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Introduction générale

INTRODUCTION GENERALE

Le développement fulgurant de ['électronique et ldeformatique a donné
naissance, entre autres, aux Sciences du traitemhentinformation et de la
communication qui répondent a des besoins immeédis futurs, aussi bien
aeronautiques et spatiaux ou maritimes qu’indeistfixes ou embarqués.

La mondialisation exigeant de plus en plus d’effitg raison pour laquelle les
Ingénieurs ont été amenés, a superviser a deemillie kilométres, des machines
nécessitant des cahiers des charges de plus ercqiysexes, permettant ainsi des

gains en temps et en argent.

Ceci n'a été rendu possible que grace aux progresricroprocesseurs de plus en

plus puissants et aux logiciels d’exploitation.

Une nouvelle génération de microcontrdleurs, irdédgplusieurs microprocesseurs
permet de contréler et télé mesurer des systemess filtels des stations
radioélectriques d’aide a la navigation aériennes evions cloués au sol par des
pannes, des stations météorologiques, le compontemmé&canique d’'une tour a
surveiller etc. ) ou embarqués (tels le suivi enpe réel des parametres techniques de
I'Airbus A380, navette spatiale, drones ou des isssar route de véhicules

automobiles et engins etc....)
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Importance de la télémesure

Problématique de 'étude :

Avec le développement de I'électronique, il estaday plus aisé de connaitre a
distance et a tout moment les différents paramétnes processus de surveillance
des systemes et ce, au moyen de dispositifs deogesichnique centralisée avec
interface WEB, permettant ainsi de consulter cemi@rs via Internet, solution
privilégiée comme vecteur de transmission par rappad’autres solutions : GSM,
GPRS, Satellite.
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L'objectif de ce projet est d’étudier et de réalism prototype d’acquisition, de
stockage et de téléemesures via Internet de dori@aséquipement et d’activer ou
désactiver un processus industriel consultable Iptarnet et ce, en utilisant un
navigateur WEB standard.

Parmi les parameétres susceptibles d’étre utilis@sempérature a été choisie a titre
d’exemple comme support pour les besoins de éaitie.

Ainsi donc, le prototype étudié et réalisé perngetpartir d’'un site distant,
d’interagir en temps réel avec un module poumasition, le traitement des données
de la température, leur stockage et leurs téléragsu

Ce projet comporte quatre chapitres :

Chapitre | :
— Généralités sur les réseaux : la transmission deéks entre le prototype
réalisé et les PC se fait via le réseau Interméspn pour laquelle, un petit

rappel sur les réseaux est nécessaire.

Chapitre Il :
— Bus et protocoles de communication qui traite lescgpaux protocoles

utilisés lors de la conception du prototype.

Chapitre IlI :
— Conception matérielle : dans un premier tempsrauve une description des
composants utilisés dans le montage, ensuite oailldéte principe de

fonctionnement du montage réalisé

Chapitre IV : Conception logicielle
— Outils de développement (C++ et CHIPTOOL).
— Organigrammes

Conclusion générale

Bibliographie
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Glossaire

Annexes.



Chapitre | Généraliggs les réseaux

I. GENERALITES SUR LES RESEAUX

I.1 Généralités sur les réseaux
Un réseau est défini comme un ensemble de nceuds mar un ensemble de

chemins[1], les nceuds sont constitués par dessudéédraitement de I'information :
elles échangent de l'information par I'intermédéades liens qui relient les noeuds et
gui sont des canaux de transmission. Sur le platigoie, les noeuds peuvent étre des
ordinateurs ou des équipements terminaux (écramwjec/ imprimantes...etc.) et les
canaux de transmission sont bien souvent des liggiéphoniques pour les grands
réseaux, et les cables coaxiaux pour les réseaauio

On appelle nceud, I'extrémité d’'une connexion quitp&re une intersection de
plusieurs connexions (Routeur, Concentrateur.). etc.

Donc un réseau est défini comme étant 'ensemldard®/ens matériels et logiciels
mis en ceuvre pour assurer la communication enttmateurs, stations de travail et

terminaux informatiques.

1.2 Supports de transmission des données
Pour que la transmission des données puisse stéthloloit exister une ligne de

transmission, appelée aussi « Canal de transmisseotre les deux machines. Sur ces
voies de transmission circulent des données sausefa’ondes électromagnétiques
(ondes radio), électrique (cable), lumineuse (Bloptiques).

1.2.1 Par voie métallique

On distingue généralement deux types :

B Cable coaxial
Son utilisation fréquente est due a son codt aledat a sa maniabilité ; il est

constitué d’'une partie centrale, appelée « ame #l ee cuivre, enveloppée dans un
isolant, puis d’'un blindage métallique tressé quotgge les données qui circulent
contre les parasites externes, enfin d’'une gaitériexre en caoutchouc.

Grace a son blindage (qui peut étre parfois doabl@uadruplé), le cable coaxial

peut étre utilisé sur de longues distances et gateseconnexions a hauts débits
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Les cables coaxiaux disposent de deux c :

B Cable coaxial fin
Cale Thinnet ou céable coaxial ; son diamétre est de 6mm, réservé pot

spécification 10Base2, tres flexible, il peut ty@m$er un signal jusqu'a une distai
de 185 m sans atténuatipih appartient a la famille R-58 son impédance est deQ.

Son inconvéniendistance limitée

Fig.l.1 Les connecteurs BNC

B Cable coaxial épais

Appelé aussi Thicknet, c’est un cable blindé de sgraliametre
(12mm) avec une impédance de 5Q. Ce d@ble est connu égalem
sous le nom <&able Ethernet Standi». Ce nom est du a son ame

relativement épaisse par rapport a celle du let

Fig.l.2 Le Thicknet

Le Thicknet peut relier deux équipements distants 500 metre sans
affaiblissement et sans réamplification des signgux le parcourent, sa ban
passante est de 10Mbps, il est souvent employé eocapie principal pour relier d

petits réseaux.

Inconvénients

500 metres restent une distance insuffis
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Moins flexible que le Thinnet.

Remarque

Les connecteurs utilisés pour les deux protocalasdes BNC.

Les connexions entre les deux cables se font aergawn transceiver.

(Emetteur/récepteur)

B [.3.3.b Céablage a paire torsadée :
Appelé aussi « Twisted Pair Cable »(fig.l.3), il esnstitué de deux brins de cuivre

entrelacés en torsade et recouverts d’isolants.
On distingue généralement deux types de pairesadées :
Les paires blindées (STP : Shielded Twisted Pair)
Les paires non blindées (UTP : Unshielded Twistaid) P

Fig.l.3 La paire torsadée

Paire torsadée non bliwdée (LTP) Paires torsadées "type 5
STP
Blindage {écran)
i

=" paires torsadées
T ." - =
-.mi-u:n»h}*'::ﬁ-._ .

R e A

N
e il de masse

it R I pos
Jorain <
-~ i

htgmen 8 e nrn =
Lol mowem par voeud . Le
Taibe du e nnaners m Ha: P
i T A e

o i i g

Fig.l.4 Présentation des deux paires

La paire torsadée est adaptée a la mise en résegludvec un budget limité, mais
son utilisation est déconseillée pour les connexiangrandes distances car elle
n'assure pas l'intégrité des données.

Le cable UTP (Fig.l.4) obéit a la spécification HIBT, on cite quelques
caractéristiques :

Longueur maximale d’un segment : 100 m.

Composition : 2 fils de cuivre recouverts d’'isomnt

Débit : de 4Mbit/s & 100Mbits/s.
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Utilisé souvent dans les installations téléphonsque

Le principal inconvénient du cable UTP est du ai d@’il est sensible aux
parasites

Le cable STP utilise une gaine de cuivre de me#legqualité et mieux protectrice
gue la gaine utilisée pour le cable UTP. Il corttieme enveloppe de protection entre
les paires et autour des paires.

Dans le cable STP, les fils eux mémes sont torsadeés
Remarque

La paire torsadée se branche a I'aide d'un conne&a-45(fig.1.5).

«

Fig.l.5 Présentation du RJ-45

[.2.2 Par fibre optique
Une fibre optique (fig.l.6) est un fil en verre @m plastique tres fin qui a la

propriété d’acheminer la lumiere et sert dansrgssimissions terrestres et océaniques
de données. Elle offre un débit d’informations eeient supérieur a celui des cables
coaxiaux et supporte un réseau « large bande legael peuvent transiter aussi bien
la télévision, le téléphone, la visioconférencdezudonnées informatiques.

Entourée d’'une gaine protectrice, la fibre optigeet étre utilisée pour acheminer
la lumiére entre deux lieux distants de plusiewataines, voire des milliers de

kilometres.

Fig.l.6 La fibre optique
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La fibre optique posséde de nombreux avantages :

Légerete.

Immunité contre le bruit.

Faible atténuation.

Tolere des débits de I'ordre de 100Mbps.

Largeur de bande de quelques dizaines de Mégahpltsieurs Gigahertz

[.2.3 Par Faisceau Hertzien
Ce support utilise les ondes radio-électriques pransporter les informations. La

propagation peut se faire en ligne droite c’estds pour des utilisations telles que la
télévision et la radio.

Le faisceau Hertzien est utilisé également pounsireettre les données qui
proviennent des satellites ; par conséquent ledais permet une couverture a grande

distance. (communications intercontinentales)

Fig.l.7 Parabole de communication

D’autres applications sont basées sur les faiscedexiziens, tel que le

« BlueTooth » ou le « Wifi »

Remarque :

La bande passante d’'une voie de transmission @isiedéomme étant l'intervalle
de fréquence sur lequel le signal ne subit pasaffatblissements ; elle est donnée par
la formule de Shannon :

C=W Log2(1+S/B)
C . Capacité en Bps

W : Largeur de bande en Hz

S/N : Rapport signal sur bruit de la voie.



Chapitre | Généraliggs les réseaux

1.3 Disposition des réseaux
1.3.1 Réseau en étoile
La liaison la plus simple entre deux équipemdstsninaux de traitement de

données ou « ETTD » est celle qui ne comporte gue éxtrémités : on trouve dans
ce genre de réseau un ETTD central (Hub) entouné ehsemble de points (fig.l.8)
Les réseaux en eétoile sont des topologies soumemioyées dans les réseaux

locaux (LAN). L’ETTD central peut étre aussi un aqootateur (switch). [2]

Fig.l.8 Topologie en étoile

La topologie en étoile a I'avantage de sa sim@ici¢ réalisation, le réseau restant
fonctionnel dans le cas ou un ordinateur tombpame. Cette topologie est utilisée
pour les réseaux étendus (MAN) et présente towtetmi inconvénient d’ordre
économique, et un autre d’ordre technique, c'aeitéague si la machine(PC,HUB...)

centrale tombe en panne, alors tout le réseawessbrvice.

1.3.2 Réseau en bus
Dans la liaison en bus, les ETTD connectés se gemtaune méme voie de

transmission. (fig.l.9). C’est une topologie coueande réseau d'ordinateurs,
notamment avec du cable coaxial.

Toutefois, du fait des faibles débits supportés pas cables coaxiaux, cette
topologie est en régression dans les réseaux locaux

Les stations sont connectées a un bus uniquee faik de connecteurs spécialisés

(connecteur en T)

10
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Fig.l.9 Topologie en bus

Dans la mesure ou les données ne circulent quenguvoie commune, il ne peut y
avoir qu'une seule station émettrice : I'échange dd@nées se fait a travers des
protocoles, en particulier le TCP/IP, entre laistaémettrice et la station réceptrice
qui est repérée par son adresse, celle-ci seraula gui va « entendre » le message,

alors que les autres stations ne tiendront pas odiypmessage. [2]

L’installation de cette liaison ne co(te pas chéeequi est un avantage, par contre
son inconvénient est la régression des performategssstations quand on augmente
leur nombre dans le bus. De plus si un troncodé&®ictueux, alors il N’y aura plus de

communication avec les ETTD qui sont situés auxrens de ce trongon.

1.3.3 Réseau en anneau
Appelé aussi « Ring » I'acces des stations au véssan généralement réglemente

par le passage d'un relais appelé « jeton ». Ratte configuration, la station n’est
autorisée a émettre, que si elle dispose du jetiosi, elle n'a rien a émettre elle passe
le jeton a la suivante. (fig.1.10).

Dans le cas ou la station émettrice identifie &ish réceptrice (concordance entre
I'adresse de I'émetteur et I'adresse du destirgdtaie dernier copie le message, et le

réinjecte dans la boucle, alors que les autresneat I'écoute.

11
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Fig.l.10 Topologie en anneau

Le principal inconvénient est le fait qu’un ordiear de I'anneau tombe en panne

interrompe I'anneau.

[.3.4 Réseau maillé

Constitué d’'une série de liaisons qui relient davBT TD. Dans cette liaison, les
informations parcourent plusieurs chemins, par équent le transfert de

I'information est assuré (avantage) (fig.1.11)

Fig.l.11 Topologie maillée

.4 Notion de CGI

Un CGI est un programme exécuté du coté servermgitant de cette facon
I'affichage de données traitées par le serveurv@mant d'une autre application,
comme par exemple un systéme de gestion de bakmndées).

Dans notre application, le CGI représente unefate entre le serveur web et le

microcontroleur SC13

12



Chapitre | Généraliggs les réseaux

Un des grands intéréts de l'utilisation de CGllagtossibilité de fournir des pages
dynamiques, c'est-a-dire des pages pouvant étfératites selon un choix ou une
saisie de l'utilisateur. L'application la plus fuégte de cette technique repose sur
I'utilisation de formulaire HTML permettant a I'eiface CGl de générer un

exécutable pour le serveur (via un langage de progration (C++, Java...)

Dans les réseaux, plusieurs ETTD sont utilisés BHtepassé), Commutateurs ou

switch Ethernet

1.5 Switch Réseau
Un commutateur réseau (fig.1.12) est un équipengemtrelie plusieurs segments

(cable ou fibre) dans un réseau informatiques’abit le plus souvent d’'un botitier
disposant de plusieurs (entre 4 et 100) portsriéhe ce commutateur a la méme

apparence qu’un concentrateur.

Fig.l.12 Un Commutateur a 5 ports

Contrairement a un concentrateur, un Switch neosgteate pas de reproduire la
trame qu’il recoit, il sait également déterminer guel port il doit envoyer une trame,

en fonction de I'adresse a laquelle cette trameestinée.

1.6 Conclusion
Ainsi pour les besoins de cette étude, ce chagstedédié a des rappels du

fonctionnement des dispositifs utilisés dont il ¢ent d’évoquer, dans le chapitre II,

les protocoles.
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Il. BUS ET PROTOCOLES DE COMMUNICATION

II.1 Notion de protocole

Un protocole de communication est I'ensemble desguures (regles a respecter)
et informations échangées pour établir et gérerammemunication. Les formats des

informations font partie intégrante du protocole.

Pour comprendre cette notion de protocole et le dids 3 blocs fonctionnels on

examine la figure 11.1

Réseau téléphonique

Directeur A

. 5-Echange des informations Directeur B
Demande de service
1-Demande de 4-Indication de N
communication| 4-Confirmation communication
~ 7 de communication ~ 7
Secrétariat A e e e ———C Ly
. .. 4-Demande d o
Gestion de la communication e CE rome Secrétariat B
2-Demande . 3-Indication de .
de connexion . connexion
3-Confirmation
de la connexion ~ 7
Combme A 3-Etablissement de la connexion Combmé B

Gestion de la connection

Réseaun
Téléphonique

Fig.ll.1 Exemple d’un protocole de communication

Les étapes successives de |'établissement d’unencomation téléphonique entre
2 Directeurs sont décomposées comme suit :
Chaque Directeur dispose d’un secrétariat. Cingghauccessives d’établissement

de la communication peuvent étre distinguées :
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— Phase 1: le Directeur A demande a sa secrétappéeler le directeur B.
— Phase 2 : la secrétaire A compose le numéro dehighé du Directeur B sur son
combiné téléphonique

— Phase 3 : le réseau téléphonique établit la lisds@t le combiné téléphonique
de la secrétaire B (le combiné B sonneetaéaire B décroche).

— Phase 4 : |la secrétaire A demande que son Direabewirait parler au Directeur
B.

- La secrétaire B indique a son Directeur que le déngr A veut lui parler. Si le
Directeur B accepte la communication, la secré®irépond a la secrétaire A
gu’elle lui passe le Directeur B au téléphone. ¢éexrétaire A confirme au
Directeur A qu’il est en communication avec le Rieur B.

— Phase 5: les 2 Directeurs peuvent échanger lefasrations.

I1.2 Type de protocoles
[1.2.1 Protocole I2C
[1.2.1.1 Historique

[2C= (inter integrated circuit) a été développédabut des années 80 par PHILIPS
SEMI CONDUCTORS pour permettre de relier facilemanin microprocesseur les

différents circuits d’'un téléviseur moderne.[3]

[1.2.1.2 Caractéristiqgues

Le bus I2C permet de faire communiquer entre e aenposants électroniques

divers grace a seulement deux fils

— Un signal de données appelé SDA (Serial Data)
— Un signal d’horloge appelé SCL (Serial Clock)
— Le 3™fil représente la masse (GND)

C’est un bus série Half duplex.

Les données sont transmises en série a

— 100 Kbits/s en mode standard (Standard mode)
— 400 Kbits/s en mode rapide (Fast mode)
— 3.2 Mbits/s en mode tres rapide (Hight speed mode)

B Définition de « Half duplex » :
Le terme duplex est utilisé pour désigner un cam@l communication. On

différencie différents canaux :
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— simplex qui transporte l'information dans un seuss
— full-duplex pour lesquels linformation est trangge simultanément dans
chaque sens.

Un exemple de canal simplex est la radiophoniele téd radio FM; Les
informations sont envoyées a partir d'une statimet&ice et recue sur un poste. Les
auditeurs ne peuvent pas répondre.

Le half-duplex peut étre illustré par une routena geule voie a circulation alternée.
Les veéhicules circulent dans un sens pendant unedgedonnée puis le sens est
alterné. La liaison half-duplex peut étre égalemsmhparée a une communication
avec des talkies-walkies. L'un parle ('autre netpgarler en méme temps) et lorsqu’il

lache le bouton (signal de fin de conversation)tfa peut parler a son tour.

Le full-duplex est tres souvent l'association daxdeanaux simplex, comme une
autoroute est l'association de deux routes a uhsesms. La liaison full-duplex peut
étre comparée a une conversation téléphoniqueddes interlocuteurs peuvent parler
en méme temps.

De nombreux fabricants ont adopté ce standard :

Xicor, ST Microelectronics, Infineon Technologietdl, Texas instrument, Maxim,

Atmel, Analog device...etc.

Il existe un grand nombre de circuits utilisanptetocole 12C :

¢ Ports d’entrées/sorties bidirectionnels

¢ Mémoires (RAM, EPROM, EEPROM..etc)

¢ Convertisseurs A/N et N/A

¢ Horloge temps réel

¢ Circuits audio (égaliseurs, contrdle de volume).et
¢ Circuits vidéo (encodeur vidéo)

¢ Pilote d’affichage LCD

Le domaine d’application de ces bus est vaste :
-Téléphones portables (communication clavier/éetda uC)
-Pc (réseau de gestion d’énergie)
-Les imprimantes
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[1.2.1.3 Synoptique du principe

12C Device 12C Device 12C Device
v 1 2 3 vic

Résistances Résistances
Pull Up ~ . s Pull Up
I | = |

12C Master

Fig.ll.2 Principe du Bus 12C

Ce bus utilise le protocole Maitre-esclave, (fig)lon trouve deux configurations :
1 seul maitre, multi-maitres, pour notre projet wilisera seulement la “f

configuration

Le maitre génere un signal de Clock suivant unection (signal unidirectionnel)
qui est lu par tous les esclaves, par contre la 88t1Aine ligne bidirectionnelle car les

données peuvent étre lues ou écrites par chaqdeleno

Le maitre scrutera (sélectionnera) de facon cyelighaque esclave qui répond

aprés avoir reconnu son adresse

Grace a ce protocole, il ne peut avoir qu’'un seudtéeur, les résistances PULL-UP

(fig.11.2) protegent la ligne contre les courtsetiits dus aux changements d’états.
Si 'adresse est codée sur 7 bits ce qui permer/&ott’ahéoriquement27 ou 128

esclaves connectés sur le bus, mais en realits 442 esclaves peuvent étre

connectés (16 des 128 adresses sont réservées)

NB : Le nombre de circuits qui peuvent étre relésbus est limité seulement par
une capacité maximum 400 pf.

Rpull up - 50 (KQ)

Nbre d'esclaves
La communication se fait seulement entre le miant®deur et I'esclave choisi !!
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[1.2.1.4 Choix de I'adresse d’un boitier

5
e
)
o oy
P; o
|
BB
w2
O
33
B
% v

—
F— a2 SCL[F— —{ |2z SCL
—C

D sDa [} aND SDA

Adresse Adresse
1010 000 1010 001

micro-controllenr

Fig.ll.3 Configuration de I'adresse des boitiers

En général, chaque boitier possede 3 broches -ARAGAI servent a la sélection
de l'adresse de base (adresse physique) des mémdzes I'exemple de la (fig.11.3)
on a utilisé deux EEPROM type 24 C 64 qui possel@smdresses : 1018X

11.2.1.5 Les trames I12C

Pour communiquer, le maitre doit d’abord sélecterum esclave en envoyant son

adresse sur 7 bits suivie d’'un bit R/W*

8°™ bit : Read/Write*
Si R/IW* =1 Si R/W* =0
Les prochains acces du maitre seront lerLes prochains acces du maitre seront|en
mode lecture mode écriture (le capteur DS3231)

Tableau 1.1 Rdle du®8°bit de la trame 12C

Des que la communication est terminée, le maitielidérer la SDA pour laisser le
soin a I'esclave de mettre le SDA a 0, de cetterfdsclave indiqgue au maitre qu’il
est présent et ce par un 9éeme bit, c'est-a-dieesgle 9éme bit =0 alors I'esclave est

présent sur la ligne : cet état est dit « bit dliattgment » ou « Aknowledge »

Dans le cas ol [ bit =1 (I'esclave ne répond plus), alors le magteppe la
communication
Toute nouvelle trame commence par une conditiodé@mearrage :START « S » et

se termine par une condition d’arrét : STOP «(Rg¥l.3 et 11.4).
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Maitre Esclave
”ﬁ%ﬁ%ﬁg WA A GEN A |: Emetteur Reécepteur
- —_—>
S: Start W: écriture Abit acquittement
Fig.1l.4 Ecriture des données
Maitre Esclave
G (R et By e PN N Récepteur
S: Start R: Lecture A:bit acquittement

Fig.ll.5 Lecture des données

[1.2.1.6 Condition de démarrage « Start » et d’arrét « Stop»

SDA SCL ETAT
1 1 REPOS
0 1 START
1 1 ARRET

Tableau 1l.2 Les conditions de démarrage et d'@wébus 12C

[1.2.2 Protocole RS232
11.2.2.1 Généralités

RS signifie « Recommanded standard » soit en frarcstandard recommandé ».
Dans les années 60, un Comité, actuellement nomieétr&nic Industries
Association a développé un standard d’interfacéralesmission de données en série
entre un ensemble d’ordinateurs ou un ordinatewestpériphériques (imprimante,
modem...) ; ce protocole est également utilisé paumnmuniquer entre plusieurs
systémes équipés de processeurs telles que lesaraemnumériques d’une machine

spécifiée.[4]

De plus, la liaison RS232 est I'interface la plégandue sur les microcontroleurs.
En effet, un grand nombre de microcontrleurs pessane interface série
asynchrone du type RS232, car elle correspondtessaux besoins les plus courants

(paramétrage, récupération des données, etc..).

» Ce standard définit :

les niveaux de tensions correspondant aux « laeek 0 ».
Le brochage des connecteurs.

La fonction de chacun des signaux.

Un protocole d’échange des informations
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Le RS232 permet des communications bidirectionsegnchrones (les deux
equipements émettent en méme temps), ou asyncfiesnéquipements émettent I'un

apres l'autre), généralement c’est la configurakzoplus répandue.

[1.2.2.2 Caractéristiques électriques

-Vmax a -3v 1 Logique

Zone a éviter dans laquelle les
-3v a+3v problemes dus aux bruits sur Ig
ligne sont présents

3v a Vmax 0 Logique

Tableau 11.3 tensions de fonctionnement

Version de la norme Vmax
RS232 48V
RS232A 25V
RS232B 12V
RS232C 5V

Tableau 11.4 Les différentes normes qui existent

[1.2.2.3 Connectique

Le protocole utilise 9 ou 25 broches ; les signd®8232 sont rassemblés en deux
groupes de fonctions:

— Premier groupe : Signaux de communication TX etéR¥i que la masse.
— Deuxieme groupe : (optionnel) Signaux Hand Shaki®RrS, CTS, DSR,
CD, TD)
Le connecteur Sub-D9 est souvent le plus utilisé
Ce connecteur (fig.1.6) est le plus répandu ssrR€; I'intérét de passer de 25 a 9

broches se traduit essentiellement par un gainade p

~
0 —

6 e
oy
—> ?’"“M
= o)

Fig.ll.6.Brochage de la Sub-D9
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Broche| Signal| Type | Utilisation

1 Blindage

2 TX S | Donnée émise, si Tx= « 1 » alors I'équipemenersittente
3 RXx E | Donnée regue, si Rx=« 1 »
4 RTS | S | Le passage a « 0 » demande a I'équipement opdpose

tenir prét a recevoir

5 CTS | E | Le passage a « 0 » L’équipement opposé est peesoir.

6 DSR | E | a « 0 » Equipement opposé est prét (connexidni€i@our
un modem)

7 Gnd Masse

8 CD E | & « 0 » l'autre équipement recoit une réponse

9 - - -

Tableau 11.5 Descriptions des broches du conne&abrD9

E=entrée, S=sortie
[1.2.2.4 Principe du bus RS232
La liaison série est basée sur des registres aladgs; la donnée a transmettre est

présente en parallele et transmise en série ;quarecdans le récepteur, c’est l'inverse

qui se passe : la donnée est recue en série eistauée en parallele.(fig.11.7)

Emetteur 1{o/1]1]0]0]0]0]
1/ofo]1]1]o]1]1

Fig.ll.7 Principe de la liaison série

[1.2.2.5 Procédure d’échange de données

Equipement 1 Equipement 2
= RI =
Gnd | [ Gna

Fig.l1.8 Synoptigue de la transmission RS232

L’opération d’échange de données se fait comme $iit.11.8)
- Avant I'émission, la ligne est au repos « étatdog=1 ».

- L’émetteur demande au récepteur de se tenir précevoir les données (le
passage de RT de I'état « 1 » a I'état « 0 »).
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- Le récepteur répond qu’il est prét a recevoir leares (passage de CT de
I'état « 1 » a I'état « 0 »).

- L’émetteur commence le transfert des données phit ke START », le bit du
poids plus faible se transmet en premier.

- L’émetteur compte le nombre de « 1 » dans le motgdalonnée) :
» Sile nombre trouvé est impair, alors 'émetteut hadit de parité a « 1 ».
* Sile nombre trouvé est pair, alors I'émetteur laddit de parité a « 0 ».
- Latransmission continue ou s’arréte selorhl@xde parité opté dans le
protocole
- Arrét de la transmission 1,1.5 ou 2 bits de 8TO

I1.2.2.6 La trame RS232

'
'

|

]

1

' - .

. donnée survante

| | | 1 1 |
lsh ' ' ' sk

Fig.ll.9 Présentation de la trame RS232

La transmission des caracteres ne peut fonctiacoreectement qu’a la condition
gue les différents parametres soient connus :

- Lavitesse de transmission.

- La parité

- Nombre de bits de stop

- Protocole suivi, exemple : Hand shaking (caracdéuar les broches RT et CT),
ETX/ACK, Xon/Xoff....ect.

Les vitesses de transmission les plus fréquentds 800, 1200, 2400, 4800, 9600,
19200 Bauds.

Le récepteur se synchronise avec I'émetteur dabrqgoit le bit « START »

[1.2.2.7 Intérét de la communication série :

- Nombre de fils réduit (elle peut se faire seulenams fils :Tx, Rx et Gnd).

- Communication sur de grandes distances a traveéséau téléphonique par
I'utilisation d’'un modem (contrairement a la liamsparalléle qui reste limitée
en distance a 2m max)

- Enterme de surface, les connecteurs série prenmens de place par rapport
aux connecteurs parallel¢s).

NB : Le Bus I2C est dédié a la communication dee esclaves du prototype
alors que le Bus RS 232 est destiné a la misaradjpmicromodule SC13
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[1.2.3 Protocole IDE

I1.2.3.1 Présentation

L'IDE (Integrated Drive Electronics), est le plugpandu des standards
commerciaux d'interface de connexion pour mémailesnasse (disque dur, Compact

Flash, DVD. etc..) en micro-informatique.[2]

Les connecteurs sont reliés a la carte mére parnappe souple de largeur 46
cm.(fig.11.10)

Fig.l1.10 La nappe IDE

[1.4.2 Description des principaux registres utsiggr le protocole IDE:

DATA REGISTER : C’est un registre 16 bits contetlas données

ERROR REGISTER : Ce registre contient un numérarelg dans le cas ou la
derniére opération ne s’est pas effectuée corresteni est aussi utilisé pour les
phases de tests.

START SECTOR REGISTER : Contient I'adresse de pdalble du secteur a
adresser

HEAD DEVICE REG : Contient I'adresse du poids fdut secteur a adresser

STATUS REGISTER : Registre d'état de la CompacslildTableau 11.6)

ALTERNATE STATUS : interruption active « 1 », intaption désactivée « 0 »

7éme bit| 6 5 4 3 2 1 0

BSY DRDY DRQ ERR

Tableau 11.6 Structure du reqgistre d’'état

BSY : I'état de ce bit renseigne sur la disponi®itie la Compact Flash : « 1 » pour
Occupé et « 0 » pour disponible, il est impéraatténdre que ce bit soit a « 0 » avant

toute demande de procédure.
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DRDU : Ce bit donne une indication sur le démarrdgda Compact Flash : « 0 »
cette derniére est en cours de démarrage, alorpoue « 1 », le démarrage est

effectué.

DRQ : Quand la Compact Flash est préte a fourrsrdibmnées lors d’'une opération

de lecture « 0 », ou préte a recevoir en modeugerialors ce bit passe a « 1 ».

ERR : Ce bit passe a « 1 » si I'opération précé&anéchoué, donc il indique une

erreur.

COMMAND REGISTER : Registre de commandes qui cottigles ordres

possédant un numeéro propre pour chacun d’eux (Zabler)

Commande (Hexadécimal) Nom de I'instruction Desmip

20 Read Sector Lecture de secteur

30 Write Sector Ecriture d’'un secteur

EC Identify Device Identification de la
Compact Flash

Tableau Il.7 Les principales commandes utilisées

L'adresse est formée par les registres (START SHEREG, HEAD DEVICE
REG).

11.4.3 Procédure de lecture dans une adresse donnée

— Lire le registre d’état STATUS REG, et vérifier gg8Y=0 et DRDY=1.

— Formulation de I'adresse contenant I'informatiorogusouhaite lire par les
registres HEAD DEVICE et START SECTOR.

— Mettre dans le registre des commandes l'instrudmefecture (20h).

— Relire le registre STATUS et vérifier que la Compiash est préte a
transmettre (BSY=0, DRQ=0, ERR=0).

— Pour valider la lecture de l'information désirén,leve I'interruption une
deuxiéme fois.

— Lire le registre STATUS et vérifier que ERR=0 ; pstassurer que
I'opération s’est déroulée correctement.
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La méme procédure est répétée pour écrire une datarés une adresse, seulement

a la troisieme étape sus citée : la commande tiéerést (30h).

I1.3 Quelques protocoles utilisés dans le réseau Internet

Sur Internet, les protocoles utilisés font partiend suite de protocoles, c’est-a-dire

un ensemble de protocoles reliés entre eux. Ceitie de protocoles s’appelle TCP/IP.
[2]
Une session TCP fonctionne en trois phases :

— FEtablissement de la connexion.
— Les transferts de données.
— La fin de connexion.

Le modele TCP/IP comporte 4 couches :

Modele TCP/IP
Couche Application

Couche transport

Couche Internet
Couche acces réseau
Tableau 1.8 Les différentes couches du modele TRCP/

Le but d'un systeme en couches est de séparerdbtemes en différentes parties
ou plusieurs couches, chaque couche du modeéle coigunauavec une autre adjacente
(celle du dessus ou du dessous). Chaque couclse @ihsi les services des couches

inférieures et en fournit a celle de niveau supgérie

— Couche acces réseau : Permet de gérer les ade¢$sesutage des
données.

— Couche Internet : Elle est chargée de fournir upade données.

— Couche transport : Elle assure 'acheminement daaé&ks, ainsi que les
mécanismes permettant de connaitre |'état de rigrmession.

— Couche application : Elle englobe les applicatistamidard du réseau (FTP,
HTTP...).

Lors d’'une transmission, les données traverserturieades couches au niveau de
la machine émettrice. A chaque couche, une infoomagst ajoutée au paquet de

données, il s’agit d’'un en-téte, ensemble d’infarares qui garantit la transmission.
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Au niveau de la machine réceptrice, lors du pasdags chaque couche, I'En-téte
est lu, puis supprimé. Ainsi a la réception, le sage est dans son état originel.

- Le paquet des données est appelé message au devémaouche application.
- Le message est ensuite encapsulé sous formguesedans la couche de
transport

- Le segment une fois encapsulé dans la couchméitprend le nom de
Datagramme.

- Enfin, on parle de Trame au niveau de la couckésaréseau.

UoISSTI
uondaooy

| Accés réseau| |

J
Fig.ll.11 Les différentes couches TCP.

[1.3.1 Les adresses IP :

Sur Internet, les ordinateurs communiquent entregeéice au protocole TCP/IP qui

utilise des numéros de 32 bits, que I'on écrit douwe de 4 numéros allant de 0 a 255
(4 fois 8 bits)

Les adresses IP sont notées sous la forme ; XXX3xXxXxX
Exemple : 192.168.0.51, c’est IANA qui est chard&dtribuer ces numéros.
Comment déchiffrer une adresse IP ?

