Manuel technique

. Le présent manuel technique s'adresse aux spécia-
listes qui souhaitent obtenir Te maximum d'infor-
mations techniques sur le micro-ordinateur GOUPIL 2
tant au niveau du matériel que du logiciel de base
pour la version de base ou les versions évoluées.

. A ce niveau, la politique de SMT est de pratiquer
1'ouverture la plus large et de faire profiter son
réseau de distributeurs et ses clients de toute
1'information technique souhaitée.

Attention ! En dehors des listings,ce document a été rédigé
selon la convention frangaise pour les programmes
informatiques :

@ signifie Ta lettre 0
0 signifie le chiffre zéro

Cela peut étre 1'inverse dans d'autres documents,
sur d'autres micro-ordinateurs ou sur 1'écran de
votre GOUPIL 2.
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- LA GEOGRAPHIE DE LA MEMOIRE ET DES ENTREES-SORTIES -
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VERSION DE BASE

FFFF

E400

ECOO

E800

E400

BOOO

8000

4000

EPROM
3 K OCTETS
MONITEUR

EPROM
2 K OCTETS
K7/MODEM

ENTREES/SORTIES

RAM
1 K OCTETS
MONITEUR

REPROM
12 K OCTETS
BASIC

RAM
(option)
16 K OCTETS

RAM
16 K OCTETS

FFFF

£400

ECO0

E80O

£400

VERSION 16 x 64

EPRCM
3 K OCTETS
MONITEUR

EPROM
2 K OCTETS
K7/MODEM

ENTREES/SORTIES

RAM
1 K OCTETS
MONITEUR

57 X
de
RAM
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VERSION 24 x 80

FFFF

E400

ECO0

£800

£400

EPROM
3 K OCTETS
MONITEUR

RAM Vidéo
24 x 80

ENTREES/SORTIES

RAM
1 K OCTETS
MONITEUR

57 K
de
RAM
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LES ENTREES/SORTIES

EBFF
EBF8

EB30
EB20
EBOO

EAFO
EAEC

EACO
EABQ
EA40

E920
E910
E900
E8FO
ESEO
E8DO
ESCO
E8BO
E8AO
E890
EB80
E870
E860
E850
E840
E830
£820

E810
E800

E7F8

Valjdation mémoires

1795

DMA

Cartes graphiques
512 x 256 couleur N et B

Carte vidéotex

Transcodage carte
graphique 512 x 256
couleur

IEEE 488

Disque dur 5"

BSC 2780

Disque 5" 1791

Disque 5" sélection

Multiconsultation 2

Multiconsultation 1

Disque dur cynthia

Flottant céblé

GF 6845 du 24 x 80
GE  VIA

GD 6551

GC VIA

GB 8279

GA 8279

VIA Ecran 16 x 64

ACIA CPU

Graphique 256 x 256
8 couleurs

I.3

Option disque
8” Ou 5"
double densité

Option

Option

Option

Option

Option

Option disque 5"
simple densité

6 séries V24 option
6 séries V24 option

Option

Option

Option 24 x 80
K7/MODEM/MUSIQUE

Série V24 (option)

Sortie paralléle et clavier
Clavier 2

Clavier 1

SérieV24
S M

-



Manuel technique

- II -

- LE CONNECTEUR COMMUN ET LE BUS GOUPIL -
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Le fond de panier, dans la version de base, fournit 12 emnlacements
dont 9 sont équipés de connecteurs :

4 connecteurs sont utilisés en version de base pour les cartes
suivantes :

- Carte CPU

- Carte E/S

- Carte Mémoire
- Carte Modem

Données
PIN face A |face B PIN {race A |face 8
1 17 D6 NMI
2 18 D7 Halt/
3 MRDY BA 19 A0-RSO | Al1-RS1
~ N
4 - 12 v - 12 v 20 A2-RS2 | A3-RS3
Alimentations 5 + 12 v + 12 V 21 Ad AB
<
6 - 5y - 5y Adresses 99 A6 A7
2
7 ¥CC VCC 23 A8 A9
.
8 VCC VYCC 24 A10 All
9 ov ov 25 Al2 Al3
10 ov ov 26 Al4 Al5
N
11 DO RD/ 27 GA/
12 D1 WD/ 28 GB/ GC/
13 D2 VMA/ 2g 6D/ GE/
14 D3 @2 30 GF/ IRQ/
15 D4 R/W 31 GUC/ RESET/
16 D5
Données SMT

SCHEMA DE BROCHAGE D'UN CONNECTEUR
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Signification des codes précédents :

vCC 1+ 5V

ov : masse

RD/ : lecture

WD/ : écriture

VYMA/ : valid memory address

¥: : horloge systéme (1 MHz)

R/W/ : 1 : lecture ; 0 : écriture

BA : bus available

NMI/ : non masquable interrupt

HALT/ : arrét du microprocesseur

GA/ a GF/ : signaux de décodage d'adresse
GUC/ : décodage des adresses E000 a EFFF
RESET/ : initialisation du systéme
IRQ/ : interrupt request

% Les signaux dont Te nom est suivi du / sont actifs & 1'état zéro.
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- LE CODE ASCIT NORMALISE -
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FIT: 1
TABLE DE CODIFICATION ASCII
ASCII CAR ASCIT CAR | ASCII CAR ASCIT CAR
(HEX) ou CONTR.| (HEX) ou CONTR.| (HEX) ou CONTR.| (HEX) ou CONTR.
- ;3

