PORTB Data Latch when written: PORTB pins when read oo xoooc| 45, 150
07h PORTC PORTC Data Latch when written: PORTC pins when read oo xxxx | 47, 150
08h®  [PORTD PORTD Data Latch when written: PORTD pins when read oooe oo | 48, 150
09h®  [PORTE — — — — — RE2 RE1 RE0 |---- -xxx| 49,150
0AR(13) |PCLATH == = — | Write Buffer for the upper 5 bits of the Program Counter ---0 oooo| 30,150
0Bh®) INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |oooo ooox| 24, 150
0Ch PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |oooo oooo| 26, 150
0Dh PIR2 — CMIF — EEIF BCLIF — — CCP2IF |-0-0 0--0| 28,150
0Eh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register oo xooxx | 60, 150
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register soooe xoaoxx | 60, 150
T T — | — [rickes1] Tickeso [T10scen| TisYNE | TMRics [ TMR1ON [--00 0000] 57, 150
11h TMR2 Timer2 Module Register 0000 o0oo00| 62,150
1220 [T2cON — |Toutes3|Toutps2| TouTPS1 | TOUTPSD| TMR20N |T2CKPS1|T2CKPS0|-000 0000 61, 150
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register oo xxxx| 79, 150
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO |oooo oooo| 82,82,
150
15h CCPR1L Capture/Compare/PWM Register 1 (LSB) xooox xxxx| 63, 150
16h CCPR1H Capture/Compare/PWM Register 1 (MSB) sooex xxxx | 63,150
17h CCP1CON — —_ CCP1X CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |--00 oooo0| 64, 150
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D [oooo ooox| 112, 150
18h TXREG USART Transmit Data Register 0000 o0ooo| 118, 150
1Ah RCREG USART Receive Data Register oooo oooo| 118, 150
1Bh CCPR2L Capture/Compare/PWM Register 2 (LSB) oo xxxx| 63,150
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) oo xooxx | 63,150
1Dh  [ccPacoN — | — | cceax | ccray [ccrama| ccram2 [copami [ copamo [--co oooo] 64, 150
1Eh ADRESH A/D Result Register High Byte oo xxaxx | 133, 150
1Fh ADCONO ADCS1 | ADCS0 | CHS2 | CHs1 I CHS0 | GODONE| — | ADON [o0oo 0o-of127, 150
Legend:  x=unknown, u=unchanged, g = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.
Shaded locations are unimplemented, read as ‘o’
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 ‘0".

5: Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on: | Details

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 Bit1 Bit0 POR, BOR |on page:
Bank 1

80n®  |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)| 0000 oooo| 31, 150
g81h oPTIoN REG| RBPU | INTEDG | Tocs | Tose | psa | pPs2 | pst | Pso 1111 1111 23,150
82n®  |PCL Program Counter (PC) Least Significant Byte 0000 oooo| 30, 150
830  [sTATUS mp | rRp1 | rro | T | P | z | bc | ¢ [ooor 1xxx| 22,150
84n®  |FsSR Indirect Data Memory Address Pointer oo 30| 31, 150
8sh  [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
8shi4 TRISD PORTD Data Direction Register 1111 11111 48, 151
89h#  [TRISE IBF OBF IBOV [PSPMODE| —  |PORTE Data Direction bits 0000 -111| 50, 151
8An(M3) | PCLATH - — — | write Buffer for the upper 5 bits of the Program Counter ~ |---0 oooo| 30, 150
88h®)  |INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 ooox| 24, 150
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 0000 oooo| 25, 151
8Dh PIE2 — CMIE — EEIE BCLIE - — CCP2IE |-0-0 0--0f 27, 151
8Eh PCON = — = — = — POR | BOR |[---- -- qal 29, 151
8Fh — Unimplemented — —