= L[’adresse IP est séparée par des points, on digtidgux parties dans
'adresse :

— Une partie a gauche qui désigne le réseau (Net Id)
— Une autre a droite qui désigne la machine (Host Id)

Les deux parties sont attribuées selon les classes

Classe A ; XXX XXX XXX XXX
Classe B : XXX XXX XXX. XXX
Classe C : XXX XXX . XXX. XXX
XXX : Adresse du réseau
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XXX : Adresse de la machine
11.3.2 Quelques exemples de protocoles

[1.3.2.1 Le protocole HTTP

Le protocole HTTP est une implémentation simplayge client serveur. Le client
envoie une requéte a un serveur qui lui réponest@in protocole en mode texte,
généralement utilisé sur une connexion TCP, dadittaasfert de ressource d’origine

« Texte».

11.3.2.2 Le Protocole FTP :

Le protocole FTP (File Transfer Protocol) est, ca@mson nom lindique, un
protocole de transfert de fichiers ou applicatid@'gst-a-dire un langage standard de
communication entre deux machines, permettantsantchines de types différents
(ou dont le systeme d'exploitation est differem)tihnsférer des fichiers, applications,

vidéo, musique... sur un réseau fonctionnant sousPCP

Le protocole FTP permet d'échanger un fichier @i dans les deux sens entre la
machine cliente et la machine serveur. Le protoEGIE permet aussi d'autres actions
telles que la création et la suppression de répestola liste des fichiers, le

changement de nom des fichiers, etc...

II.4 Conclusion

Ce chapitre a permis de passer brievement en Hegudifférents aspects liés aux
notions de Bus 12C, RS232 et IDE, ainsi qu'a quefgprotocoles utilisés dans les

réseaux et I'Internet. Cette partie est tres ingoad pour la suite de I'étude
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1. CONCEPTION MATERIELLE

II1.1 Schéma synoptique
Le dispositif étudié permet I'acquisition de la fg@nature, et son stockage dans une

mémoire ; on peut accéder aux informations viarhe et on a méme la possibilité
d’activer/désactiver par exemple un processus tngugmoteur, LED, machine,

climatiseur. etc....) a distance.

mise a jours du SC13 Capteur de
= A

Unité de stockage

Ethernat _

Activer/désactiver un processus industriel

Navigatour WEB PC

Fig.lll.1 Synoptigue du principe.

Pour tester le montage réalisé, on a utilisé unte ¢ développement ou carte d’essai

qui s’appelle la DK50.

port pour compacte flash

/

Max 202 Extention

Emplacement RJ45
pour I'Ethernet

Power fail
Reset

. i LED de
Alimentation fonctionnement

(24 volts)

Fig.lll.2 Description de la carte de développement
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II1.2 Description des composants utilisés dans la réalisation du prototype

I11.2.1 Le microcontrbleur SC13
[11.2.1.1 Présentation

Le SC 13 fait partie de la famille des microcoluds de communication, c’est un
composant polyvalent comprenant un environnemempéet incluant le hardware et le
software. C’est un composant DIL32 et contient ystéane d’exploitation pré-installé et

prét a 'emploi.

Ce microcontroleur offre la possibilité d’'une corib& Ethernet via le protocole
Telnet, ainsi qu’une communication via son portesddne fois connecté a un serveur, il

peut envoyer plusieurs informations via le net.

L'IPC@Chip SC13 n’est pas uniqguement un procesdeurommunication équipé de
deux ports séries et d’'un port Ethernet, il dispégalement d’interface d’Entrées/Sorties
communes aux microcontrdleurs et par lesquellpsut étre raccordé a un autre systeme
dit « intelligent ». Avec ses 14 broches d’entréseis bidirectionnelles, sa fonctionnalité
s’étend jusqu’au bus d’adresses- données. Un mé#ffreinclus dans le composant

compléte ses possibilités.

111.2.1.2 Concept:

Le chip SC13 est basé sur un CPU de PC 8018arag@ment a un PC il ne posséede

pas de disque dur (seulement une mémoire flash)

Le chip SC13 est équipé aussi de tous les élémeégtsssaires pour communiquer sur

un réseau, il est géré par un systeme d’exploitappelé le RTOS.
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[11.2.1.3 Caractéristiques techniques:

SC13
Processeur 80186 (16 Bit CPU)
Mémoire 512 Ko de RAM

5K@ (mémoire Flash)
Systeme d’exploitation RTOS
Mise a jours Port série, Réseau Ethernet
Protocoles supportés TCP/IP, http, ftp, Telnet, DHCP
Ports : 2xPorts s€lilTL RS232
likErnet 10 Base T
Bis
tidrnes E/S programmables
Ber DIL 32
ABRis multiplexé compatible Intel
Ajpations crées avec le Borland C/C++
Bus I2C : (Configuration Maitre)
Timer : deux entrées et deux sorties
Détection coupure d’alimentation(NMI) avec sauvegarde des données.

Fig.lll.1 Le microcontréleur SC13

On peut citer d’autres fonctions du CPU
* Six signaux de sélection (Chip Select) Programnsable
» Six entrées interruptibles.
» Possibilité de connexion d’un contrbleur d’intetiops externes.
» Chien de garde hard a double niveau.
* Trois temporisateurs
» Contréleur DMA
» Interface 10Base-T
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» Deux interfaces Sérielles asynchro

» Une interface géelle synchrone (SS

» Capacitae travailler en maitre de bus
e Générateur de remise a z

[11.2.1.4 Architecture interne :

Ethernet
PHY

Fig.lll.2 Structure interne du SC13

[11.2.1.5 Allocation des broche::

BECK

IFEQC HIF

GEPMANY

fJ,f_J/J//é é L L

060000 6&6&@&%

Fig.ll1l.3 Description Du SC13
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Pin Description Pin Description

1 PIO7/RXDO0O 32 VCC

2 P108/TXDO0 31 I2c CLK/DRQ1/INT/PIOO0
3 PIO9/ENRXO#/CTSO | 30 I2c DAT/DRQO/INT5/P101
4 PIO10/RTRO/RTSO |29 A2/PCS6#/P102

5 PIO11/TXD1 28 A1/PCS5#/TMR in1/TMR out1l/P1O3
6 PIO12/INT3/RXD1 | 27 AOQ/PCS1#/TMR in0/P104
7 PIO13/INTO/TMR outO | 26 RTS1#/PCS3#/INT4/P105
8 ADO 25 CTS1#/PCS2#//INT2/PIO6
9 AD1 24 ALE/PCSO#

10 AD2 23 WR#

11 AD3 22 RD#

12 AD4 21 TPRX-

13 AD5 20 TPRX+

14 AD6 19 TPTX-

15 AD7 18 TPTX+

16 Gnd 17 RESET#/NMI/LINK LED

Tableau I1l.1 allocation des broches.

[11.2.1.6 1.5.1 Description des broches :

Le bus d’adresses et de données multiplexées (AEBD7] fonctionne d’'une fagcon
synchrone. Lors de la premiere période d’'un cyeldus, le SC 13 fournit les 8 bits de
poids faible d’'une adresse suivie de 3 périodedonmées.

Le bus d’adresses est complété par les broche& A6t A2

La broche ALE présente une sortie qui valide ouarelle, les adresses sur un front
descendant.

Les lignes RD et WRT autorisent respectivemenptesessus de lecture (Read) et

d’écriture (Write).

Lignes d’entrées/Sorties programmables :
Les 14 lignes Pio0 a Piol13 sont au niveau dedatinins de fonction, et travaillent de
facon synchrone.

PCSO0 a PCS6 permettent un accés d’entrée/sortimsunémoire périphérique.

Les sorties PCS travaillent en association avécised’adresses AD multiplexé.

32



Chapitre 111 Conception matérielle

Les broches INTO, INT2, INT4 ont chacune une endfé@gerruption asynchrone.

Le microcontroleur dispose de deux temporisatelirngr) internes accessibles de
I'extérieur par le biais des entrées TMRINO et TMMRI Apres la synchronisation interne,

chaque front montant appliqué a I'entrée TMRIN @mente le compteur correspondant.

Les sorties de temporisateur TMROUTO et TMROUT ltergta disposition soit une

impulsion unique soit un signal dont le rapportliceee est programmable

Interface Ethernet 10 Base-T

Le SC12 est doté d'un transceiver/contrdleur Etbeoomplet accessible au travers
des entrées TPRX+ et TPRX- et les sorties TPRXRPaX-.

L’émetteur/récepteur (transceiver) émet et recas cignaux par le biais d'un

transmetteur de sortie et d’une liaison par pasadée.

Le SC13 permet la transmission full-duplex de deu&rfaces sérielles asynchrones
disposant de 7 a 9 bits a des taux de transmiggionant aller jusqu'a 115200 bauds par
I'intermédiaire des lignes TxDO, TxD1 et RxDO, RxDATS1, RTSO, RTS1, ENRXO et
RTRO.

Acces direct a la mémoire (DMA)
Un composant externe signale, par le biais derBentde demande d'acces DMA,

DRQO ou DRQ1, une transmission au travers de la;m2icanaux DMA.

Bus inter-12C
Le SC13 dispose d’'une interface I2C par le biasldmes d’horloge 12CCLK, I2CDAT
et qui seront branchées sur PIO 0 et PIO 1, leaoattrdleur est en mesure de piloter un

maximum de 127 esclaves externes étant qu'il edtguoré en maitre.
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RAZ

Si on applique un niveau bas sur la broche RESHiite$ les exécutions seront

immédiatement stoppées.
L’entrée NMI

montant, ce genre d’interruption est commandélpaNatchDog en cas de détection

d’'une erreur.

ou interruption non masquée, syncler@st déclanchée par un front

[11.2.1.7 Applications et logiciels Embarqués du SC13:

EthernetIP

Borland G-+

Developngst Soite

Modbus-IDA

EtherCAT. ™

Tachnokgy Grow

IEC61131-5 Task(s)

User applications,

Syslib | CoDeSys - Kemel

as tasks of the RTOS

API: RTOS, TOPIP, Hardware, DOS Ini 211, Wabserver CGI,

Setici{Fossil), Ethermet, I'C, SPL.

Ethemet|Modbus| DHG? | FIP
[ TCP | Chent | Server

Weh
Server

Telnat
Server |5

Gockets Aoplication inferface

TCPAP Stack
ARP, ICMP, TCP, UDP, IGMP

Ethemet

4 PPP client | PPP server
driver

Fig.lll.4 Les différents protocoles utilisés par18C

[11.2.1.8 Architecture de la mémoire et adresses des regigts du SC13 :

512Ko réservee
alaRAM

00000k

Registre interne

Ethernet MAC

PCS1#

Fig.lll.5 les différentes mémoires et reqistrescalesirs adresses




Chapitre 111 Conception matérielle

[11.2.2 Le Capteur de température

Le DS3231 (Fig.lll.6) est un capteur numérique aléelmpérature ; il se base sur un
« oscillateur piézoélectrique » qui génere desule@qges internes selon la température du

milieu dans lequel il se trouve (précision £0.25°C)

L 3.3v
053231 &
SOWINT ——

— 32KHz =

. Ve oL —
Batterie D

5 DA —
-.‘3w =

a

55v ==

Fig.lll.6 Branchement du DS3231

Ce composant est doté d'une horloge RTC ou Horlegdemps réel, qui une fois
initialisée calcule le temps, méme en absencentkaltation, grace a une petite pile de
tension qui varie de 2.3v a 5.5v

Comme tout composant I2C, le DS3231 se caractpasdes deux broches SDA et
SCL ; on doit réinitialiser I'horloge chaque anrfégeur de 2 min chaque année)

Le composant est configuré a I'adresse « DO »geaohstructeur.

[11.2.2.1 Acquisition des données (temps, température) :
Le DS3231 contient plusieurs registres de contdilesi que des adresses dans

lesquelles on trouve des informations. (Tablea@)lll
Si on veut récupérer une information, on a qu’a aaer au microcontréleur de lire
I'adresse qui correspond a cette information oregestre.

On s’intéresse en particulier aux adresses suigante

Adresse| MSB| 6éme | 5éme 4eme 3eme | 2éme ler LSB Fonction
Bit Bit Bit Bit Bit Bit
00h 0 Dizaines Unités Sec
01h 0 Dizaines Unités Min
02h 0 12/24 AM/PM Unités H
Dizaines
03h 0 0 0 0 0 ler 2eme 3éme Jours
caractére | caractéere caractere
04h 0 0 Dizaines Unités Date
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05h 0 |o0 | 0 | Dizaines Unités Mois

06h Dizaines Unités Année

Tableau 1.2 Les principaux registres du DS3231

On s’intéressera aussi au 2eme et au 8eme bitgiktreede contrdle ainsi qu’au ler et
le 8éme bit du registre d'état :

= ENABLE OSCILLATOR
— SiEOSC =0 : L'oscillateur démarre.
— SiEOSC =1 : L'oscillateur s’arréte.

* INTERRUPT CONTROL
— SIiINTCN =0 : Pas de conflit
— SIINTCN =1 : Signaler un conflit.

» OSCILLATOR STOP FLAG
— Si OSF =1 ce qui signifie que l'oscillateur s’esété.(a cause de
I'alimentation insuffisante de la batterie).
- Si OSF =0, l'oscillateur fonctionne normalement.
= BUSY
— SiBSY =1, le composant est occupé.
— SiBSY =0, le composant est libre.

La température est lue a partir des adresses €t 1hPh)

MSB 6eme Bit| 5éme Bit 4éme Bjt 3éme Bit 2éme Bitr Bi¢ LSB

Signe X X X X X X X

Tableau 1.3 Les octets supérieurs contenus dadselsse (11h)

MSB 6eme Bit| 5éme Bit 4éme Bjt 3éme Bit 2eéme Bitr Bi¢ LSB

X X 0 0 0 0 0 0

Tableau 111.4 Les octets inférieurs contenus datyésse (12h)

X peut prendre les valeurs « 0 » ou « 1 »

= Si Signe =0, la température est positive.
» Si Signe =1, la température est négative.

I11.2.2.2 La trames [2C

| s|t1010000{1

afxooooaaaapoooeaaaA] | Aoooxxx AP |

Fig.lll.7 La trame 12C en mode lecture
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S : Bit de démarrage
A : Bit Aknowledge
P : Bit d’arrét.

Exemple :

11k
GTelile] EELG] OEEEEREE

2 2 + 1/2+1/4
Figlll.8 Exemple d’affichage
[11.2.2.3 Caractéristiques

- Plage de température mesurée : -40°C a + 85°C.

- Horloge en temps réel Sec, Min, H, Jour, Date, Anné

— Tension d’alimentation : 5 Volts.

— Conservation de la date méme en absence de tatialonentation.
— Tension de batterie : 3Volts

111.2.3 Le Max 202

Lorsqu’il s’agit de connecter les ports RS232 dexderdinateurs, il suffit d’'un simple
cable pour gu’ils puissent communiquer, par costréon désire relier un Pc avec un
microcontréleur via le port RS232, une interfacé alsolument nécessaire car les

niveaux de tension sont incompatibles sinon orugstjendommager le microcontréleur.

Fig.l11.9 Le Max202

En effet les tensions présentes au niveau du pott+sl2V et -12V, alors que le SC13
est un composant TTL.

= Sur un port RS232 :
— Le niveau logique « 1 » correspond a la tensiov-12
— Le niveau logique « 0 » correspond a la tensionv+12
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» LeSC13:
— Le niveau logique « 1 » correspond a la tension +5V

— Le niveau logique « 0 » correspond a la tension 0V

On constate que les tensions sont différentes lpaméme niveau logique : le Max202
(Fig.111.8) permet d’inverser la tension -12V, pu#gsréduire a 5V pour le niveau logique
« 1 », et réduire également la tension +12V a OMrpe niveau logique « 0 », avec des
inverseurs et des régulateurs, et ce durant lagptiaséception des signaux, alors que

dans la phase d’émission, les opérations inveespsogluisent.

[11.2.3.1 Caractéristiques

— Tension d’alimentation +3.3V

- Vitesse de transmission des données 120 Kbit/s.

- Plage de température de fonctionnement : -20°Q0aG-5
[11.2.4 Le filtre FS23

Le filtre FS23 (Fig.ll1.10) est un filtre Ethernetl existe sous forme de composant
CMS ou (Composant Monté en surface), et il eststtm@ d'un ensemble de
transformateurs (Fig.lll.11). Son rble est de pyetéle microcontréleur contre les
surtensions dues aux foudres, d’'une part et deégeotle réseau en cas ou le prototype

réalisé tombe en panne, d’autre part.

Fig.Ill.10 Le FS23
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Tx-
Vers résistance de 73 ohm

Tx+

B [

Wers résistancs de 73 ohm

Fx- o

L Ja

7

L | Tptx-
o e
d ?ug{,
m Ly | Tpta=s
HO | Tpm~
T by
R 0 | Gnd
v
ro | Ters-

Fig.lll.11 Schéma interne du FS23.

[11.2.4.1 Caractéristiques

— Alimentation 3.3V
— Plage de température de fonctionnement : -25°C58G-8
— Boitier SOIC.

[11.2.5 Description du composant 74ABT 573 (Latch)

A la sortie du SC13, les données sont multiplexxées les adresses (Fig.ll1.12), d’ou

la nécessité de faire appel a une technique deultdplexage particuliere en utilisant le
74 ABT573 et le 74HC 245).

FBP R¥ep plip BRER

SC13
TPTX+ AD0
TPTX- AD1
TPRX+ AD2
TPRX- AD3
AD4
TXDO P08 ADS
RXD0O PIO7 ADB
CTS0 PIO9 ENRX0 ADT
RTS0 PIC10 RTRO
ALE
TXD1 PIO11 RD
RXD1 PIO12 INT3 'WR
CTS1 PIO6 INT2 /PCS2 n
RTS1 PIOS INT4 /PCS3 PIO1 INTS DRQD [
P00 INTE DRQ1
/RESET NMI TRAFFIC A2 PIO2 [PCSE
VCC A1 PIO3 TMRINT TMROUT1 /PCS5 £
AD PIO4 TMRIND /PCS1
PIO13 INTO TMROUTOD
GND

Fig.lll.12 Les adresseat multiplexées avec les données.
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[11.2.5.1 Description du composant 74ABT573

Ny

CE—1e 20— Voo
19},
180
17}=0,
16 =0y
150,

Dy =
0y, =
Dy =
Dy =

€L619V

b5 =4 tf=o,
13f=0;
120,
0 1f-Le

Dg =
D, —

2
3
4
5
o, —{6
7
8
9
GND— 1

Fig.lll.13 Brochage du composant ABT 573.

Le composant 74ABT573 est un Latch (Fig.lll.13),tdlansmission des données est
configurée par la broch@E (Output Enable).

La broche LE (Latch Enable) valide le transfert desnées via des bascules type D.

[11.2.5.2 Tableaux de vérité

» Pour la brocheE :

0 1
Le composant est Le composant
déverrouillé se verrouille

Tableau Il1.5 Configuration des sens de transmisd&s informations.

= Pourla broche LE:

0 1
Valider le transfert de I'information vers les Le transfert de I'information n’est pas
sorties validé vers les sorties

Tableau I11.6 Configuration de la validation defommations

QuandOE =0, alors le composant est déverrouillé (Tablead)llce qui veut dire que

le composant est apte a transmettre l'informatiDans le cas contraireOE =1), les
informations restent bloquées au niveau de I'enthéecomposant ; aussi, celles qui se

trouvent a sa sortie demeurent inchangeables.
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[11.2.6 Description du composant 74HC245 :

R

SFLLEV

12 Lo b b o B o b b |
| [ll,l']'-l I||

&
B

Fig.lll.14 Brochage du composant 74HC 245.

Le composant 74HC245 (Fig.ll1.14) est un port Eei8értie 8bits, la broch®E est
équivalente a la broche LE du composant précédeatidétion des transferts de
I'information)

Ce composant est important car, il joue le rb6le nd’'Buffer bidirectionnel
(amplification des signaux) ; le sens de transmissles données est commandé par la
ligne Read du SC13 (Tableau 111.8)

La ligne A2 permet la validation des données pr&sesur le bus(Tableau I11.7)

[11.2.6.1 Tables de vérité

= Pourla broche DIR :

0 1
Les informations rentrent de Les informations rentrent d
A et sortent de B (Fig.7.15) B et sortent de A (Fig.7.15

Tableau Ill.7 Configuration des sens de transmisd&s informations

1%

* Pour la brocheE :

0 1
Valider le transfert de I'information vers les Les informations restent bloquées aux
sorties niveaux des entrées

Tableau 111.8 Configuration de la validation defommations.

Attention !! Ne pas confondre entre le 74AABT573e14ABT245
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Le 74HC245 est un composant bidirectionnel, alare 4BT 573 est un composant
unidirectionnel.

Le 74ABT 573 est un Latch, alors que le ABT245usport E/S 8 bits
[11.2.7 Description du composant 74HC138

Le 74HC138 est un Décodeur 3 vers 8, et il esteaturtilisé pour le décodage
d’adresses .

En effet, on fait appel & ce composant pour divisemoitié de I'espace mémoire
validé par la ligne A2 (PC6) en huit parties (Maibleau 111.10)

AM -1
4l ——
s Wers Compact Flash
Vers affichewr LCD
e
Ad
A2 :E i

Fig.ll1.15 Brochage du décodeur

SC13 PCS6 Ad7 Ad6 Ad5 AD4
74HC138 G2B G2A C B A
Tableau 111.9 Les broches utilisées pour 'attribntdes adresses

PCS6 Ad7 Adé6 Ad5 Ad4 Sortie du décodeur
®) 16 Octets Yo
Q [¥5]
[ S
A % 16 Octets Y1
Q
a @) 16 Octets Y2
73 G w
[ S
94 o & 16 Octets Y3
=) 0
8 g 9 . 16 Octets Y4
& 13 o) o o
@ “ - o 16 Octets Y5
%
@ o 16 Octets Y6
w 2 (%)
a b2
o 16 Octets Y7
128 Octets non utilisée

Tableau I11.10 Attribution des mémoires
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Chaque sortie Yx valide un champ d’espace mémar&6adoctets, cette configuration

s’adapte bien lorsqu’il s’agit de sélectionner gésphériques d’entrées sorties.

En effet, la sélection de l'afficheur LCD qui neceésite que quatre adresses, est
assurée par la sortie Y4 du décodeur. L'acces #tdrehts registres de I'afficheur est

assuré par la combinaison des lignes RD et WR diBSC

Les périphériques utilisant le protocole IDE et aquécessitent 32 adresses, sont

sélectionnés par les sorties Y2 et Y3 du décodadiresse.

[11.2.8 Utilisation du PCF8574 :

Le PCF8574 (Fig.lll.16) est un bus I2C, qui peatiweer 8 sorties, (LED, moteur,

résistance chauffante..etc.), ou prélever les@esgjui existent aux niveaux de ses pattes.

Fig.lll.16 Le PCF8574

[11.2.8.1 Branchement

Ve Vec

. | Relaisn°1

LT

. Relais n°2

14 1 on g il b o1 l= | | Relais n°3
= s0a E; g g g 8§ 1; |\ | Relais n°4
13 1w = 411 04|15 .
it n°1 Ei 2 i O5)14  —jesind Relais n°5
L pe |10 5|16 o612 e .
2 At -, 71 o7[iz__ . | Relaisn°
= 12 5|18 o8| 11 -— .
R : % —
== 574 [P .
= REREIT | ULN2803 T e
it

Fig.lll.17 Configuration des sorties.
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Pour éviter le retour des courants dus aux bobides relais, qui risquent
d’endommager le microcontréleur, on place ULN28&@stitué d’'un ensemble de

diodes.

Dans la figure 111.17, le PCF8574 n°1 est configarkadresse (40h), et peut activer ou

désactiver 8 relais, chaque relais étant monté asuit :

HET
EC

PO scL|1d 31
P1 spaf 15 30 uC

n°2
Moteur électrique /\/

PCEF8574

Fig.l11.18 Branchement des relais

Pour vérifier I'état de chaque processus, on aéplat 2eme PCF8574, ayant pour
adresse (70h). (figure 111.18)

Lorsque le relais est activé, les deux interrugtesg ferment ; le premier reliera le

moteur a une tension E=6volts, alors que I'autlieneele PCF8574 n°2 a la masse.

[11.2.9 : Les afficheurs Alphanumériques

[11.2.9.1 Geénéralités

Les afficheurs a cristaux liquides ou des LCD (Fi§6) sont des modules compacts
intelligents et nécessitent peu de composants reedegpour un bon fonctionnement. lls

sont relativement bon marché et s'utilisent avesubeup de facilité.

Fig.lll.19 Présentation de I'afficheur
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Plusieurs afficheurs sont disponibles sur le mamthge différent les uns des autres,
non seulement par leurs dimensions (de 1 a 4 ligegs a 80 caractéeres), mais aussi par
leurs caractéristiques techniques et leurs tengilenservice. Certains sont dotés d’un
rétro éclairage de I'affichage. Cette fonction tgpel a des LED montées derriere I'écran

du module, cependant, cet éclairage est gourmairdesrsite. [7]

[11.3.2 Schéma fonctionnel

Vied » Rétroéclairage
LCD

E > L~

R/W I

RS >

N Contréleur -
S I S )

ce o LCD
Contraste -
Masse

Figlll.20 Schéma fonctionnel du LCD

» L’afficheur comporte d’autres composants pour smcfionnement (Fig.111.20):
— Un circuit intégré de commandes spécialisé
— Un controleur LCD qui se charge de la gestion ddut®en commandant
I'affichage d’une part, et de la communication alVextérieur d’un autre part.

= L’afficheur posséde trois mémoires :
— Une DDRAM qui contient les codes ASCII des caraageaffichés
— Une CGROM qui contient la table ASCII des caractere
— Une CGRAM pour définir de nouveaux symboles

[11.2.9.2 Brochage des LCD

Les afficheurs alphanumériques obéissent a cestaggles communes au hiveau de

leurs signaux et méme de leurs brochages.

Les plus courants sont les afficheurs a deux $igneeize caractéres : 2x16, mais il en
existe 1, 2 ou 4 lignes de 8, 16, 20 ou 40 carestée principe de fonctionnement de tous

ces composants est identique, généralement oretiaeivx configurations :

— Configuration ligne simple SIL
— Configuration double ligne DIL
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[11.2.9.3 Caractéristiques des broches

Le Tableau 111.11 donne la signification et le rdie chacune des broches, quel que soit
le type de brochage, un niveau logique « 0 » cpars a la masse ou « 0 » volt, alors

gue le « 1 » correspond a +5 Volts

N° Roéle de la broche

1 Masse (0v)

2 +5V

3 Réglage du contraste de I'afficheur

4 Commutation du registre entre les
instructions « 0 » et les données « 1 »

5 Commutation entre lecture « 1 » et écriture
«0»

6 Entrée de validation (activation sur front
descendant de I'impulsion positive)

7 DO

8 D1

9 D2

10 D3

11 D4

12 D5

13 D6

14 D7

Tableau 111.11 Nom et rb6le de chaque broche(3uite

On détaille le réle de chaque broche :

La premiére et la deuxieme broche sont réservaasi’ptimentation de I'afficheur

On associe généralement a la 3eme pin une résstana@ble, par laquelle on ajuste le
contraste de telle fagcon que les messages affsgrést visibles.

La broche RS : Un afficheur LCD a besoin d’ordre ddumstructions de commande
(voir tableau 111.12) afin de déterminer la manieafficher les données ; en forcant
cette broche au niveau logique « 0 », le registel'dfficheur interprétera la valeur
présente sur DO a D7 comme une commande.

En présence d’'un « 1 » la méme valeur sera coggdg&mme une donnée a afficher
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La broche R/W : elle permet de configurer I'affichen lecture pour le niveau logique
« 1 », pour lire par exemple la position du « éap» chargé de confirmer si I'afficheur
est prét a recevoir une instruction ou une don@e.n’utilisera pas cette fonction, il
suffit de laisser suffisamment de temps entre deaces.

En reliant cette broche a la masse a travers wistaace, I'afficheur est en mode

écriture : on peut alors envoyer les données eéh$taictions.

La broche E : lorsqu’un signal appliqué sur cétteche valide les données ou les
instructions, au repos, elle se trouve au nivealgle « 0 ». La prise en compte
s’effectue sur le front descendant d’'une impulgiositive supérieure a 450 ns.

En pratique on maintiendra, par seécurité, le niveal » durant plus d’une
microseconde

Le reste des broches (DO a D7) : ces sept lignesmsenent « bus de données » : elles

peuvent prendre individuellement trois niveaux dpgs « 0 », « 1 » ou Haute impédance.

111.2.9.4 Commandes de I'afficheur

D7 | D6 | D5 D1| DO| Réle de l'instruction Durée

Effacement total de I'écran 1.64 ms

o
o
o

Curseur au début de 'afficheur | 1.64ms

SH=1 L’affichage suit le
déplacement du
curseur 40us
I/D=1 Déplacement du curseur
vers la

droite

I/D=0 Déplacement du curseur
vers la

gauche

D=1 Afficheur en service
D=0 Afficheur hors service
C=1 Curseur visible 40 s
C=0 Curseur invisible
B=1 Curseur clignotant
B=0 Curseur fixe
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S/C=1 Déplacement caractére
S/C=0 Déplacement curseur
O |0 |O S/IC|R/L| X | X |R/L=1 Vers la droite

R/L=0 Vers la gauche

40ps

DL=1 Mode 8 bits

DL=0 Mode 4 bits

0O |0 DLIN |F |X |X |N=1 2ou4lignes
N=0 1 ligne

F=1 Format 5x10

F=0 Format 5x7

40ps

Tableau I11.12 Les commandes de I'afficheur

[11.2.9.5 Principe d’un afficheur a cristaux liquides

Un afficheur a cristaux liquides n’émet aucune ki en I'absence de source
lumineuse extérieure.

Le principe physique est de soumettre & un corpsdpat I'état est plus proche de
l'état liquide que de [l'état cristallin sous l'effal’'un champ électrique. Cet état
intermédiaire entre les deux états est désignéd’@at nématique caractérisé par une
orientation différente des molécules du cristalilig, qui laissent passer la lumiere en
'absence de tension et qui s’opposent au passada limiére en présence de tension
(fig.l11.22).

Electrodes transparentes Electrodes transparentes

Lumiére \I/ Lumitre Lumiére \.I
! N \\mnm b

interrupteur
ouvert

Y

Le cristal liquide est devenu opaque par
Passage de la lumiere conséquent la lumiere ne passe plus

Fig.lll.21 Comportement du cristal en absence és@nce de la tension
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A 4
3

Connexions

Fig.lll.22 Coupe d’'un afficheur a cristaux liquide

1- Electrode Transparente en Oxyde d’indium
2- Liguide neumatique

3- Electrode arriére en Aluminium

4- Plaques de verre

Pour afficher un caractere, il suffit de :
- Définir le mode de dialogue avec l'affechr (DL=1 : mode 8 bit, DL=0 : 4 bits)
- Définir le nombre de lignes sélectionnBe® (une ligne par exemple)
- Le positionner sur le bus de donnéesg@mdASCI|)
- Mettre RS en 5V (la valeur présente dans le busrestionnée et non une

commande)
- Mettre R/W en OV (écriture de la donnée)
- Aprés un front descendant sur I'entrée E, le caractera affiché a I'écran.

= Remarque :
Aprés chaque action sur l'afficheur, il faut véifique celui-ci est en mesure de traiter

I'information suivante, aussi il est impératif dsster I'indicateur du drapeau « BUSY » :

— Si BF=« 1 », l'afficheur est occupé.
- Si BF= « 0 », 'afficheur est libre.

II1.3 Schéma électrique de la carte principale et principe de fonctionnement

Le microcontréleur SC13 va communiquer au début deecapteur de température
DS3231, alors que les deux composants PCF restactifs (les deux composants sont
placés en série a J1, J2 et J3). L’échange de dsrsgefait via les pins PIOO0 et PIO1, et
micromodule lit le contenu du registre d’état aigse le contenu des adresses (00h)
(01h) (02h) (11h) et (12h)

A la sortie du SC13, les adresses sont multipleages les données (Fig.l11.12)
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[11.3.1 Phase de lecture de données

Ly ,1,"!:15 ) s fl:

] L
2| e
/ T QT A
>‘m Adresse xé, p- 4 Donnée ){\3
L ='-_ i re T Lg

48ns

BEATY ’ "
READ Lecture adresse | | Lecture domnee g
I l

Fig.l1.23 Chronogramme du multiplexage

Le SC13 attend une durée de 20ns, mais il ne vagager son ALE a cet instant ;
pour garantir l'intégrité de l'information, le cdngcteur recommande l'activation de
ALE (ALE=0) a t=20ns+23ns, ce qui fait 43ns. Dongaht 12ns, le microprocesseur lit
'adresse et la valide au niveau du 74ABT573. Apneésemps t=t'+1ns+25ns, ce qui fait
39ns, le SC13 fait la lecture des données (durdectiere =84ns-25ns=59ns).

NB : t'=48-(23+12)

[11.3.2 Phase d’écriture de données

Le chronogramme (Fig.l11.23) reste inchangeablef sme la lecture de la donnée se
fait a t=20ns+25ns+13ns, ce qui fait t=58ns, ee@Ans.

Par conséquent, la manipulation des informationsfasle, puisqu’on dispose des
adresses et des données (en respectant les diff@retocoles).

L’afficheur est placé au SL5, sa broche « Enabést>commandée par le composant
74LS00
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Le schéma électrique de la carte principale eshéalans la figure 111.24
II1.4 Mise au point du prototype réalisé

Avant la premiére utilisation du prototype, on geune application appelée « dsi2c »
(disponible au niveau du site du constructeurtecapplication permet le réglage de la
date et I'heure du capteur DS3231 par la commaatgi2c i, puis on fait entrer 'année, le

mois, jour, heure, min, sec.

II1.5 Nomenclature

[11.5.1 La carte principale

» Résistances : = Condensateurs non polarisés :
25Q) x4 Infx1
500 x2 10nfx1
75Q x4 100nk6
220Q %3
4700 x2 » Resistance variable :

47KQx1

= Circuits intégrés : _
SC1%x1 *= Divers:
Max 202x1 Filtre FS23x1
ABT138 x1 Slot 4 broches4
74L.S00x1 Connecteur RJ4&1
74ABT573x1 Connecteur DB%1
ZAABT245x1 Slot 32 broches1

Slot 34 Broches 1
Connecteur pour carte Compact Flagh

[11.5.2 La carte activation des processus industriks

= Réseaux de résistance : = Divers:
470Q x2 Relais x8
Borniers x8
= Résistances:
15 KQ x4 = Circuits intégrés :
PCF85742
ULN2803
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I11.6 Conclusion

Ce chapitre est d’'une grande utilité pour la miseaivre pratique des connaissances
déja examinées dans les autres chapitres pouallaation du prototype étudié.