00 NUL 20 sp 40 3 (@3] 60 \

01 SPH 21 ! 41 A 61 a

02 STX 22 . 42 8 62 b

03 ETX 23 P 43 C 63 c

04 EQT 24 $ 44 D 64 d

05 ENQ 25 % 45 E 65 e

06 ACK 26 & 44 3 66 f

07 BEL 27 : 47 G 67 g

08 BS 28 ( 48 H 68 h

09 HT 29 ) 49 I 69 i

0A LF 2A X 4A J 6A j

0B VT 2B + 4B K 6B k

0C FF 2C , ac L 6C 1

0D CR 2D - 4D M 60 m

OE S 2E ) 4E N 6L n

OF S1 2F / 4F ) 6F 0

10 DLE 30 0 50 p 70 p

11 DC1(X.@N) 31 1 51 Q 71 q

12 DC2({ TAPE} 32 2 52 R 72 r

13 DC3(X.QFF) 33 3 53 S 73 3

14 pcéd 34 4 54 T 74 t

15 NAK 35 5 55 U 75 u

16 SYN 36 6 56 v 76 v

17 ETB 37 7 57 W 77 w

18 CAN 38 8 58 X 78 X

19 EM 39 9 59 y 79 y

1A SUB 3A . 5A Z 74 Z 4y
1B ESC 3B : 5B [ 7B é ({) %
1C FS 3C < 5C \ 7¢C 0 ()
1D GS 3D = 5D I 7D e (),
iE RS 3E > 5E M 4 7E = ()

1F us 3F ? 5F - (&) 7F DEL

¥ autres graphismes normalisés

*% graphismes standards dans le cas des minuscules
accentuées qui ne sont pas normalisées.
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- SYNOPTIQUES DES CARTES ET COMMENTAIRES TECHNIQUES :

1)gGEnéralitesisu, cowmm I, PRVNETY BT 0N U SRS LT pel
2) Présentation de la carte CPU.......... .. ciiiiinnnn., p 4
3} Présentation des contrdleurs clavier, E/S, EPROMS....... p 8
4) Présentation de la carte mémoire statique............... p 17
5) Présentation de la carte Modem..............oviiniaaln p 19
6) Présentation de 1'alimentation............... ... .coee, p 21
7) Présentation de la carte graphique couleur.............. p 24
8) Présentation de la carte mémoire dynamique.............. p 30bis
9) Présentation de la carte 24 x 80....... ... iiiiiinnnn p 31

INDEX DES SYNOPTIQUES :

- Synoptique général de GOUPIL...........viiiiiiiiiinnnnnnn p 3
- Synoptiques de la carte CRT-CPU.........coiviviiiennt, p 6
- Synoptique de la carte E/S.. ... it p 9
- Position des plots programmables Det E.............v.... p 10
- Schémas des plots programmables Det E......... ... .0t p 11
- Synoptique de la carte mémoire Gl version 1.............. p 18
- Position du plot programmable F.........ccviirvinenan.. p 12
- Schéma du ptot programmabie F...... .ot p 13
- Synoptique de la carte modem - K7......... i, p 21
- Synoptique de 1'alimentation...........cieen i, p 22
- Schéma de 1'interface imprimante paralléle............... p 16
- Brochage des connecteurs de GOUPIL (fiche 25 points)..... p 15bis
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I) GENERALITES

1 - Architecture du systéme

L'architecture du systéme est 1ige & 2 impératifs
techniques :

- Possibilité d'extension

- Maintenance

A - Structure interne

On trouve dans GOUPIL une "carte BUS" qui permet la
connexion des cartes entre elles.

Sur cette carte sont regroupés, les tensions d'alimen-
tation, Tes signaux du bus de données, les signaux du bus d'adresses,
ainsi que les signaux du bus de commandes.

Les connecteurs disposés sur cette carte bus permettent
la Tiaison avec les cartes du systéme. Douze positions existent équi-
pées de 9 connecteurs dont quatre sont destinés i recevoir les cartes
formant Ta version de base.
a) carte CPU Gl Version 7
b) carte mémoire dynamique Gl Version 3
c) carte E/S Gl Version 3
d) carte Modem G1 Version 3 (liaison 600 bauds entre GOUPIL et K7)
(Tiaison 300 bauds entre GOUPIL et
modem)
Chaque carte utilise tout ou partie des signaux présents
sur le bus. Ces signaux sont gérés par la carte CPU.

B - Possibilités d'extension
Les huit emplacements 1libres sont destinés a recevoir les
cartes d'extension afin d'augmenter la puissance du systéme.

Ces cartes peuvent &tre par exemple :
- carte contréleur de floppy-disque (5" et 8")
- carte entrée-sortie
- cartes graphiques (256 x 256 x 8 couleurs, 256 x 512
Noir et blanc)
- carte Modem Asynchrone (liaison & 1200 bauds vers les gros
systémes)
- carte interface disque dur
- carte 24 x 80
- carte liaison synchrone BSC
- carte commande magnétoscope
- carte vidéotex
- carte IEEE
- carte multiconsultation
- carte graphique avec incrustation et Tightpen
256 x 512 x 8 couleurs

C - Maintenance

Le fait d'avoir des cartes ayant une fonction précise permet
une maintenance plus efficace et moins coiteuse que pour un systéme mono-carte.

1) La conception modulaire permet la détection de pannes sur
un sous-ensemble (carte} a 1'aide des programmes de tests appropriés.

2) La carte défectueuse est rapidement détectée et son
changement ne prend que quelques instants.

Ces €léments permettent Ta mise en oeuvre d'une maintenance
sur Te site qui évite 1'arrét prolongé du systéme. Le dépannage des cartes
s'effectue au laboratoire aprés remise en service du systéme de T1'utilisateur.
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2) ENTREES SORTIES

La nuissance du systéme GOUPIL est 1iée au fait que 1'on peut Tui
connecter un grand nombre de périphériques.

Dans l1a version de base, 1'utilisateur disnose des éléments suivants :
a) 1 @cran-clavier (intégré au systéme)
b) 1 entrée-sortie pour magnétophone cassette (prise DIN)
c} 1 entrée-sortie modem acoustique (deux oreillettes)
d} 1 entrée-sortie V24 (gestion de pAriphériques en séries)
e) 1 entrée sortie 8 bits paralléle avec ses signaux de contrdle (option)
f) 1 sortie pour haut parleur.
Sur les quatres cartes représentant le systéme de base on peut
ajouter également une entrée-sortie conforme a 1'avis V24 du CCITT.

On peut également augmenter le nombre de ces entrées-sorties
par simnle adjonction de cartes supplémentaires.