90h —_ Unimplemented — —

9t [ssPcon2 | GeeN [AcksTAT| AckoT | Acken | RceN | PEN | RseN | SEN [ocoo ooool 83,151
92h PR2 Timer2 Period Register 1111 1111| 62, 151
93h SSPADD Synchronous Serial Port (2C mode) Address Register 0000 oooo| 79, 151
94h SSPSTAT SMP | CKE | DIA | P | S | RIW | UA | BF |oooo oooo| 79, 151
95h — Unimplemented — e

96h - Unimplemented — —

97h — Unimplemented — —

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT | TX9D |oooo -o1of 111, 151
9%h SPBRG Baud Rate Generator Register o000 oooo| 113, 151
9Ah — Unimplemented — —

9Bh —_ Unimplemented — —

9Ch CMCON C20UT | C10UT | C2INV | C1INV cis cm2 CM1 CMO (oooo 0111135, 151
9Dh CVRCON CVREN | CVROE | CVRR — CVR3 CVR2 CVR1 CVRO [ocoo- ooool 141, 151
9Eh ADRESL AJ/D Result Register Low Byte ook xooex | 133, 151
9Fh ADCON1 ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 | PCFGO |oo-- oooo [128, 151

Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘o', 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 ‘0".
5: Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’3',:";8; oﬁe;:';:
Bank 2
100n®  |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)|oooo oooo| 31, 150
101h TMRO Timer0 Module Register oo x| 55, 150
102n®  |PCL Program Counter’s (PC) Least Significant Byte 0000 0000| 30,150
103n® [sTATUS Rp | Rt [ R0 | 7o | A0 | z | bc | ¢ [ooor 1xx| 22,150
104n®  |FSR Indirect Data Memory Address Pointer oo x| 31,150
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read oo xxxx | 45, 150
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah"3) [PCLATH = = — | Wwrite Buffer for the upper 5 bits of the Program Counter ---0 oooo| 30,150
10Bh®) |INTCON GIE PEIE | TMROE | INTE | RBIE | TMROIF [ INTF [ RBIF [oooo ooox| 24,150
10Ch EEDATA EEPROM Data Register Low Byte oo x| 39, 151
10Dh EEADR EEPROM Address Register Low Byte soooe x| 39, 151
10Eh EEDATH — — EEPROM Data Register High Byte --xx xxxx| 39, 151
10Fh  |EEADRH — — — | —® |EEPROM Address Register High Byte ---- xoox| 39, 151
Bank 3
180n® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register)|oooo oooo| 31, 150
181th  [OPTION REG| RBPU | INTEDG | Tocs | Tose | Psa | pPs2 | Pst | Pso [1111 1111{23,150
182n®  |PCL Program Counter (PC) Least Significant Byte 0000 oooo| 30, 150
183n®  |STATUS Rp | rRet [ R0 | 7o | P | z [ bc [ ¢ [ooor 1xa] 22,150
184n® |FSR Indirect Data Memory Address Pointer oo oo | 31,150
185h — Unimplemented - —
186h TRISB PORTB Data Direction Register 1111 1111/ 45,150
187h — Unimplemented — —
188h — Unimplemented = =
189h — Unimplemented - —_
18AN13) [PCLATH — — — | Wwrite Buffer for the upper 5 bits of the Program Counter ---0 oooo| 30,150
188h* [INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |oooo ooox| 24,150
18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000| 34,151
18Dh EECON2 EEPROM Control Register 2 (not a physical register) ---= ----| 39,151
18Eh — Reserved; maintain clear 0000 0000 —
18Fh — Reserved; maintain clear 0000 0000 —
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/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: Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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PIC16F87XA