Ce chapitre nous a aussi appris comment maniputEnnecter les différents
composants utilisés dans le prototype.
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IV.CONCEPTION LOGICIELLE

IV.1 Présentation du langage Borland C++ V5.02

Le C++ (fig.IV.1) est un des langages de progranonates plus utilisés

actuellement. Il est a la fois facile a utilisegst efficace et trés puissant dans la

réalisation des grands projets.

Borland G*:

Wersion 5.02

Copyright € 1991, 1997
Barland Intemational, Inc.
Al Rights Reserved.

Fig.lV.1 Présentation de I'icbne Borland C++

La figure IV.2 montre comment on configure les pagtres du langage ; le

débugage permet la recherche et I'élimination desies

x|
r Project Path and Name:
= 0K |
IEt\D ocuments and Settings\Mes documentshiutrlivdev-cexemple] ide v
- Target Name: ml
Iexemple] ?5_ Browse |
- Taiget Type: B Advanced |
i~ Frameworks: ]
Dynamic Libraig | 4] ‘ W Class Library ‘ 2 Hep |
Easywin [.exe] .
Static Libaary ffor eve) [ b] (- Math Support ————
Selection de la platforme Static Library (for . dil] [ib] " Floating Paint
Impart Library ib] =S e iaton
" Mone
r=Bizttar
!DUS [Standard) I "l ~ Libraries:
T arqet Modek ‘ NoExceptions [~ BGI ‘
Compact S llis |
s | ™ Hiemaz RwpT Diagrasic |
\
I/ A)
sélection de Ia taille mémoire de la cible Cette icone empéche les bugs

Fig.lV.2 Paramétrage du Borland C++

La fenétre suivante (fig.IV.3) permet la sélecttnprocesseur
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Project Options 21|
Topics: Processor
© Directories Instruction set:
<k Compiler
=16-bit Compiler

© Calling Convention

< Memory Model

= Segment Names Data

© Segment Names Far Data
© Segment Mames Code

@ Entry/Exit Code

¢ 80386
g6

~Data alignment:

< 32-bit Compiler " Bute
P C++ Options  word
P Optimizations
<FMessages

<P Linker

o Librarian
“rResouces

* Build Attributes
= Make

| Select a target processar

v OK I%UnduPagel x Cancell 2  Hep |

Fig.lV.3 Configuration du type de processeur

IV.2 Outils de développement

On a vu précédemment que le SC13 est géré parstensy d’exploitation appelé
RTOS, pour accéder aux différentes fonctions etroandes. On utilise un logiciel
nommeé IPC@CHIPTOOL (fig.IV.4) qui permet le transfeles fichiers entre le
microprocesseur et le PC

%< RCHIPTOOL
File Flash CHIP Tools Infa

Scen for IFCECHPs atthe netwark

[~ Collect Mode

P Help | % Stop

Scanning Sorted by Snr Qpen popup menu with right mouseclick at table rows

Fig.lV.4 Premiere étape : Fenétre d’accueil dudedilPC@CHIPTOOL

On clique sur TOOLS, puis sur TERMINAL on aura énétre présentée dans la
(Fig.IV.5) ; le micromodule est configuré a l'adse IP : 192.168.0.2

L'acces a RTOS est protégé par un nom d'utilisag¢wn mot de passe
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Connect...

Connection Twpe:

™ Telnet T Serial

Telnet Connection
TargetF:
21680 =]
Fart:
}Telmet

£

W Automatically login

User,

tel

Pazeword

|
¥ Save User and Password

Serial Connection:

Cancel |

Fig.lV.5 Configuration des parametres pour le prote FTP.

Si le nom d'utilisateur et le mot de passe sontemts, on accéde a la fenétre

RTOS (fig.IV.6)

W @CHIPTOOL Terminal (192.168.0.2)

(SB[

File View Connection

Password: ===
User logged in

A:\>b:

B:\>dir

Directory of B:\

WEB A-- <DIR>
THT A-- 12566
EXKE A-- 115943

EXE A-- 115943
HTH A— 6539

LOGIN
HODIFY

HTH A-- 6742

9 files use 320743 bytes
1013202944 bytes free

B:\>

Connected via Telnet to 192168.0 2. Telnet.

09:15
00:00
00:00
00:60
00:60
00:60
00:01
00:02
00:01

Fig.lV.6 Présentation du RTOS

Le A:\ Représente la Ram du micromodule; si on \amtéder aux informations

stockées dans la Compact Flash, on tape B:\

IV.3 Le Transfert des fichiers

Apres avoir compilé le programme, le Borland C++geémérer des exécutables : on

clique sur la fenétre FTP-CLIENT et on obtientdaétre (Fig. IV.7)
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-" @CHIDTOOI: FTP-Clhient B@

Fila Wisw Cornection

EEP o WRE |

an owve G | | @. Drive: [~ =
cs ’

#__Filename | Size | Time | ¢ Fiename | Size | Tme

=Yt DIRECTORT 12/02/ 2008 155040 | 2. DIRECTORY 3041211893 0000, 00
£180E32 DIRECTORY 12/02/2002 1650:2 | ©1 WEE DIRECTORY 0701 /2008 0006: 00
1 Beck DIRECTORY 0203200312215 | B AP.EXE 91360 01 /01 /2008 00.01:00
@ Cde Robuste DIRECTORY 10/12¢2007 0256:06 AUTOEXEC.EAT 24 01/01 /2008 00.01:00
© Documents and Set... DIRECTORY 05/09/2007 165244 BECK.GIF a2n 01 /0 /2008 00.00:00
oL DIRECTORY 03/03/2008 16142 | B CHIP.GIF 8064 01/01 /2008 0001: 00
1 Program Files DIRECTORT 07/04/ 2008 1010:1€ | B) CHIPINI 134 01/01 /2003 00.01:00
1 Recyoled DIRECTORY 05/08/2007 1624:2 | ) DESCRIFTHTM 8845 0101 /2002 00.00: 00
£ RECYCLER DIRECTORY 05/09¢2007 1723 _ | B) EXTIDEEXE 2348 01/01 /2008 0002: 00
1 System Volume Info.. DIRECTORY 05/09/ 2007 17.25:5 IDE.EXE 9772 01/01 /2008 0031:00
£ systran DIRECTORY 12/01/2008 1534:% LEXE 49112 01/01 /2008 0110:00
3 WINDOWS DIRECTORY 15/04/2003 14.00.5 LCDEXE 40426 01 401 /2008 00.01:.00
B aUTOERECEAT 0 05/09/ 2007 16:54:0¢

B so0T.IM 194 08/01/ 2003 15:48:%

[ Baolfonk bin 4952 3040872002 050000

BOOTLOG.PRY 0 05/09/2007 14:16:1¢

BOOTLOG.TAT 0 05/09/2007 16:25:.0C

[8) BOOTSECT.0OS 512 30408/ 2002 161 200

[B) CONFIGSYS ] 05/03/ 2007 16:54: ¢

[ hiberfilays 267374532 15404/ 2008 2307:44

B10sys 0 05/09¢ 2007 1654:0¢

MSDOS.575 0 26/09/2007 1837:1 4w

< >

Cornecked to 192,168,0.2,

Fig. IV.7 Interface PC-SC13.

Tous les fichiers qui se trouvent & gauche deriétfe appartiennent a la partition C
du PC, alors que ceux qui se trouvent a droite swomtenus dans la Ram du

micromodule.

Le transfert des informations se fait en sélectame fichier concerné et en le

ramenant vers l'autre partie de la fenétre vialaris.

Dans la figure IV.7 il existe un fichier appelé AOEXEC.BAT, qui se charge de
I'auto-exécution du programmes EXTIDE.EXE, ce qaiinstaller automatiquement le

Pilote de la carte Compact Flash

IV.4 Les principales commandes RTOS

Commande Fonction

DEL [nom fichier] Effacer un fichier

DIR [nom dossier] Affiche le contenu du dossierigeé

TYPE [fichier] Afficher un fichier systeme contedans le
micromodule

COPY/fichier] [Destination] Copier le fichier conte vers une destination

MD [nom répertoire] Créer un répertoire

CDI[..] Sortir d’'un répertoire

RD [nom dossier] Effacer un dossier

PCS [N°] Activer une ligne du SC13, N°=0,1,2,3,8,5,

ALE[N?] Activer la broche Latch Enable, N°=0,1

IP[Adresse] Définir I'adresse IP du chip

FORMAT[nom du volume] Formater une partition
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GATEWAY[adresse] Définir une adresse IP et la séacllans le fichier
CHIP.INI

IPCFG Afficher la configuration IP

REBOOT Redémarrer le systeme

MEM Afficher I'état de la mémoire

CGISTAT Donne la liste de tous les CGI qui sonteexées

HELP Afficher toute les commandes de la console

Tableau 1V.1 Les commandes RTOS

IV.5 Outil de conception des pages WEB

Pour créer les pages Internet, on a utilisé unciegiappelé « Macromedia

Dreamweaver MX » (fig. IV.8)

Macromedia Dreamweaver MX 2004
Open a Recent Ttem Create New Create from Samples
4" Desktop/LOGIN.HTM 4 HTML ) €SS Style Sheets
2 EI/LOGIN.HTM 2 ColdFusion ) Framesets
\) Open... 2 PHP \__) Page Designs {C55)
o | ASP JavaScript \__J) Page Designs
2 ASP VBScript \__) Page Designs {Accessible)
o ASP.MET C#
o | ASP.MET VB E)(‘Eeﬂd
g 15p #&) Dreamweaver Exchange
2 C55
55 Dreamweaver Site...
\__J) More...
fo J * Take a quick tour of Dreamweaver. Get the most out of Dreamweaver
mﬂ * Take a Dreamweaver tutorial. Tips and tricks, training, spedal offers and
more available at macromedia.com

Fig. IV.8 Fenétre de présentation du logiciel

IV.6 Mise en route du dispositif

Apres avoir alimenté le prototype, il va immédiatn appeler le fichier

« Autoexec.bat », ce dernier va sélectionner l'apfibn « AP » (fig. IV.6)

L'utilisateur lance un navigateur Internet (Intarxplorer ou Mozilla Firefox) et

va faire entrer I'adresse IP du micromodule (f\g.9))

Fichier Edition Affichage Historique Marque-pages  Qutils 7

@ 0 G | np/n921680.2/10gi [~

Fig. IV.9 Premiere étape : Adresse IP
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Une fenétre de sécurité va apparaitre, car l'acesis protégé par un nom
d’utilisateur et un mot de passe (fig. IV.10) sksteme peut accepter trois utilisateurs
et plus.

Authentification requise @

Lg/, Entrez le nom et le mot de passe pour Secure realm a hitp://192.168.0.2
Utilisateur :

Mot de passe:

|7 Utiliser le gestionnaire de mots de passe pour se souvenir de ce mot de passe,

Fig. IV.10 Deuxieme étape : Authentification

Si le nom d'’utilisateur et le mot de passe sontemis, alors on accede a la page
d’accueill (fig. IV.11)

Ministere de I'Enseignement Supérieur et de la Recherche Scientifigne

Universite SAAD DAHLER Blida

Département Aéronautique

Projet de fin d'études pour
l'obtention du Diplome d'Ingénieur
d'Etat en INSTALLATIONS

Théme:

Etude et réalisation d'un prototype |
d'acquisition, stockage, et de
télémesures via Internet de données

Dirigé par
Réalisé par A BELLOULA

H.SENOUCIT S MEGUELATI

Fig. IV.11 Troisieme étape : Page d’accueil du site

Le site est composé de quatre pages web
- Page de description du prototype (fig. IV.12)
- Page de visualisation des données (Date, Heur@n$r que le numéro
du processus industriel activé ou en service) (Yigl3)

- Page de stockage ou sont affichées les cing desngesures.
(Fig. IV.14)

- Page d’activation des processus industriels (YigL3)
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Présentation

Description:

Parmi les possibilités de la télémesure, IInternet est utilisé pour|
transmettre les données mesurées par un captenr qui permet|
d'accéder a distance a des informations dans n'importe quel
point du globe terrestre, on peut méme étaler cette application|
sur plusieurs domaines : par exemple prélever des parameétres|
'd'un aéronef au sol ou en vol, connaitre I'état de fonconnement|
d'une station NAVAIDS ou d'une station météorologique...etc.

Le dispositif réalisé & notre niveau permet l'acquisition, le|
stockage et la télémesure en temps réel de la température; il
permet aussi d'activer via Internet un processus industriel.

Fig. IV.12 Page de description

Affichage des données

22 Jun 2008

11:03:29

‘tat du processus industriel:

EEEEEEEE
IaaaaanG

Fig. IV.13 Page Data
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Valeurs stockées

|22 Jun 2008 11:04:15 26.75 |

|22 Jun 2008 11:04:21 26.75
|22 Jun 2008 11:04:27 26.75
|22 Jun 2008 11:04:33 26.75

|22 Jun 2008 11:04:40 26.75 |

Fig. IV.14 Page de stockage

Activation des processus indusiriels

Etat des sorties logiques:

pEEEEEEE
EaEnaanD

Remarqgue: la valeur a envoyer doit etre en Hexadecimal

Entrer une valeur pour
I'envoyer aux sorties
logique

Envoyer

Fig. IV.15 Page de commandes des processus irelastri

IV.7 Notion de sémaphore

Le programme doit gérer plusieurs taches :

Acquisition

Stockage

Affichage

Initialisation de la page web
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Le micromodule ne pouvant pas exécuter toutes aelses simultanément, on
utilise la notion « SEMAPHORE », qui permet au meontréleur d’exécuter une

seule tache a la fois, selon sa priorité.

Pour illustrer cette notion, on donne I'exemplevant :

Route étroite qui permet l'accés d'un seul véhicule

Sémaphore

Fig. IV.16 Schéma synoptique de la notion de sémaph

Dans la figure 1V.16 on a trois voitures qui doivatiliser la route, mais celle-ci est
étroite et ne permet qu’a un seul véhicule de tBrcuon a représenté le sémaphore
par les feux bicolores qui vont gérer la circulaten commencant par exemple par le

veéhicule n°2 ensuite le n°1 et enfin le n°3.

Au niveau du programme on crée quatre tachegn@ghore va les exécuter I'une

apres l'autre en respectant 'ordre suivant (vogamigramme 1V.1):

1- La tache d’acquisition
2- Latache de stockage
3- Latache pages WEB
4- La tache d’affichage sur LCD
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IV.8 . Organigrammes :

Début

(Conﬁguration du bus IZC]

TACHE N°2 TACHE N°1
Stockage des données Acquisition des données
TACHE N°4 TACHE N®° 3
Affichage sur écran LCD Pages WEB

NON

SEMAPHORE

Sila tache est
séléctionnée

OUl

(Exécution de la tache choisie]

Si toute les taches NON
sont exécutées

QUI
Y
(Réinitialisation des taches]

( Retour vers taches ]

Fin

Organigramme V.1 : Structure générale du programme

Dans la partie début, plusieurs bibliotheques tnbgpelées.

On cite quelque unes :

<stdio.h> Bibliotheque standard entrée/sortie
<string.h> Bibliotheque de caracteres

<clib.h> Librairie C

<dos.h> Bibliothéque de commandes RTOS
<ds3231> Bibliotheque spécifique concernant leaapde
température

O O o0oO0oOo
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Dans la partie « Configuration du bus 12C », oniglés les broches « SCL » et

« SDA » (les broches n°31 et n°30). Pour cela, atiligé les instructions citées dans

le tableau 1V.2

Fonction

description

Void

(unsigned charpio_no)

12C_select_clock _pit

pio_no : indique le numéro du pi
[0...13].

=}

Sélection de la broche SCL

Void 12C_select_data _pirufsigned

char pio_no)

Sélection de la broche SDA

Void 12C _init (void)

cette fonction permet la configuratic
de deux pins sélectionnés précédemn
commebus de

afin de les utiliser

donnéesetsignaux d’horlogel2C.

)]

nent

Void 12C_releasevoid)

cette fonction permet de libérer le b
12C.

us

Tableau 1V.2 Les instructions permettant la confagion du bus 12C

Les Taches :

Les quatre taches (Acquisition, stockage, pages VdEBheur LCD) ont été

crées comme suit :

void huge task1 (void) :
void huge task2 (void) :
void huge task3 (void) :
void huge task4 (void) :
LCD)

Creéation de la premiechéa(Acquisition)
Création de la deuxiénohéa(Stockage)
Création de la troisiemehe (Pages WEB)
Création de la quatrieashe (Affichage sur
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Chapitre IV Coptien logicielle

Création de la tache ]47

Out

La tache est crée

Organigramme V.2 : Structure de création de chaaciee

Maintenant les quatre taches sont disponibles,twibw@e pour chacune d'elle un
numéro (1 pour l'acquisition, 2 pour le stockagepd@ir les pages WEB, 4 pour
I'afficheur LCD)

On crée un sémaphore par l'instruction suivante :

RTX_Create_sem.

Cette commande est suivie d'une autre instructidrRTX_Reserve_sem, qui

permet de stocker le nombre de la tache retenumi pes autres.

Le sémaphore va faire une comparaison et donneidaite a la tache qui a le

numéro le plus petit(1), puis a celle qui vienteap{2), ensuite (3) et finalement la (4).

Le programme s’assure que toutes les taches or@xémutées, si c’'est le cas, il

passe a la réinitialisation les taches par la contl@®&TX_Release_sem.

Finalement le programme va répéter les procédugeegdentes.
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Chapitre IV Coptien logicielle

IV.8.1 Description des différentes taches

IV.8.1.1 Acquisition

Une fois que cette tache est sélectionnée, le anogie va procéder comme suit

(organigramme 3)

L 4

[Création d'un vecteur appelé]

"BUFFER"

(Sélection du DS3231]

¥

Lecture des informations a partir
du capteur

BUS I*C

(Remplissage du vecteur "BUFFER"

 J

Organigramme V.3 : Structure de la tache d’acgoisi

Dans cette tache, on commence par la créationwaateur appelé « BUFFER » de

28 cases.

L’instruction : 12C_receive_block(adresse,nom vactepermet de définir les blocs
gui vont échanger les informations, dans notre €asstruction s’écrit comme suit :

I2C_receive_block(0xd0,Buffer), la premiere adre€sel0 est la représentation
hexadécimale de l'adresse du capteur, alors quefferB> représente le vecteur crée

précédemment

Il suffit d’ajouter la commande suivante : read 28R &adresse) pour récupérer
I'information désirée sachant que (&adresse) repries|’adresse du registre ou case

mémoire ciblée.
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Chapitre IV Coptien logicielle

IV.8.1.2 Stockage
Cette partie du programme est structurée commég@rganigramme 1V.4) :

—{ Driver EXTIDE

Carte mémoire
identifice

(Création d'un vecteur appelé STOCK]

Echange de données entre le vecteur
"BUFFER" et le vecteur "STOCK"

(Création du fichier texte appelé ﬁch]

Organigramme 1V.4 Structure de la tache de stockage

Le driver EXTIDE est un programme qui permet auronitodule de reconnaitre la
carte mémoire ; il contient des fichiers systenmsiajue le protocole IDE.

Une fois que la carte mémoire est reconnue, onwréecteur appelé « STOCK »
de 28 cases.
L’étape qui vient aprés concerne I'échange de dempétre le vecteur
« BUFFER » et le vecteur « STOCK » comme suit :
STOCK(i))=BUFFER(i) (i est un entier qui varie da28)

[V.8.1.2.1 Calcul du temps de stockage

Afin d'éviter la saturation de la carte Compactshlaon calcule la durée de
stockage, autrement dit quelle est la durée quesugporter la carte Compacte Flash,

avant qu’elle ne se sature ?
La tache de stockage (dans le programme) se fagjueh6s
86400

ljour = 86400s, ce qui fait onaG— =14400 opérations de stockage par jour

67



Chapitre IV Coptien logicielle

La taille du vecteur STOCK est 28 octets, auquelafmute deux octets (le®'1
concerne I'espace aprés chaque écriture éffec@ncerne le retour chariot)

Exemple :

02 Jun 2008 10:05:12 22.25
Donc, on a en tout 30 octets pour chaque opéramn3<14400 octets par jour.

On ajoute la taille des applications et des pagé&BWtockées dans la Compacte

Flash (492 Ko), ce qui donn%(%;'jm: 421875 Ko+492K0=913,875 Ko

D’autre part, la taille de la carte Compact Flashl€so

1x1024x1024

Par conséquent le temps de stock
913875

=11473954jours

Autrement dit, on peut stocker dans la carte Complash pendant une durée de 3
ans 1 mois et 3 semaines avant qu’elle n’atteigneapacité maximale.
NB : on a pris pour le calcul 1 année=365 joursirenois=30 jours

Pour visualiser les données stockées sous forme fetbier texte, on a utilisé la
commande suivante : fopédgéstinatiofi) ; la destination représente le chemin par ou
les informations ont été stockées, autrement dih=fiopen(B:\acqui.txt), par

conséquent si on accede a la carte mémoire, ovetiledichier texte « acqui.txt ».
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Chapitre IV Coptien logicielle

IV.8.1.3 Pages WEB

—-(Page d'authentiﬁcation]

NON

Jsername et mot
de passe cormrectes

oul
Liens HTML iens HTM 1vatl
age DATA) (" Page daccueil  Jo ot [Page aCt‘;ﬁfS“uf; processus
Liens HTML ¥
(Requéte de l'utilisateur)
Appel page de T
stockage Appel a la fonction CGI
(Création d'un pointeur) ~ E _pr e Sep—— _]_\
(Appel 2 la fonction CGI] 1| Sélection de I'adresse du :
(Balayage de la page WEB] : ler port (PCF8574) '
! ' T |
Récupération et lecture des données ! {(ﬁonﬁguratmn'du_ bus :
NON Ao carmciive oul 4 partir de la carte flash : I*C sur mode écriture :Bus I’C
du type dynamique
w 1 . {Validation de Ia requéte | |
El&fﬁchage du caractére] ! au niveau du port E/S :
' !
EAppel a la fonction CGI] % | F\rrét de la communication j|'
' avec le ler port
Affichage e e -
du Récupération et lecture des données PR -
caractére a partir du capteur DS3231 [ Sélection de I'adresse du :
'\ 2&me port (PCF8574) '
‘ 1
p&fﬁchage du caractére].‘_ - | Configuration du bus |
: : I*C sur mode lecture 1Bus I2C
| L_ __________ )
! Retour vers affichage du caractér -
Lo oo o cdouivenaticiage ducanadtere . -(Appel 4 la fonction CGI]

Organigramme V.5 : Structure de la tache pages WEB

Deés que cette tache est sélectionnée, le prograrardemander un nom
d’utilisateur et un mot de passe, cette opératgrreiectuée par une comparaison
entre deux chaines de caracteres : la premiesneée par I'utilisateur (username et
le mot de passe), et la deuxieme concerne la cklaicaractére définie par le
programmeur. La commande réalisant cette opérat@mmit comme
suit :choix=strcmp(Chainel,Chaine 2)

Si les deux chaines de caractéres sont identiuesmmande va retourner un
«1l»

Le programme va appeler les pages WEB par la comenan
Nom_page=Gen_HTML code_frofabiemin suivi pour atteindre la page WEB
désiréé)
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Chapitre IV Coptien logicielle

Exemple : pour la page d’accueil, la commande spordante s’écrit comme
suit :
Index_page=Gen_HTML__ code_fratbin\\web\\cgi\\index.htrf)

Le passage d’'une page WEB a l'autre se fait a tsadees liens définis par le
logiciel « Macromedia Dreamweaver »

Lorsque I'utilisateur accéde a la page DATA, leggeanme doit I'appeler par la
commande : DATA_page=Gen_HTML_code_frdkdgin\\web\\cgi\\data.htr{), puis
il va créer un pointeur appelé Vardef.

La page WEB est divisée en deux parties :

» Partie statique : contient les parties qui ne chahgas dans la page
exemple : le titre « Affichage des données »

« Partie dynamique concerne les cases contenantéiaerés variables :
température, date, heure..etc.

Le programme procéde a une lecture de la page \WiEB:produisant exactement
le méme caractére si ce dernier appartient a teepdatique, mais lorsqu’il arrive au
pointeur "Var[n°](fig. IV.17), alors le caracterppartient a la partie dynamique ; dans
ce cas, il va faire appel a la fonction CGI quigtiine une interface entre la page
WEB et le capteur DS3231.

Finalement, le programme va afficher le caractere partir des registres du
capteur

Affichage des données

~VARDEF[0] = 20

AVARDEF[1] = 20

Température(°C) :

tat du processus industriel:

pEEpEER B
oo fis foe o oo o o

Fig. IV.17 Structure de la page DATA.htm
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La méme procédure est appliquée pour toutes lessapages WEB, sauf que pour
la page « Activation des processus industriels programme fait appel aux fonctions
du bus I2C pour répondre a la requéte de l'utdisat et doit I'envoyer celle-ci au
premier port PCF8574 par la commande :

I2C_transmit_char(adresse source « modify.htmresse de destination « 0x40 »)

Afin de s’assurer que le bon processus est aday@ogramme préleve les tensions
disponibles au niveau du deuxiéme port E/S paotancande :

I2C_receive_char(adresse source « 0x70 »,addesdestination « modify.htm »),

I'état des LED disponibles aux niveaux des pagAffighage des données » et
« Activation des processus industriels » app&mtppelant deux images, la premiére
présente une LED allumée, elle est nommée « omn.jpg l'autre éteinte, nommée
« off.jpg » ; toute cette opération se fait viddaction CGI.

Enfin, le programme suit la structure (organigmenlV.6) pour afficher un

[Initialisation de l'afficheur LCD]

caractere

(Procédure "Lecture d'un octet"]

l

Registres de commandes]

!

SiBF=0
Afficheur ibre

(Validation de la lect‘ure]

1
[Procédm'e "Ecriture d'un octet"]

l

Registres de commandes]

|

SiBF=0
Afficheur libre

(Validation de I'écriture ]

Organigramme V.6 : Structure d’affichage sur édr@.
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Chapitre IV Coptien logicielle

L’initialisation de l'afficheur LCD définit le modde dialogue avec le SC13 (4 ou 8
bits), ainsi que le nombre de lignes au niveauaf@dheur : pour cela on envoie a la
sortie Al (qui représente RS) une tension de Gyelten méme temps on envoie la
valeur (38h) (consulter le tableau 111.12). L'ingttion qui permet de réaliser cette
opération s’écrit comme suit :

Out(Registre « RS=0 ou RW=1 »,commande)

Pour notre cas on tape l'instruction suivante :

Out(0,0x38).

La validation au niveau de la patte « Enable »asieafpartir de la Pin PSC(6) par la
commande :

Pfe_enable_pcs(6)

Si l'afficheur a exécuté une instruction, cela veiue qu’il est libre, par conséquent
le bit « BUSY FLAG » est a 0, et dans ce cas, tg@mme valide cette lecture ; la
méme procédure est suivie pour I'affichage du daradu précédemment, mais RS est

configuré a 1

Afin de lire, écrire ou afficher un caractére, ditise les commandes suivantes :

Fonction Description

Cette fonction permet de lire un

void LCD_ReadByte(1,caractére) | caractere, sachant que le 1 représentg RS,
le caractere est codé en hexadécimale

void LCD_WriteByte(0,caractere) Méme fonction que lagadente,
mais en mode écriture
Void LCD_WriteStr¢har*str) Fonction permettant I'écriture d’'une

chaine de caracteres

Tableau 8.3 Les instructions utilisées pour liciré un caractére ou une chaine
de caracteres
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Chapitre IV Coptien logicielle

IV.9 Conclusion

Ainsi donc, ce chapitre comporte les differentegpés devant aboutir a I'affichage
d’'une page WEB de télémesure a distance d’'un cageetempérature.

Pour cela, la description logicielle est basée deux types de logiciels :

Le premier est utilisé comme interface entre lesttiypeur et le

microcontroleur : c’est le CHIPTOOL.

L'autre est le Borland C++, qui est un langage égetbppement évolué et qui

donne la possibilité de générer des exécutableslp&C13.

Enfin, ce chapitre intégrant I'ensemble des doar@eoquées dans les chapitres
précédents, montre qu’on peut acqueérir, stock&rnesurer via Internet des données
de la température qui a été choisie comme échamtdlupport.

Ce prototype étudié permet bien sOr d’intégrer tlemiparametres.
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CONCLUSION GENERALE

A partir de composants mis a la disposition desattears et des étudiants,
'agencement et l'adaptation de ces composants reniped’élaborer ce projet

d’études et de réaliser un prototype flexible, peuteux et pratique.

Ainsi, la maquette réalisée a été I'aboutissendentoutes les données techniques
évoquées dans les 4 chapitres, les Annexes ayanésdrvées aux deétails techniques
des différents composants.

Ce projet m’'a permis d'acquérir, en outre, de nbesy&€onnaissances et d’avoir des
reflexes quant a la maniere d’adopter une dématog&ue, scientifique pour
solutionner des problémes techniques tres complixes le domaine des Techniques

de I'Information et de la Communication.

Cette technologie de télémesure via Internet denéesm est mondialement utilisée
dans les systémes embarqués entierement autonoeegli ouvre de nouvelles

perspectives.

Le dispositif ainsi réalisé est une premiere pfarene que d’autres étudiants qui
veulent continuer dans ce contexte peuvent |'etiligour d’autres applications , dans

le cadre des travaux de conception et de recherche.
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GLOSSAIRE

MOS : Metal Oxyde Semi conductor

Mémaoires interne afficheurs:

DDRAM: Display Data RAM.
CGROM: Character generator ROM.
CGRAM: Character generator RAM.
LCD: liquid crystal display.

Port:
Un port est le terme permettant de spécifier ummewrion normalisée. Ce terme
désigne implicitement le type de liaison ou de éiUis connectique qui y est rattachée.

En micro informatique, on parle souvent du port 85@u le port paralléle.

Le terme Duplex est utilisé pour désigné un caratl@mmunication

RS232 (Recommanded standard) : protocole de conaation

Bauds : c’est le nombre de changement d’état tigria pendant une seconde. Cela
correspond au nombre de bits par seconde trandraisnombre de bauds étant

dépendant de la ligne téléphonique utilisée.

Parité : il s’agit d'un bit qui peut étre rajoutdasuite des bits de données pour
détecter les erreurs pendant la communication.eMgnt dit, c’est une technique qui
permet de vérifier que le contenu d’'un mot n’a @@schangé accidentellement lors de

sa transmission.
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Cable UTP/STP

- UTP: Paire torsadée non blindée (Unshield Twisted)

- STP : paire torsadée blindée (Shield Twisted F

RTS : (Request To Send) : sortie de demande d'é@ni

CTS : (Clear To Send)entrée d’inhibition de I'émette.

DCD: (Data Carrier Detec

DTE : (Data Terminal Equipeme : Equipement terminal de donnée (un pc
exemple)

DCE: (Data Communication Equipeme : Equipement de communication
données, (modem par exem|

Modem: Modulateur/Démodulatet

ATA : Advanced Technology Attachment : standard d’fiaies des périphérique
de stockage

ATAPI : ATA Packet Interfac

NMI : Non Maskable Interrug

Systéeme embarqué :

C’est un ordinateur intégré a un appareil (élecéoater, équipement numériqu
robot, etc.)

ALE : Adress Latch Enak (fonction qui verrouille ou débloque une mémc

Résistance Pull-Up:

&
Canal numenque

C’est une résistance placée souvent dans les tsiroumeériques entre la soul
d’alimentation et une ligne qui @ne délibérément a I'état positif (état haut), déeur
usuelle utilisée pour la résistance est de l'ordee quelques ki-ohms (4.71Q,
10KQ), elles sont appligges a un collecteur ouvert ou une ligne laissékaan car
cette derniére peut étre corérée comme étant une antenne qui vas capte
parasites et qui seront par la suite amplifies panséquent les informatiol
deviendront erronées. Ces résistances jouent ve &l : elles permettent d’'une pe
la limitation des courant aux niveauxs broches SDA et SDL, et d'une autre
puisque les deux lignes précédentes changent d€0 » ou « 1») les résistances

Pull-Up permettent d’éviter les courts circuif
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BNC : British Naval Connector, c’est un connecteé@servé pour le protocole
10Base2.

MBps : Méga Bits Par Seconde.

ETTD : Equipement Terminal de Traitement de Donn@&s Hub, Imprimante,
etc.)

MAN : Metropolitan Area Network (Réseau métropatija

TCP/IP : Transmission Control Protocol / InternetotBcol (protocole utilisé
souvent pour l'Internet)

IANA : Internet Assigned Numbers Agency : Organisiigargé d’attribuer les
adresses IP

HTTP : HyperText Transfer Protocol

CGl : (Common Gateway Interface : interface de @adle commune).

RTC : Real Time Clock (horologe en temps reel).

TTL: Transistor Transistor Logic : famille de ciitsulogiques utilises souvent en
électronique

RTOS: Real Time Operating System.

DHCP : Dynamic Host Configuration Protocol est un terme anglais désignant un
protocole réseau dont le role est d'assurer laigumaftion automatique des parametres
IP.

WATCH DOG : ou «hien de garde » est un circuit électronique ou un logiciel
utilisé en électronique numeérique pour s'assur&rngqautomate ou un ordinateur ne
restent pas bloqués a une étape particuliere dertrant qu'ils effectuent.

RAZ : remise a zéro

DMA : Direct Memory Access : technique utilisée p@ccéder directement a la
mémoire

Transceiver : Emetteur Récepteur.

SDA : Serial Data (Pin réservée pour la transmisdigs données dans le bus I2C)

SCL :Serial Clock(Pin réservée pour la synchroisatles opérations dans le bus
12C)
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IDE : Integrated Drive Electronics (protocole @#ipour la gestion des mémoires
de masse)

CD : Compact Disc :Disque optique utilisé pourtleckage des données

DVD : Digital Video Disc: ldem que le CD, mais aveine capacité plus
importante.