La gestion des nérinhériques est snécifique de chaque type
d'entrée-sortie (série, paralléle, etc...).

Chacun des circuits gérant la périphérie utilise un espace
mémoire {technique des entrées-sorties projetées en mémoiresl et
son adressage est préétabli d la création du systéme ; il €S
nrévu lkilo-octet d'espace mémoire pour les entrées-sorties ce
qui laisse & 1'utilisateur une souplesse appréciable.

SMT
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II - Présentation de la carte CPU

la carte d'unité centrale du GOUPIL regroupe en réalité deux
sous-cusenbles

- La partie microprocesseur et les circuits qui lui sont
nécessaires.

- La partie visualisation concentrée autour du boitier EF
9 364.

1) Partie microprocesseur :

Le coeur de cette partie est un microprocesseur fabri-
qué par MOTOROLA, référencé EF 6808.

Ce microprocesseur posséde les caractéristiques sui-
vantes :

L'horloge est intégrée au boitier.
- Les instructions sont compatibles avec le MC 6800.
- I1 peut adresser jusqu'd 64 K mots.

- Ses entrées-sorties sont compatibles avec la série TTL
standar.

- I1 travaille sur des mots de 8 bits.

- I1 posséde des broches d'interruptions.

Le EF 6808 (IC4C) permet de piloter, sur chacune de ses
entrédes-sorties, une charge TTL, soit 1. 6mA. De plus chaque
liane du bus de données et du bus d'adresse est amplifiée par
un circuit tristate (Buffer).

Une autre particularité du EF 6808 est qu'il suffit de
brancher aux bornes de 1'unité centrale un quartz de 4 MIZ
pour générer la fréyuence de synchronlsatlon du systeme
¢ 2 , 1'horloge et un diviseur par 4 &tant intégrés dans
le boitier.

iy
SMT
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Les lignes de contrdle du g 6808, BA (Bus Available),
Halt (Halte), TRQ (Interrupt Request), NMI (Non Masquable
Interrupt), sont sorties surle bus par 1'intermédiaire du con-
necteur TB 1, avec une résistance du 4,7 K au +5 V sur cha-
que ligne (pull-up).

La sortie E (Enable) du EF 6808, qu1 sert 3 synchroniser
les boitiers périphérigues, est passée dans un amplificateur
3 états (buffer tri-state) avant d'&tre connectée au bus.

Sur certaines cartes, il existe des composants pilotés
par des signaux de lecture et d'écriture séparés.

Cette séparation est réalisée par IC 6D synchronisé sur
1'horloge @2 qui arrive de IC 6C.

De méme, le signal VMA (Valid Memory Acc ess), protégé du
Reset par IC 6D, est envoyé sur le bus.

I1 existe un dispositif de remise & z&ro automatique, cons-
titué par IC 6E et quelques composants passifs. Le transistor
Q 1 permet de piloter 1'ensemble des cartes comnectées sur le
bus.

Un bouton-poussoir placé sur le coté droit sous le GOUPIL
autorise la réinitialisation manuelle du systéme (bouton RESETY.

Un dispositif de décodage, (IC 6A, 6B) permet de sélection-
ner un ACIA (Asynchronous Communication Interface Adapter
-IC 3A-) MC 6850, et une mémoire RAM (Random Access Memory
-IC 4B, 4A-) d'une capacité de 1 K x 8 bits (2 x 2114 - 3).

Ces décodeurs trois parmi huit sont repérés dans 1'espace
mémoire par un signal GUC (Groupe Unité Centrale) généré sur
la carte d'entrée-sortie.

Retenons 1'adresse de 1'ACIA : E80C
et 1'adresse de la RAM : E400.

I1 faut remarquer que le boitier IC6A génére sur le bus
six signaux de décodage appelés : GA, GB, GC, GD, GE, GF.

Ces signaux sont repris sur d‘autres cartes pour écono-
miser les circuits intégrés.

Le connecteur disponible pour un couplage suivant 1'avis
V 24 du CCITT, sur 1'ACIA (MC 6850) est référencé P 1.
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\____
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III - PRESEMTATION DPES CONTPOLEURS CLAVIER + ENTREES-SORTIES + EPROMS

1) LE CLAVIER :

Le clavier est décodé par deux contrSleurs 8279 d'INTEL.
Le premier contrbleur gére le clavier droit (clavier de ma-
chine & écrire) et le second, le clavier gauche (clavier
héxadécimal , plus clavier de fonctions, plus clavier de ges-
tion de la page).

) ™y @™ @ @

i
P
(1) j 6 | (2)

Clavier
droit

;__.____,_____—J
Clavier droit

{1) clavier de machine & écrire
(2) clavier néxadécimal

(3) clavier de gestion de la page
(4) clavier de fonction

Chaque clavier, droit ou gauche, est vu par son contrd-
leur associé& comme une matrice de 8 lignes et 8 colonnes.

Un contrdleur peut donc gérer un clavier de 64 touches seule-
ment, ce qui expliyue 1'utilisation de deux contrdleurs pour
la gestion du clavier du GOUPIL.

A chaque intersection d'une ligne et d'une colonne, cor-
respond une touche du clavier. Lorsqu'une touche est appuyée,
sa position codée sur 6 bits, (3 bits pour le n° de ligne + 3
bits pour le n° de colonne)}, est envoyée au contrbleur. L'uti-
lisation des touches MAJ {Majuscule) et CTRL (Contr&le) sont
codées sur 2 bits suivant la table ci-aprés :

11 Majuscule
10 Majuscule
01 Contrdle
00 Majuscule + Controdle

Ces 2 bits associés aux 6 bits de position, forment un
mot de 8 bits yui est transmis par le contrSleur au micro-
processeur. Celui-ci s’en sert alors pour construire une adres-
se yui lui permettra d'aller chercher dans une table le code
ASCII correspondant 3 la touche appuyée.