17.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

AMNETHEMPEraE NOENDIaS s e o e ol S on il R IR S B s St -55 to +125°C
Staiagetemperaling .o e -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RA4) ... -0.3V to (VDD + 0.3V)
Voltage on VDD With respect 10 VS .. . e -0.3to +7.5V
Voltage on MCLR With respect t0 VSS (NOE 2) ... o oo 0to +14V
Voltage on RA4 with respect to Vss 0to +8.5V
il pOWET RSSIDANGN (INOBED L e s s s S i A, S BN o SRS N s SRt I S 5 1.0W
MaXIniiii CIITENt O 0F VSS P ... snmnmmmrmmsssvir s i e s s s i s s s sesis 300 mA
Maximum curmrent INEO VDD PN ..o e ean e 250 mA
Inpritelampy erment. T0C (V8 < O N R . i o s i S i i S e AR +20 mA
Pt claind CUITENT 10K (VIO <0 OF VIO > VDD ccuississisusirasisasnosssss soiissnsassssisss ssasssss sinsssshs s asiegssissainbio 65 sesnssassisssis +20 mA
Maximum oulput coment SUNK bY any VO Pl ... s e s s ama s S e
Maximamiouipit exyrent soUnoet DY Ay I PN oo i L L
Maximum current sunk by PORTA, PORTB and PORTE (combined) (Note 3) ... ...
Maximum current sourced by PORTA, PORTB and PORTE (combined) (Note 3)

Maximum current sunk by PORTC and PORTD (combined) (Note 3) ...,
Maximum current sourced by PORTC and PORTD (combined) (Note 3) ...

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - 3 I0H} + T {(VDD - VOH) x loH} + 3 (VoI 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 50-1002 should be used when applying a “low” level to the MCLR pin rather than
pulling this pin directly to Vss.

3: PORTD and PORTE are not implemented on PIC16F873A/876A devices.

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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PIC16F87XA

FIGURE 17-1: PIC16F87XA VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL, EXTENDED)
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Voltage
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FIGURE 17-2: PIC16LF87XA VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

6.0V
5.5V

5.0V
4.5V
40V~ PIC16LF87XA

Voltage

3.5V+
3.0V+

I
I
20V47— |
I
|

| |
1 I
4 MHz 10 MHz

Frequency

FMmAax = (6.0 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz
Note 1: VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.
2: FMAX has a maximum frequency of 10 MHz.
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PIC16F87XA

17.1 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial, Extended)

PIC16LF873A/874A/876A/877A (Industrial)

PIC16LF873A/874A/876AI877A Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature  -40°C < TA < +85°C for industrial

PIC16F873A/874A/876AI87TTA
(Industnal, Extended)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Param Characteristic/ " . e
No. Symbol Device Min | Typt | Max | Units Conditions
VDD Supply Voltage
D001 16LF87XA | 2.0 — 55 V | All configurations
(DC to 10 MHz)
D001 16F87XA | 4.0 - Hi5 V | All configurations
DO01A VBOR 55 | V |BOR enabled, FMAX = 14 MHZz?
D002 VDR RAM Data Retention — 15 — \%
Voltage'!
D003 VPOR VDD Start Voltage to — Vss — V | See Section 14.5 “Power-on
ensure internal Power-on Reset (POR)” for details
Reset signal
D004 SvDD VDD Rise Rate to ensure | 0.05 — — | VIms | See Section 14.5 “Power-on
internal Power-on Reset Reset (POR)” for details
signal
D005 VBOR Brown-out Reset 365 | 40 | 435 V  |BODEN bit in configuration word
Voltage enabled
Legend: Rows with standard voltage device data only are shaded for improved readability.

Note 1:

Dr HAMZA CHERIF Lotfi

Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.
This is the limit to which VDD can be lowered without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O
pin loading, switching rate, oscillator type, internal code execution pattern and temperature, also have an
impact on the current consumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;

MCLR = VDD; WDT enabled/disabled as specified.
The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is
measured with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD and Vss.
For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
Timer1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from
characterization and is for design guidance only. This is not tested.
The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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PIC16F87XA

FIGURE 17-4:

EXTERNAL CLOCK TIMING
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TABLE 17-3: EXTERNAL CLOCK TIMING REQUIREMENTS
P;’z’" Symbol Characteristic Min | Typt | Max | Units Conditions
Fosc External CLKI Frequency DC — 1 MHz [XT and RC Osc mode
(Note 1) DC | — 20 | MHz |HS Osc mode
DC — 32 kHz |LP Osc mode
Oscillator Frequency DC — 4 MHz [RC Osc mode
(Note 1) 0.1 - 4 | MHz |XT Osc mode
4 — 20 MHz |HS Osc mode
5 — 200 kHz |LP Osc mode
1 Tosc External CLKI Period 1000 — - ns |XT and RC Osc mode
(Note 1) 50 | — — ns |HS Osc mode
5 — — us |LP Osc mode
Oscillator Period 250 — — ns [RC Osc mode
(Note 1) 250 = 1 us | XT Osc mode
100 — 250 ns |HS Osc mode
50 - 250 ns |HS Osc mode
3125 — — us |LP Osc mode
2 Tey Instruction Cycle Time 200 Tey DC ns |Tcy =4/Fosc
(Note 1)
3 TosL, External Clock in (OSC1) Highor | 100 — — ns |XT oscillator
TosH Low Time 25 — — us |LP oscillator
15 — — ns |[HS oscillator
4 TosR, External Clock in (OSC1)Riseor | — — 25 ns |XT oscillator
TosF Fall Time - — 50 ns |LP oscillator
— — 15 ns |HS oscillator

1 Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type, under standard operating conditions, with
the device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at “min.” values with an
external clock applied to the OSC1/CLKI pin. When an external clock input is used, the “max.” cycle time

limit is “DC” (no clock) for all devices.
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PIC16F87XA

TABLE 17-14: A/D CONVERTER CHARACTERISTICS:PIC16F873A/874A/876A/877A (INDUSTRIAL)
PIC16LF873A/874A/876A/877A (INDUSTRIAL

Pzr:m Sym Characteristic Min Typt Max Units Conditions
AD1 NR Resolution — — 10-bits bit |VREF=VDD=5.12V,
Vss < VAN < VREF
A03 EwL Integral Linearity Error s — <t1 LSb [VReEF=VDD=5.12V,
Vss < VAIN < VREF
A4 EpL |Differential Linearity Error — — <t1 LSb (VRer=VDD=5.12V,
Vss < VAIN < VREF
A06 EorF |Offset Error — — <t2 LSb |VRerF=VDD=5.12V,
Vss < VAN < VREF
A07 EeN | Gain Error — — <1 LSb |VREF=VDD=5.12V,
Vss < VAIN < VREF
A10 — | Monotonicity - guaranteed® o — |Vss < VaiN < VREF
A20 |VRer |Reference Voltage (VREF+ — VREF-) 20 — VoD +0.3 v
A21 VReF+ | Reference Voltage High AVDD - 2.5V AvbD+03V| V
A22 VReF- |Reference Voltage Low AVss - 03V VREF+-20V| V
A25 |VaiN |Analog Input Voltage Vss-0.3V — VREF+0.3V | V
A30 |ZaN |Recommended Impedance of — — 25 kQ |[(Note 4)
Analog Voltage Source
A40 laD AJD Conversion PIC16F87XA — 220 — uA | Average current
Current (VDD) PIC16LF87XA _ 90 _ uA consumption when A/D is
on (Note 1)
A50 IREF | VREF Input Current (Note 2) — — 5 pA  |During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHOLD, see Section 11.1
“AID Acquisition
Requirements”.
— — 150 uA  [During A/D conversion
cycle

These parameters are characterized but not tested.
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec
includes any such leakage from the A/D module.
2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
4:  Maximum allowed impedance for analog voltage source is 10 k€. This requires higher acquisition time.