Telnet (TErmind NETwork ou TEL ecommunicationNETwork, ou encore
TEL etype NETwork) est un protocole réseau utilisé sur tout agssupportant le
protocole TCP/IP. Le but du protocole Telnet est foernir un moyen de
communication trés généraliste, bi-directionnairgnté octet.

telnet est aussi une commande permettant de créer us@rseBelnet sur une
machine distante. Cette commande a d'abord étéerdidp sur les systemes Unix, puis
elle est apparue sur la plupart des systemes dieagn

UART : (Universal Asynchronous Receiver/Transmjtt@u linterface sérielle
interne qui permet d’établir une liaison rudimerggpour la transmission de données

avec un PC.
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October 1995

&National Semiconductor

74ABT573
Octal D-Type Latch with TRI-STATE® Outputs

General Description m Output sink capability of 64 mA, source capability of

32 mA
The ’ABT573 is an octal latch with buffered common Latch
il ]
Enable (LE) and buffered common Output Enable (OF) in- ™ Cuaranteed output skew .
puts m Guaranteed multiple output switching specifications
- . itchi " i
This device is functionally identical to the *ABT373 but has Output switching specified for both 50 pF and 250 pF

. ) loads
different pinouts. m Guaranteed simultaneous switching, noise level and

dynamic threshold performance

m Guaranteed latchup protection

m High impedance glitch-free bus loading during entire
power up and power down

m Nondestructive hot insertion capability

Features

W Inputs and outputs on opposite sides of package allow
easy interface with microprocessors

m Useful as input or output port for microprocessors

W Functionally identical to ’ABT373

m TRI-STATE outputs for bus interfacing

Commercial :a:Jcmk:gc: Package Description
74ABT573CSC (Note 1) M20B 20-Lead (0.300” Wide) Molded Small Outline, JEDEC
74ABT573CSJ (Note 1) M20D 20-Lead (0.300” Wide) Molded Small Outline, EIAJ
74ABT573CMSA (Note 1) MSA20 20-Lead Molded Shrink Small Outline, EIAJ Type Il
74ABT573CMTC (Notes 1, 2) MTC20 20-Lead Molded Thin Shrink Small Outline, JEDEC

Note 1: Devices also available in 13" reel. Use suffix = SCX, SJX, MSAX, and MTCX.
Note 2: Contact factory for package availability.

Connection Diagram

Pin Assignment
for SOIC and SSOP

oE—1 N 20 vge Pin Names Description
Dy —2 19— 0y Do-D7 Data Inputs
Dy —3 18f—0 E Latch Enable Input (Active HIGH)
D, =4 17f=o, OE TRI-STATE Output Enable Input
D;—5 16}—05 (Active LOW)
o, s 1s}-o, 0p-07 TRI-STATE Latch Outputs
D5 —{7 14}—05
Dg =8 13f=0g
e B 12l—0,
GND — 10 Tj—LE
TL/F/11548-1

TRI-STATE® is a registered trademark of National Semiconductor Corporation.

©1995 National Semiconductor Corporation TL/F/11548 RRD-B30M125/Printed in U. S. A.

sindinQ 3LV.1S-141 yim yoje adA1-q 1e300 €2519V1.L



Functional Description
The ’ABT573 contains eight D-type latches with TRI-STATE

new data into the latches.

Logic Diagram

Function Table

LE_Dch

ﬁ—ob.l

output buffers. When the Latch Enable (LE) input is HIGH, Inputs Outputs
data on the Dy, inputs enters the latches. In this condition pu utpu
the latches are transparent, i.e., a latch output will change OE LE D o
state each time its D input changes. When LE is LOW the L H H H
latches store the information that was present on the D in-
puts a setup time preceding the HIGH-to-LOW transition of L H L L
LE. The TRI-STATE buffers are controlled by the Output L L X Oo
Enable (OE) input. When OE is LOW, the buffers are in the H X X z
bi-state mode. When OE is HIGH the buffers are in the high H — HIGH Voltage Level
impedance mode but this does not interfere with entering L = LOW Voltage Level
X = Immaterial
Op = Value stored from previous clock cycle
Do Dy Dy D3 Dy D5 Dg By
|— D —{ D — D —10D —1D — D — D —
Cl e [l o o o [l o a
LE LE LE LE LE LE LE
y
% O 0, 03 04 05 % %

TL/F/11548-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.




Absolute Maximum Ratings (note 1)
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Plastic —55°Cto +150°C
V¢ Pin Potential to

Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V

Input Current (Note 2) —30 mAto +5.0 mA
Voltage Applied to Any Output

in the Disabled or

DC Latchup Source Current
Over Voltage Latchup (I/0)

—500 mA
10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Recommended Operating

Conditions

Free Air Ambient Temperature

Commercial

Supply Voltage

Commercial

—40°Cto +85°C

+4.5Vto +5.5V

Power-Off State —0.5Vto +5.5V -
in the HIGH State —0.5V to Voo M'B';‘:;’T;{')Tj’i“t Edge Rate 50(ﬁ1\<///Ants)
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) Twice the rated lg|_ (mA)
DC Electrical Characteristics
ABT573
Symbol Parameter Units| Ve Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 Vv Recognized LOW Signal
Vep Input Clamp Diode Voltage —1.2 \" Min IN= —18mA
VoH Output HIGH Voltage 74ABT| 2.5 v Min loH= —3mA
74ABT| 2.0 loH = —32mA
VoL Output LOW Voltage 74ABT 0.55 \Y Min loL = 64 mA
i1 Input HIGH Current 5 ViN = 2.7V (Note 2)
A Max
5 ® ViN = Vco
IBVI Input HIGH Current VIN = 7.0V
Breakdown Test 7 A Max
L Input LOW Current -5 VN = 0.5V (Note 2)
A Max
-5 | M ViN = 0.0V
Vo input Leakage Test 475 v 0.0 %‘; gtk:e? Igl/:s Grounded
lozH Output Leakage Current 50 pA |0 — 5.5V |Voyt = 2.7V; OE = 2.0V
lozL Output Leakage Current —50 | pA |0 — 5.5V |Voyr = 0.5V; OE = 2.0V
los Output Short-Circuit Current —100 —275| mA Max | Vourt = 0.0V
IcEX Output High Leakage Current 50 nA Max | Vout = Vco
lzz Bus Drainage Test 100 RA 0.0 Vout = 5.5V; All Others GND
lccH Power Supply Current 50 nA Max | All Outputs HIGH
lccL Power Supply Current 30 mA Max | All Outputs LOW
locz | Power Supply Gurrent 50 | pA | Max gIIIEO:th\e/Sscat Vg or GND
lceT Additional Igc/Input  Outputs Enabled 25 mA V| = Vgg — 2.1V
Outputs TRI-STATE 25 mA Max Enable Input V| = Vg — 2.1V
Outputs TRI-STATE 25 mA Data Input V| = Vgc — 2.1V
All Others at Vgc or GND
lccp Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.12 Max |OE = GND, LE = V¢ (Note 1)
MHz One Bit Toggling, 50% Duty Cycle

Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed but not tested.




DC Electrical Characteristics (SOIC package) (Continued)

Symbol Parameter Min Typ Max | Units | Vgc cL = 5Co°::, i::ittni 5000
VoLp Quiet Output Maximum Dynamic Vo[ 0.7 1.0 ) 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic Vo —1.5 —1.2 \" 5.0 Ta = 25°C (Note 1)
Vonv Minimum High Level Dynamic Output Voltage 2.5 3.0 \" 5.0 Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.2 1.8 \" 5.0 Ta = 25°C (Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 1.0 0.7 \" 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V| p), OV to threshold (V|yp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics

74ABT 74ABT
Ta = +25°C Ta = —40°Cto +85°C
Symbol Parameter Vee = +5.0V Vce = 4.5V to 5.5V Units
CL = 50 pF CL = 50 pF
Min Typ Max Min Max
tpLH Propagation Delay 1.9 2.7 4.5 1.9 4.5 ns
tpHL Dnto Oy, 1.9 2.8 45 1.9 45
tpLH Propagation Delay 2.0 3.1 5.0 2.0 5.0 ns
tPHL LE to Op, 2.0 3.0 5.0 2.0 5.0
tpzH Output Enable Time 1.5 3.1 5.3 1.5 5.3 ns
tpzL 1.5 3.1 5.3 1.5 5.3
tpHz Output Disable Time 2.0 3.6 5.4 2.0 5.4 ns
tpLz Time 2.0 3.4 5.4 2.0 5.4
AC Operating Requirements
74ABT 74ABT
Ta = +25°C Ta = —40°C to +85°C
Symbol Parameter Vge = +5.0V Vce = 4.5V 1o 5.5V Units
CL = 50 pF C_ = 50 pF
Min Typ Max Min Max
ftoggle Max Toggle Frequency 100 MHz
ts(H) Set Time, HIGH 1.5 1.5 ns
ts(L) or LOW D to LE 1.5 1.5
th(H) Hold Time, HIGH 1.0 1.0 ns
th(L) or LOW Dy, to LE 1.0 1.0
tw(H) Pulse Width, 3.0 3.0 ns
LE HIGH




Extended AC Electrical Characteristics

74ABT 74ABT 74ABT
Mec—asvissy | TAZ T0Ctoesc | T sy
cC = 4 - — cc = 4 .
Symbol Parameter CL = 50 pF Vccc 22\5’;::5\, CL = 250 pF Units
8 Outputs Switching '-(Note 5 8 Outputs Switching
(Note 4) (Note 6)
Min Max Min Max Min Max
tpLH Propagation Delay 15 5.2 2.0 6.8 2.0 9.0 ns
tpHL Dy, to Op, 1.5 5.2 2.0 6.8 2.0 9.0
tpLH Propagation Delay 15 5.5 2.0 7.5 2.0 9.5 ns
tPHL LE to O, 1.5 55 2.0 7.5 2.0 9.5
tpzH Output Enable Time 1.5 6.2 2.0 8.0 2.0 10.5 ns
tpzL 1.5 6.2 2.0 8.0 2.0 10.5
tpHZ Output Disable Time 1.0 5.5 (Note 7) (Note 7) ns
tpLz 1.0 5.5

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (50012, 250 pF) on the output and has been excluded from the datasheet.

Skew

74ABT 74ABT
Ta = —40°C to +85°C Tp = —40°C to +85°C
Vce = 4.5V to 5.5V Vce = 4.5V to 5.5V
Symbol Parameter C_ = 50 pF CL = 250 pF Units
8 Outputs Switching 8 Outputs Switching
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew
(Note 1) HL Transitions 10 15 ns
tosLH Pin to Pin Skew
(Note 1) LH Transitions 10 15 ns
tps Duty Cycle
(Note 5) LH-HL Skew 14 85 ns
tosT Pin to Pin Skew
(Note 1) LH/HL Transitions 15 3.8 ns
tpy Device to Device Skew
(Note 2) LH/HL Transitions 20 40 ns

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togHL), LOW to HIGH (tosLH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcg) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.)

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.




Capacitance

. Conditions

Symbol Parameter Typ | Units (Ta = 25°C)
CiN Input Capacitance 5 pF Vee = 0V

Cout (Note 1) | Output Capacitance | 9 pF Vce = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz per MIL-STD-883B, Method 3012.
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TpLH Vs Temperature (Tp), C. = 50 pF,
1 Output Switching, Data to Output
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TpyL vs Temperature (Tp), C. = 50 pF,
1 Output Switching, Data to Output
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TpzL vs Temperature (Ta), CL = 50 pF,
1 Output Switching, OE to Output
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TpLz vs Temperature (Ta), CL = 50 pF,
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Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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Tset LOW vs Temperature (Tp), C. = 50 pF,
1 Output Switching, Data to LE
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THoLp HIGH vs Temperature (Tp), CL = 50 pF,
1 Output Switching, Data to LE
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TpLH Vs Temperature (Ta), CL = 50 pF,
8 Outputs Switching, Data to Output
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TpzH vs Temperature (Tp), C. = 50 pF,
8 Outputs Switching, OE to Output

Max

Typ@ 4.5V
-+

Typ@ 5.5V

-50°C -25°C 0°C 25°C 50°C 75°C 100°C 125°C
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TpHL VS Temperature (Ta), CL = 50 pF,
8 Outputs Switching, Data to Output

| s

T
Typ@ 4.5V

—
Typ@ 5.5V

-50°C -25°C 0°C 25°C 50°C 75°C 100°C 125°C

3.00

2.00

1.00

0.00

TL/F/11548-21

TpzL vs Temperature (Tp), CL = 50 pF,
8 Outputs Switching, OE to Output
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TL/F/11548-23

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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TpLH Vs Load Capacitance Ty = 25°C,
1 Output Switching, Data to Output
=
—T Typ @ 4.&
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TpLH Vs Load Capacitance Ty = 25°C,
8 Outputs Switching, Data to Output
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TL/F/11548-28
TpzH Vs Load Capacitance Ty = 25°C,
8 Outputs Switching, OE to Output
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TL/F/11548-30
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TpLz vs Temperature (Tp), CL = 50 pF,
8 Outputs Switching, OE to Output
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TpHL Vs Load Capacitance Ty = 25°C,
1 Output Switching, Data to Output
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TpHL Vs Load Capacitance Ty = 25°C,
8 Outputs Switching, Data to Output
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TL/F/11548-29

TpzL vs Load Capacitance Ty = 25°C,
8 Outputs Switching, OE to Output
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TL/F/11548-31

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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TpLH Vs Temperature (Tp), C. = 50 pF,
8 Outputs Switching, LE to Output
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TpLH and TpyL vs Number Outputs Switching,

CL = 50 pF, Tp = 25°C, V¢gc = 5.0V,
Outputs In Phase Data to Output

TpHL vs Temperature (Tp), C. = 50 pF,
1 Output Switching, LE to Output
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TpHL vs Temperature (Tp), C. = 50 pF,
8 Outputs Switching, LE to Output
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Typical Igc vs Output Switching Frequency,

CL = 0pF,V¢cc = Vi = 5.5V, LE = GND,

1 Output Switching at 50% Duty Cycle, Data to Output,
Transparent Mode with Unused Data Inputs = V|4
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Output Frequency (MHz)
TL/F/11548-33

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.




AC Loading

+7V OPEN
tozs oLz ALL OTHER
5000
5000

*Includes jig and probe capacitance TL/F/11548-4

FIGURE 1. Test Load
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TL/F/11548-6
FIGURE 2a. Test Input Signal Levels
Amplitude Rep. Rate tw tr ¢
3.0V 1 MHz 500 ns 25ns 25ns

FIGURE 2b. Test Input Signal Requirements
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FIGURE 3. Propagation Delay Waveforms for
Inverting and Non-Inverting Functions
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FIGURE 4. Propagation Delay,
Pulse Width Waveforms
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FIGURE 5. TRI-STATE Output HIGH
and LOW Enable and Disable Times
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FIGURE 6. Setup Time, Hold Time
and Recovery Time Waveforms

10




Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

w
O

74ABT  573C

X
Temperature Range Family L Special Variations
74ABT = Commercial X = Devices shipped in 13" reels

Device Type Temperature Range

Package Code C = Commercial (-40°C to +85°C)

S = Small Outline (SOIC JEDEC)

SJ = Small Outline (SOIC EIAJ)
MSA = Shrink Small Outline (EIAJ SSOP, Type II)
MTC = Molded Thin Shrink Small Outline (TSSOP)

TL/F/11548-38

1




Physical Dimensions inches (millimeters)

’ 0.496—0.512
’ {12.598 —13.005)

0.394-0.419
{10.008 — 10.643)

30° TYP
LEADND. 1 __J— IO -
IDENT
NN -
1 2 3 4 5 6 71 8 8 10
0.010 max
(0.254)
_ 0.291-0.209
{7.391-7.595)
0.010-0.029 N 0.093 —0.104
{0.254—0.737) <% [« (2.362;2.642)
. p s —1 0.004-0.012
‘ [ e [ — s
'JL L ¢ f— I — R i * SEATING
r/. / i PLANE
0.009-0.013 (';'1]2;] 0016 0,050 T —'gg;:] . l 0.050 ol e 201 0020 1yp
0.229-0.330) ALLLEAD TIPS ™ [~ was—1om } {12m) (0.356 -0.508)
TYP ALL LEADS TYP ALL LEADS TYp
. 0.008 7yp
0.203) M208 (REV F)
20-Lead Small Outline Integrated Circuit JEDEC (S)
NS Package Number M20B
0.492- 0500
f————m—— — |
{12.50-12.70)
=
0°-8° 0.295-0.319 0.205-0.213
{7.493-8.103) {5:207- 5.410)
0.016-0.031 1 4 5 6 7 8 1
{0.406 - 0.787)
DETAILF
007 e 0.067 -0.083
0.006 - 0.010 . 803’ (1 702-2.108)

{0.152-0.254)

— "
 — WJ
L—MREF ?AJ L—um) noon 0.010

{1.245) 0.000-0.010
{0.000 - 0.254)
SEE DETAILF 0.014 - 0.020

(0.356 - 0.508)

M20D (REV A)

20-Lead Small Outline Integrated Circuit EIAJ (SJ)
NS Package Number M20D




Physical Dimensions milimeters (Continued)
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74ABT573 Octal D-Type Latch with TRI-STATE Outputs

Physical Dimensions milimeters (Continued)
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20-Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTC20

MTC20 (REV C)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@tevm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32 Hong Kong
Frangais Tel: (+49) 0-180-532 93 58 Tel: (852) 2737-1600
Italiano  Tel: (+49) 0-180-534 16 80 Fax: (852) 2736-9960

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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SEMICONDUCTORT™

74AC138 » 74ACT138
1-of-8 Decoder/Demultiplexer

General Description Features

The AC/ACT138 is a high-speed 1-of-8 decoder/demulti- lcc reduced by 50%
plexer. This device is ideally suited for high-speed bipolar Demultiolexing capabilit
memory chip select address decoding. The multiple input . p g cap Y )
enables allow parallel expansion to a 1-of-24 decoder Mul'tlple input enable for easly expansion
using just three AC/ACT138 devices or a 1-0f-32 decoder Active LOW mutually exclusive outputs
using four AC/ACT138 devices and one inverter. Outputs source/sink 24 mA

ACT138 has TTL-compatible inputs

Ordering Code:

Order Number | Package Number Package Description
74AC138SC M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
74AC138SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
74AC138MTC MTC16 16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74AC138PC N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
74ACT138SC M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
74ACT138SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
74ACT138PC N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering code.
Connection Diagram Logic Symbols
A1 ~ 16 =Vee o AIO AI‘ A|2
A2 150, 1
A—3 14[-0, O,
©t o 15 o, 0, 0, 05 0, 05 05 O
52_5 12_03 0 Y1 V2 VY3 Y4 V5 Ve V7
b nls, 99999979
0,7 10-0,
GND—{8 91-03g
IEEE/IEC
Pin Descriptions swocr L,
A —]1 i 3,
Pin Names Description [ E 21— 5,
Ag—Ay Address Inputs " 4& i : gi
E;-E,» Enable Inputs & ] sp— B
5 N sp— 0
E3 Enable Input £, s,
0y-07 Outputs

FACTUO is a trademark of Fairchild Semiconductor Corporation.

© 2000 Fairchild Semiconductor Corporation DS009925 www.fairchildsemi.com
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Truth Table
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H = HIGH Voltage Level L =LOW Voltage Level X = Immaterial

Functional Description

The AC/ACT138 high-speed 1-of-8 decoder/demultiplexer
accepts three binary weighted inputs (Ag, A1, Ap) and,
when enabled, provides eight mutually exclusive active-
LOW outputs (Og—0O7). The AC/ACT138 features three
Enable inputs, two active-LOW (E;, E,) and one active-
HIGH (Ej). All outputs will be HIGH unless E; and E, are
LOW and Ej3 is HIGH. This multiple enable function allows
easy parallel expansion of the device to a 1-0f-32 (5 lines
to 32 lines) decoder with just four AC/ACT138 devices and
one inverter (see Figure 1). The AC/ACT138 can be used
as an 8-output demultiplexer by using one of the active
LOW Enable inputs as the data input and the other Enable
inputs as strobes. The Enable inputs which are not used
must be permanently tied to their appropriate active-HIGH
or active-LOW state.

A

Logic Diagram

Ay Ay Ay B 6 &
0, 0 05 0, [ 0, [ 0Og

Please note that this diagram is provided only for the understanding of logic
operations and should not be used to estimate propagation delays.

Ay

\ | | |
: LR RS R
As
Ay
H
123 = [
[ | | | | 1 | 1
ho Ay Ag € de Ay Ay E ) R Ay

0g 0y 0p 05 04 Og Og 07

Og 01 0; 03 04 05 05 07 0g 0y 0y 03 04 05 Og O7

TYYYYYYY

TIYYPYTY TYYIYYYY

031

FIGURE 1. Expansion to 1-o0f-32 Decoding
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Absolute Maximum Ratingsote 1)

Supply Voltage (Vcc)

DC Input Diode Current (l)
V,=-0.5V
V| =V + 0.5V

DC Input Voltage (V)

DC Output Diode Current (Igk)
Vo =-0.5V
Vo =V + 0.5V

DC Output Voltage (V)

DC Output Source
or Sink Current (Ig)

DC V¢ or Ground Current
per Output Pin (Icc of Ignp)

Storage Temperature (Tgtg)

Junction Temperature (T ;)
PDIP

-0.5V to +7.0V

-20 mA

+20 mA

-0.5V to V¢ + 0.5V
-20 mA

+20 mA

-0.5V to Ve + 0.5V

+50 mA

+50 mA
-65°C to +150°C

140°C

DC Electrical Characteristics for AC

Recommended Operating

Conditions
Supply Voltage (Vcc)
AC 2.0V to 6.0V
ACT 4.5V to 5.5V
Input Voltage (V)) 0V to Vee
Output Voltage (Vo) 0V to Vee

Operating Temperature (Tp) —-40°C to +85°C
Minimum Input Edge Rate (AV/At)
AC Devices

V) from 30% to 70% of Ve

Vee @ 3.3V, 4.5V, 5.5V 125 mV/ns
Minimum Input Edge Rate (AV/At)

ACT Devices

V,\ from 0.8V to 2.0V

Vee @ 4.5V, 5.5V 125 mV/ns

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable over its power
supply, temperature, and output/input loading variables. Fairchild does not
recommend operation of FACTO circuits outside databook specifications.

Vee Ty =+25°C Ta = —40°C to +85°C
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Vin Minimum HIGH Level 3.0 15 2.1 2.1 Vour = 0.1V
Input Voltage 45 2.25 3.15 3.15 \% orVee - 0.1V
55 2.75 3.85 3.85
' Maximum LOW Level 3.0 15 0.9 0.9 Vour =0.1V
Input Voltage 45 2.25 1.35 1.35 \% or Vee - 0.1V
55 2.75 1.65 1.65
Von Minimum HIGH Level 3.0 2.99 2.9 2.9
Output Voltage 4.5 4.49 4.4 4.4 \% lout =50 HA
55 5.49 5.4 5.4
ViN =V or Viy
3.0 2.56 2.46 lop =-12 mA
4.5 3.86 3.76 \Y loy =-24 mA
55 4.86 4.76 lon = —24 mA (Note 2)
VoL Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 4.5 0.001 0.1 0.1 \% lout =50 HA
55 0.001 0.1 0.1
ViN=VjLor Viy
3.0 0.36 0.44 loL =24 mA
4.5 0.36 0.44 \Y loL=24mA0
5.5 0.36 0.44 loL =24 mA (Note 2)
In Maximum Input
5.5 0.1 £1.0 PA |V, =V, GND
(Note 4) Leakage Current
loLp Minimum Dynamic 55 75 mA | Vgop = 1.65V Max
Tlono | Output Current (Note 3) 55 75 mA  |Vonp = 3.85V Min
s | Somoycument 55 40 400 WA |Viy = Vec or GND

Note 2: All outputs loaded; thresholds on input associated with output under test.
Note 3: Maximum test duration 2.0 ms, one output loaded at a time.
Note 4: I;y and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V V¢c.

www.fairchildsemi.com
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74AC138 « 74ACT138

DC Electrical Characteristics for ACT

Vee Tp=+25°C I Ta=-40°C to +85°C ] N
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Vin Minimum HIGH Level 4.5 15 2.0 2.0 v Vour = 0.1V
Input Voltage 55 15 2.0 2.0 or Vec - 0.1V
Vi Maximum LOW Level 45 15 0.8 0.8 v Vout =0.1V
Input Voltage 55 15 0.8 0.8 orVee - 0.1V
Vou Minimum HIGH Level 45 4.49 4.4 4.4
Output Voltage 55 5.49 5.4 5.4 Vo |lour=-50pA
ViN=ViLorViy
45 3.86 3.76 \ lon =24 mA
55 4.86 4.76 lon = —24 mA (Note 5)
VoL Maximum LOW Level 4.5 0.001 0.1 0.1
\ lout =50 A
Output Voltage 55 0.001 0.1 0.1
ViN=ViLorViy
4.5 0.36 0.44 \ loL 24 mA
55 0.36 0.44 loL.= 24 mA (Note 5)
In Maximum Input
55 £0.1 +1.0 MA |V, =Vce, GND
Leakage Current
lect Maximum 55 0.6 15 mA |V, =Vee - 2.1V
Icc/Input
loLp Minimum Dynamic 55 75 mA  |[Vgorp = 1.65V Max
loHD Output Current (Note 6) 55 =75 mA  [Vopp = 3.85V Min
lec Maximum Quiescent
55 4.0 40.0 MA |Viy=Vce or GND
Supply Current
Note 5: All outputs loaded; thresholds on input associated with output under test.
Note 6: Maximum test duration 2.0 ms, one output loaded at a time.
AC Electrical Characteristics for AC
Vee Tp = +25°C T =-40°C to +85°C
Symbol Parameter V) C_=50pF C_ =50 pF Units
(Note 7) Min Typ Max Min Max
tpLH Propagation Delay 3.3 15 8.5 13.0 15 15.0
Anto 6" 5.0 15 6.5 9.5 15 10.5 ne
tpHL Propagation Delay 33 15 8.0 125 15 14.0
A, t0 O, 5.0 15 6.0 9.0 15 10.5 ns
tpLH Propagation Delay 33 15 11.0 15.0 15 16.0
E 0rE,t00, 5.0 15 8.0 11.0 15 12.0 ns
tpHL Propagation Delay 3.3 15 9.5 135 15 15.0
E 0rE,t0 Oy 5.0 15 7.0 9.5 15 10.5 ns
tpL Propagation Delay 33 15 11.0 155 15 16.5
E3to Oy 5.0 15 8.0 11.0 15 12,5 ns
tpHL Propagation Delay 33 15 8.5 13.0 15 14.0
E3to O, 5.0 15 6.0 8.0 1.0 9.5 ns

Note 7: Voltage Range 3.3 is 3.3V + 0.3V
Voltage Range 5.0 is 5.0V + 0.5V

www.fairchildsemi.com




AC Electrical Characteristics for ACT

Vee Tp =+25°C Ta = —40°C to +85°C
Symbol Parameter V) C_=50pF CL =50 pF Units
(Note 8) Min Typ Max Min Max

, Propagation Dela)

PLH pag y 5.0 15 7.0 105 15 15 ns
A,t0 O,

t] Propagation Dela 10.5

PHL pag y 5.0 15 6.5 15 15 ns
A t0 O,

] Propagation Dela

PLH Tropagation Delay 50 25 8.0 1.5 2.0 125 ns
E;or E; to Oy

, Propagation Dela)

PHL ropagation betay 5.0 2.0 75 115 2.0 12,5 ns
EjorE, t0 Oy

t] Propagation Dela

PLH pag y 5.0 25 8.0 12.0 2.0 13.0 ns
E3to On

t] Propagation Dela

PHL pag y 50 2.0 65 105 15 115 ns
E3to On

Note 8: Voltage Range 5.0 is 5.0V + 0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 4.5 pF Vce =OPEN
Cpp Power Dissipation Capacitance 60.0 pF Ve =5.0V

5 www.fairchildsemi.com
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74AC138 « 74ACT138

Physical Dimensions inches (millimeters) unless otherwise noted

0.386—0.394

9s04—10.00) |
6 15 14 13 12 11 10 9
0.228-0.244 300
(5.791-6.198) TYP
LEAD NG1 12 3 4 5 6 1 8
IDENT 0.010 max
(0.258)
0.150 —0.157
g 01500157
(3.810-3.988)
0.010-0020 . 0.053-0.069.
0254—as508) <* | [ (1.346—1.753) 0.004—0.010
8° MAX TYP (0.102—0.254)
ALL LEADS =
S ' L v v =t ]
- ....':L. ArF—to~—tm—to—tn H SEATING
T ¢ 1 PLANE
0.008-0.010 0.016—0.050 (.g_g;_;) 0.050 0.014-0.020 1yp
nam a1 R ~ e
0.004 TYP ALL LEADS |l 008 o
(0.102) (0.203) M16A (REV H)

ALL LEAD TIPS

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow

Package Number M16A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

10.2£0.1 et
A-

L i

( | ) 16 15

! 5.3+0.1 927 TYP

NS

b
7 3 ALLLEADTIPS
PIN #1 1DENT. 127 TYP A—l L— 06TYP

LAND PATTERN RECOMMENDATION

-

21 MAX ALL LEAD TIPS LBso ‘</— SEE DETAIL A
. o oilc oY -
[SToilc] ot
[ (( \ f LN \

pas |

v, S

= 7
<] \ }
0.15+0.05 \\__/,/ 0.15-0.25
1.27TYP 0.35-0.51

]
7°TYP
DIMENSIONS ARE IN MILLIMETERS
- GAGE PLANE
NOTES: 0.25
0°-8°TYP -
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 1998. P I““ -
B. DIMENSIONS ARE IN MILLIMETERS. 7
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS. 0.60+0.15
SEATING PLANE
1.25 —w=i

M16DRevB1 DETAIL A

16-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
Package Number M16D

7 www.fairchildsemi.com
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74AC138 « 74ACT138

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

oo 1

DIMENSIONS METRIC ONLY i

o

16 e 9 0.42 TYP AJ ‘
L00A00 e o
! LAND PATTERN RECOMMENDATION

T 7T 4.18 TYP.

e N e
|

U N\ seanis e
T 0°-8° [e—>— 0.6 = 0.1
JTTTIITT i

[=]0.2][C[B]A] TYPICAL, SCALE: 40X

ALL LEAD TIPS

# SEE DETAIL A
PIN #1 IDENT. \/_

(0.90)

[=]0.1]c}

/
alieanes | g ] \ #
SRR ;- e IS T
|<-> 0.65 TYP 0 10 £ 0.05 TYP 0.09-0.20 TYP
«— 0.19 - 0.3

0 TYP

R CINECIEC)

16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
Package Number MTC16

www.fairchildsemi.com 8
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

X 0.740 - 0.780
{18.80-19. a1) —
[16] [i4] 10, EI
0. 250:!:0 010
I {6.350£0.254) 3soto 254)
PIN NO. 1
IDENT IJI_II_II_II_II_II_IB
OPTION 01 OPTION 02 0.065
0.130£0.005
0.060 49 TYP 0.300-0.320 (1.651)
| Gsetonz) "I I“ (1528 "7 [ opmionaL 4" (7.620-8.128) {
0.145 - 0.200 [ \l
(3.683-5.080) § i
t | 95045° 0.008=0.016
f 900 £ 40 TYP Py T
(g ggg) MIN [ o2 7] {0203-0.406)
0.125=0.150 0.030£0.015 (7.112)
(3.175-3.810) P (0.762£0.381) MIN
0.014=0.023 0.10040.010 (0.325+0-040
{0.356 - 0.584) 0.050£0.010 (2.540£0.254) 777 -0.015 N1BE (REV F)
s {1.270£0.254) TP (8.255 ";‘0'%'861)
TP )

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N16E

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.

9 www.fairchildsemi.com

1axa|dinwa@/1apodaq 8-40-T 8ETLOVYL. « BETOVYL



This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.


http://www.datasheetcatalog.com
http://www.datasheetcatalog.com
http://www.datasheetcatalog.com

July 1998

National Semiconductor

54ABT245

Octal Bidirectional Transceiver with TRI-STATE

General Description

The 'ABT245 contains eight non-inverting bidirectional buff-
ers with TRI-STATE outputs and is intended for bus-oriented
applications. Current sinking capability is 48 mA on both the
A and B ports. The Transmit/Receive (T/R) input determines
the direction of data flow through the bidirectional trans-
ceiver. Transmit (active HIGH) enables data from A ports to B
ports; Receive (active LOW) enables data from B ports to A
ports. The Output Enable input, when HIGH, disables both A
and B ports by placing them in a High Z condition.