SMT
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LOGIGQUE E
de : GK x8 !
DECODAGE : ‘ ;
LIGNES Du BUS DE CONTAOLE
ﬁ l J L j r C.c.F
AD /t
o LIGNES DU BUS D’ ADRESSAGE AD A5
po T y, L ’
oy < LIGNES DU BUS DE DONNEES DO5-D7
14 ) (]

@2 J 1 1
] >
3 -
IRQ
RAZ

CONTROLEUVURS CLAVIERS

..............

i

VIA
6522

EB40

—

— D B

série

—— V24

[0 > foite
LS
<}_—

iMpe

CARTE E ,S Version 2
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BASIC 1K ———

[}
[}
)
]
i

f REPROM 271 6

sooo-saoo- 900¢:9800! Qooo:naoo.;:t,ooupgﬂ

i

-
S

VIA

LOGIQUE E ;
d 1
BUS DECODAGE o 16K X8 :
St \1 E 2 i 6 u 7 B y 2
e
GuUC 1,
" LIGNES DU BUS DE CONTROLE
£ ' ‘) 'l CC.F
ro | A L
A% [IGNES DU BUS 0’ ADRESSAGE AD.ATS
T v
Do J L
. < LIGNES DU BUS DE DONNEES 00-07
J[i )
B2 )\ 1, 1
[ > j& 4 ’
v \/
) Y
RAZ
[ 8279 1 8279
E820 €630
s

1 6522
—>

CONTROLEURS CLAVIERS

Egto

—D
Q._.__

E/S

Série
v2¢

E/5

rqrouela

IMP.

CARTE E/S versions smt
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UTILISATION DES PLOTS PROGRAMMABLES @ ET @

POSITION suR LA carte E/S Version 2

-~ I
(2708 | (2708 (2708 | (278 ) |

.)1\; /1\3'41\2'/\;1./

1L © J 1&m LS 138

7

, 7% Ls 138
1
6522
\d
1 1[, ® r

REPRESENTATION VUE DU COTE COMPOSANTS

CownectEue TH4

Remorﬂuz.:
Le ¢oin gauche des boitiers est accentus par un cercle

noir Pour
identifier la broche n®4 du circoit intdgre .

smt
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SUR CARTE EJS VERLION 2.

® 0000 > () (@———f OUC

@ 2000 >___@ @ '

@ 4000 >__@ r

o0 & i
e e

@ AD0O >___@ @

@ ¢OoD >____<-,> L

@ 0w > @ @},}@ . PROM

Rg:  les licisons en pointillés existent déja sur le circuif

|mPrimé .

PLOT ~PROGRAMMABLE (D)
SUR CARTE £/ VERSION 2,

)
1
I
]
]
H
1
'
-

GA >—(®)

B >—0 > 51
GC >__.C) > €33
5T >___(D [> CS2
GE  >——(® > Csh

R
vV
@.-
RO

smt
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UTILISATION 4 PLOT_PROGRAMMABLE (F)

POSlTlON SUR LA CARTE MCMGIRE STATIGUL

74 15138

o
]-.
Q7
MEMOIRES 2114 o
a
Ll
=2
=
[=}
Q)
MEMOIRES 2114
9,4 8. 7.0 6, 5, ,
c.C.F

REPRESENTATION VUE DU
COTE COMPOSANTS

Remorsue :

Le con gauche des boiliers est accentoé par un cercle

noir Pour ,‘ch,nHP.‘er ,a broche ne des Cir‘cuil’_g in]'e'ﬂrés
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PLOT PROGRAMMABLE (B

SUR CARTE MEMOIRE STATIGQUE

ZONEA <]_® . q @ 0000
@_-4 @ 2000
531:152 <]_® <| @ 400
@ 6000
PROM <)_® @ 8000
» @ A000
GUC <}_<»=D @ C000
@“q @ E000

EEr.
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IV .14.
(suite de la page IV-8)

Structure du mot transmis au microprocesseur :

7 6 5 4 3 2 1 2
] T T T 4 ¥ |
l A 1 1 | by
A FERY /

/ N
2 bits de définition de 6 bits de position

1'état de la touche.

Seul le clavier droit peut &tre utilisé avec les tou-
ches MAJ et CTRL, le clavier gauche est codé en majuscule
uniguement.

2} LES ENTREES-SORTIES :

Sur cette carte, deux ports d'entrées-sorties sont nré-
vus :

- un port d'entrées-sorties paralléles (8 bits
+ strobe + acknowledge)
- un port d'entrées-sorties séries cptionnel.

a) le port d'entrées-sorties paralléles est réalisé
par les 8 lignes du port B du VIA (Versatile Interface Adap-
ter) + les deux lignes de contrdle CB1 (acknowledge) et CB2
(strobe). Le port A est réservé pour 1'utilisation des con-
trdleurs clavier.

L'initialisation du port B a été prévue dans le moni-
teur SMIMONA 1'adresse § FAB2(INITVC). Dés la mise en marche
ou aprés un RESET, les 8 lignes du port B sont programmées
en sortie et CBZ enmode sortie manuelle. Le handler propre
a 1'imprimante connectée sur le GOUPIL, pourra &tre écrit
par l'utilisateur, en tenant compte descaractéristiques du
périphériques utilisé.

b} le port d'entrées-sorties séries est réalisé par un
boitier SYNERTEC, le 6551 dont 1'emplacement a été réservé
sur la carte et qui sera monté & la demande de 1'utilisateur.
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3/ DECODAGE DES BOITIERS DES CARTES E/S version 3 et version 2

Le décodage des différents boitiers spécialisés et
des EPROM se fait par 1'intermédiaire de straps montés sur
les comnecteurs E et D. (uniquement sur version 2)

a) Décodage des boitiers spécialisés : Connecteur E

Les signaux GA, GB, GC, GD, GE, et GF ont été géné-
rés sur la carte CRT + CPU et correspondent respectivement
aux adresses $E820, $E830, $E840, PE850, PE860 et FEB70. Les
lignes CS1, CS2, CS3, et CS4 sont utilis€es pour sélectlonner
respectivement le contrdleur du clavier droit, le contrdleur
du clavier gauche, le VIA pour le port d'Entrées-Sorties pa-
ralléles et le 6551 pour le port d'entrées-sorties séries.
Les straps relieront donc ensemble :

GA et CSi  Contrbdleur clavier droit ZE820
GB et CSZ Contrdleur clavier gauche BE830
GC et CS3 VIA du port d'E/S paralléle BE840

Le port d'entrées-sorties s€ries est programmé
en FE850 (GD et CS4) dans le cas de la version 3.

b) Décodage des EPROM : Connecteur D (version 2 uniquement)

Les EPROM sur la carte sont décoddes de C000 & DFFF.