W
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p 100 254
Top to Seating Plane A .160 A75 190 406 445 4.83
Molded Package Thickness A2 140 150 160 356 381 4.06
Base to Seating Plane Al 015 0.38
Shoulder to Shoulder Width E 595 .600 625 15.11 15.24 15.88
Molded Package Width E1 530 545 560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 5245
Tip to Seating Plane E 120 130 135 3.05 3.30 343
Lead Thickness c 008 012 015 020 029 0.38
Upper Lead Width B1 030 .050 070 0.76 127 1.78
Lower Lead Width B 014 .018 .022 0.36 046 0.56
Overall Row Spacing § eB 620 650 680 1575 16.51 17.27
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
* Controliing Parameter
§ Significant Characteristic
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
0107 (0.254mm) per side.

JEDEC Equivalent: MO-011
Drawing No. C04-016
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PIC16F87XA

44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

| — EE1 -
j=— #leads=n1 —=]
OOO000nann

[l
quunpouuut

- N

T = O

Units INCHES MILLIMETERS*

Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch P .031 0.80
Pins per Side ni 1 1
Overall Height A .039 043 047 1.00 1.10 120
Molded Package Thickness A2 037 .039 041 0.95 1.00 1.05
Standoff § Al .002 004 006 0.05 0.10 0.15
Foot Length L .018 024 030 0.45 0.60 0.75
Footprint (Reference) (F) 039 1.00
Foot Angle 1] 0 35 7 0 35 7
Overall Width E 463 472 482 11.75 12.00 12.25
Overall Length D 463 472 482 11.75 12.00 12.25
Molded Package Width E1 .390 394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 394 .398 9.90 10.00 10.10
Lead Thickness c .004 006 008 009 0.15 020
Lead Width B .012 .015 017 0.30 0.38 044
Pin 1 Comer Chamfer CH 025 035 045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D1 and E1 do not include mold fiash or protrusions. Mold flash or protrusions shall not exceed
0107 (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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PIC16F87XA

APPENDIXC: CONVERSION

CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.
TABLE C-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C7X PIC16F87X PIC16F87XA
Pins 28/40 28/40 28/40
Timers 3 3 3
Interrupts 11or12 13o0r 14 14 0or 15

Communication

PSP, USART, SSP
(SPI, I2C Slave)

PSP, USART, SSP
(SPI, I2C Master/Slave)

PSP, USART, SSP
(SPI, 2C Master/Slave)

Frequency 20 MHz 20 MHz 20 MHz

Voltage 2.5V-55V 22V-55V 2.0V-55V

A/D 8-bit, 10-bit, 10-bit,

4 conversion clock selects | 4 conversion clock selects 7 conversion clock selects

CCP 2 2 2

Comparator — — 2

Comparator Voltage — — Yes

Reference

Program Memory 4K, 8K EPROM 4K, 8K Flash 4K, 8K Flash

(Erase/Wnte on (Erase/Write on

single-word) four-word blocks)

RAM 192, 368 bytes 192, 368 bytes 192, 368 bytes

EEPROM Data

None

128, 256 bytes

128, 256 bytes

Code Protection

On/Off

Segmented, starting atend
of program memory

On/Off

Program Memory
Write Protection

On/Off

Segmented, starting at
beginning of
program memory

Other

In-Circuit Debugger,
Low-Voltage Programming

In-Circuit Debugger,
Low-Voltage Programming
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MICROCHIP

PIC16F882/883/884/886/887

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
nanoWatt Technology

High-Performance RISC CPU:

* Onily 35 Instructions %o Learn:
- Al single-cycie instructions except branches
* QOperating Speed:
- DC - 20 MHzZ csclatoriciock input
- DC - 200 ns nstruction cycle
Interrupt CapabilRy
8-Level Deep Hardware Stack
Direct, Ingirect and Refative Addressing modes

Special Microcontroller Features:

* Precision Iintemal Oscliator:
- Factory calbrated to 21%
- Software selectable frequency range of
8 Mz o 31 kHz
- Software tunabie
- Two-Cpeed Sart-up mode
- Crystal fal detect for criical applications
- Clock mode swiching during operation for
power savings
Power-Caving Sieep mode
Wide Cperating Voitage Range (20V-55V)
Industrial and Extended Temperature Range
Power-on Reset (FOR)
Power-up Timer (PWRT) and Osclistor Start-up
Timer {O8T)
Brown-cut Reset (BOR) with Software Control
Option
Enhanced Low-Current Watchdog Timer (WDT)
with On-Chip Oscliator (so®ware selectable
nominal 258 seconds with ful prescaler) with
softaare erabdle
Multipiexed Master Clear wih Ful-up/input Pin
Programmabie Code Protection
High Endurance Flash EEPROM Cel:
= 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEFROM retention: > 40 years
* Program Memory Read/Wre during run time
* In-Circuit Debugger (on board)

Low-Power Features:

* Standby Current:
- SOmA @ 2.0V, typical
* Operatng Current
= 11 pA @ 32 wHz, 2.0V, typical
- 220 A @ 4 MHZ, 2.0V, typical
* Walchdog Timer Current
- 12A @ 2.0V, typical

Peripheral Features:

24/35 VO Pins with Individual Direction Control

- High cument source/sink %or direct LED drive

- Interrupt-on-Change pin

- Individually programmabie weak pul-ups

- Ultra Low-Power Wake-up (ULPWU)

Anaiog Comparator Module win:

- Two anaiog comparators

- Programmabie on-chip voitage reference
(CVwer) mockde (% of Vo)

- Fixed voitage reference (0.8V)

- Comparator inputs and outputs extemaly
accessbie

- SR Latch mode

- Extemal Timeri Gate (count enabie)

AD Converter:

- 10-bit resciution and 11/14 channeis

TimerQ: 8-0t Timer/Counter with S-DR

Programmabie Frescaler

Enhanced Timeri:

- 16-Dt timer/counter with prescaler

- Extemal Gate input mode

- Dedcated low-power 32 K-z oscliator

Timer2: 8-bt Timer/Counter wih S-DR Period

Register, Frescaler and Postscaler

Enhanced Capture, Compare, PWM+ Module:

- 16-bt Capture, max. resoiution 125 ns

- Compare, max. resokstion 200 ns

- 10-bit PWM with 1, 2 or 4 output channels,
programmabie “dead tme”, max. feguency
20 kHz

- PWM output steerning control

Capture, Compare, PWM Module:

- 16-bt Capture, max. resokgtion 125 ns

- 1&-bit Compare, max. resokstion 200 ns

- 10-bit PWM, max. frequency 20 b=z

Enhanced USART Module:

- Supports RS~485 RS-232 and LN 20

- Auto-Saud Detect

- Auto-Wake-Up on Start bit

In-Circult Serial Programming'¥ (ICEFP'V) via Two

Pns

Master Synchronous Serial Port (MS2F) Module

supporting 3-wire 271 (al 4 modes) and FC™

Master and Slave Modes with 1“C Address Mazsk

© 2000 Microchip Technology e
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PIC16F882/883/884/886/887

Pin Diagrams - PIC16F882/883/886, 28-Pin PDIP, SOIC, SSOP

28-pin PDIP, S0IC, 330P

REANCLRNPS

RADANGULPWILIC 12180

RATJANTCI2ZING.