Features
m Bidirectional non-inverting buffers

m A and B output sink capability of 48 mA, source
capability of 24 mA

® Qutputs

Guaranteed output skew

Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

® Guaranteed simultaneous switching, noise level and
dynamic threshold performance

m Guaranteed latchup protection

m High impedance glitch-free bus loading during entire
power up and power down cycle

m Non-destructive hot insertion capability

m Disable time is less than enable time to avoid bus
contention

m Standard Microcircuit Drawing (SMD) 5962-9214801

Ordering Code:

Military Package Package Description
Number
54ABT245J3-QML J20A 20-Lead Ceramic Dual-In-Line
54ABT245W-QML W20A 20-Lead Cerpak
54ABT245E-QML E20A 20-Lead Ceramic Leadless Chip Carrier, Type C
Logic Symbol
Ao A Ay As Ay A5 Ag Ay
o [1]
—11/R
Bp B B, B; By B; B; B
DS100204-1
TRI-STATE® is a of National Corporation.
© 1998 National Semiconductor Corporation DS100204 www.national.com
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Connection Diagrams

Pin Assignment for DIP

Pin Assignment for LCC

and Flatpak. Ag As Ay Az A,
1 / 20 [6]
T/R — [~ Vcc [ b bl d ]
2 19 —
— [— OEF
3 18
A [— B
NE e s
* 6 15 2
Ay — — B
Ag 7 14 o 4 NN
A =2 AN
5 12 ° By B3 B, By By
Ay — — B DS100204-3
10 11
GND — —8, . ..
Pin Descriptions
DS100204-5
Pin Names Description
OE Output Enable Input (Active LOW)
TR Transmit/Receive Input
Ag—A, Side A Inputs or TRI-STATE Outputs
By—B- Side B Inputs or TRI-STATE Outputs
Truth Table
Inputs Output
OE TR
L L Bus B Data to Bus A
L H Bus A Data to Bus B
H X High Z State
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Logic Diagram
Ag A Ay A3 Ay Ag Ag Ay
5 >
/R —4
By By B, By By Bg Bg B,

DS100204-4
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Absolute Maximum Ratings

(Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature
Ambient Temperature under Bias

Junction Temperature under Bias

Ceramic

Ve Pin Potential to

Ground Pin
Input Voltage (Note 2)
Input Current (Note 2)

Voltage Applied to Any Output
in the Disabled or

-65°C to +150°C
-55°C to +125°C

-55°C to +175°C
—-0.5V to +7.0V

-0.5V to +7.0V
-30 mA to +5.0 mA

Recommended Operating

in LOW State (Max)
DC Latchup Source Current
Over Voltage Latchup (I/O)

Conditions

Free Air Ambient Temperature
Military

Supply Voltage

Military
Minimum Input Edge Rate
Data Input

Enable Input
Note 1: Absolute maximum ratings are values beyond which the device may

twice the rated I (MA)
-500 mA
10v

-55°C to +125°C

+4.5V to +5.5V
(AVI/At)

50 mV/ns

20 mV/ns

Power-off State -0.5V to 5.5V be damaged or have its useful life impaired. Functional operation under these
in the HIGH State ~0.5V to Ve conditions is not implied.
Current Applied to Output Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter ABT245 . Conditions
- Units Ve
Min Typ Max
Viy Input HIGH Voltage 2.0 \% Recognized HIGH Signal
Vi Input LOW Voltage 0.8 \% Recognized LOW Signal
Veo Input Clamp Diode Voltage -1.2 v Min I = —18 mA (OE, T/R)
Vou Output HIGH | 54ABT 25 v Min los = 3 MA (A, B,)
Voltage 54ABT 2.0 \% Min lon = =24 mA (A, B,)
VoL Output LOW | 54ABT 0.55 v Min loL = 48 MA (A, B,)
Voltage
I Input HIGH Current 5 Vy = 2.7V (OE, T/R) (Note 3)
5 WA Max Viy = Vee (OE, TR)
lavi Input HIGH Current Breakdown Test 7 PA Max VN = 7.0V (OE, T/R)
lewiT Input HIGH Current Breakdown Test 100 LA Max V| = 5.5V (A, B,)
(/0)
I Input LOW Current -5 V,y = 0.5V (OE, T/R) (Note 3)
HA Max R
-5 Vin = 0.0V (OE, T/R)
Vip Input Leakage Test 4.75 v 0.0 o = 1.9 pA (OE, T/R)
All Other Pins Grounded
g + | oz1 | Output Leakage Current 50 HA 0-55V | Vour = 2.7V (A, B,); OE = 2.0V
I+ loz. | Output Leakage Current -50 HA 0-5.5V | Vour = 0.5V (A, B,); OE = 2.0V
los Output Short-Circuit Current 100 =275 mA Max Vour = 0.0V (A, Bp)
lcex Output High Leakage Current 50 HA Max Vout = Vee (A B)
l>7 Bus Drainage Test 100 Vour = 5.5V (A, Bn);
WA 00| Al Others GND
lcch Power Supply Current 50 HA Max All Outputs HIGH
leer Power Supply Current 30 mA Max All Outputs LOW
lccz Power Supply Current 50 OE = V¢, T/R = GND or Vcg;
WA Max 1 All Other GND or Vee
leet Additional Outputs Enabled 25 mA V|, = Ve - 2.1V
lec/Input Outputs TRI-STATE 25 mA Max OE, TRV, = V¢ - 2.1V
Outputs TRI-STATE 50 HA Data Input V| = Ve - 2.1V
All Others at Vcor GND.
3 www.national.com



DC Electrical Characteristics

(Continued)
Symbol Parameter ABT245 . Conditions
- Units Ve
Min Typ Max
lcen Dynamic lcc No Load 0.1 mA/ Outputs Open
MHz
(Note 3) Max OE = GND, T/R = GND or V¢
One Bit Toggling, 50% Duty Cycle
(Note 4)
Note 3: Guaranteed but not tested.
Note 4: For 8 bits toggling, Iccp < 0.8 MA/MHz.
DC Electrical Characteristics
Conditions
Symbol Parameter Min Max Units V cc C, = 50 pF,
R, = 500Q
Vorp Quiet Output Maximum Dynamic Vg, 11 \ 5.0 Ta = 25°C (Note 5)
Vouv Quiet Output Minimum Dynamic Vo, -0.45 \Y, 5.0 Ta = 25°C(Note 5)

AC Electrical Characteristics

Note 5: Max number of outputs defined as (n). n - 1 data inputs are driven OV to 3V. One output at LOW.

Symbol Parameter 54ABT Units
Ta = -55°C to +125°C
Ve = 4.5V-5.5V
C_ =50 pF
Min Max
toLn Propagation Delay 1.0 4.8 ns
tonL Data to Outputs 1.0 4.8
tozn Output Enable 1.0 6.7 ns
tpz Time 2.0 7.5
tonz Output Disable 1.7 7.4 ns
toLz Time 17 6.5
Capacitance
Symbol Parameter Typ Units Conditions
Ta = 25°C
Cin Input Capacitance 5.0 pF Vee = OV (OE , T/R)
C,0 (Note 6) 1/0 Capacitance 11.0 pF Vee = 5.0V (A, B,)

Note 6: Cy o is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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Capacitance (continued)

tpLy VS Temperature (T A)
C, = 50 pF, 1 Output Switching

6.00

5.00

4.00

3.00

TYP @ 4.5V

2.00

1.00

TYP @ 5.5V

MIN

0.00
-55°C

-40°C

tpLy VS Load Capacitance
1 Output Switching, T 5 = 25°C

6.00

25°C

85°C

125°C
DS100204-14

5.00

4.00

-

MAX _ =T

-

3.00

TYP @ 4.5V

2.00

-

TYP @ 5.5V

1.00

MIN

————

0.00
50 pF

100 pF

150 pF

250 pF
DS100204-16

tpne VS Temperature (T A)
C,_ = 50 pF, 1 Output Switching

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.

tpLy VS Load Capacitance
8 Outputs Switching, T , = -40°C to +85°C

10.00
9.00

8.00

7.00
6.00

MAX_ _

o
-

5.00

4.00

TYP @ 4.5V

"]

TYP @ 5.5V

3.00
2.00

1.00

MIN

0.00
50 pF

100 pF

150 pF

250 pF
DS100204-18

6.00
5.00
4.00 MAX
3.00 TYP @ 4.5V
2.00 TYP @ 5.5V
1.00
MIN
0.00
-550C -40°C 25°C 85°C 125°C
DS100204-15
tpnL VS Load Capacitance
1 Output Switching, T o = 25°C
6.00 -
7’
7’
e
7’
5.00 =2
Max _ _+”
-
4.00 — - A
L= TYP @ 4.5V /
3.00 /
L——"| TrPessv
2.00
MIN I
1.00 e ————
0.00
50 pF 100 pF 150 pF 250 pF
DS100204-17
tpnL VS Load Capacitance
8 Outputs Switching, T 5 = 25°C
10.00
9.00
4
-
8.00 -
f”
7.00 -
MAX =T /
6.00 e
——=
- /
5.00 = TYP @ 4.5V
4.00 ////
3.00 ///
/ TYP @ 5.5V ———
2.00 —f == -
p=—=" MIN
1.00
0.00
50 pF 100 pF 150 pF 250 pF

DS100204-19
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Capacitance (continued)

tpzL Vs Temperature (T )
C, = 50 pF, 1 Output Switching
8.00

7.00

MAX
6.00

5.00

TYP @ 4.5V
4.00 —)

3.00 TYP @ 5.5V

2.00

1.00 MIN

0.00
-55°C -40°C 25°C 85°C 125°C
DS100204-20

tpz VS Temperature (T )
C_ = 50 pF, 8 Outputs Switching
8.00

7.00

MAX

6.00

TYP @ 4.5V

5.00

4.00 TYP @ 5.5V
3.00

2.00

1.00 MIN

0.00
-40°C 25°C 85°C
DS100204-22

tpzn VS Temperature (T )
C, = 50 pF, 1 Output Switching
8.00

7.00

MAX
6.00

5.00

TYP @ 4.5V
4.00 ———

3.00

TYP @ 5.5V
2.00

1.00 MIN

0.00
-55°C -40°C 25°C 85°C 125°C
DS100204-24

tp > VS Temperature (T )
C,_ = 50 pF, 1 Output Switching
8.00
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5.00

4.00 TYP @ 4.5V

3.00 TYP @ 5.5V

2.00

1.00

MIN

0.00
-55°C -40°C 25°C 85°C 125°C
DS100204-21

tp > Vs Temperature (T )
C, = 50 pF, 8 Outputs Switching
8.00

7.00

6.00 MAX

5.00

TYP @ 4.5V
—_——
TYP @ 5.5V

4.00

3.00

2.00

MIN
1.00

0.00
-40°C 25°C 85°C
DS100204-23

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.

tpnz VS Temperature (T A)
C,_ = 50 pF, 1 Output Switching
8.00

7.00

6.00 MAX

5.00

TYP @ 4.5V
4.00 —

TYP @ 5.5V

3.00

2.00

1.00

MIN

0.00
-55°C -40°C 25°C 85°C 125°C
DS100204-25
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Capacitance (continued)

tpzy VS Temperature (T ) tpnz VS Temperature (T )
C, = 50 pF, 8 Outputs Switching C, = 50 pF, 8 Outputs Switching
8.00 8.00
7.00 7.00 MAX
6.00 MAX 6.00
5.00 TYP@ 45V — | 5.00
TYP @ 4.5V
4.00 4.00
TYP @ 5.5V
3.00 3.00 TYP @ 5.5V
2.00 MIN 2.00
""""""""""" MIN
1.00 1.00
0.00 0.00
-40°¢C 250C 85°C -40°C 250¢ 85°C
DS100204-26 DS100204-27
tpzn VS Load Capacitance tpzL Vs Load Capacitance
8 Outputs Switching, T 5 = 25°C 8 Outputs Switching, T 5 = 25°C
14.00 14.00
12.00 12.00
4
-
10.00 10.00 _-
- MAX -~
- A
8.00 e LA 8.00 == —
- . L -
=TT T e 4y / =TT Ay
- . o -
6.00 — — 6.00
| e—  —T 1wressv
4.00 =" 1yp @ 5.5V 4.00
2.00 —— - = =] 2.00 R E— - =]
= MIN i MIN
0.00 0.00
50 pF 100 pF 150 pF 250 pF 50 pF 100 pF 150 pF 250 pF
DS100204-28 DS100204-29

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.

tpLy and tpy, vs Number Outputs Switching lcc Vs Frequency, Average, T o = 25°C,
Vee = 5.0V, T = 25°C, C_ = 50 pF All Outputs Unloaded/Unterminated
6.00 100
5.00
MAX == 80
- -
4.00 === - /
=
L= Toy TYP. 60
| Viy = 5.5V
3.00 —, cc M
 — (mA) /
/ Topy TYP. 40 =
2.00 L~
—-—-——__..__———- //
1.00 pmm===1 MIN 2 /’
0.00 0
10UTPUT 40UTPUT 8 OUTPUT 0 10 20 30 40 50 60 70 80 90 100

DS100204-30
Frequency (MHz)
DS100204-31

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.
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AC Loading

+7V OPEN
toz1s Lz ALL OTHER
5000
5000

DS100204-6

*Includes jig and probe capacitance
FIGURE 1. Standard AC Test Load

AC Waveforms
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FIGURE 2. Test Input Signal Levels
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FIGURE 4. Propagation Delay Waveforms
for Inverting and Non-Inverting Functions

FIGURE 3. Test Input Signal Requirements
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Physical Dimensions

inches (millimeters) unless otherwise noted
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54ABT245 Octal Bidirectional Transceiver with TRI-STATE Outputs

Physical Dimensions
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Hardware Manual

IPC@CHIP Embedded Controller Family
SC11/SC12/SC13

High Performance, 80186- and 80188-Compatible,
16-Bit Embedded Microcontroller
Single Chip PC with Flash, RAM, Watchdog

Ordering No. IPC @CHIP
Embedded Controller SC11: 538428
Embedded Controller SC12: 20040112

Embedded Controller SC13: 536079
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1. BASIC SPECIFICATIONS

@CHIP CPU RAM FLASH Ethernet
SC11 BECK 186 40MHz 512 Kbytes 512 Kbytes -
SC12 AMD 186ED 20MHz 512 Kbytes 512 Kbytes 10Base-T
SC13 BECK 186 40MHz 512 Kbytes 512 Kbytes 10/100Base-T

IPC@CHIP® family 80186- and 80188-compatible microcontroller with up to 512KB RAM, 512KB
Flash and Ethernet on Chip
- Lower system cost with higher performance

High performance

- up to 40MHz operating frequency

- 1 Mbyte internal memory space

- 6 x 256-byte I/0 space

- Low-power CMOS process with single 5V power supply

Enhanced integrated peripherals
- Up to 14 programmable I/O (PIO) pins
- Two full-featured asynchronous serial ports allow full-duplex, 7-bit or 8-bit data transfers, Serial port
hardware handshaking with CTS and RTS selectable for each port
Independent serial port baud rate generators
DMA to and from the serial ports
- Ethernet controller IEEE 802.3 10Base-T/100Base-TX'
Autonegotiation : 10/100, Full/Half Duplex?
- Watchdog timer
- Pulse-width demodulation option

Familiar 80C186 peripherals

- Two independent DMA channels

- Programmabile interrupt controller with up to six external interrupts
- Two programmable 16-bit timers, interrupt capable

- Programmable memory and peripheral chip-select logic

Software-compatible with the 80C186 and 80C188 microcontrollers with widely available native
development tools, applications, and system software

Pre-installed Real Time Operating System (@CHIP RTOS)

Available in the following packages:
- 32-pin, plastic pack (DIL32)

The Beck IPC@CHIP® family of System on Chip microcontrollers and microprocessors is based on
the x86 architecture. The IPC@CHIP® family microcontroller is the ideal solution for new designs
requiring Ethernet TCP/IP communication over twisted pair and/or through the serial port. The
compatibility with the 80C186/188 family makes it also an ideal upgrade for systems based upon this
processor range but requiring increased performance, serial communications, Ethernet
communications, a direct bus interface, or more than 64K of memory.

The IPC@CHIP® family microcontrollers integrate up to 512Kbyte RAM with increased performance
and up to 512Kbyte FLASH, reducing memory subsystem costs.

The minimum endurance of the Flash memory is 10,000 cycles (depending on environmental stress
e.g. temperature).

' 10/100BASE-T only for SC13
2 Autonegotiation only for SC13
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The IPC@CHIP® family microcontrollers also integrate the functions of the CPU, multiplexed address
bus, three timers, watchdog timer, chip selects, interrupt controller, two DMA controllers, two
asynchronous serial ports, and programmable /O (PIO) pins on one chip.

It also supports I1?°C-Bus and SPI (Serial Peripheral Interface) at any PIO pins via software emulation.
The IPC@CHIP® microcontroller is a highly integrated design that provides all Media Access Control
(MAC) and Encode-Decode (ENDEC) functions in accordance with the IEEE 802.3 standard. Network
interfaces including 10/100Base-T via the Twisted-pair. The integrated 10/100Base-T transceiver
makes IPC@CHIP® more cost-effective.

Compared to the 80C186/188 microcontrollers, the IPC@CHIP® family microcontrollers

enable designers to reduce the size, power consumption, and cost of embedded systems, while
increasing reliability, functionality and performance.

The IPC@CHIP® family microcontrollers have been designed to meet the most common requirements
of embedded products developed for the communications, office automation, mass storage, and
general embedded markets. Specific applications including industrial controls, data collection, protocol
conversion, process monitoring and internet connectivity.

IPC@CHIP® family microcontroller block diagram

8 Bit Address-/Databus

Oscillator CPU AD[0..7], ALE
80186 A[0..2], RD#, WR#

INT[0,2..6], INTA#
Ethernet Ethernet jrg;)o(g_B.'?‘gTExT
MAC PHY* ’ .
TPRX+, TPRX-
Traffic LED
Flash TxD[0..1], RxD[0..1]
UART ;
512Kx8 <\: j‘> <:> CTSI0..1], RTS[0..1]
RAM DMA
£19Kn8 < :: > <:> DRQ0..1]
Programmable /O

P10[0..13]
WATCH CORE PCSI0..3, 5..6]
DOG LOGIC TMRIN[O..1]
TMROUTI0..1]
RESET#, NMI

Picture 1.1: Access to hardware components via API functions.
*SC12 and SC13 only
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2. PHYSICAL DIMENSIONS

The package is physically identical for SC11, SC12 and SC13.

44.0
43.0

9.5

BELCKGS

IPC@QCHIP
SC13
GERMANY

Picture 2.1: IPC@CHIP physical dimensions
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BELCK.

3. Design and handling guidlines

The IPC@CHIP should be used together with a DIL32 socket.

ATTENTION
e
L pr G iR
BEMLTRY CEVEER

Electrostatic Sensitive Device

©2000-2004 BECK IPC GmbH
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4. PIN CONFIGURATION

PIO7 / RXDO . 32| vcc
PIO8 / TXDO 31| DRQ1/INT6/PIOO
PIO9 / CTSO 30| DRQO/INT5/PIO1
PIO10 / RTSO 29| A2/PCS6#/PIO2
PIO11/ TXD1 28| A1/PCS5#/TMRINT/ TMROUT1 / PIO3

PIO12/INT3 / RXD1
PIO13/INTO/ TMROUTO

IPC@CHIP | 27 A0/ PCS1#/TMRINO / PIO4
26 RTS1/PCS3#/INT4 / PIO5

slalalalslzlale]le|~N]|o ol s fwv] =

ADO 25| CTS1/PCS2#/INT2/PWD / INTA#/ PIO6
AD1 24| ALE/PCso#

AD2 23| wr#

AD3 22| RD#

AD4 21| TPRX-

AD5 20| TPRX+

AD6 19| TPTX-

AD7 18| TPTX+

GND 17 | RESET#/NMI/(TRAFFIC_LED)®/ (LINK)*

Picture 4.1: IPC@CHIP pin configuration

Note: Locate decoupling capacitors as close to VCC Pin as physically possible.

® Traffic only SC12 and SC13
* Link status only SC12
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5. PIN FUNCTIONS

Pin Terminology

The following terms are used to describe the pins:

Input (I) - An input-only pin.

Input (IS) - An input-only pin with Schmitt Trigger.

Output (O) - An output-only pin.

Input/Output (I/0) - A pin that can be either input or output.

5.1 Address / Data bus

Pin Name Type |Function

A[0..2] 0] Address Bus (output, three-state)

These pins supply nonmultiplexed memory or I/O addresses to the system.
During a bus hold or reset condition, the address bus is in a high-
impedance state.

AO0-A2 will serve as the nonmultiplexed address bus for external
peripherals. A0-A2 covers an address range of 8 Bytes max.

ADI[O0..7] I/O Multiplexed Address and Data Bus (input/output, three-state, level-
sensitive)

These time-multiplexed pins supply partial memory or I/O addresses, as
well as data, to the system. This bus supplies the low-order 8 bits of an
address to the system during the first period of a bus cycle (t1), and it
supplies data to the system during the remaining periods of that cycle (t2,
t3, and t4). In 8-bit mode, AD7—ADO supplies the data for both high and low
bytes.

During a bus hold or reset condition, the address and data bus is in a high-
impedance state.

ALE 0] Address Latch Enable (output)

This pin indicates to the system that an address appears on the address
and data bus (AD7—-ADQ). The address is guaranteed to be valid on the
trailing edge of ALE.

ALE is three-stated and held resistively Low during a bus hold condition. In
addition, ALE has a weak internal pulldown resistor that is active during
reset, when it is enabled by software.

RD# 0] Read Strobe (output, three-state)

This pin indicates to the system that the microcontroller is performing a
memory or /O read cycle. RD is guaranteed to not be asserted before the
address and data bus is floated during the address-to-data transition. RD
floats during a bus hold condition.

WR# 0] Write Strobe (output)
This pin indicates to the system that the data on the bus is to be written to a
memory or I/O device. WR floats during a bus hold or reset condition.

©2000-2004 BECK IPC GmbH Page 8 of 34
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5.2 Programmable I/O Pins

Pin Name Type |Function

PIO[0..13] I/0 Programmable I/O Pins (input/output, open-drain)
The IPC@CHIP® family microcontroller provides 14 individually
programmable /O pins. Each PIO can be programmed with the
following attributes: PIO function (enabled/disabled), direction
(input/output), and weak pullup or pulldown.
PIO# | After power-on reset, the PIO pin | Programmable as

defaults to Input with

0 Input without pullup
1 Input without pullup
2 Input with pullup pullup
3 Input with pullup pullup / pulldown
4 Input with pullup pullup
5 Input with pullup pullup
6 Input with pullup pullup
7 RxDO pullup
8 TxDO pullup
9 Input with pullup pullup
10 Input with pullup pullup
11 TxD1 pullup
12 RxD1 pullup
13 Input with pulldown pulldown

Internal Pullup and Pulldown is approximately 7-10kOhm.
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5.3 Programmable Chip Selects

Pin Name

Type

Function

PCSJ0..3]

0]

Peripheral Chip Selects (output)

These pins indicate to the system that an I/O memory access is in
progress to the corresponding region of the peripheral memory.
PCS0-PCS3 are three-stated and held resistively High during a bus
hold condition. In addition, PCS0—PCS3 each have a weak internal
pullup resistor that is active during reset. The PCS outputs assert with
the multiplexed AD address bus. Note also that each peripheral chip
select asserts over a 256-byte address range.

PCS[5..6]

Peripheral Chip Selects (output)

These pins indicate to the system that an I/O memory access is in
progress to the corresponding region of the peripheral memory.
PCS5-PCS6 are three-stated and held resistively High during a bus
hold condition. In addition, PCS5-PCS6 each have a weak internal
pullup resistor that is active during reset. The PCS outputs assert with
the multiplexed AD address bus. Note also that each peripheral chip
select asserts over a 256-byte address range.

5.4 Interrupts

Pin Name

Type

Function

INT[0,2-6]

Maskable Interrupt Request (input)

These pins indicate to the microcontroller that an interrupt request has
occurred. If the INT pin is not masked, the microcontroller transfers program
execution to the location specified by the corresponding INT vector in the
microcontroller interrupt vector table.

Interrupt requests are synchronised internally and can be edge-triggered or
level-triggered. To guarantee interrupt recognition, the requesting device
must continue asserting INT until the request is acknowledged. INT2
becomes INTA# when INTO is configured in cascade mode.

INTA#

Interrupt Acknowledge (output)

When the microcontroller interrupt control unit is operating in cascade
mode, this pin indicates to the system that the microcontroller needs an
interrupt type to process the interrupt request on INTO. The peripheral
issuing the interrupt request must provide the microcontroller with the
corresponding interrupt type.

PWD

Pulse Width Demodulator (input, Schmitt trigger)

If pulse width demodulation is enabled, PWD processes the signal through
a Schmitt trigger. PWD is used internally to drive TMRINO and INT2, and
PWD is inverted internally to drive TMRIN1 and INT4. If INT2 and INT4 are
enabled and timer 0 and timer 1 are properly configured, the pulse width of
the alternating PWD signal can be calculated by comparing the values in
timer 0 and timer 1.

In PWD mode, the signals TMRINO, TMRIN1 and INT4 can be used as
PIOs. If they are not used as PIOs, they are ignored internally.
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5.5 Timer

Timer can be clocked internally or externally. Maximum frequency is 72 CPU clock. If the timer will be
clocked internally the timer out pin (TMROUT) may be used. External clock at Input and output at the
same time with same timer is not possible.

Pin Name

Type

Function

TMRIN[O..1]

Timer Input (input, edge-sensitive)

These pins supply a clock or control signal to the internal microcontroller
timer 0 and 1. After internally synchronising a Low-to-High transition on
TMRIN, the microcontroller increments the corresponding timer. TMRIN
must be tied High if not being used. When PIO is enabled, TMRIN is pulled
High internally.

TMRINQO is driven internally by INT2/PWD when pulse width demodulation
mode is enabled. The TMRINO pin can be used as a PIO when pulse width
demodulation mode is enabled.

TMROUT[0..1]

Timer Output (output)
These pins supply the system with either a single pulse or a continuous
waveform with a programmable duty cycle.

5.6 10/100Base-T Interface

Pin Name Type | Function

TPTX[+,-] 0 Twisted Pair Driver (outputs)

TPRX[+,-] I Twisted Pair Receive (inputs).

TRAFFICLED |O Traffic LED Driver (output)

(LINK LED)° This pin indicates network traffic by sinking voltage to 3V. It is generated

through an open-collector low mode for a short impulse to indicate the
presence of traffic on the network. Note that this pin is not able to source
any current!

® Link status only SC12
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5.7 Asynchronous Serial Ports

All asynchronous port pins are TTL level. To provide RS232 or RS485 level external drivers must be
connected (like MAX232). The following modes can be provided:

Full-Duplex Operation with 7-bit or 8-bit, odd, even or no parity. Error detection is possible with parity
errors, framing errors, overrun errors and break character recognition. Hardware handshaking (Clear-
to-send CTS and Request-to-send RTS) is possible.

To get a definite baud rate, a baud rate divider must be provided. A general formula for the baud rate
divisor is: BAUDDIV = (CPU clock / (16 x Baud Rate)). We recommend to using the RTOS function
“Get Frequencies”.

The maximum baud rate is achieved by setting BAUDDIV=0001h. This results in a baud rate of
1250Kbit for SC12 and 2500 Kbit for SC11/SC13. A BAUDDIV setting of zero results in no
transmission or reception of data.

The serial port receiver tolerance depends on the used settings:

SC11/SC13 SC12

9 Bits +3.47% +3.0%

10 Bits +3.125% -2.5%
11 Bits +2.84%

The two ports can operate at different rates.

Pin Name Type | Function

TxD[0..1] 0] Transmit Data (output)
These pins supply asynchronous serial transmit data to the system from
serial port 0 and 1.

RxDI[0..1] I Receive Data (input)
These pins supply asynchronous serial receive data from the system to
asynchronous serial ports 0 and 1.

CTS[0..1] I Clear-to-Send (input)

These pins provide the Clear-to-Send signal for asynchronous serial port 0
and 1 when hardware flow control is enabled for the port. The CTS signals
gate the transmission of data from the associated serial port transmit
register. When CTS is asserted, the transmitter begins transmission of a
frame of data, if any is available. If CTS is deasserted, the transmitter holds
the data in the serial port transmit register. The value of CTS is checked
only at the beginning of the transmission of the frame.

RTS[0..1] 0] Request-to-Send 0 (output)

These pins provide the Request-to-Send signal for asynchronous serial
ports 0 and 1 when hardware flow control is enabled for the port. The RTS
signals are asserted when the associated serial port transmit register
contains data that has not been transmitted.

58 DMA
Pin Name Type | Function
DRQ[O0..1] I DMA Request (input, level-sensitive)

These pins indicate to the microcontroller that an external device is ready
for DMA channel 0 or 1 to perform a transfer. DRQ is level-triggered and
internally synchronised. DRQ is not latched and must remain active until
serviced.
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5.9 Reset, Power Fail Generator

Note that RESET# pin shares 3(4) functions: RESET and NMI as described here, as well as network
traffic (and link status for SC12) as described in the corresponding chapters.

This is a voltage-multiplexed pin that internally sinks current in the case of a ethernet packet
send/receive. All peripheral logic asserted to this pin must be open-collector to prevent the internal
logic from sinking too high current. The pin is already provided with an internal pullup resistor.

| Rpullup
SC11 4.7 kOhm
SC12 |1 kOhm
SC13|4.7 kOhm

Pin Name Type | Function

RESET# Reset (input/level-sensitive)
If voltage on this pin goes below 0.8V the microcontroller will perform a reset.
In that case the microcontroller immediately terminates its present activity,

clears its internal logic, and transfers CPU control to the reset address.

NMI I Nonmaskable Interrupt (input, level-sensitive)

If voltage on this pin goes down below VNMIRT (see DC CHARACTERISTICS)
it indicates to the microcontroller that an interrupt request has occurred. The
NMI signal is the highest priority hardware interrupt and, unlike the INT6—-INTO
pins, cannot be masked. The microcontroller always transfers program
execution to the location specified by the nonmaskable interrupt vector in the
microcontroller interrupt vector table when NMI is asserted.

The NMI is for detecting low supply power and the following data backup only.
A reset has to follow after the NMI. To guarantee that the interrupt is
recognised, the NMI condition must be asserted to the pin until reset.

The following schematic delivers a principle insight of pin 17.

IPC@QCHIP

VCC

Rpullup
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5.10 NMlI reset traffic LED sequence SC12

VCC
\%
465V
trem = Time to save the retentive data < tRem >
e.g. 1 kByte = 120ms
2 kByte = 200ms
Retentive data must be one block.
If it is not, it takes more time to save.
trower ok = Max. 200ms
600 800 1000 1200 1400 1600 oot
ms
Pin17
V
5 50ms traffic impulses
4
3 3oy Link A\ Link -ty
80ms pause A NMI
2
1
—_——"T08V
200 400 600 800 1000 1200 1400 1600 Lonofy

ms

To implement time to save the retentive data keep Pin 17 at VNMIRT® and VCC at 5V for trem With
external capacitors. If Pin 17 goes below 0.8V IPC@CHIP will be in reset state.

® see DC-Characteristics
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5.11 NMl reset traffic LED sequence SC13

VCC
\%
S 5V
4.7 465V
4 tpower trem = Time to save the retentive data < trem >
¢ ’ e.g. 1 kByte ~ 120ms
2 kByte ~ 200ms
3 Retentive data must be one Block.
If it is not, it takes more time to save.
tPower ok = Max. 200ms
2
1
200 400 600 800 1000 1200 1400 1600 ton/off
ms
Pin17
\%
//
S) 7/
4
trem
3.0V ¢ il
3 80-105ms traffic pulses
VNMIRT yin
2 NMI
1 /0.8 Y

200 400 600 800 1000 1200 1400 1600 Lonsoff
ms

To implement time to save the retentive data keep Pin 17 at VNMIRT” and VCC at 5V for trem With
external capacitors. If Pin 17 goes below 0.8V IPC@CHIP will be in reset state.

" see DC Characteristics
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5.12 Startup Pin configuration

At turn-on the IPC@Chip 1/O pins are configured as follows:
Pin1: RXD0O/PIO7 = RXDO
Pin2: TXD0/PIO8 = TXDO
Pin3: CTS0/PIO9 = Input pullup
Pin4: RTS0/PIO10 = Input pullup
Pin5: TXD1/PIO11 = TXD1
Pin6: RXD1/P1012 = RXD1
Pin7: TMROUTO/INTO/PIO13 = Input pulldown

Pin17:
Pin24
Pin25:
Pin26:
Pin27:
Pin28:
Pin29:
Pin30:
Pin31

RESET/NMI/TRAFFIC = Input

: ALE/PCSO0 = Output, value 1

CTS1/PCS2/PIO6/INT2 = Input pullup
RTS1/PCS3/PIO5/INT4 = Input pullup
PCS1/PI04/TMRINO/AQ = Input pullup
PCS5/PIO3/TMROUT1/TMRIN1/A1 = Input pullup
PCS6/P102/A2 = Input pullup

INT5/PIO1 = Input

- INT6/PI00 = Input

©2000-2004 BECK IPC GmbH

Page 16 of 34



IPC@CHIP SC11/SC12/SC13
Hardware Manual V1.5 [01.04.2004]

BELCK.

6. MUTUALLY EXCLUSIVE FUNCTIONS

The IPC@CHIP® family microcontroller provides a lot of different functions by several multi-function
pins. Choosing one function will result in disabling other functions. The following table shows, which
functions are mutually exclusive.

Pin Name |Function Exclusion

A0 nonmultiplexed address A0 Pl10O4, PCS1#, TMRINO

Al1..2] nonmultiplexed address A[1..2] PIO[2..3], PCS|5..6], Timer 1

ALE Address / Data bus PCSO0#

CTSO0 hardware flow control Serial Port 0 P109

CTS1 hardware flow control Serial Port 1 PI1O6, PCS2#, INT2, INTA#, PWD

DRQO DMA Request 0 P101, INT5

DRQ1 DMA Request 1 P100, INT6

INTO Interrupt Request 0 P1013, TMROUTO, cascaded Interrupt Controller

INT2 Interrupt Request 2 P106, PCS2#, INTA#, PWD, hardware flow control Serial
Port 1

INT3 Interrupt Request 3 P1012, Serial Port 1

INT4 Interrupt Request 4 PIO5, PCS3#, SPI, hardware flow control Serial Port 1

INT5 Interrupt Request 5 P101, DRQO

INT6 Interrupt Request 6 PI0O0, DRQ1

INTA# cascaded Interrupt Controller PI10O6, PIO13, INTO, INT2, PCS2#, PWD, TMROUTO, HW
flow control Serial Port 1

PWD Pulse Width Demodulator P106, PCS2, INT2, INT4, TMROUT[0..1], TMRIN[O..1],
INTA#, cascaded Interrupt Controller, HW flow control
Serial Port 1

PCSO# programmable chip select 0 Address/Data bus

PCS1# programmable chip select 1 A0, PIO4, TMRINO

PCS2# programmable chip select 2 PIO6, INT2, INTA#, PWD, HW flow control Serial Port 1,
cascaded Interrupt Controller

PCS3# programmable chip select 3 P105, INT4, hardware flow control Serial Port 1

PCS5# programmable chip select 5 A[1..2], PIO3, Timer 1

PCS6# programmable chip select 6 A[1..2], PIO2

P1O0 Programmable 1/0 DRQ1, INT6

PIO1 Programmable I/O DRQO, INT5

P102 Programmable 1/0 A2, PCS6#

PIO3 Programmable 1/0 A1, PCS5#, Timer 1

PIO4 Programmable 1/0 A0, PCS1#, TMRINO

PIO5 Programmable 1/0 PCS3#, INT4, hardware flow control Serial Port 1

PIO6 Programmable /O PCS2#, INT2, cascaded Interrupt Controller, PWD, HW
flow control Serial Port 1

P107 Programmable 1/0 Serial Port 0

P108 Programmable I/O Serial Port 0

P109 Programmable 1/0 Hardware flow control Serial Port 0

P1O10 Programmable 1/0 Hardware flow control Serial Port 0

P1011 Programmable I/O Serial Port 1

PIO12 Programmable 1/0 Serial Port 1, INT3

P1013 Programmable I/O INTO, cascaded Interrupt Controller, TMROUTO

RxDO0, TxDO | Serial Port 0 w/o HW flow control P10[7..8]

RxDO0, TxDO | Serial Port 0 with HW flow control PIO[7..10]

CTSO0, RTSO

RxD1, TxD1 | Serial Port 1 w/o PIO[11..12], INT3

HW flow control
RxD1, TxD1 | Serial Port 1 with HW flow control PI1O[5..6,11..12], INT3, PCS[2..3]#, INT2, INT4, PWD,
CTS1, RTS1 cascaded Interrupt Controller

©2000-2004 BECK IPC GmbH
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7. ETHERNET 10/100BASE-T

71 10Base-T Media Filter Placement and Termination for SC12

Placement of the termination components TPTX+ and TPTX- should be located as physically close to
the media filter as possible.