Le comnecteur D permet de construire deux signaux formés i
1'aide des adresses A134 Al4 et A15 passées dans un: 74 LS 138
ou décodeur.

. Ces signaux sont d'une part le Groupe d'Unité Centrale

(GUC)} qui est transmis a la carte unité centrale pour servir

de racine au décodage des boitiers spécialisés de la carte

CPU et des boitiers périphériques, et d'autre part un signal

qui passé dans un 74 LS 138 avec les signaux du bus d'adresses

A10, A11 et A12, permet le décodage 1K par 1K des EPROM 2708,
Les straps seront donc branchés de maniére 3 relier

la brocne du signal GUC & la borne E-F (adresse EOOQ-FFFF)

et la broche constituant la racine du décodage des EPROM

d la borne C-D (adresse COO0O-CFFF)}.

SMT
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BROCHAGE DES CONNECTEURS DE GOUPIL
(FICHES 25 POINTS)

a) Connecteur Série

Broche Désignation
2 Réception des données
3 Emission des données
7 Masse
b) Connecteur paralléle
Fonction du 6522/ Fonction du 6522/
Broche | Fonction du 6522 |Broche| Fonction impri- |Broche| Fonction impri-
mante// mante//
1 PAO 10 CAy % 19 CB1/AcknowTegde
2 PA{ 11 PBO/B1t 1 20 CB,/Strobe
3 PA2 12 PBl/Bit 2 21 Masse/GND
4 PA3 13 PBZ/Bit 3 22 -5V
5 PAZ 14 PB3/Bit 4 23 + 12 V¥
6 PA; 15 PB4/Bit 5 24 —_—
7 PA6 16 PB;/Bit 6 25 + 5%V
8 PA7 17 PBg/Bit 7
9 CA1* 18 PBy/Bit 8

£ Ces lignes sont utilisées par la gestion du clavier

NOTE : Concernant la "fonction 6522", se référer a la fiche technique
de ce circuit.

c) Réalisation d'un céble GOUPIL/Imprimante paralléle compatible Centronics

Broche connecteur Broche connecteur
25 points GOUPIL 36 points imprimante

11
12

—
W
—

—
(o)}
OO WO~NOTOT WM

™2
—
—

a 30
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SCHEMA DE L'INTERFACE PARALLELLE POUR L'IMPRIMANTE

PINS

19

20

21

22

23

24

25

26

27

28

T

29

T

30

"

31

Input Prime

32

Fault

33

ov

34

+ 10V

35

PINS SIGNAL
1 Data Strobe
2 Bit i
3 Bit 2
4 Bit 3
5 Bit 4
6 Bit 5
7 Bit 6
8 Bit 7
9 Bit 8
10 AXNOWLEDGE
11 BUSY
12 Paper End
13 Select
14 ov
15 N. C.
16 ov
17 Chassis Ground
18 +5YV

36

+ 23V
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IV - PRESENTATION DE LA CARTE MEMOIRE STATIQUE

Cette carte est équipée de mémoires d'une capacité
de 1 k x 4 bits. (2114)

Chagque carte est extensible jusqu'a 16 K octets.

Cette carte contient aussi 4 supports recevant des mé-
moires EPROM d'une capacité de 1 k x 8 bits (2708Y

Le décodage des mémoires RAM et REPROM est effectué par
quatre 7415138 qui sont des décodeurs 3 parmi 8 et qui permettent

d'accéder aux 16 k RAM et aux 4 k REPROM n'importe ol dans 1‘espace
adressable du microprocesseur.

Ggrace au plot programmable F , i1 est possible de réa-
Tiser les différentes combinaisons souhaitées.

Dans la configuration de base, le GUC décode les adresses
EOCO & FFFF.

SMT
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V - PRESENTATION DE LA CARTE MODEM

Le coupleur acoustique de GOUPIL est géré par un
logiciel appartenant au moniteur d'exploitation du
micro-ordinateur.

L'interface entre ce logiciel et la partie matérielle
analogique est réalisé par un circuit LSI (VIA 6522).

Le systéme utilise deux fréguences porteuses :
1'une pour la transmission de 1'information et 1'autre pour 1la
demande d'interruption.

Le mode de transmission repose sur une modulation d'amplitude
c'est-d-dire que 1'état binaire 0 est défini par 1'émission de la
porteuse , 1'état binaire 1 par son absence (1 cycle = 1/300 seconde).

Pour 1a réception de 1'information, ce matériel assure
le filtrage, la détection, 1a commande automatique de gain
et la mise en forme des signaux qui sont ensuite traités par
le logiciel.

Pour la réception de la demande d'interruption (break),
un dispositif analogue sans CAG est utilisé qui déclenche
directement cette demande.

Pour Ta transmission (information ou break) les signaux
complexes sont directement générés par le logiciel. Le matériel
(voir schéma synoptique) est constitué par un dispositif de
filtrage et d'amplification servant & piloter le systéme de
coupleur acoustique.

IT existe une possibilité de récler le niveau d'émission
inaccessible @ 1'utilisateur.

SMT



Oreillette

Oreillette 2

SYNOPTIQUE DU COUPLEUR ACQUSTIQUE GOUPIL

VIA
AVPLT FILTRE DE REDRESSEMENT ~ ADAPTATION
ADAPTATION VOIE CAG ET FILTRACE TTL
l> I> |> l > | CONTROLEUR
f PARALLELE
FILTRE REDRESSEMENT ADAPTATTON
SELECTIF ET FILTRAGE TTL
COMMANDE
|> D _/_ | INTERRUPTION
DETECTION DE
TRQ |noREak"
Sortie K 7
VIA
MOS 6522
AMPLT FILTRE DE 1. HELANGEUR
ULSSANCE VOIE
<] y
SORTIES
PARALLELES

SORTIE
SON

<

AMPLI
PUISSANCE

MELANGEUR

BUS
GOUPIL
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¥ - PRESENTATION DE L'ALIMENTATION

GOUPIL 2 peut étre équipé de deux types d'alimentation :

1) Alimentation avec transformateur

L'alimentation contient un transformateur LTM (imprégné sous
vide) qui recoit au primaire le 220 V du secteur et distribue
au secondaire 4 tensions.