RAZMNINREFSCVRERIC 21N
RASMANANESr+AC 1IN
RALTOCKNC10UT
RASIANABEIC20UT

Vs
RATIOSCUCLON

RAACECHCLROUT
RCOT108OTICK

RC1UTYOSICCP2
RCIMIAXCCPY
RCASCHSCL

—_— eg
— 2
—_— 3
—_— -
— £
e - 1]
- - 4
— -
s v
— 10
- "
—| |12
—| |12
| 114

MCiermanmme

L
-

— RETNCSPDAT

— REENCSPCLK

— RESANTSTIC
—. WERANTID

—— REAANOPOMIC 12IN2-
— RENANAS18

. REVAN 1O ACACI12INS
— REANTIINT

— VDD

e\ 00

— RCTROT

g RCATHICK

— RCSEDO

— CAEDE0A

TABLE 1: PIC1E6FB82/88E8E 26-PIN SUMMARY (PDIP, SOIC, SSOP)
VO | Pis | Anslog |Comparstoes|  Timess ecep  |susary| wEsp | imerrept] Pullep Easc
RAD| 2 [ANOLLPWU| Criane- - p— pu— p e — —
a1 | & AN1 C1aN1- - - — - - - -
a2 | 4 ANZ C2N+ - - - - - — VEETL UV ETT
RAS| & ANS C1iNe — — — - - -— T
as| @ - CI0UT TOCK) - - pu— - — =
ras| 7 ANé C20UT - - o= = — - =
fas| 10 - - — — - — — — |oscacikour
Rav| @ - - - — — - -— — | cecuciLxn
A ER AN12 - - - - —  |wocar] v p—
81| 2 ANt C1INS- — PiC —_ —_ 0c Y -
a2 | - ANS - - P18 - — 0oc Y -
nas | 24 AND C1aN2- - - - - OC \ oM
i ANTY - - P1D - = 0C ¥ =
S ANt - e - - - oC Y -
aes | 27 - - - - - - 0C ¥ ICEPCLK
Ray | 2 - - - - - - OC - CEPDAT
Reo| n - - T108OT1CK) - - = an — =
Re1| 12 - - T10S! CCP2 - - - — —
Re2 | 13 - - - cerwia| — - - - -
Res | 14 - - - - — |screct] — - =
Res | 15 - — - — — |sowmpa]| — - —
Res | 18 - - - — — 800 — — —
res | 17 - - - - TRCK - — = =
ReT | 18 - - - - RXOT - - - —
nes| 1 - - - - - - - YOI | WcoRvee
- | 2 - - — — — — - — voo
— | & = = - - - . - -— vas
il L - - - — — — - - Vs

Nete 1.

Pullup sctiveled ordy with exdermel WLLN configur sticn

Dr HAMZA CHERIF Lotfi

TP Microprocesseurs et Microcontrdleurs

104




PIC16F882/883/884/886/887

Pin Diagrams - PIC16F882/883/886, 28-Pin QFN

28-pin GFN
o
D
Eg § = xE (2]
Q%“ggﬁ§
s3LpEiEd
Shobbobobn
[cBREEICN
RAZAN2 VREr-/CVrer iC2N+ == []1 21
RAVANIVI +/CINe —[]2 2
RAVTOCKICIOUT —[3 13

RAS/AN4/ZS/C20UT = []4 PIC16FSS2/882/888 15
ves —[]5 17

TIOACCLION -—[]5 15
RASIOSCICLKOUT =——=[]7

RCSNSD0 -
RONT XK e

];
é
QR

ROOMIOSOITICK ~—
RCUTIOBMCCP2 —
RC2ZI NCCR —=[10

T RB3/ANSPGM/C12IN2-
- RBUANEFP1B

<+ RB1/ANIDPIC/CI2IN-
= RBOANIZINT

-——V0oo

—

s RCTRXOT

TABLE 2- PIC1EFB82/883/88€ 28-PIN SUMMARY (QFN)