The media filter should also placed as physically close to the RJ-45 connector as possible to minimise
stray EMI transfer to the media. The trace routing is to keep the area enclosed by a circuit loop as
small as possible to minimise the incidence of magnetic coupling. However this can conflict with the
general rule of keeping trace lengths to a minimum. For example, if circuit components are positions
along the same sides of a square, the best return is back along the same three sides of the square,
NOT directly back along the fourths side. This rule must be strictly adhered to. Furthermore, there
should never be an unnecessary feed-through inside the circuit loop. This also implies that the circuit
loop should never encircle the power/ground planes (i.e. part of the circuit loop above and part of
circuit loop below these planes).

Incorrect Layout Correct Layout

The two traces of the pair should always be routed in adjacent channels and should be of same
length. To reduce capacitive coupling, each circuit loop should be separated from the others. Circuit
loops can be separated either by physical space (if located on the same layer) or by placement of
signal layers on the opposite side of the power/ground planes. The following signal groups should be
isolated from each other. Width of receiver trace should be 25 mil minimum to achieve 500hm
impedance characteristic at 10MHz. Width of transmitter trace should be 10 mil minimum to achieve
250hm impedance characteristic at 10MHz

To achieve optimum performance the designer must protect the magnetics from the environment. It
should be isolated from the power and ground planes.

7.2 Magnetics approved for use for 10Base-T application

Through-Hole PCB:

BEL FUSE, Inc. part no. 0556-5999-19 (http://www.belfuse.com)

Halo Electronics, Inc. Part no. FS22-101Y4 (http://www.haloelectronics.com)
BECK-IPC GmbH Part no. FS22-101Y4 (online shop ordering number 20003276)
Valor, Inc. part no. FL1012/1066 (http://www.valorinc.com/)

Surface-Mount PCB:

Valor, Inc. part no. SF1012 (http://www.valorinc.com/)
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7.3 Routing and placement rules for SC13 and Ethernet components

—_

Place the RJ45 connector, the magnetics and the SC13 as close together as possible.

2. If No. 1is not possible, keep the RJ45 and the magnetics as close as possible. This will allow
remote placement of the SC13.

3. Select and place the magnetics as the best routing scheme from the SC13 to the magnetics to the
RJ45 connector.

4. Place the 49.9Q TX termination pull-ups (TPTX+/TPTX-, pin 18/19) as close to the magnetics as
possible.

5. Place the two 24.9Q RX series resistors as close to the magnetics as possible.

6. Place the two 24.9Q RX termination resistors and the 10 nF capacitor ( TPRX+, pin 20 & TPRX-,
pin 21) as close to the SC13 as possible.

7. Place the 75Q cable side center tap termination resistors and the 1nF capacitor as close to the
magnetics as possible.

8. Place the Unused Wire Pair termination resistors and the 1nF capacitor as close to the RJ45
connector as possible.

9. The traces connecting the transmit outputs (TPTX+, pin 18) & (TPTX-, pin 19) to the magnetics
must be run as differential pairs. The differential impedance should be 100 ohms.

10. The traces connecting the transmit outputs from the magnetics to pins 1 & 2 on the RJ45
connector must be run as differential pairs. The differential impedance should be 100 ohms.

11. The traces connecting the receive inputs (TPRX+, pin 20) & (TPRX-, pin 21) from the magnetics
must be run as differential pairs. The differential impedance should be 100 ohms.

12. The traces connecting the receive inputs on the magnetics from pins 3 & 6 on the RJ45 connector
must be run as differential pairs. The differential impedance should be 100 ohms.

13. Typically, all planes are cleared out from under the differential pairs connecting the RJ45 and the
magnetics. The plane clear out boundary is usually halfway through the magnetics.

14. Trace impedance depends upon many variables (PCB construction, trace width, trace spacing,
etc.). The electrical engineer needs to work with the PCB designer to determine all these
variables.

15. Try to keep all other signals out of the Ethernet front end (RJ45 through the magnetics to the

IPC@CHIP). Any noise from other traces may couple into the Ethernet section and cause

problems.

7.4 Suggested Magnetics

Surface-Mount PCB:

BECK-IPC GmbH Part no. Magnetic FS23 (online shop ordering number: 538431)
Halo Electronics, Inc. Part no.TG110-S050N2 (http://www.haloelectronics.com)

Through-Hole PCB:

BECK-IPC GmbH Part no. Magnetic Module FM23  (online shop ordering number: 538430)
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8. SYSTEM OVERVIEW

8.1  Memory map

IPC@CHIP Memory

FFFFFh Bootloader
FEFFFh
Flash Disk
XXXXXh*
XXXXXh*
@CHIP RTOS
80400h
80000h Reserved
7FFFFh
Working Memory
512Kbyte RAM
00000h

I/0 map

FFFFh
Reserved

0700h

06FFh
PCS6#

0600h

05FFh
PCS5#

0500h

04FFh
Reserved

0400h

03FFh
PCS3#

0300h

02FFh
PCS2#

0200h

01FFh
PCS1#

0100h

00FFh
PCSO0#

0000h

picture 8.1: IPC@CHIP memory map

* depends on the CHIP-RTOS version, see “Scaled @Chip-RTOS versions” in @CHIP-RTOS API

Documentation
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8.2 System interrupts

Source Sensitivity
INTO (external) Edge / Level
Network controller (internal)

INT2 (external) Edge / Level
INT3 (external) Edge / Level
INT4 (external) Edge / Level

INT5 (external) / DMA Interrupt Channel O (if DMA is used) Edge
INT6 (external) / DMA Interrupt Channel 1 (if DMA is used) Edge
Reserved

TimerO (internal)

Timer1 (internal)

Timer 1ms (internal) (*)

Serial port O (internal) (*)

Serial port 1 (internal) (*)

NMI (internal/external)

(*) Internal used by @CHIP-RTOS, not available for user
interrupt service functions

When an interrupt occurs all interrupts are disabled until the interrupts are released by setting IF Flag
in the interrupt service routine. Interrupts of the same source are masked until the corresponding Bit in
interrupt service register is cleared.

Level sensitive interrupts are triggered by a high level, edge sensitive interrupts by the rising edge.

8.3 Watchdog

The IPC@CHIP provides a true watchdog timer function. The watchdog can be used to regain control
of the system when software fails to respond as expected. The watchdog is active after reset. The
watchdog timeout period is about 838 ms. The mode can set to trigger the watchdog by the user
program or by the CHIP-RTOS (default). In CHIP-RTOS mode, the CHIP-RTOS performs the
watchdog strobing provided that the system's timer interrupt is allowed to execute. Beware that
excessive interrupt masking periods can lead to system resets.
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9. CHARACTERISTICS

9.1 ABSOLUTE MAXIMUM RATINGS

SC11 SC12 SC13
Storage temperature -25°C to +100°C -25°C to +100°C -25°C to +100°C
Supply voltage (Vcc) -0.3V to +6.0V -0.3V to +6.0V -0.3V to +6.0V
Supply current (Vgc = 5.25V) 240mA 220 mA 400 mA
Voltage on any pin with -0.3Vto Vg + 0.3V | -0.3Vto Ve + 0.3V | -0.3V to Ve + 0.3V
respect to ground

9.2 OPERATING RANGES

SC11 SC12 SC13
Operating temperature 0°C to +70°C 0°C to +70°C 0°C to +70°C
(Ambient Tp)
Supply voltage (Vcc) 5.0V +/- 5% 5.0V +/- 5% 5.0V +/- 5%
Typical power supply current 180mA 180mA 300mA
(at Vee)

Note: Exposure to conditions beyond those listed here may adversely affect the lifetime and reliability
of the device.
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9.3

DC CHARACTERISTICS

(Under operating ranges unless otherwise noted)

9.3.1 SC12 DC Characteristics
Symbol | Parameter Description Test Condition | MIN. | TYP. | MAX. | Unit
lec Current into V¢ 180 220 |mA
VOL Voltage Output Low IOL = 2.0mA - 045 |V
VOH Voltage Output High IOH = -0.4mA 2.4 - V
VILO Voltage Input Low - - 08 |V
VIHI Voltage Input High - 2.0 - V
VRT Reset Threshold 45 | 465 | 475 |V
Reset Threshold Hysteresis 0.04 V
VRESLO | IN Voltage Reset active 0 08 |V
VRESOL | OUT Voltage Reset Low IOL =-9mA 08 |V
VNMIRT | NMI Threshold VCC =5V 1.3 1.5 |V
Clout External Load on ADJ[0..7], RD#, WR# 20 |PF
External Load on the other pins 30 |PF
Clin Input Capacitance 30 |PF
RPIO Internal Pullup/-down Resistor 10K Q
9.3.2 SC13/SC11 DC Characteristics
Symbol | Parameter Description Test Condition | MIN. | TYP. | MAX. | Unit
lcc Current into Ve SC11 180 220 |mA
lce Current into Vcc SC13 300 400 |mA
VOL Voltage Output Low IOL = 4.0mA - 15 |V
VOH Voltage Output High IOH = -4.0mA 3.5 - V
VILO Voltage Input Low - - 15 |V
VIHI Voltage Input High - 3.5 - Vv
VRT Reset Threshold 45 | 465 | 475 |V
Reset Threshold Hysteresis 0.04 V
VRESLO | IN Voltage Reset active 0 08 |V
VRESOL | OUT Voltage Reset Low IOL = -4mA 08 |V
VNMIRT | NMI Threshold VCC =5V 1.3 1.8 |V
Clout External Load on ADJ0..7], RD#, WR# 20 |PF
External Load on the other pins 30 |PF
Clin Input Capacitance 30 |PF
RPIO Internal Pullup/-down Resistor 7K 10K | Q
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9.4

AC CHARACTERISTICS

(Under operating ranges unless otherwise noted)

9.41 SC12-Read Cycle

Ta=25°C

No. [Symbol [Description Min [ Max [Unit
General Timing Requirements

1, trLoy Read Valid to Data Valid (PCS0#..PCS3#) 65 65+ X" |ns
1p trLDV Read Valid to Data Valid (PCS5#, PCS6#) 215 ns
59 tRHDX Read Inactive to Data Hold on AD Bus 0 ns
General Timing Responses

10 tiHLL ALE Width 40 ns
12 faviL AD Address Valid to ALE Low 23 ns
13 fLiax AD Address Hold from ALE Inactive 23 ns
17 toxcsx PCSx# Hold from Read Inactive 23 ns
23 fLHAY ALE High to Address Valid 20 ns
99 toLaL PCSx# Active to ALE Inactive 15 28 ns
Read Cycle Timing Responses

24 tazrL AD Address Float to Read Active 0 ns
26, | trire Read Pulse Width (PCS0#..PCS3#) 85+ X" ns
26, |trirH Read Pulse Width (PCS5#, PCS6#) 235 ns
28 tRHLH Read Inactive to ALE High 22 ns
29 tRHAV Read Inactive to AD Address Active 40 ns

X depends on wait states of PCS0#..PCS3# and can be 0..750ns (see @CHIP-RTOS Doc.)

29—>|
—23—+ 13— 1——} |:59+|
ADO..AD7 | X < Addrest > it Data < <
Lo
10—»
—99—»t ——28—»]
ALE /£ 7 AN {s L7
L24
26
RD# A\N i L7
L
PCSx# N \ i L7

*) the falling edge of PCSO0# is 50ns delayed internally

©2000-2004 BECK IPC GmbH Page 24 of 34



IPC@CHIP SC11/SC12/SC13
Hardware Manual V1.5 [01.04.2004]

BELCK.

9.4.2 SC12 Write Cycle

Ta=25°C
No. |Symbol |Description Min | Max [Unit
General Timing Responses
10 L HLL ALE Width 40 ns
12 tavie AD Address Valid to ALE Low 23 ns
17 Texesx PCSx# Hold from Read Inactive 23 ns
23 LITY; ALE High to Address Valid 20 ns
99 TeLaL PCSx# Active to ALE Inactive 15 28 ns
Write Cycle Timing Responses
32, | Twiwn Write Pulse Width (PCS0#..PCS3#) 90 + X" ns
32, | Twiwn Write Pulse Width (PCS5#, PCS6#) 240 ns
33 TwHLH Write Inactive to ALE High 23 ns
34 TwHDx Data Hold after Write Inactive 40 ns
X depends on wait states of PCS0#..PCS3# and can be 0..750ns (see @CHIP-RTOS Doc.)
23+ —13—>1 34—»}
ADO..AD7 | X < Address X 19 Data X <1
|—12—>»
100—»
99 33—}
ALE yA / A\N {f L 7 1
I 32
WR# N\ AN {L yA /
|—17—>}
PCSxi# N N\ {f LT

*) the falling edge of PCSO0# is 50ns delayed internally
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9.4.3 SC13/SC11 Read Cycle

Ta=25°C

No. |Symbol |Description Min | Max [Unit
General Timing Requirements

1, trLDy Read Valid to Data Valid (PCS0#..PCS3#) 12 12+ X"V |ns
1, tripv Read Valid to Data Valid (PCS5#, PCS6#) 12 12+ X" |ns
59 trHDX Read Inactive to Data Hold on AD Bus 0 ns
General Timing Responses

10 L ALE Width 20 ns
12 tavie AD Address Valid to ALE Low 10 ns
13 fLax AD Address Hold from ALE Inactive 10 ns
17 toxcsx PCSx# Hold from Command Inactive 20 ns
23 tLpav ALE High to Address Valid 10 ns
99 trLaL PCSx# Active to ALE Inactive 23 30 ns
Read Cycle Timing Responses

24 tazrL AD Address Float to Read Active 0 ns
26, | trirn Read Pulse Width (PCS0#..PCS3#) 20 + X" ns
26y | trirn Read Pulse Width (PCS5#, PCS6#) 20 + X" ns
28 tRALH Read Inactive to ALE High 10 ns
29 tRHAV Read Inactive to AD Address Active 20 ns

X depends on wait states and can be 0.. 6375ns. (see @CHIP-RTOS Doc)

29
—23—» —13—e———1——f |:59+|
ADO..AD7 | X < Address >3 it Data 4 <
|—12—>»
10—
99 ——28—»|
ALE / 7 A\ i L7 ]
L
26
RD# AN £¢ L7
Ly
PCSx# N \ £ / /

*) the falling edge of PCSO0# is 25ns delayed internally
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9.4.4 SC13/SC11 Write Cycle

Ta=25°C
No. |Symbol |Description | Min [ Max |Unit
General Timing Responses
10 L ALE Width 20 ns
12 tavie AD Address Valid to ALE Low 10 ns
13 fLax AD Address Hold from ALE Inactive 10 ns
17 toxcsx PCSx# Hold from Command Inactive 20 ns
23 tLpav ALE High to Address Valid 10 ns
99 teLaL PCSx# Active to ALE Inactive 23 30 ns
Write Cycle Timing Responses
32, | Twiwn Write Pulse Width (PCSO0#..PCS3#) 20 + X" ns
32 | Twiwn Write Pulse Width (PCS5#, PCS6#) 20 + X" ns
33 TwHLH Write Inactive to ALE High 10 ns
34 TwHDx Data Hold after Write Inactive 15 ns
X depends on waitstates and can be 0.. 6375ns. (see @CHIP-RTOS Doc)
23+ —13—1 34—
ADO..AD7 | X < Address X 11 Data X <1
|—12—>»
10—
99 33—}
ALE /[ 4 AN i1 (7]
, 32
WR# N\ AN it L /
|—17—>}
PCSxi# X AN i1 (7

*) the falling edge of PCSO# is 25ns delayed internally
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10. APPLICATION EXAMPLES

The following pages contain schematics showing the IPC@CHIP® family microcontroller. It gives you
suggestions, how to handle the multi-function pin 17 RESET# / NMI / LINK-LED and how
to expand the IPC@CHIP.

10.1 NMI/ Reset-in / Link-LED

External sample circuitry /Reset + NMI + Link LED

* R147 is for understanding the circuitry only. The IPC@CHIP has
already build in pullup resistor.

vee IPCQCHIP

* —
I 17| RESET_PFAIL_LILED
ol o E ~
®| = ES
o| =

R12  LM339
IC45A 12
GND

The LM339 limits U17 to
approx. 4V

IC8

N . 4
[¢)
GND GND GND 3 GND vce Ic10B NC7S14P5X

74HCT14

*) LM339 is an open collector operational amplifier

Picture 10.1: Example of using NMI, reset, traffic, (link®) at pin 17

See also DK50 schemattic.

8 only SC12

©2000-2004 BECK IPC GmbH Page 28 of 34



IPC@CHIP SC11/SC12/SC13 BECK.
Hardware Manual V1.5 [01.04.2004]

10.2 Link-LED / Reset

IPCQCHIP

cc cc

3,5..4v

;i B
| 1|

GND GND

1 <0,8v| \- RESET =
GND 4..9mA

(static)
GND

Picture 10.2: Link/traffic-LED / reset example

10.3 256x 8bit /0 Extension using 74HCT573/245

I I U4 U3 74HC573
A0
TPTX+ \éC SN ADO g g 1D 1Q %—m
TPTX- AD1 5 5120 Q7
TPRX+ AD2 5 3D 3Q 75 3
TPRX- AD3 (3 5 4D 4Q 2 ~
AD4 [—3 - 5D 5Q 7 A%
RXDO PIO7 AD5 [~z 5 6D 6Q [3 A
TXDO PIO8 AD6 7D 7Q 7
5 9 2
CTS0 PIO9 AD7 8D 8Q
RTSO PIO10
ALE |5 L
TXD1 PIO11 /RD [ |CE
RXD1 PIO12 INT3 MR 2 GND
CTS1 PIO6 INT2 /PCS2 4
RTS1 PIO5 INT4 /PCS3 PIO0 INT6 DRQ1
PIO1 INT5 DRQO U1
A2 PIO2 /PCS6 9 18 Do
A1 PIO3 TMRIN1 TMROUT1 /PCS5 5 A1 B1 [ D1
AO PIO4 TMRINO /PCS1 T A2 B2 5 oo
PIO13 INTO TMROUTO |1 = A3 B3 2 o3
% /RESET NMI LinkLED 5 A4 B4 D1
7| AS BS 3 D5
IPC@CHIP g | A6 B6 1> Dp
9 A7 B7 1 D7
A8 B [———————
/PCS1 19 |
TRD 196
DIR
74HC245
/PCS1
/IRD
/WR

Picture 10.3: Example of a demultiplexed 8 bit A/D-Bus.
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10.4 Connect 10Base-T Ethernet to the SC12

Ic1
IPCQCHIP SC12
*—20 1 N Ne [ ¢
9 19 2 ‘ 19 rprx+
8 118 31 19
ST1 T 147 s TPTX-
b | et NG [
2 NC NC
sp——
TP 4 1: 14 7 Z 29 rerx+
5 o—X )W 13 89 21
6 12 9 TPRX-
TPp—X 11 10
8 o—X X—— NC NC R1 R2
47R 47R
RJ45 SF1012
VALORSMD
c1 c2_L
OnF 10n
GND GND
picture 10.4: Example of connecting 10Base-T to SC12 with SF1012
U1 IPCRCHIP SC12
ST2
1 16 1 18
; > 16 ; > TPTX+
3 K 141, 52 1Y pprx-
1) 4=
5 5 —x
6 s 1 11 6 5 29 TPRX+
4 9 s X 21
8 9 8 4 TPRX-
RJ45 FL1066 VAIOR
R8
R7
4R 47R
c6 —_— C5
10nF 10nF
GND |
GND
picture 10.5: Example of connecting 10Base-T to SC12 with FL1066
FS22-101Y 4 IPCRCHIP SC12
U1
JP1
1P 2 e TPTX* | 18 rpmx+
2p 1
3p 10 1 1. PTX |2 TPTX-
4 p—n 7 3 20)
5 p——4 R+ TPRX+ TPRYX+
6P a 21
7 p—4 8 | rRx 2 TPRX 4 + TPRX~
8 p—4 %)
RJ45
0 R1
47R R2
C1 47R
10n
c2
GND Tmn

picture 10.6: Example of connecting 10Base-T to SC12 with FS22

GND
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10.5 Connect 10/100Base-T Ethernet to the SC13

SC13 ethernet

OO0 Ot DD

u3
Vcee, 1 Vin Vout 5 +3,3V
c4 GN, —|3 J_
2ul: p ONOFF It . c3
= c5 N.C. = cs 10n / 50V 10%
100n | LP2981 100n c7
2 22u
L R$T Ry | R | R
GND
100BASET2 TR
] TX+ 1 16
3 2 15
3 RX+ ] 3 14
4
: %: ﬁ | u4 sc13
8
7 R7 o TPTX+ ADO
8 e o 219} o PTX- AD1
L - B8 H TPRX+ AD2
RJ45 249 TPRX- AD3
AD4
g RXDO PIO7 AD5
rR$T R RTT R [ BECK-FS23 TXDO PIO8 AD6
0 1 5 CTS0 PIO9 AD7
RTSO PIO10
ALE
1 s TXD1 PIO11 /RD
Tr/2kV RXD1 PIO12 INT3 MR
CTS1 PIO6 INT2 /PCS2
GND RTS1 PIO5 INT4/PCS3  PIO1 INT5 DRQO
PIO0 INT6 DRQ1
g: /RESET NMI LinkLED A2 PIO2 /PCS6
VCC  A1PIO3 TMRIN1 TMROUT1 /PCS5
A0 PIO4 TMRINO /PCS1
PIO13 INTO TMROUTO
¥ enp
picture 10.7: Example of connecting 10/100Base-T to SC13 with FS23
* 5V
U1 ~| FM23 IPC@CHIP SC13
JP1
1
1p 9 TX+ 9 TPTX+ 1 9 TPTX+
2 D—| o
3p 10 x o TPTX- |2 14 rerx-
4 p—0 | 1)
5 p—— Trxs = TPRX+ 3 29 rprx+
6 3—|
7 p—3 8 RX- TPRX- 4 4 21 TPRX~
8 p—=0 *
RJ45 optional Vcc-input, 5V 2
internal connected >8 % R1
; ; 47
with pin 6 A7R
©| LO)|
Cc2
$0n 10n
GND GND

picture 10.8: Example of connecting 10/100Base-T to SC13 with FM23

(convert SC12 schematic to fit SC13, see also picture 10.6)
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10.6 [I’*C-Bus Example

To use PIO pins for I?C-Bus, connect a 10kQ resistor to each PIO pin that is defined for 1°C-Bus.
The definition of initializing I?°C-Bus is described in the @CHIP RTOS documentation.

Ic1

IPC@CHIP
D—]g TPTX+ vee 2
B—0 TPTX-
O—55 TPRX+

O—=— TXDO/P8 AD5 H3 o
O—— RXDOP7 AD6 [=z—1

CTS0/P9
O—— RTSO0/P10

PCST/PATMRINOAO 50
PCS5/P3/TMROUTI/TMRINTA 1 55—0
PCS6/P2A2 [~5—0

5 TXD1/P11 ALEPCSO [0
RXD1/INT3/P12

TJK 1R§K 26 | SIS1/PCS2/P6/INT 2/INTA/PWD
RTS1/PCS3/P5/INT4

ﬁ oscl INT
A0
serestiz. T2 6500 scL 2 31 RCCLK/DRQ1INTS/PO

SDA [2CDAT/DRQO/INTS/P1

Y1

Lio
b

|
w
S|

O—— RESET_PFAIL_LILED

PCF8583 16 | Gnp TMROUTOINTO/PH3  ——0)

GND

picture 10.9: Example of connecting a PCF8583 over |2C-Bus to the IPC@CHIP

10.7 SPI-Bus Example

To use PIO pins for SPI-Bus, see SPI serial data flash example at Beck IPC Website and @CHIP
RTOS documentation.

10.8 Other Examples

More examples are available at the download section of the Beck-IPC Website.
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11. CHANGE LIST

Whole document
Added documentation for SC11/SC13. Some scribal errors corrected.
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12. CONTACT

BECK IPC GmbH
Garbenheimer Strasse 36 — 38
D-35578 Wetzlar

Germany

Phone: +49 (0)6441-905-0
Fax: +49 (0)6441-905-245
Internet: www.beck-ipc.com
E-Mail: info@beck-ipc.com

©BECK IPC GmbH All rights reserved. No part of this
document may be copied or reproduced in any form or by any
means without the prior written consent of BECK IPC GmbH.
The information in this document is subject to change without
notice. Devices sold by BECK IPC GmbH. Are covered by
warranty and patent indemnification provisions appearing in
BECK IPC GmbH. Terms and Conditions of Sale only. BECK
IPC GmbH MAKES NO WARRANTY, EXPRESS,
STATUTORY, IMPLIED OR BY DESCRIPTION, REGARDING
THE INFORMATION SET FORTH HEREIN OR REGARDING
THE FREEDOM OF THE DESCRIBED DEVICES FROM
INTELLECTUAL PROPERTY INFRINGEMENT. BECK IPC
GmbH MAKES NO WARRANTY OF MERCHANTABILITY OR
FITNESS FOR ANY PURPOSE.

BECK IPC GmbH Shall not be responsible for any errors that
may appear in this document. BECK IPC GmbH makes no
commitment to update or keep current the information
contained in this document.

Life critical applications — These products are not designed for
use in life support appliances, aeronautical applications or
devices or systems where malfunction of these products can
reasonably be expected to result in personal injury.

Right to make changes — BECK IPC GmbH reserves the right
to make changes, without notice, in the products, including
software, described or contained herein in order to improve
design and/or performance. Beck IPC GmbH assumes no
responsibility or liability for the use of any of these products.
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DALLAS AW Z1 K1 /W

Extremely Accurate I2C-Integrated

General Description

The DS3231 is a low-cost, extremely accurate 12C real-
time clock (RTC) with an integrated temperature-
compensated crystal oscillator (TCXO) and crystal. The
device incorporates a battery input, and maintains accu-
rate timekeeping when main power to the device is inter-
rupted. The integration of the crystal resonator enhances
the long-term accuracy of the device as well as reduces
the piece-part count in a manufacturing line. The DS3231
is available in commercial and industrial temperature
ranges, and is offered in a 16-pin, 300-mil SO package.

The RTC maintains seconds, minutes, hours, day, date,
month, and year information. The date at the end of the
month is automatically adjusted for months with fewer
than 31 days, including corrections for leap year. The
clock operates in either the 24-hour or 12-hour format
with an AM/PM indicator. Two programmable time-of-
day alarms and a programmable square-wave output
are provided. Address and data are transferred serially
through an 12C bidirectional bus.

A precision temperature-compensated voltage refer-
ence and comparator circuit monitors the status of Vcc
to detect power failures, to provide a reset output, and
to automatically switch to the backup supply when nec-
essary. Additionally, the RST pin is monitored as a
pushbutton input for generating a reset externally.

Applications

Utility Power Meters
GPS

Servers
Telematics

Pin Configuration appears at end of data sheet.

RTC/TCXO/Crystal

Features

<

Accuracy *2ppm from 0°C to +40°C
Accuracy +3.5ppm from -40°C to +85°C

4 Battery Backup Input for Continuous
Timekeeping

4 Operating Temperature Ranges
Commercial: 0°C to +70°C
Industrial: -40°C to +85°C

Low-Power Consumption

Real-Time Clock Counts Seconds, Minutes,
Hours, Day, Date, Month, and Year with Leap Year
Compensation Valid Up to 2100

Two Time-of-Day Alarms

Programmable Square-Wave Output

Fast (400kHz) I2C Interface

3.3V Operation

Digital Temp Sensor Output: +3°C Accuracy
Register for Aging Trim

RST Output/Pushbutton Reset Debounce Input
Underwriters Laboratory (UL) Recognized

<&

L R 2

L R IR IR R R R R 2

Ordering Information

TOP
PART TEMP RANGE PIN-PACKAGE MARK
DS3231S 0°C to +70°C 16 SO DS3231
DS3231SN -40°C to +85°C 16 SO DS3231N
DS3231S# 0°Cto +70°C 16 SO DS3231S
DS3231SN#  -40°C to +85°C 16 SO DS3231SN

# Denotes a RoHS-compliant device that may include lead that
is exempt under RoHS requirements. The lead finish is JESD97
category e3, and is compatible with both lead-based and lead-
free soldering processes. A "#" anywhere on the top mark
denotes a RoHS-compliant device.

Typical Operating Circuit

Yoe Voo
Vee Rpu=tr/Cs - R
1
T o é T
Vee —
cPU o SCL INT/SQW Py >
SDA 32kHz >
[N
* RST HF sts)nﬁc!:'ulﬁjég Ve T_li
PUSHBUTTON l NC. DS3231 NG =
RESET —1 . e
N.C. N.C. i:
N.C. GND NC.

& RALLAS M AXIM

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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DS3231

Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Vcc, VBAT, 32kHz, SCL, SDA, RST, Storage Temperature Range .............c..ccocoevene... -40°C to +85°C
INT/SQW Relative to Ground.................cccoenn. -0.3V to +6.0V Lead Temperature

Operating Temperature Range (Soldering, 10S).......cooiiiiiiiiiiiiiiie e, +260°C/10s
(NONCONAENSING) v -40°C to +85°C Soldering Temperature..........ccc.ccoveviieiiieeenen. See the Handling,

JuNction TEMPErature ........coovveiiiiiieieeicee e +125°C PC Board Layout, and Assembly section.

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS

(Ta = TMIN to TmAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Vce 2.3 3.3 55 \

Supply Voltage
VBAT 2.3 3.0 55 V

. 0.7 x Vce +
Logic 1 Input SDA, SCL VIH Voo 03 \
Logic 0 Input SDA, SCL ViL 0.3 03Xy
’ ' Vce
Pullup Voltage _
(SDA, SCL, 32kHz, TNT/SQW) VP |Vec=0v 55V v

ELECTRICAL CHARACTERISTICS

(Vce = 2.3V to 5.5V, Ve = Active Supply (see Table 1), Ta = TMIN to TmAX, unless otherwise noted.) (Typical values are at Vcc =
3.3V, VBaT = 3.0V, and Ta = +25°C, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Active Supply Current I (Notes 3, 4) vee = 363V 200 A
ive Su urr ,
pply CCA Voo = 5.5V 300 H
12C bus inactive, 32kHz Vce = 3.63V 110
Standby Supply Current lccs output on, SQW output off pA
(Note 4) Voo = 5.5V 170
Temperature Conversion Current | | 12C bus inactive, 32kHz vee = 363V 575 A
P CCSCONY output on, SQW output off Voo = 5.5V 650 H
Power-Fail Voltage VpF 2.45 2.575 2.70 \
Logic 0 Output, 32kHz, INT/SQW, VoL loL = 3mA 04 v
SDA
Logic 0 Output, RST VoL loL = TmA 0.4 \
Output Leakage Current 32kHz, S
INT/SQW. SDA ILo Output high impedance 1 0 +1 pA
Input Leakage SCL ILI -1 +1 pA
RST Pin I/O Leakage loL RST high impedance (Note 5) -200 +10 uA
VBAT Leakage Current
(Vce Active) IBATLKG 25 100 nA

2 B DALLAS M AXI




Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

ELECTRICAL CHARACTERISTICS (continued)

(Vce = 2.3V to 5.5V, Ve = Active Supply (see Table 1), Ta = TMIN to TmAX, unless otherwise noted.) (Typical values are at Vcc =
3.3V, VBaT = 3.0V, and Ta = +25°C, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Frequency fouT Vce = 3.3V or VeaTt = 3.3V 32.768 kHz
Frequency Stability vs. Vee =33vor 0°C to +40°C 2
Temperature (Commercial) Afffout | VBaT = 3.3V, ppm
aging offset = 00h >40°C to +70°C +3.5
N Vee = 3.3V or -40°C to <0°C +3.5
Frequency Stability vs. AffouT | VeaT = 3.3V, 0°C to +40°C +2 ppm
Temperature (Industrial) .
aging offset = 00h >40°C to +85°C +35
Frequency Stability vs. Voltage AfIV 1 ppm/V
-40°C 0.7
Trim Register Frequency - ) +25°C 0.1
Sensitivity per LSB ALSB | Specified at +70°C 0.4 ppm
+85°C 0.8
Temperature Accuracy Temp Vce = 3.3V or VeaTt = 3.3V -3 +3 °C
. After reflow, First year 0
Crystal Aging afffo not production tested 0-10 years +5.0 ppm

ELECTRICAL CHARACTERISTICS

(Vec =0V, VBAT = 2.3V to 5.5V, Ta = TMIN to TmAX, unless otherw.ise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
i EOSC =0, BBSQW =0, VBAT = 3.63V 70
Active Battery Current IBATA SCL = 400kHz (Note 4) VeaT = 5.5V pp PA
Egggk; 0, B1BSQVV =0 |vgar = 3.63V 084 30
. . Z= s
Timekeeping Battery Current IBATT SCL = SDA = 0V or pA
SCL = SDA = VgaT (Note 4) | VBAT = 5.5V 1.0 35
EOSC =0, BBSQW =0, VBAT = 3.63V 575
Temperature Conversion Current IBATTC SCL =SDA =0V or PA
SCL = SDA = VBaT VBAT = 5.5V 650
Data-Retention Current IBATTDR | EOSC = 1, SCL = SDA = 0V, +25°C 100 nA

& DALLAS W /1K1 VI 3
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DS3231

Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

AC ELECTRICAL CHARACTERISTICS

(Vce = Veoming to Voo(vax) or VBAT = VBAT(MIN) to VBAT(MAX), VBAT > Vcc, TA = TMIN to Tmax, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Fast mode 100 400
SCL Clock Frequency fscL kHz
Standard mode 0 100
Bus Free Time Bgtyveen STOP BUF Fast mode 1.3 us
and START Conditions Standard mode 4.7
Hold Time (Repeated) START Fast mode 0.6
Condition (Note 6) HDSTA  ['giandard mode 4.0 He
Low Period of SCL Clock tLow Fast mode 1.3 us
Standard mode 4.7
High Period of SCL Clock tHIGH Fast mode 06 ps
Standard mode 4.0
Data Hold Time (Notes 7, 8) tHD:DAT Fast mode 0 0.9 ys
Standard mode 0 0.9
Data Setup Time (Note 9) tSU:DAT Fast mode 100 ns
Standard mode 250
Start Setup Time tSU:STA Fast mode 0.6 us
Standard mode 4.7
Rlise Time of Both SDA and SCL " Fast mode 20 + 300 ns
Signals (Note 10) Standard mode 0.1Cs 1000
Fgll Time of Both SDA and SCL - Fast mode 20 + 300 e
Signals (Note 10) Standard mode 0.1Cs 300
Setup Time for STOP Condition tSU:STO Fast mode 06 us
Standard mode 4.7
Eizazgg\t/ee 1I_S)ad for Each Bus Co 400 oF
Capacitance for SDA, SCL Cio 10 pF
Pulse Width of Spikes That l\/lu.st tsp 30 ns
Be Suppressed by the Input Filter
Pushbutton Debounce PBpB 250 ms
Reset Active Time tRST 250 ms
Oscillator Stop Flag (OSF) Delay tosF (Note 11) 100 ms
Temperature Conversion Time tCONV 125 200 ms
POWER-SWITCH CHARACTERISTICS
(TA = TMIN to TMAX)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vcc Fall Time; VPF(MAX) to tVCCE 300 Hs
VPF(MIN)
Recovery at Power-Up tREC (Note 12) 250 300 ms
B DALLAS ML A X1/
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Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

Pushbutton Reset Timing

e T

PBpp tRsT .