- Le redressement est effectué par des ponts de diodes
de puissance .

- Le filtrage est assuré par des capacités calculées en
fonction des courants crétes ainsi que du temps de maintien.

- La régulation est réalisée sur chaque tension par des
dispositifs hybrides.

- Les sorties continues sont indépendantes les unes des
autres.

- Le raccordement s'effectue sur un bornier de sortie
par des clips de 6,35 mm.

2) Alimentation & découpage

A partir de Janvier 1982, Tes GOUPIL seront équipés
d'une alimentation & découpage dont les caractéristiques sont
les suivantes :

6 A
2 A
500 ma
500 ma

1
1

[Sa N pS TSNS ]
-l e e

_ Quoi qu'il arrive, la puissance produite par cette
alimentation devra &tre inférieure a 50 Watt,

_ Les tensions continues restituges par ces deux types
d'alimentation sont les suivantes :

5V
12 v
-5V
-12 v

5
12

SMT
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VII - PRESENTATION DE LA CARTE GRAPHIQUE 256 x 256 POINTS x 8 COULEURS

GOUPIL 2

Caractéristiques techniques :

256 x 256 points adressables individuellement par leurs coordonnées X.Y.
8 couleurs par point : noir, rouge, bleu, vert, jaune, magenta, cyan, blanc.

possibitité d'utilisation en noir et blanc : 1'image se compose alors de
3 plans 256 x 256 indépendants.

commande de création d'un fond coloré sur 1'écran pour 1'une des huit
couleurs.

entrée (vidéo + synchro) auxiliaire pour affichage alphanumérique éventuel
ou autre utilisation.

2 sorties vidéo indépendantes :
couleur : R V B + synchro par prise péritélévision.

Noir et blanc : vidéo composite.

T o |
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MISE EN OEUVRE :

1/ initialisation : la carte graphique utilise Te circuit Motorola MC 6845,
Avant toute opération celui-ci doit recevoir de la part de 1'unité centrale
un certain nombre de commandes et de données destinées & définir le format
de 1'image, les périodes des balayages, Te cadrage, 1'entrelacage.

Le sous-programme d'initialisation est donné en annexe. Se reporter & 1la
documentation du 6845 pour les différents paramétres. Ceux-ci doivent étre
adaptés a la fréquence du quartz utilisé pour 1'horloge de la carte graphique.

Le sous-programme doit étre présent soit comme initialisation lors du RESET,
soit au début des programmes utilisant le graphique.

I1 ne faut pas ré-initialiser le 6845 au milieu d'un programme graphique
car on risque d'introduire des points parasites dans la mémoire d'écran.

Les adresses du 6845 sont :
- registre d'adresse EE7FE

- registre de données SE7FF

SMT
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{'accés & la mémoire d'écran se fait au moyen de trois registres :

registre X : détermine 1'abscisse du point

registre Y : détermine 1'ordonnée du point

registre C : détermine la couleur et permet les commandes spéciales

On peut écrire dans chaque registre au moyen de deux adresses consécutives
$ E7F8 - § E7F9 : registre Y

$ E7FA $ E7FB : registre X

§ E7FC $ E7FD : registre C

Toute &criture & une adresse paire (E7F8, E7FA, E7FC) provoque une écriture
en mémoire d'écran ainsi que la mise & jour du registre correspondant.

Les &critures & adresses impaires provoquent la mise & jour du registre
sans affichage sur 1'écran.

Exemple : affichage d'un point blancen X =0 Y = 0 c'est-d-dire en haut
et a gauche de 1'écran. On positionne les coordonnées sans affichage, puis
1a couleur avec affichage.

instructions Contenu de X Y C
LDAA ¥ 0 X% *x K%
pas d'écriture STAA SE7F9 ek 00 *k
sur écran STAA SE7FB 00 00 *¥
écriture LDAA BLANC
STAA SE7FC 00 00 blanc

SMT
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I1 était &galement possible de positionner les registres dans un ordre
différent C, X, Y par exemple :

LDAA BLANC
STAA $E7FD
[
LDAA 20 positionnement sans écriture sur &cran
STAA $E7FB
(—
STAA $c7F8 positionnement avec écriture

Cette méthode permet d'éviter 1'existence d'une commande "affichage" et
facilite 1'écriture du logiciel.

Description du registre de commande C

Bit 7 : sélection vidéo.

d 1: lasortie RVB regoit la vidéo auxiliaire alphanumérique
Ta sortie N et B regoit la vidéo graphique

ao la sortie RVB regoit la vidéo graphique
la sortie N et B regoit la vidéo auxiliaire.

Ceci permet de sélectionner a volonté sur le moniteur TV soit le signal
graphique soit 1'affichage alphanumérique du GOUPIL, au moyen d'une
instruction programme.

Bits 0, 1, 2 : couleur

Ces bits commandent 1'écriture des couleurs primaires :

Bit 0 : rouge
Bit 1 : vert
Bit 2 : bleu

SMT
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Cela permet les combinaisons suivantes :

Bit 2 Bit 1 Bit 0 Couleur
0 0 0 Noir

0 0 1 Rouge

0 1 0 Vert

0 1 1 Jaune

1 0 0 Bleu

1 0 1 Magenta
1 1 0 Cvyan

1 1 1 Blanc

Bits 3, 4, 5 bits de masque

Ces bits permettent d'autoriser ou d'inhiber 1'écriture des primaires
RV ou B en couleur

En noir et blanc, ils sélectionnent les plans d'images ol 1'on désire
écrire :

niveau 1 : écriture inhibée
niveau 0 : é&criture autorisée

Bit 3 : plan rouge
Bit 4 : plan vert
Bit 5 : plan bleu

Bit 6 : création d'un fond - effacement rapide

Ce bit positionné & 0 permet 1'écriture d'une couleur donnée sur tout
1'écran en 20 millisecondes, le temps de balayage d'une image TV. La
couleur est sélectionnée par les bits 0 & 5. La sélection du noir permet
un effacement quasi instantané de 1'écran.