W | P Anslog | Comparstons Timers ECCP |EUSART| NSSP | imterrept| Pullep Basc
RAD | 27 |ANOULPWU|  CraamNo- — — — — — -—_ .
K ANY CaN1- - - - - - - -
waz| 1 AN2 C2N+ - - - - - | vesracveer
FAS 2 AN CIN+ — — -_ - - - VRgre
R 3 — ci1ouT TOCK) e — — — — —
ras | 4 ANS C20UT - - - B8 - —
s | 7 - - - - - - - —  [oscacikour
Rar| e — — - - — - - — | cecucixn
R8O | 1@ AN12 - — - — - OCANT ) -
RE1| 9 ANTC C12NS- — Pic — - 0oc Y —
a2 | 2 ANS — — PiB - — 0oc Y —
I AND C1BN2- — — — — OC ¥ POM
R8s | 22 ANTY — — P10 — — 0C Y —
Res | 2 AN1S - TG - — - o Y -
B — - - - - - 0oC ¥ ICEPCLK
Rav | 2= - — — - — — 0oc ¥ CEPDAT
RCO| @ - — T1080MICK) — — — - - -
RC1 9 — — T1081 CCP2 — - - - —
RC2| 10 — — — CCPUP1A — — — — -—
RCS| 1 — — E — SCKECL — — —
RCs | 12 — — — — - EDLSDA — - -
RCS | 13 — — — — - o) - -
RCS | 14 - — — — TRCK - - — —
Rer | 18 - - - - RXOT - - - -
RES - — = - - - — L WCRNPe

- 17 - - — — - - — — Voo

-8 - - - - - - - - Vs

— 18 - — — — — - - - (7

Note 1. Pullup sctiveled only with exdermel WCLN configuretion
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PIC16F882/883/884/886/887

Pin Diagrams — PIC16F884/887, 40-Pin PDIP

40-pin PDIP
REIMCLANVPY — 1 - 40 [] +— RBTCSPDAT
RADANDULPWLIC12ING «—e ]2 38 [ «—= RES/NCOPCLK
RAUANUCI2ING ——a 3 38 [] e RESANIITIG
RAANZVRES-ICVREF IC2INe ~— 4 A7 [] »— mE4AN11
RAVANI N r+/C 1N+ —[]z 36 [] ——— REIANIPEMCI2ING-
RALTOICKICIOUT «——[]& 35 [] «—— RE2ANE
RASIANSZS/C20UT «—a[17 34 [] e RE1ANIDICIZING-
REQANS =13 a0 REQANI2INT
REVUANS «—= I3 2 [] +—vo
REJANT «——[110 ] e— v

[] «— RD7TPID

[] «— RD&EFPIC

[] «—= RDSP1B

] +— RD4

(] «—= RCTRNDT
(] a— RCETNCK
[] »— RCS2DO

] +— RC4CDISDA
[] «— RD2

[] «—us RD2

VOO —[1

Vg —E 12
RATIOSCUCLEN — 113
RASCACICLNOUT o— 114
RCOTIOSOTICK] «—[1] 435
RCUTIOSWCCP2 a——=118
RC2PIACCP1 — 17
RCICOKSCL w712

RD0 «—[14=

BDY e—20

P

MR RRN BN

Pin Diagrams — PIC16F884/887, 44-Pin QFN

&4-pin QFN

.
ﬁog 299§
EB8  Bice
dﬂinu—oﬂ&sg
PEERERRERER
— -~
RCTRXDT ~— 1;392’933"89333 a— RAG/OSCCLKOUT
RD4 a— |2 32| «— RATIOSCUCLKIN
ROSPI8 |3 3| —Vss
RDEFPIC a——|a 30| ~—Vss
RDTPID — |5 29 NC
P p—— PIC18FEsa4EET 28| =— Voo
V[ p— 27| == RE2IANT
Voo —|g 25| = REVANE
REQAN1INT -—| S 25| +— REDIANS ___
REVANIOCI2ING- «— | 90 24| +—= RAS/ANSSIIC20UT
R32 e | M e O 0 O o] T RAATOCKICIOUT
v g O O
4 O x = =
gegegziszid
o Za 8a50
o § QP22 § T
? “Fgpjiiol
g g Byssle
& 3 mg
& 3 23
© g 2
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PIC16F882/883/884/886/887

FIGURE 1-1: PIC1EF882/883/886 BLOCK DIAGRAM
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PIC16F882/883/884/886/887

FIGURE 1-2: PICISFBBLPICIEFEET BLOCK DIAGRAM
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