Power-Switch Timing

Vee
VPF(MAX)

7\ Vpr Ve A~

VPF(MIN)

tvcer <> !
i (( VCCR

\
/

tReC

RST
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DS3231

Extremely Accurate I2C-Integrated
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Data Transfer on I12C Serial Bus
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Note 1: Limits at -40°C are guaranteed by design and not production tested.

Note 2: All voltages are referenced to ground.

Note 3: IccaA—SCL clocking at max frequency = 400kHz.

Note 4: Current is the averaged input current, which includes the temperature conversion current.

Note 5: The RST pin has an internal 50kQ (nominal) pullup resistor to Vce.

Note 6: After this period, the first clock pulse is generated.

Note 7: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the ViHviN) of the SCL signal)
to bridge the undefined region of the falling edge of SCL.

Note 8: The maximum tHD:DAT needs only to be met if the device does not stretch the low period (tLow) of the SCL signal.

Note 9: A fast-mode device can be used in a standard-mode system, but the requirement tsu:DAT = 250ns must then be met. This
is automatically the case if the device does not stretch the low period of the SCL signal. If such a device does stretch the
low period of the SCL signal, it must output the next data bit to the SDA line tR(mAX) + tSu:DAT = 1000 + 250 = 1250ns
before the SCL line is released.

Note 10: Cg—total capacitance of one bus line in pF.

Note 11: The parameter tosr is the period of time the oscillator must be stopped for the OSF flag to be set over the voltage range of
0.0V = Vce = Vecmax) and 2.3V = VBAT = 3.4V.

Note 12: This delay applies only if the oscillator is enabled and running. If the EOSC bit is a 1, tRec is bypassed and RST immediate-
ly goes high.

Y
6 B DALLAS W A X1V




Extremely Accurate I2C-Integrated
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Typical Operating Characteristics

(Vce = +3.3V, Ta = +25°C, unless otherwise noted.)
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Block Diagram
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Pin Description

PIN

NAME

FUNCTION

32kHz

32kHz Output. This open-drain pin requires an external pullup resistor. When enabled, the output operates on
either power supply. It may be left open if not used.

Vce

DC Power Pin for Primary Power Supply. This pin should be decoupled using a 0.1uF to 1.0uF capacitor.
If not used, connect to ground.

INT/SQW

Active-Low Interrupt or Square-Wave Output. This open-drain pin requires an external pullup resistor
connected to a supply at 5.5V or less. It may be left open if not used. This multifunction pin is determined by
the state of the INTCN bit in the Control Register (OEh). When INTCN is set to logic O, this pin outputs a square
wave and its frequency is determined by RS2 and RS1 bits. When INTCN is set to logic 1, then a match
between the timekeeping registers and either of the alarm registers activates the INT/SQW pin (if the alarm is
enabled). Because the INTCN bit is set to logic 1 when power is first applied, the pin defaults to an interrupt
output with alarms disabled.

Active-Low Reset. This pin is an open-drain input/output. It indicates the status of V¢ relative to the

VpF specification. As V¢ falls below Vpr, the RST pin is driven low. When Ve exceeds Vpr, for tsT, the RST
pin is pulled high by the internal pullup resistor. The active-low, open-drain output is combined with a
debounced pushbutton input function. This pin can be activated by a pushbutton reset request. It has an internal
50kQ nominal value pullup resistor to Vcc. No external pullup resistors should be connected. If the oscillator is
disabled, tRec is bypassed and RST immediately goes high.

5-12

N.C.

No Connection. Must be connected to ground.

13

GND

Ground

14

VBAT

Backup Power-Supply Input. This pin should be decoupled using a 0.1uF to 1.0uF low-leakage capacitor.

If the 12C interface is inactive whenever the device is powered by the VBAT input, the decoupling capacitor is
not required. If VBAT is not used, connect to ground. UL recognized to ensure against reverse charging when
used with a lithium battery. Go to www.maxim-ic.com/ga/info/ul.

15 SDA . )
requires an external pullup resistor.

Serial Data Input/Output. This pin is the data input/output for the 12C serial interface. This open-drain pin

16 SCL

movement on the serial interface.

Serial Clock Input. This pin is the clock input for the 12C serial interface and is used to synchronize data

Detailed Description

The DS3231 is a serial RTC driven by a temperature-
compensated 32kHz crystal oscillator. The TCXO pro-
vides a stable and accurate reference clock, and
maintains the RTC to within £2 minutes per year accu-
racy from -40°C to +85°C. The TCXO frequency output
is available at the 32kHz pin. The RTC is a low-power
clock/calendar with two programmable time-of-day
alarms and a programmable square-wave output. The
INT/SQW provides either an interrupt signal due to
alarm conditions or a square-wave output. The clock/cal-
endar provides seconds, minutes, hours, day, date,

& DALLAS W /1K1 VI

month, and year information. The date at the end of the
month is automatically adjusted for months with fewer
than 31 days, including corrections for leap year. The
clock operates in either the 24-hour or 12-hour format
with an AM/PM indicator. The internal registers are
accessible though an 12C bus interface.

A temperature-compensated voltage reference and
comparator circuit monitors the level of Vo to detect
power failures and to automatically switch to the back-
up supply when necessary. The RST pin provides an
external pushbutton function and acts as an indicator
of a power-fail event.
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Operation

The block diagram shows the main elements of the
DS3231. The eight blocks can be grouped into four
functional groups: TCXO, power control, pushbutton
function, and RTC. Their operations are described sep-
arately in the following sections.

32kHz TCXO
The temperature sensor, oscillator, and control logic
form the TCXO. The controller reads the output of the
on-chip temperature sensor and uses a lookup table to
determine the capacitance required, adds the aging
correction in AGE register, and then sets the capaci-
tance selection registers. New values, including
changes to the AGE register, are loaded only when a
change in the temperature value occurs, or when a
user-initiated temperature conversion is completed.
The temperature is read on initial application of Vcc
and once every 64 seconds afterwards.

Power Control
This function is provided by a temperature-compensat-
ed voltage reference and a comparator circuit that
monitors the Vcc level. When Ve is greater than VpF,
the part is powered by Vcc. When Vg is less than Vpr
but greater than VBAT, the DS3231 is powered by Vcc.
If Vcc is less than VpF and is less than VBAT, the
device is powered by VBAT. See Table 1.

Table 1. Power Control

SUPPLY CONDITION ACTIVE SUPPLY
Vce < VPF, Vee < VBAT VBAT
Vce < Vpr, Vo > VBAT Vce
Vce > Ver, Vee < VBAT Vce
Vce > Vpr, Vee > VBAT Vce

To preserve the battery, the first time VBAT is applied to
the device, the oscillator will not start up until Vcc
exceeds VpF, or until a valid 12C address is written to
the part. Typical oscillator startup time is less than one
second. Approximately 2 seconds after Vcc is applied,
or a valid 12C address is written, the device makes a
temperature measurement and applies the calculated
correction to the oscillator. Once the oscillator is run-
ning, it continues to run as long as a valid power
source is available (Vcc or VBAT), and the device con-
tinues to measure the temperature and correct the
oscillator frequency every 64 seconds.

10

Pushbutton Reset Function
The DS3231 provides for a pushbutton switch to be con-
nected to the RST output pin. When the DS3231 is not in
a reset cycle, it continuously monitors the RST signal for a
low going edge. If an edge transition is detected, the
DS3231 debounces the switch by pulling the RST low.
After the internal timer has expired (PBpB), the DS3231
continues to monitor the RST line. If the line is still low, the
DS3231 continuously monitors the line looking for a rising
edge. Upon detecting release, the DS3231 forces the
RST pin low and holds it low for tRST.

The same pin, RST, is used to indicate a power-fail con-
dition. When V¢ is lower than Vpr, an internal power-fail
signal is generated, which forces the RST pin low. When
Ve returns to a level above Vpr, the RST pin is held low
for approximately 250ms (tRecC) to allow the power sup-
ply to stabilize. If the oscillator is not running (see the
Power Control section) when Vcc is applied, tREC is
bypassed and RST immediately goes high.

Real-Time Clock
With the clock source from the TCXO, the RTC provides
seconds, minutes, hours, day, date, month, and year
information. The date at the end of the month is automati-
cally adjusted for months with fewer than 31 days, includ-
ing corrections for leap year. The clock operates in either
the 24-hour or 12-hour format with an AM/PM indicator.

The clock provides two programmable time-of-day
alarms and a programmable square-wave output. The
INT/SQW pin either generates an interrupt due to alarm
condition or outputs a square-wave signal and the
selection is controlled by the bit INTCN.

Address Map

Figure 1 shows the address map for the DS3231 time-
keeping registers. During a multibyte access, when the
address pointer reaches the end of the register space
(12h), it wraps around to location 00h. On an 12C
START or address pointer incrementing to location 00h,
the current time is transferred to a second set of regis-
ters. The time information is read from these secondary
registers, while the clock may continue to run. This
eliminates the need to reread the registers in case the
main registers update during a read.

I2C Interface

The 12C interface is accessible whenever either Vcc or
VBAT is at a valid level. If a microcontroller connected to
the DS3231 resets because of a loss of Vcc or other
event, it is possible that the microcontroller and DS3231
I2C communications could become unsynchronized,
e.g., the microcontroller resets while reading data from
the DS3231. When the microcontroller resets, the
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Figure 1. Timekeeing Registers

ADDRESS BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT2 | BIT1 BIT 0 FUNCTION RANGE
MSB LSB
O0H 0 10 Seconds Seconds Seconds 00-59
01H 0 10 Minutes Minutes Minutes 00-59
__ | AM/PM _ AM
02H 0 12/24 10 Hour Hour Hours 112 + AM/PM
10 Hour 00-23
03H 0 0 0 0 Day Day 1-7
04H 0 0 10 Date Date Date 00-31
05H | Century| O 0 | 10Month Month Month/ 01-12+
Century Century
06H 10 Year Year Year 00-99
07H A1MA 10 Seconds Seconds Alarm 1 Seconds 00-59
08H ATM2 10 Minutes Minutes Alarm 1 Minutes 00-59
___ | AM/PM - AM)
09H A1TM3 12/24 / 10 Hour Hour Alarm 1 Hours =12 + AM/PM
10 Hour 00-23
__ Day Alarm 1 Day 1-7
O0AH A1M4 DY/DT 10 Date
Date Alarm 1 Date 1-31
OBH A2M2 10 Minutes Minutes Alarm 2 Minutes 00-59
__ | AM/PM _ AM
OCH A2M3 12/24 10 Hour Hour Alarm 2 Hours 112 + AM/PM
10 Hour 00-23
__ Day Alarm 2 Day 1-7
ODH A2M4 DY/DT 10 Date
Date Alarm 2 Date 1-31
OEH EOSC | BBSQW | CONV RS2 RS1 INTCN | A2IE A1lE Control —
OFH OSF 0 0 0 EN32kHz BSY A2F A1F Control/Status —
10H SIGN DATA DATA DATA DATA DATA | DATA | DATA Aging Offset —
11H SIGN DATA DATA DATA DATA DATA | DATA | DATA MSB of Temp —
12H DATA DATA 0 0 0 0 0 0 LSB of Temp —

Lecesa

Note: Unless otherwise specified, the registers’ state is not defined when power is first applied.

DS3231 12C interface may be placed into a known state
by toggling SCL until SDA is observed to be at a high
level. At that point the microcontroller should pull SDA
low while SCL is high, generating a START condition.

Clock and Calendar

The time and calendar information is obtained by read-
ing the appropriate register bytes. Figure 1 illustrates the
RTC registers. The time and calendar data are set or ini-
tialized by writing the appropriate register bytes. The con-
tents of the time and calendar registers are in the
binary-coded decimal (BCD) format. The DS3231 can be
run in either 12-hour or 24-hour mode. Bit 6 of the hours
register is defined as the 12- or 24-hour mode select bit.
When high, the 12-hour mode is selected. In the 12-hour
mode, bit 5 is the AM/PM bit with logic-high being PM. In
the 24-hour mode, bit 5 is the second 10-hour bit (20-23
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hours). The century bit (bit 7 of the month register) is tog-
gled when the years register overflows from 99 to 00.

The day-of-week register increments at midnight.
Values that correspond to the day of week are user-
defined but must be sequential (i.e., if 1 equals
Sunday, then 2 equals Monday, and so on). lllogical
time and date entries result in undefined operation.

When reading or writing the time and date registers, sec-
ondary (user) buffers are used to prevent errors when
the internal registers update. When reading the time and
date registers, the user buffers are synchronized to the
internal registers on any START and when the register
pointer rolls over to zero. The time information is read
from these secondary registers, while the clock contin-
ues to run. This eliminates the need to reread the regis-
ters in case the main registers update during a read.
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The countdown chain is reset whenever the seconds
register is written. Write transfers occur on the acknowl-
edge from the DS3231. Once the countdown chain is
reset, to avoid rollover issues the remaining time and
date registers must be written within 1 second. The 1Hz
square-wave output, if enabled, transitions high 500ms
after the seconds data transfer, provided the oscillator
is already running.

Alarms

The DS3231 contains two time-of-day/date alarms.
Alarm 1 can be set by writing to registers 07h to OAh.
Alarm 2 can be set by writing to registers 0Bh to 0Dh.
The alarms can be programmed (by the alarm enable
and INTCN bits of the control register) to activate the
INT/SQW output on an alarm match condition. Bit 7 of
each of the time-of-day/date alarm registers are mask
bits (Table 2). When all the mask bits for each alarm
are logic 0, an alarm only occurs when the values in the
timekeeping registers match the corresponding values

Table 2. Alarm Mask Bits

stored in the time-of-day/date alarm registers. The
alarms can also be programmed to repeat every sec-
ond, minute, hour, day, or date. Table 2 shows the pos-
sible settings. Configurations not listed in the table will
result in illogical operation.

The DY/DT bits (bit 6 of the alarm day/date registers)
control whether the alarm value stored in bits 0 to 5 of
that register reflects the day of the week or the date of
the month. If DY/DT is written to logic 0, the alarm will
be the result of a match with date of the month. If
DY/DT is written to logic 1, the alarm will be the result of
a match with day of the week.

When the RTC register values match alarm register set-
tings, the corresponding Alarm Flag ‘A1F’ or ‘A2F’ bit is
set to logic 1. If the corresponding Alarm Interrupt
Enable ‘A1IE’ or ‘A2IE’ is also set to logic 1 and the
INTCN bit is set to logic 1, the alarm condition will acti-
vate the INT/SQW signal. The match is tested on the
once-per-second update of the time and date registers.

J— ALARM 1 REGISTER MASK BITS (BIT 7)
DY/DT ALARM RATE
A1M4 A1M3 A1M2 A1MA1
X 1 1 1 1 Alarm once per second
X 1 1 1 0 Alarm when seconds match
X 1 1 0 0 Alarm when minutes and seconds match
X 1 0 0 0 Alarm when hours, minutes, and seconds match
0 0 0 0 0 Alarm when date, hours, minutes, and seconds match
1 0 0 0 0 Alarm when day, hours, minutes, and seconds match
_ ALARM 2 REGISTER MASK BITS (BIT 7)
DY/DT ALARM RATE
A2M4 A2M3 A2M2
X 1 1 1 Alarm once per minute (00 seconds of every minute)
X 1 1 0 Alarm when minutes match
X 1 0 0 Alarm when hours and minutes match
0 0 0 0 Alarm when date, hours, and minutes match
1 0 0 0 Alarm when day, hours, and minutes match

12
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Control Register (OEh)

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT 1 BITO

EOSC BBSQW CONV RS2

RS1 INTCN A2IE A1lE

Special-Purpose Registers

The DS3231 has two additional registers (control and
status) that control the real-time clock, alarms, and
square-wave output.

Control Register (OEh)
Bit 7: Enable Oscillator (EOSC). When set to logic O,
the oscillator is started. When set to logic 1, the oscilla-
tor is stopped when the DS3231 switches to VBAT. This
bit is clear (logic 0) when power is first applied. When
the DS3231 is powered by Vcc, the oscillator is always
on regardless of the status of the EOSC bit.

Bit 6: Battery-Backed Square-Wave Enable
(BBSQW). When set to logic 1 and the DS3231 is being
powered by the VBAT pin, this bit enables the square-
wave or interrupt output when Vcc is absent. When
BBSQW is logic 0, the INT/SQW pin goes high imped-
ance when Vcc falls below the power-fail trip point. This
bit is disabled (logic 0) when power is first applied.

Bit 5: Convert Temperature (CONV). Setting this bit to
1 forces the temperature sensor to convert the temper-
ature into digital code and execute the TCXO algorithm
to update the capacitance array to the oscillator. This
can only happen when a conversion is not already in
progress. The user should check the status bit BSY
before forcing the controller to start a new TCXO exe-
cution. A user-initiated temperature conversion does
not affect the internal 64-second update cycle.

A user-initiated temperature conversion does not affect
the BSY bit for approximately 2ms. The CONV bit
remains at a 1 from the time it is written until the conver-
sion is finished, at which time both CONV and BSY go
to 0. The CONV bit should be used when monitoring
the status of a user-initiated conversion.

Bits 4 and 3: Rate Select (RS2 and RS1). These bits
control the frequency of the square-wave output when
the square wave has been enabled. The following table
shows the square-wave frequencies that can be select-
ed with the RS bits. These bits are both set to logic 1
(8.192kHz) when power is first applied.

& DALLAS W /1K1 VI

SQUARE-WAVE OUTPUT FREQUENCY

SQUARE-WAVE OUTPUT
RS2 RS1 FREQUENCY
0 0 1Hz
0 1 1.024kHz
1 0 4.096kHz
1 1 8.192kHz

Bit 2: Interrupt Control (INTCN). This bit controls the
INT/SQW signal. When the INTCN bit is set to logic 0, a
square wave is output on the INT/SQW pin. When the
INTCN bit is set to logic 1, then a match between the
timekeeping registers and either of the alarm registers
activates the INT/SQW output (if the alarm is also
enabled). The corresponding alarm flag is always set
regardless of the state of the INTCN bit. The INTCN bit
is set to logic 1 when power is first applied.

Bit 1: Alarm 2 Interrupt Enable (A2IE). When set to
logic 1, this bit permits the alarm 2 flag (A2F) bit in the
status register to assert INT/SQW (when INTCN = 1).
When the A2IE bit is set to logic 0 or INTCN is set to
logic 0, the A2F bit does not initiate an interrupt signal.
The A2IE bit is disabled (logic 0) when power is first
applied.

Bit 0: Alarm 1 Interrupt Enable (A1IE). When set to
logic 1, this bit permits the alarm 1 flag (A1F) bit in the
status register to assert INT/SQW (when INTCN = 1).
When the AT1IE bit is set to logic 0 or INTCN is set to
logic 0, the A1F bit does not initiate the INT/SQW sig-
nal. The A1IE bit is disabled (logic 0) when power is
first applied.

13
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Status Register (OFh)

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT 1 BIT 0

OSF 0 0 0

EN32kHz BSY A2F A1F

Status Register (OFh)
Bit 7: Oscillator Stop Flag (OSF). A logic 1 in this bit
indicates that the oscillator either is stopped or was
stopped for some period and may be used to judge the
validity of the timekeeping data. This bit is set to logic 1
any time that the oscillator stops. The following are
examples of conditions that can cause the OSF bit to
be set:

1) The first time power is applied.

2) The voltages present on both Vcc and VBAT are
insufficient to support oscillation.

3) The EOSC bit is turned off in battery-backed mode.

4) External influences on the crystal (i.e., noise, leak-
age, etc.).

This bit remains at logic 1 until written to logic O.

Bit 3: Enable 32kHz Output (EN32kHz). This bit con-
trols the status of the 32kHz pin. When set to logic 1,
the 32kHz pin is enabled and outputs a 32.768kHz
square-wave signal. When set to logic 0, the 32kHz pin
goes to a high-impedance state. The initial power-up
state of this bit is logic 1, and a 32.768kHz square-wave
signal appears at the 32kHz pin after a power source is
applied to the DS3231 (if the oscillator is running).

Bit 2: Busy (BSY). This bit indicates the device is busy
executing TCXO functions. It goes to logic 1 when the
conversion signal to the temperature sensor is asserted
and then is cleared when the device is in the 1-minute
idle state.

Bit 1: Alarm 2 Flag (A2F). A logic 1 in the alarm 2 flag
bit indicates that the time matched the alarm 2 regis-
ters. If the A2IE bit is logic 1 and the INTCN bit is set to
logic 1, the INT/SQW pin is also asserted. A2F is

cleared when written to logic 0. This bit can only be
written to logic 0. Attempting to write to logic 1 leaves
the value unchanged.

Bit 0: Alarm 1 Flag (A1F). A logic 1 in the alarm 1 flag
bit indicates that the time matched the alarm 1 regis-
ters. If the A1IE bit is logic 1 and the INTCN bit is set to
logic 1, the INT/SQW pin is also asserted. A1F is
cleared when written to logic 0. This bit can only be
written to logic 0. Attempting to write to logic 1 leaves
the value unchanged.

Aging Offset
The crystal aging offset register provides an 8-bit code
to add to the codes in the capacitance array registers.
The code is encoded in two’'s complement. One LSB
represents one small capacitor to be switched in or out
of the capacitance array at the crystal pins. The offset
register is added to the capacitance array register
under the following conditions: during a normal temper-
ature conversion, if the temperature changes from the
previous conversion, or during a manual user conver-
sion (setting the CONV bit). To see the effects of the
aging register on the 32kHz output frequency immedi-
ately, a manual conversion should be started after each
aging register change.

Positive aging values add capacitance to the array,
slowing the oscillator frequency. Negative values
remove capacitance from the array, increasing the
oscillator frequency.

The change in ppm per LSB is different at different tem-
peratures. The frequency vs. temperature curve is shift-
ed by the values used in this register. At +25°C, one LSB
typically provides about 0.1ppm change in frequency.

Aging Offset (10h)

BIT7 BIT 6 BIT5 BIT 4

BIT 3 BIT 2 BIT 1 BIT O

Sign Data Data Data

Data Data Data Data

14
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Temperature Register (Upper Byte) (11h)

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

Sign Data Data Data Data Data Data Data
Temperature Register (Lower Byte) (12h)

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O

Data Data 0 0 0 0 0 0

___Temperature Registers (11h-12h)

Temperature is represented as a 10-bit code with a res-
olution of +0.25°C and is accessible at location 11h
and 12h. The temperature is encoded in two's comple-
ment format. The upper 8 bits are at location 11h and
the lower 2 bits are in the upper nibble at location 12h.
Upon power reset, the registers are set to a default
temperature of 0°C and the controller starts a tempera-
ture conversion. New temperature readings are stored
in this register.

I2C Serial Data Bus

The DS3231 supports a bidirectional 12C bus and data
transmission protocol. A device that sends data onto
the bus is defined as a transmitter and a device receiv-
ing data is defined as a receiver. The device that con-
trols the message is called a master. The devices that
are controlled by the master are slaves. The bus must
be controlled by a master device that generates the
serial clock (SCL), controls the bus access, and gener-
ates the START and STOP conditions. The DS3231
operates as a slave on the 12C bus. Connections to the
bus are made through the SCL input and open-drain
SDA 1/0O lines. Within the bus specifications, a standard
mode (100kHz maximum clock rate) and a fast mode
(400kHz maximum clock rate) are defined. The DS3231
works in both modes.

The following bus protocol has been defined (Figure 2):

e Data transfer may be initiated only when the bus is
not busy.

e During data transfer, the data line must remain stable
whenever the clock line is high. Changes in the data
line while the clock line is high are interpreted as
control signals.

Accordingly, the following bus conditions have been
defined:
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Bus not busy: Both data and clock lines remain
high.
Start data transfer: A change in the state of the

data line from high to low, while the clock line is high,
defines a START condition.

Stop data transfer: A change in the state of the data
line from low to high, while the clock line is high,
defines a STOP condition.

Data valid: The state of the data line represents
valid data when, after a START condition, the data
line is stable for the duration of the high period of the
clock signal. The data on the line must be changed
during the low period of the clock signal. There is
one clock pulse per bit of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The number
of data bytes transferred between the START and
the STOP conditions is not limited, and is determined
by the master device. The information is transferred
byte-wise and each receiver acknowledges with a
ninth bit.

Acknowledge: Each receiving device, when
addressed, is obliged to generate an acknowledge
after the reception of each byte. The master device
must generate an extra clock pulse, which is associ-
ated with this acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a
way that the SDA line is stable low during the high
period of the acknowledge-related clock pulse. Of
course, setup and hold times must be taken into
account. A master must signal an end of data to the
slave by not generating an acknowledge bit on the
last byte that has been clocked out of the slave. In
this case, the slave must leave the data line high to
enable the master to generate the STOP condition.
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DS3231

Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

SCL | |
v 1 2 6 7 8 9 1 2 37 8 9
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I
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'r RIW

|

|

|

; SLAVE ADDRESS ACKNOWLEDGEMENT

| DIRECTION SIGNAL FROM RECEIVER
| BT

} ACKNOWLEDGEMENT

‘ SIGNAL FROM RECEIVER

ooy G:

ACK o
START STOP
CONDITION < CONDITION
REPEATED IF MORE BYTES OR REPEATED
ARE TRANSFERED START
CONDITION
Figure 2. I2C Data Transfer Overview
Figures 3 and 4 detail how data transfer is accom-
plished on the 12C bus. Depending upon the state of <SLAVE |2 <WORD

the R/W bit, two types of data transfer are possible:

Data transfer from a master transmitter to a slave
receiver. The first byte transmitted by the master is
the slave address. Next follows a number of data
bytes. The slave returns an acknowledge bit after
each received byte. Data is transferred with the most
significant bit (MSB) first.

Data transfer from a slave transmitter to a master
receiver. The first byte (the slave address) is trans-
mitted by the master. The slave then returns an
acknowledge bit. Next follows a number of data
bytes transmitted by the slave to the master. The
master returns an acknowledge bit after all received
bytes other than the last byte. At the end of the last
received byte, a not acknowledge is returned.

The master device generates all the serial clock puls-
es and the START and STOP conditions. A transfer is
ended with a STOP condition or with a repeated
START condition. Since a repeated START condition
is also the beginning of the next serial transfer, the
bus will not be released. Data is transferred with the
most significant bit (MSB) first.

The DS3231 can operate in the following two modes:

16

Slave receiver mode (DS3231 write mode): Serial
data and clock are received through SDA and SCL.
After each byte is received, an acknowledge bit is
transmitted. START and STOP conditions are recog-
nized as the beginning and end of a serial transfer.

ADDRESS>T ADDRESS (n)> <DATA (n)>  <DATA (n+1)> <DATA (n + X)>
[ST101000] 0 TA T XXXXXXXK A XXXKKXXX | ALXXXKHXXXK AT XXRXXXXX [AP]
[ |

[Q¢

D))
i - /?E%TOWLEDGE DATA TRANSFERRED
AL (X + 1 BYTES + ACKNOWLEDGE)

R/W = READ/WRITE OR DIRECTION BIT ADDRESS = DOH

Figure 3. Slave Receiver Mode (Write Mode)

<SLAVE |2

ADDRESS>Z  <DATA (n)>  <DATA (n + 1)> <DATA (n + 2)> <DATA (n + X)>

[ST1101000] 1 TAT XXXXXXXXJATXXXXXXXX T ATXXXXXXXX JATXXXXXXXX AT P]
[ |
()()

S = START DATA TRANSFERRED
A = ACKNOWLEDGE (X +1BYTES + ACKNOWLEDGE)
P - STOP NOTE: LAST DATA BYTE IS FOLLOWED BY

A~ NOT ACKNOWLEDGE ANOT ACKNOWLEDGE (A) SIGNAL
R/W = READ/WRITE OR DIRECTION BIT ADDRESS = D1H

Figure 4. Slave Transmitter Mode (Read Mode)

Address recognition is performed by hardware after
reception of the slave address and direction bit. The
slave address byte is the first byte received after the
master generates the START condition. The slave
address byte contains the 7-bit DS3231 address,
which is 1101000, followed by the direction bit (R/W),
which is O for a write. After receiving and decoding

the slave address byte, the DS3231 outputs an

B DALLAS M AXI




Extremely Accurate I2C-Integrated

acknowledge on SDA. After the DS3231 acknowl-
edges the slave address + write bit, the master
transmits a word address to the DS3231. This sets
the register pointer on the DS3231, with the DS3231
acknowledging the transfer. The master may then
transmit zero or more bytes of data, with the DS3231
acknowledging each byte received. The register
pointer increments after each data byte is trans-
ferred. The master generates a STOP condition to
terminate the data write.

Slave transmitter mode (DS3231 read mode): The
first byte is received and handled as in the slave
receiver mode. However, in this mode, the direction
bit indicates that the transfer direction is reversed.
Serial data is transmitted on SDA by the DS3231
while the serial clock is input on SCL. START and
STOP conditions are recognized as the beginning
and end of a serial transfer. Address recognition is
performed by hardware after reception of the slave
address and direction bit. The slave address byte is
the first byte received after the master generates a
START condition. The slave address byte contains
the 7-bit DS3231 address, which is 1101000, fol-
lowed by the direction bit (R/W), which is 1 for a
read. After receiving and decoding the slave
address byte, the DS3231 outputs an acknowledge
on SDA. The DS3231 then begins to transmit data
starting with the register address pointed to by the
register pointer. If the register pointer is not written to
before the initiation of a read mode, the first address
that is read is the last one stored in the register point-
er. The DS3231 must receive a not acknowledge to
end a read.

B DALLAS M AXIVI

RTC/TCXO/Crystal

Handling, PC Board Layout,
and Assembly

The DS3231 package contains a quartz tuning-fork
crystal. Pick-and-place equipment can be used, but
precautions should be taken to ensure that excessive
shocks are avoided. Ultrasonic cleaning should be
avoided to prevent damage to the crystal.

Avoid running signal traces under the package, unless
a ground plane is placed between the package and the
signal line. All N.C. (no connect) pins must be connect-
ed to ground.

Moisture-sensitive packages are shipped from the facto-
ry dry packed. Handling instructions listed on the pack-
age label must be followed to prevent damage during
reflow. See IPC/JEDEC J-STD-020 standard for moisture-
sensitive device (MSD) classifications and reflow pro-
files. Exposure to reflow is limited to 2 times maximum.

17
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Pin Configuration Chip Information

TRANSISTOR COUNT: 33,000
SUBSTRATE CONNECTED TO GROUND

TOP VIEW
PROCESS: CMOS
82KkHz [ 1 * [16] scL
Ve [2] [15] so Thermal Information
iNT/saw [3 ] [14] Ver Theta-JA: +73°C/W

[
RST E > Qwﬁc!»‘nlﬁécﬁ E GND

NC. E DS3231S El NC.

Theta-JC: +23°C/W

NC. [6 ] [11] ne.

Ne. [7] [10] NC.

NC. [8] 9] NC.
SO
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Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/DallasPackinfo).
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Revision History

Rev 0; 1/05:
Rev 1; 2/05:

Rev 2; 6/05:

Rev 3; 11/05:
Rev 4; 10/06:

Initial data sheet release.

pages 1, 3) Changed Digital Temp Sensor Output from £2°C to £3°C
page 1) Updated Typical Operating Circuit

pages 2, 3, 4) Changed Ta = -40°C to +85°C to TA = TMIN to TMAX.
page 8) Updated Block Diagram.

~ o~~~

(page 1) Added "UL Recognized" to Features; added lead-free packages and removed S from top
mark info in Ordering Information table; added ground connections to the N.C. pin in the Typical
Operating Circuit.

(page 2) Added "noncondensing" to operating temperature range; changed Vpr MIN from 2.35V to
2.45V.

(page 3) Added aging offset specification.

page 7) Relabeled TOC4.

page 8) Added arrow showing input on X1 in the Block Diagram.

page 9) Updated pin descriptions for Vcc and VBAT.

page 10) Added the [2C Interface section.

page 11) Figure 1: Added sign bit to aging and temperature registers; added MSB and LSB.

page 13) Corrected title for rate select bits frequency table.