Remarque : durant 1'opération, la vidéo est coupée pour éviter des éclairs

de couTeur désagréables. L'image nouvelle n'apparait que lorsque le bit 6
est remis a 1

SMT
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CONNEXTON DE LA VIDEO COULEUR

PRISE PERITELEVISION

Blindage de la
fiche

Sortie « VIDEO»
1
Masse uVIDEO:Q‘ 1
Entrée compaosante %
«ROUGE™ e
Masse « ROUGEw—__|

Entrée composante
«VERT» T

Moasse « VERT»

Entree composante___LL .73
«BLEU» |

Masse «BLEU — |
Sortie «AUDIO»—"

Sortie tAUDIO»

Entrée «VIDEQ
/ ou SYNCHRO
Masse «COMMUTATION
/ RAPIDE»

Entrée «COMMUTATION
RAPIDE»

Entree «COMMUTATION
— LENTE»

Entrée «AUDIO»
mongphonigue ou
voic gauche

Masse commune

é : ’\ wAUDIO»
Entree nAUDIOs

voie droite

1V.30

BROCHAGE DU CONNECTEUR PERITELEVISION
BX 210

Broche,

Désignation

Valeurs d’adapiation

B s N

& tn

-

SORTIE - AUDIO » VD STEREOD
ENTREE - AUDIO » VD STEREO
SORTIE +» AUDIO » VG STEREQ
MASSE COMMUNE « AUDIO »
MASSE - SLEU -

ENTREE - AUDIO » (mona) ou
vG STEREOQ

ENTREE COMPOSANTE « BLEU -
ENTREE COMMUT. » LENTE -

MASSE - VERT -

HORLOGE d

ENTREE COMPOSANTE - VERT »

TELECOMMANDE —

MASSE - ROUGE -

MASSE TELECOMMANDE —]

ENTREE COMPOSANTE «ROUGE-
ENTREE COMMUT. « RAPIOE -

MASSE VIDEQ

MASSE COMMUT. - RAPIDE »
SOATIE VIDED

ENTREE VIDEQ (0w synchro)
BLINDAGE DE LA FICHE

0 mVY et 1k
Ze Tx 47T kD

1 k0

100 mV et
100 mv eft

WO my et Fe = 47K

1 Vee Ze = 75 Q)

0a1vIVou 1032V PERIT
Ze > 17 k0

.. bramchée sur futurs modéles
1 Vee Ze = 75 &

|+ branchée sur futurs modeles

| » branchée sur tuturs modéles
1 Ve Ze = 7501

0a04aAVTVouladVPERIT
Ze = 7591

1 Vee 750

1 Vee Ze =75 02

]
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* Note :

VIII - PRESENTATION DE LA CARTE MEMOIRE DYNAMIQUE

Cette carte est équipée de mémoires dynamiques 16 K x 1 bit (4116),
et peut recevoir jusqu'a 64 K octets de mémoire, par incrément de 16 K
octets (16K, 32K, 48K, 64K). Toutefois, lorsque 64K sont installés,
seuls 56K sont effectivement accessibles par 1'utilisateur, afin de laisser
libre 1a place pour les entrées-sorties et les PROMS moniteur. Les 8
derniers K octets de la mémoire (de EO0O & FFFF) sont masqués en lecture
automatiquement Tors du RESET *. Des cavaliers (voir implantation sur le
synoptique) permettent la validation des amplificateurs de sortie trois
états de 1a carte lorsque les boitiers mémoire correspondant sont installés.

Zone équipée de boitiers Cavaliers 3 installer pour
validation
0 - 3FFF 1
4000 - 7FFF 2
8000 - BFFF 3
C000 ~ FFFF 4

Les mémoires dynamiques présentent deux avantages importants sur
les mémoires statiques, d'une part une consommation électrique beaucoup
plus fajble et donc une température & 1'intérieur de GOUPIL plus basse,
d'autre part une plus grande densité permettant de réunir 48 K octets sur
une carte au lieu de 3. Enfin, le rafraichissement des mémoires dynamiques
est effectué en mode transparent, c¢'est-d-dire qu'il n'entraine aucune

diminution de vitesse du processeur.

Pour des applications particuliéres nécessitant 1'accés a ces 8 derniers K octets,
un dispositif permet de Tever 1'interdiction de lecture de 1a RAM, par blocs

de 1K octets. La zone EBF8-EBFF contrdle cette validation ; ainsi une écriture

de 7 01 en EBF8 valide la zone EOO0-E3FF, 1'écriture de $00 masque cette zone.

SMT
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IV.30 ter

Adresse d'écriture Zone validée
EBF8 EQ00-E3FF
EBF9 E400-E7FF
EBFA EBO0-EBFF
EBFB ECOO-EFFF
EBFC FO00-F3FF
EBFD FA00-F7FF
EBFE F800-FBFF
EBFF FCOD-FFFF

Noter que ces opérations ne doivent étre faites
qu'en toutes connaissances de cause (attention aux conflits
sur Te bus de données !}, et uniquement pour des applications
spéciales.