(page 14) Added note that frequency stability over temperature spec is with aging offset register =
00h; changed bit 7 from Data to Sign (Crystal Aging Offset Register).

(page 15) Changed bit 7 from Data to Sign (Temperature Register); correct pin definitions in 12C
Serial Data Bus section.

(page 17) Modified the Handing, PC Board Layout, and Assembly section to refer to J-STD-020 for
reflow profiles for lead-free and leaded packages.

o~ o~

(page 1) Changed lead-free packages to RoHS-compliant packages.

(page 1) Changed RST and UL bullets in Features.

(pages 2, 3) Changed EC condition "Vcc > VBAT" to "Vcc = Active Supply (see Table 1)."

(page 6) Modified Note 12 to correct tREC operation.

(page 7) Added various conditions text to TOCs 1, 2, and 3.

(page 9) Added text to pin descriptions for 32kHz, Vcc, and RST.

(page 10) Table 1: Changed column heading "Powered By" to "Active Supply"; changed "applied" to
"exceeds VpF" in the Power Control section.

(page 13) Indicated BBSQW applies to both SQW and interrupts; simplified temp convert descrip-
tion (bit 5); added "output" to INT/SQW (bit 2).

(page 14) Changed the Crystal Aging section to the Aging Offset section; changed "this bit indi-
cates" to "this bit controls" for the enable 32kHz output bit.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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FS23

Ethernet Transformer 10/100Base-TX Magnetic ModuleMeets
requirements of IEEE 802.3 IPC@CHIP SC13 compatible

Technical data

Isolation 1,500 Vrms
OCL @100 KHz, 8 mA 350 puH min
CMR (0.1-100 MHz) -40 dB typ
Cross Talk (0.1-100 MHz) -40dB min
Insertion Loss (0.1-100 MHz) -1.1 dB max
Return Loss

0.5-30 MHz -18 dB min
40MHz -15.d dB min
50MHz -13.6 dB min
60-80 MHz -12 dB min

Turn Ratio +/-3%
(1-3:16-14) / (6-8:11-9)

(1CT:1CT) / (1CT:1CT)

PRI/SEC Cw/w 15 pF typ
PRI LL 0.4 pH max
PRI DDCR 1.5 Ohm max

Operating temperature (Ta)

-25°C to +85°C

Package SOIC 16 (lead free; RoHS
compliant marked with RL)
Soldering IEC J-STD-020C. Reflow

soldering only.

Physical dimensions: Inch (mm)

0,500 max
(12,700)

Eq FS23 8
8= | +0344RL3 5

0,200 max
(5,080)

0,015/0,025
(0,381/0,635)

Ordering information

Order-No.:

538431

DS_FS23_V6.PDF
© Beck IPC GmbH
Product: SC13, SC1x3

Beck IPC GmbH
Grininger Weg 24
35415 Pohlheim/Germany

BELCK.

E-Mail: info@beck-ipc.com
www.beck-ipc.com
A member of the Festo group
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JF SYNERGY

The following IPC/JEDEC J-STD-020C compatible reflow and wave soldering
profiles are recommended for processing Pb-Free surface mount and through-
hole products. SMT products are tested to withstand maximum peak temperature

up to 260°C.
Reflow Soldering
Preheat Soak Reflow Cooling
300
245°C / 10sec
250

o 200
o
5
1.
3 150
©
} ™
g
£ 100
()
=
50

Time: Seconds

Maximum duration of peak temperature shall not exceed 10 seconds.
Maximum duration of temperatur above 217°C shall not exceed 90 second.
Maximum ramp rate up 3°C/down 6°C per second.

DS_FS23_V6.PDF Beck IPC GmbH E-Mail: info@beck-ipc.com
© Beck IPC GmbH Gruninger Weg 24 www.beck-ipc.com
Product: SC13, SC1x3 35415 Pohlheim/Germany A member of the Festo group



MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

® ESD Protection for RS-232 Bus Pins D, DW, N, OR PW PACKAGE

- #15-kV — Human-Body Model (TOP VIEW)
® Meets or Exceeds the Requirements of )
Cl+[]1 16]] Vee
TIA/EIA-232-F and ITU v.28 Standards v+ 2 15[] GND
® Operates at 5-V V ¢c Supply c1-M3 14[] DOUT1
® Operates Up To 120 kbit/s ca2+[]4 13[] RIN1
® External Capacitors ...4x 0.1 uF c2-[]s 12[] ROUT1
® Latch-Up Performance Exceeds 100 mA Per V-6 1l DN
JESD 78, Class II pout2 [J7 10f] DIN2
o 8 9
e Applications RIN2 ] ROUT2

— Battery-Powered Systems, PDAs,
Notebooks, Laptops, Palmtop PCs, and
Hand-Held Equipment

description/ordering information

The MAX202 device consists of two line drivers, two line receivers, and a dual charge-pump circuit with
+15-kV ESD protection pin to pin (serial-port connection pins, including GND). The device meets the
requirements of TIA/EIA-232-F and provides the electrical interface between an asynchronous communication
controller and the serial-port connector. The charge pump and four small external capacitors allow operation
from a single 5-V supply. The device operates at data signaling rates up to 120 kbit/s and a maximum of 30-V/us
driver output slew rate.

ORDERING INFORMATION

A PACKAGE T PART NUMBER MARKING

PDIP (N) Tube of 25 MAX202CN MAX202C
Tube of 40 MAX202CD

Soic (0) Reel of 2500 MAX202CDR MAX202C

0°Cto 70°C Tube of 40 MAX202CDW

Soic (bw) Reel of 2000 MAX202CDWR MAX202C
Tube of 90 MAX202CPW

TSSOP (PW) Reel of 2000 MAX202CPWR MAX202C

PDIP (N) Tube of 25 MAX202IN MAX202|
Tube of 40 MAX202ID

Soic () Reel of 2500 MAX202IDR MAX202I

-40°C to 85°C Tube of 40 MAX202IDW

SoIC (bw) Reel of 2000 MAX202IDWR MAX2021

TSSOP (PW) Tube of 90 MAX202IPW MAX202]
Reel of 2000 MAX202IPWR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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INSTRUMENTS
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MAX202

5-V DUAL RS-232 LINE DRIVER/RECEIVER

WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

logic diagram (positive logic)
DIN1
DIN2

ROUT1

ROUT2

Function Tables

EACH DRIVER
INPUT | OUTPUT
DIN Dout
L H
H L

H = high level, L = low
level

EACH RECEIVER

INPUT | ouTPUT
RIN RouTt

L H
H L
Open H

H = high level, L = low
level, Open = input
disconnected or
connected driver off

11 >O 14

10 >O 7

12 13
T

9 8
T

DOUT1

DOUT2

RIN1

RIN2

{'f TEXAS
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MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (see Note 1) . ... o -0.3Vto6V
Positive charge pump voltage range, V+ (see Note 1) ......... .. ... ..., Vce-03Vtol14V
Negative charge pump voltage range, V= (see Note 1) ......... ...t iiiinennnn. -14V1t0 0.3V
Input voltage range, Vi DIVEIS . ... e -0.3VtoV++0.3V

RECEIVEIS . +30 V

Output voltage range, Vo: Drivers ... V--0.3VtoV++03V
Receivers ........ ... . . -0.3VtoVcc+03V

ShOrt-CirCUIt AUratioN: D OUT « -+ v v vt v e e e et et et e e e e et e e e e Continuous
Package thermal impedance, 03 (see Notes 2 and 3): Dpackage ..................oviiinn. 73°CIW
DWpackage .............coiiiiiinn... 57°C/W

Npackage ........... ... . ... 67°C/W

PWpackage .............. ... ..., 108°C/W

Operating virtual junction temperature, Ty . ... ... 150°C
Storage temperature range, Totg « o —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Allvoltages are with respect to network GND.

2. Maximum power dissipation is a function of Tj(max), 03, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (T j(max) — Ta)/03a. Operating at the absolute maximum T3 of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 4 and Figure 4)

MIN  NOM MAX | UNIT
Supply voltage 4.5 5 5.5 \%
Viq  Driver high-level input voltage DIN 2 \Y
ViL  Driver low-level input voltage DIN 0.8 \
Driver input voltage DIN 0 55
V \%
I Receiver input voltage -30 30
MAX202C 0 70
TA Operating free-air temperature °C
MAX2021 -40 85
NOTE 4: Test conditions are C1-C4=0.1puFatVcc=5V+0.5V.
electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)
PARAMETER TEST CONDITIONS MIN TYPf MAX [ UNIT
Ilcc  Supply current Noload, Vcc=5V 8 15 mA
* All typical values are at Vcc =5V, and Tp = 25°C.
NOTE 4: Test conditions are C1-C4=0.1puFatVcc=5V+0.5V.
*3
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
VOoH High-level output voltage Doyt at R = 3 kQ to GND, DN = GND 5 9 \%
VoL Low-level output voltage Doyt at R = 3 kQ to GND, DN =Vee -5 -9 \Y
IIH High-level input current V|=Vcc 15 200 A
L Low-level input current ViatoVv -15 -200 A
|OS¢ Short-circuit output current Vcec =55V, Vo=0V +10 +60 mA
o Output resistance Vce, VH andV-=0V, Vo=+2V 300 Q

T All typical values are at Vo = 5V, and Ta = 25°C.

¥ Short-circuit durations should be controlled to prevent exceeding the device absolute power-dissipation ratings, and not more than one output
should be shorted at a time.

NOTE 4: Test conditions are C1-C4=0.1 uFatVcc=5V+0.5V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
. = 1 F, R =3kQto 7 k&, .
Maximum data rate CL=50t0 OOQ e L 3 o ’ 120 kbit/s
One Doy switching, See Figure 1
Propagation delay time, CL = 2500 pF, R =3 kQ,
tPLH (D) low- to high-level output All drivers loaded, See Figure 1 2 HS
; Propagation delay time, C = 2500 pF, R =3 kQ, 5 s
PHL (D) high- to low-level output All drivers loaded, See Figure 1 H
tsk(p) Pulse skew8 CL = 150 pF to 2500 pF, ZEL}e:F?g'L?et; 7k, 300 ns
Slew rate, transition region CL =50 pF to 1000 pF, R =3 kQto 7 kQ,
SR(tr) (see Figure 1) Vcc=5V 3 6 80| Vius
T All typical values are at Vo = 5V, and Ta = 25°C.
8§ pulse skew is defined as [tp| 4 - tpH|| of each channel of the same device.
NOTE 4: Test conditions are C1-C4=0.1uFatVcc=5V+0.5V.
ESD protection
PIN TEST CONDITIONS TYP [ UNIT
DouT RIN Human-Body Model 15 kv

{'f TEXAS
INSTRUMENTS
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MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYpt MAX | UNIT
VOH High-level output voltage loH=-1mA 3.5V Vcc-04V \Y
VoL Low-level output voltage loL =16 mA 0.4 \
ViT+ Positive-going input threshold voltage Vcc =5V, Ta =25°C 1.7 24 \
V|T- Negative-going input threshold voltage Vce=5Y, Ta =25°C 0.8 1.2 \Y
Vhys  Input hysteresis (V|T+ = V|T-) 0.2 0.5 \%
r Input resistance V|=+3Vto+25V 3 5 7 kQ

T All typical values are at Vo = 5 V, and Ta = 25°C.
NOTE 4: Test conditions are C1-C4=0.1uFatVcc=5V+0.5V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 3)

PARAMETER TEST CONDITIONS MIN  TYPT  mAX | uNIT
tPLH (R) Propagation delay time, low- to high-level output C=150 pF 0.5 10 us
tpHL (R) Propagation delay time, high- to low-level output C=150 pF 0.5 10 us
tsk(p) Pulse skew+ 300 ns

T All typical values are at Vo = 5 V, and Ta = 25°C.
 Pulse skew is defined as |tp| 4 — tpHL| of each channel of the same device.
NOTE 4: Test conditions are C1-C4 =0.1 uF, atVcc =5V +0.5V.

PARAMETER MEASUREMENT INFORMATION

it Siey N\ qcv 3V
npu
RS20 15V 15V o
Generator 0 Output
50 Q
(see Note B) CL tpHL (D)—» —» | tpiH (D)
RL (see Note A) ] |
3V \ \ v, VoH
Output \ \ v
- - - A ="—— VoL
TEST CIRCUIT SR() - 6V VOLTAGE WAVEFORMS
'PHL (D) °" tPLH (D)

NOTES: A. Cy includes probe and jig capacitance.
B. The pulse generator has the following characteristics: PRR = 120 kbit/s, Zg = 50 €, 50% duty cycle, ty <10 ns, t; < 10 ns.

Figure 1. Driver Slew Rate

*9 TEXAS
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MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION

—————— 3V
RS-232 Input 1.5V 1.5V
Generator Output ‘ ‘ ov
50 Q
(see Note B) cL [¢—»— tpHL (D) [4—»— tpLH (D)
RL (see Note A) \ \
\ \ VOH
1 L Output 50% 50%
= = = ——— VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cp includes probe and jig capacitance.
B. The pulse generator has the following characteristics: PRR = 120 kbit/s, Zg = 50 €, 50% duty cycle, t; < 10 ns, tf < 10 ns.

Figure 2. Driver Pulse Skew

—————— 3V
Input 15V 15V
\
Output | \ -3V
Generator \ |
(see Note B) 50 0 cL tPHL (R) —H—b} ﬂ—b:— tPLH (R)
see Note A
( ) | \ VOH
Output 50% 50%
= = ———— VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cp includes probe and jig capacitance.
B. The pulse generator has the following characteristics: Zg = 50 Q, 50% duty cycle, ty < 10 ns, t; < 10 ns.

Figure 3. Receiver Propagation Delay Times
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MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

APPLICATION INFORMATION

16

Cc1+ Vee j
+ CBYPASS

— =0.1uF
Cl + 2 15
0.1pF, = 3T — V¥ %

63V [0.LuR=

GND
-3 14
c1- DOUT1

13

RIN1
4
co+
c2 . 5KkQ
0.1 uF,
16V T L
S {co- -

12 ROUT1

6 11

C4 -] V- DIN1

10 DIN2

RIN2 8 {}c 9 ROUT?2
5kQ

€3 can be connected to Vcc or GND.
NOTES: A. Resistor values shown are nominal.
B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be

connected as shown.

Figure 4. Typical Operating Circuit and Capacitor Values
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MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

APPLICATION INFORMATION

capacitor selection

The capacitor type used for C1-C4 is not critical for proper operation. The MAX202 requires 0.1-uF capacitors,
although capacitors up to 10 uF can be used without harm. Ceramic dielectrics are suggested for the 0.1-uF
capacitors. When using the minimum recommended capacitor values, make sure the capacitance value does
not degrade excessively as the operating temperature varies. If in doubt, use capacitors with a larger (e.g., 2x)
nominal value. The capacitors’ effective series resistance (ESR), which usually rises at low temperatures,
influences the amount of ripple on V+ and V-.

Use larger capacitors (up to 10 uF) to reduce the output impedance at V+ and V-.

Bypass V¢ to ground with at least 0.1 pF. In applications sensitive to power-supply noise generated by the
charge pumps, decouple V¢ to ground with a capacitor the same size as (or larger than) the charge-pump
capacitors (C1-C4).

ESD protection

Tl MAX202 devices have standard ESD protection structures incorporated on the pins to protect against
electrostatic discharges encountered during assembly and handling. In addition, the RS232 bus pins (driver
outputs and receiver inputs) of these devices have an extra level of ESD protection. Advanced ESD structures
were designed to successfully protect these bus pins against ESD discharge of £15-kV when powered down.

ESD test conditions

Stringent ESD testing is performed by TI, based on various conditions and procedures. Please contact Tl for
a reliability report that documents test setup, methodology, and results.

Human-Body Model (HBM)

The HBM of ESD testing is shown in Figure 5. Figure 6 shows the current waveform that is generated during
a discharge into a low impedance. The model consists of a 100-pF capacitor, charged to the ESD voltage of
concern, and subsequently discharged into the device under test (DUT) through a 1.5-kQ resistor.

Rp

o o—orn
1.5kQ
+ 1L Cs
— DUT
VHBM C—) 100 pF

Figure 5. HBM ESD Test Circuit
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MAX202
5-V DUAL RS-232 LINE DRIVER/RECEIVER

WITH +15-kV ESD PROTECTION

SLLS576D — JULY 2003 — REVISED JANUARY 2004

APPLICATION INFORMATION

15 T T T T
VHBM = 2 kV
DUT = 10-V, 1-Q Zener Diode
- {[\\;\
<
I
L AN
o \\
0.5
\
0.0
0 50 100 150 200

Time —ns
Figure 6. Typical HBM Current Waveform

Machine Model (MM)

The MM ESD test applies to all pins using a 200-pF capacitor with no discharge resistance. The purpose of the
MM test is to simulate possible ESD conditions that can occur during the handling and assembly processes of

manufacturing. In this case, ESD protection is required for all pins, not just RS-232 pins. However, after PC
board assembly, the MM test no longer is as pertinent to the RS-232 pins.
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 4-Mar-2005

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
MAX202CD ACTIVE SOIC D 16 40 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202CDR ACTIVE SOIC D 16 2500 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202CDW ACTIVE SOIC DW 16 40 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202CDWR ACTIVE SOIC DW 16 2000 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202CPW ACTIVE TSSOP PW 16 90 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
MAX202CPWR ACTIVE TSSOP PW 16 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
MAX202ID ACTIVE SOIC D 16 40 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202IDR ACTIVE SOIC D 16 2500 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202IDW ACTIVE SOIC DW 16 40 Pb-Free CU NIPDAU Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202IDWR ACTIVE SOIC DW 16 2000 Pb-Free CU NIPDAU Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
MAX202IPW ACTIVE TSSOP PW 16 90 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
MAX202IPWR ACTIVE TSSOP PW 16 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoOHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1
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MECHANICAL DATA

D (R-PDSO-G16) PLASTIC SMALL—-OUTLINE PACKAGE

0.394 (10,00)
0.386 (9,80)

DA AARAAA y

< - - - 0.157 (4,00)
\ 0.150 (3,80)

/H ﬁ m 00oo
R R JLWO o3

025

—1

J —

h 4

I
Too

L 0.069 (1,75) Max 0,004 (

2 m

t / [ ([0 0]
— Seating Plane

Gauge Plane J— -
#

0.010 (0,25)

4040047-4/F 07/2004

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS—-012 variation AC.

NOTES:
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MECHANICAL DATA

DW (R—PDSO-G16)

PLASTIC SMALL—-OUTLINE PACKAGE

0.413 (10,50)
0.398 (10,10)

EEEEEEE:

§ a5 (357
\ 0.299 (7,60)
0.291 (7,40)
L ELER:
oin | J Lm JLWO
Index Area
omo 025 ™]

L 0.104 (2,65) Max

Gauge Plane —{ -

Aiin|nininjninjnh J &

0.010 (0,25)

0.012 (
0.004 ( )

0.013 /}\

0. 008

1 |

:l[ \ / []0.004 (0,10)
1 —- Seating Plane
I~

f

4040000-2/F 06/2004

NOTES:

o ow>

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS—013 variation AA.
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

14 8

HHAHAA] T

4, )
4,30 6,20

50 6,6

o

“«—— A —»

L

e

HlHHHHHHY_J

0,15 NOM

!
:

Gage Plane i

— 120 MAX o [=]010 |
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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SN74LS00

Quad 2-Input NAND Gate

e ESD > 3500 Volts

GND
GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 4.75 5.0 5.25 \Y,

Ta Operating Ambient 0 25 70 °C

Temperature Range

loH Output Current — High -04 mA
loL Output Current — Low 8.0 mA

0 Semiconductor Components Industries, LLC, 1999

December, 1999 — Rev. 6

ON Semiconductor

Formerly a Dhvsion of Molonh
http://onsemi.com

LOW
POWER

SCHOTTKY

\l‘ u’

1

PLASTIC
N SUFFIX
CASE 646

14

SOIC
D SUFFIX
CASE 751A

ORDERING INFORMATION

Device Package Shipping
SN74LS00N 14 Pin DIP 2000 Units/Box
SN74LS00D 14 Pin 2500/Tape & Reel

Publication Order Number:

SN74LS00/D




SN74LS00

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vi Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage for
All Inputs
Vi Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage for
All Inputs
VK Input Clamp Diode Voltage —-0.65 -1.5 Vee = MIN, )y =-18 mA
2.7 3.5 Vce = MIN, loy = MAX, ViN =V
VoH Output HIGH Voltage or Vi, per Truth Table
0.25 0.4 \% loL = 4.0 mA Vce = Vee MIN,
VoL Output LOW Voltage ViN=VLorViy
0.35 0.5 \Y loL=8.0mA per Truth Table
20 HA Vee = MAX, ViN=2.7V
A Input HIGH Current
0.1 mA Vee = MAX, ViN=7.0V
I Input LOW Current -0.4 mA Vce = MAX, ViN=0.4V
los Short Circuit Current (Note 1) -20 -100 mA Ve = MAX
Power Supply Current
Icc Total, Output HIGH 1.6 mA Ve = MAX
Total, Output LOW 4.4
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tpLH Turn—Off Delay, Input to Output 9.0 15 ns Ve =50V
tPHL Turn—On Delay, Input to Output 10 15 ns CL=15pF

http://onsemi.com
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SN74LS00

PACKAGE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 646-06
JUJU U U L L ISSUEM N?TEDSI:I\AENSIONING AND TOLERANCING PER ANSI
m - Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
O * 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
{r. TRTRTETEY '17( 5. ROUNDED CORNERS OPTIONAL.
INCHES MILLIMETERS
A | DIM[ MIN [ MAX [ MIN [ MAX
A | 0715 [ 0770 | 1816 | 18.80
—»|Fle— L B | 0240 [ 0260 | 6.10 [ 6.60
C | 0145 [ 0185 | 369 | 4.69
\ X D [ 0015 [ 0021 | 038 | 053
11 F | 0040 | 0070 | 102 | 178
c G 0.100 BSC 254 BSC
S | H | 0052 [ 0095 | 132 | 241
|| J [ 0008 [ 0015 020 038
K [ 015 [ 0135 [ 292 [ 343
SEATING R |
PLANE _J L_ Lk 3 \_/ L~ rIJl 0,@ 0'311000 7j 7st7o
—>1H G D1apL M N | 0015 | 0039 | 038 | 101

& 0.13(0.005) |® |

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03

ISSUE F NOTES:

. DIMENSIONING AND TOLERANCING PER ANSI

— Y14.5M, 1982.

. CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

14 8 MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.
—-B-| p7pL /J\ . DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
[©]0250010®[8 @]

© . PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
HHHH MAXIMUM MATERIAL CONDITION.,

_>| G |<_ _J L_ MILLIMETERS INCHES
F

MIN MAX MIN | MAX
8.55 8.75 | 0337 | 0.344
3.80 400 | 0150 | 0.157
1.35 175 | 0.054 | 0.068
0.35 049 | 0014 | 0.019
0.40 125 | 0.016 | 0.049
1.27BSC 0.050 BSC
0.19 0.25 | 0.008 | 0.009
0.10 0.25 | 0.004 | 0.009
0° 7° 0° 7°
5.80 6.20 | 0.228 | 0.244
0.25 050 | 0.010 | 0.019
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ON Semiconductor and \.J are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implantinto the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

North America Literature Fulfillment : ASIA/PACIFIC: LDC for ON Semiconductor — Asia Support
Literature Distribution Center for ON Semiconductor Phone: 303-675-2121 (Tue—Fri 9:00am to 1:00pm, Hong Kong Time)
P.O. Box 5163, Denver, Colorado 80217 USA Toll Free from Hong Kong 800-4422-3781
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Email : ONlit—asia@hibbertco.com
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada .
Email : ONlit@hibbertco.com JAPAN : ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-8549
N. American Technical Support : 800-282-9855 Toll Free USA/Canada Phone : 81-3-5487-8345

. Email: r14153@onsemi.com
EUROPE: LDC for ON Semiconductor — European Support

German Phone: (+1) 303-308-7140 (M-F 2:30pm to 5:00pm Munich Time) Fax Response Line : 303-675-2167

Email: ONlit—-german@bhibbertco.com 800-344-3810 Toll Free USA/Canada
French Phone: (+1) 303-308-7141 (M—F 2:30pm to 5:00pm Toulouse Time) ) ) .

Email: ONlit—french@hibbertco.com ON Semiconductor Website:  http://onsemi.com

English Phone: (+1) 303-308-7142 (M—F 1:30pm to 5:00pm UK Time)

F itional inf i | local
Email: ONlit@hibbertco.com or additional information, please contact your local

Sales Representative.
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2803 THRU
2824

.AE'V0E6T
J98yS ejeq

Dwg. No. A-10,322A

Note that the ULXx28xxA series (dua in-line
package) and ULx28xxLW series (small-
outline IC package) are electrically identical
and share a common terminal number assign-
ment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, Vce

(x2803x and X2804X) ......ccevevereenn 50V

(x2823x and x2824X) ......cevevueruenn 9BV
INPUL VOItage, VN «eeereeeeererenienienans 30V
Continuous Output Current, I .... 500 mA
Continuous Input Current, Iy ....... 25 mA
Power Dissipation, Pp

(one Darlington pair) .........c.c..... 1.0W

(total package) ......ccccvevrvennnne See Graph
Operating Temperature Range, Ta

Prefix ‘ULN’ .............. -20°C to + 85°C

Prefix ‘ULQ' ......c........ -40°C to +85°C
Storage Temperature Range,

LT -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Featuring continuous load current ratings to 500 mA for each of
the drivers, the Series ULN28xXA/LW and UL Q28xxA/LW high-
voltage, high-current Darlington arrays are ideally suited for interfac-
ing between low-level logic circuitry and multiple peripheral power
loads. Typical power loads totaling over 260 W (350 mA x 8, 95 V)
can be controlled at an appropriate duty cycle depending on ambient
temperature and number of driversturned on simultaneously. Typical
loads include relays, solenoids, stepping motors, magnetic print ham-
mers, multiplexed LED and incandescent displays, and heaters. All
devices feature open-collector outputs with integral clamp diodes.

The ULXx2803A, ULx2803LW, ULx2823A, and ULN2823LW
have seriesinput resistors selected for operation directly with5V TTL
or CMOS. These devices will handle numerous interface needs —
particularly those beyond the capabilities of standard logic buffers.

The ULXx2804A, ULx2804LW, ULx2824A, and ULN2824LW
have seriesinput resistors for operation directly from 6V to 15V
CMOS or PMOS logic outputs.

The ULx2803A/LW and ULx2804A/LW are the standard
Darlington arrays. The outputs are capable of sinking 500 mA and will
withstand at least 50 V in the off state. Outputs may be paralleled for
higher load current capability. The ULx2823A/LW and ULx2824A/
LW will withstand 95 V in the off state.

These Darlington arrays are furnished in 18-pin dual in-line
plastic packages (suffix ‘A") or 18-lead small-outline plastic packages
(suffix ‘LW’). All devices are pinned with outputs opposite inputs to
facilitate ease of circuit board layout. Prefix ‘ULN’ devices are rated
for operation over the temperature range of -20°C to +85°C; prefix
‘ULQ’ devices are rated for operation to -40°C.

FEATURES

m TTL, DTL, PMOS, or CMOS Compatible Inputs

m Output Current to 500 mA

m QOutput Voltageto 95V

m Transient-Protected Outputs

m Dual In-Line Package or Wide-Body Small-Outline Package

The ULx2804, ULx2823, & ULx2824 are discontinued.
Shown for reference only.

x = Character toidentify specific device. Characteristic shown appliesto family
of devices with remaining digits as shown. See matrix on next page.

iAllegro:

Ill [ N J MlcroSystems Inc.
[ L4



2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PARTIAL SCHEMATICS

ULx28x3A/LW (Each Driver)

27K »

|
|
£ .
|
|

+ 3K

Dwg. FP-052-2

ULx28x4A/LW (Each Driver)

10.5 K b
| |
|
i 72K KI
: ——d
I 3K
rz
Dwg. FP-052-3

DEVICE PART NUMBER DESIGNATION

Veemax) 50V 95V
lcmax) 500 mA 500 mA
Logic Part Number

5V ULN2803A* ULN2823A*

TTL, CMOS ULN2803LW* ULN2823LW
6-15V ULN2804A* ULN2824A*
CMOS, PMOS ULN2804LW* ULN2824LW

* Also available for operation between -40°C and +85°C. To order, change
prefix from ‘ULN’ to ‘ULQ’.

The ULx2804, ULx2823, & ULx2824 are discontinued.
Shown for reference only.
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X = Character to identify specific device. Specification shown appliesto
family of devices with remaining digits as shown. See matrix above.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULx2803A, ULx2803LW, ULx2804A, and ULx2804LW
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current| Icgpx 1A All Ve =50V, Tp =25°C — <1 50 pA
Vce =50V, Tp =70°C — <1 100 HA
1B ULx2804x Vce=50V,Tpo=70°C,V|y=10V|] — <5 500 pA
Collector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig = 250 pA — 0.9 1.1 \
Saturation Voltage Ic = 200 mA, Ig = 350 pA — 11 13| v
Ic =350 mA, Ig = 500 pA — 1.3 1.6 \
Input Current lIN(ON) 3 ULx2803x ViN=3.85V — 093 135 mA
ULx2804x ViN=5.0V — 035 0.5 mA
ViN=12V — 1.0 1.45| mA
l\N(OFF) 4 All Ic =500 pA, Tp =70°C 50 65 — HA
Input Voltage VIN(ON) ULx2803x Ve =2.0V,Ic =200 mA — — 24 \Y
Vce=2.0V, Ig =250 mA — — 2.7 \
Ve =2.0V, Ic =300 mA — — 3.0 \
ULx2804x Vce=2.0V, Ic =125 mA — — 5.0 \Y
Vce=2.0V, Ic =200 mA — — 6.0 \Y
Vcg=2.0V, Ic=275mA — — 7.0 \Y
Vce=2.0V, Ic=350 mA — — 8.0 \Y
Input Capacitance CiN — All — 15 25 pF
Turn-On Delay tpLH 8 All 0.5EN100.5EQquT — 025 1.0 Us
Turn-Off Delay tpHL 8 All 0.5ENt0 0.5 Eout — 025 1.0 us
Clamp Diode IR 6 All VR =50V, Tp=25°C — — 50 HA
Leakage Current VR = 50V, Tp = 70°C _ _ 100 LA
Clamp Diode VE 7 All IF =350 mA — 1.7 20 \Y
Forward Voltage

Complete part number includes prefix to operating temperature range: ULN = -20°C to +85°C, ULQ =-40°C to +85°C

and a suffix to identify package style: A = DIP, LW = SOIC.

The ULx2804 is discontinued.
Shown for reference only.
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2803 THRU 2824

HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULx2823A, ULN2823LW, ULx2824A, and ULN2824LW

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current| Icex 1A All Ve =95V, Tp =25°C — <1 50 pA
Ve =95V, Tp =70°C — <1 100 pA
1B ULx2824x Vcg=95V, Tpo=70°C,V|y=10V|] — <5 500 pA
Collector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig = 250 pA = 0.9 1.1 \Y
Saturation Voltage Ic = 200 mA, Ig = 350 pA — 11 13V
Ic =350 mA, Ig = 500 pA — 1.3 1.6 \Y
Input Current lIN(ON) 3 ULx2823x ViN=3.85V — 093 1.35 mA
ULx2824x ViN=5.0V — 035 0.5 mA
ViN=12V — 1.0 145 mA
l\N(OFF) 4 All Ic =500 pA, Ta =70°C 50 65 — pA
Input Voltage VIN(ON) ULx2823x Vce=2.0V,Ic =200 mA — — 24 \Y
Vce=2.0V, Ic =250 mA — — 27 \Y
Vce=2.0V, Ic =300 mA — — 3.0 \Y
ULx2824x Vce=2.0V,Ic=125mA — — 5.0 \Y
Vce =2.0V, Ic =200 mA — — 6.0 \Y
Vce=2.0V, Ic=275mA — — 7.0 \Y
Vce=2.0V, Ic=350 mA — — 8.0 \Y
Input Capacitance CiN — All — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 E|nto 0.5 Egut — 025 1.0 us
Turn-Off Delay tpHL 8 All 0.5 E|Nt0 0.5 EoyT — 025 1.0 ps
Clamp Diode IR 6 All VR=95V, Tp=25°C — — 50 pA
Leakage Current Vg =95V, T = 70°C . . 100 LA
Clamp Diode VE 7 All IF =350 mA — 1.7 2.0 \Y,
Forward Voltage
Complete part number includes prefix to operating temperature range: ULN = -20°C to +85°C, ULQ =-40°C to +85°C

and a suffix to identify package style: A = DIP, LW = SOIC. Note that the ULQ2823LW and ULQ2824L W are not presently

available.

The ULx2823 & ULx2824 are discontinued.

Shown for reference only.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
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x = Characters to identify specific device. Specification shown applies to family of devices with remaining digits as shown.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS
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x = Charactersto identify specific device. Characteristic shown appliesto family of devices with remaining digits as shown.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PACKAGE DESIGNATOR “A” DIMENSIONS
Dimensions in Inches
(controlling dimensions)

18 10

0.280

0.240

S S Uy S By O By Oy S S

1 9
L_._o.o70 J 0.100 L L_,_O.OOS

0.045 0.920 BSC MIN

0.880

Dwg. MA-001-18A in

Dimensions in Millimeters
(for reference only)
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s s [ S iy S S

Li.L 177 J 2.54 L ° L_,_ 0.13

1.15 23.37 BSC MIN
; 22.35
MAX \_
v
A —
0.39 3.81
MIN 2.93
A
a‘ Fo 558

O 356 Dwg. MA-001-18A mm

NOTES: 1. Exact body and lead configuration at vendor’s option within limits shown.
2. Lead spacing tolerance is non-cumulative.
3. Lead thickness is measured at seating plane or below.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

PACKAGE DESIGNATOR “LW” DIMENSIONS
Dimensions in Inches
(for reference only)
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Dimensions in Millimeters
(controlling dimensions)
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0.10 mIN. Dwg. MA-008-18A mm

NOTES: 1. Exact body and lead configuration at vendor’s option within limits shown.
2. Lead spacing tolerance is non-cumulative.
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2803 THRU 2824
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

The products described here are manufactured under one or more
U.S patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, fromtime to
time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result fromits use.
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