SMT
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a

CO0O0 -FFFF  (4)
8000 - BFFF (3)
LOOO - }FFF  (2)

O-3FFF (a)

|
[l |
Mc 3480 ¥ R’ l _ l
|
RAM DYNAMIQUE
(4116)
MULTIPLEXEUR
D' ADRESSES
MC 2242
416 K 16 K 16 K 16 K
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de 20
validabionf 3 23
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MEMOIRE DYNAMIQUE 64 K

49140NkQE " AT



Manuel technique IV.31

IX - PRESENTATION DE LA CARTE 24 x 80

Caractéristiques techniques :

a) Niveau matériel

- 1920 caractéres organisés en 24 lignes de 80 caractéres

- Jeu de 128 caractéres définis dans une matrice 8 x 13

- Possibilité d'inversion vidéo (caractére noir sur fond
blanc) au niveau de chaque caractére

- Sortie vidéo composite noir et blanc

- Mémoire d'écran directement accessible par le processeur
en lecture et en é&criture

b) Niveau_logiciel : voir le tableau des fonctions disponibles

sous moniteur GPM@N version 1.3.

Mise en oeuvre

Cette carte est organisée autour du contrdleur de visualisation
MOTOROLA MC 6845 qui sert & générer le balayage de la mémoire d'écran,
la synchronisation du moniteur, etc... Ce circuit est implanté aux
adresses suivantes :

Registre d'adresses : § E 870
Registre de données : § E 871

Son initialisation est effectuée par GPMPN. Pour d'autres initia-
lTisations,se reporter & la fiche technique de ce circuit.

La mémoire d'é&cran est directement accessible au processeur dans
la zone mémoire § ECO0 - § F3FF.

Aprés un Reset, 1'adresse du premier caractére est § F000, celle
du 1023éme : § F3FF, celle du 1024éme : % ECOO0, etc.

A noter qu'aprés des opérations de rouleau vertical, ces adresses
sont modifiées et ne sont plus valides.

LA
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V - PRESENTATION DU MONITEUR
GPMON

INTRODUCTION
IMPLANTATION MEMOIRE
SOMMAIRE DES COMMANDES
ENTREES DU MONITEUR
AFFICHAGE ET MODIFICATION MEMOIRE
AFFICHAGE DU CONTENU D'UNE ZONE MEMOIRE
AFFICHAGE DES REGISTRES
POINTS D'ARRET
8.1. Insertion
8.2. Suppression
8.3. Effacement de tous les points d'arréts
8.4. Affichage
COMMANDES D'EXECUTION
9.1. Exécution d'un programme
9.2. Reprise de 1'exécution
TRACE ET EXECUTION PAS A PAS
10.1. Exécution pas a pas
10.2. Trace
TRAITEMENT DES SWI
INTERRUPTIONS IR0Q-NMI
IMPRESSION SIMULTANEE
SOUS-PROGRAMMES UTILES ET DRAPEAUX
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DESCRIPTION DE GPM@N

1 INTRODUCTION

GPMPN est un moniteur contenu en mémoire morte (REPROM) qui permet
a T'utilisateur de communiquer avec son GOUPIL.

IT gére le "dialogue" homme/machine par 1'intermédiaire d'un
certain nombre de commandes. I1 offre un ensemble de sous-programmes
utilitaires (en particulier d'entrées/sorties) appelables par les
programmes utilisateurs.

C'est aussi essentiellement un outil de développement logiciel
et matériel, offrant les fonctions suivantes :

- gestion cassette et modem (voir notices correspondantes).

- affichage du conteny de 1a mémoire.

- affichace et modifications des registres.

- affichage et modification du contenu d'une cellule mémoire.
- insertion/effacement/affichage de 8 points d'arrét.

- lancement d'un programme.

- trace d'un programme.

- exécution pas & pas.

GPMPN communique par 1'intermédiaire du clavier et de 1'écran
du GOUPIL

2 IMPLANTATION MEMOIRE

ROM  F800 ~ FFFF (2K)
RAM  E400 - EA4C5 (198 octets pour le novau)

VECTEURS D' INTERRUPTION : FFF8 - FFFF
ADRESSES RAM UTILES :

E400 - E401 pointeur vers sous proaramme de gestion d'IRQ
E402 - E403 pointeur vers sous programme de gestion de NMI
E408 drapeau d'éche sur entrée au clavier

£409 drapeau de sortie simultanée sur imprimante

S MT
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E434 - E435 pointeur pile utilisateurs (initialisé & E4BF
pour 128 octets de pile)

E436 - E437 pointeur SWI

3. SOMMAIRE DES COMMANDES

IT y a deux types de commandes : celles qui ne requiérent pas
d'arguments, ceiles qui ont besoin d'un ou deux arguments constitués
de 4 caractéres hexadécimaux.

Aprés 1'entrée du dernier caractére hexadécimal du dernier
argument ou de la commande s'il n'y a pas d'argument, celle-ci est
exécutée immédiatement (un retour & la ligne n'est pas nécessaire).
Un espace est automatiquement affiché aprés le caractére de commande.

Exemple : (les caractéres soulignés sont affichés par le moniteur)

Type 1 + W B effacement des points d'arrét

Type 2  GPp0100 exécuter un programme & 1'adresse 0100

Commandes :

M AAAA affichage/modifications de 1a cellule mémoire AAAA

D AAAA BBBB affichage du contenu de la mémoire de 1'adresse AAAA

a 1'adresse BBBB

R affichage des registres

B affichage des adresses des points d'arrét

C reprise de 1'exécution & partir de 1'adresse courante

N exécution de 1'instruction suivante

T NNNN trace de NNNN instructions

G AAAA exécution d'un programme a 1'adresse AAAA

W effacement des points d'arrét

U AAAA suppression du point d'arrét a 1'adresse AAAA

V AAAA pose d'un point d'arrét & 1'adresse AAAA

K exécution du programme de gestion
cassette/modem

? commande d'impression simultanée & 1‘affichage
sur 1'écran

=
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4, ENTREES DU MONITEUR

Lors de 1'exécution d'un programme utilisateur, il y a plusieurs
fagons de redonner le contrdle au moniteur.

- Couper 1'alimentation et remettre le systéme sous tension.
Le contenu de 1a RAM est perdu {dont le programme) et le
systéme est réinitialisé.

- Actionner le bouton RESET de remise & z&ro, le moniteur
est réinitialisé, mais le contenu de la RAM est conservé.

- Mettre dans le programme une instruction de branchement

-

au point d'entrée a chaud du moniteur CONTRL.

5. AFFICHAGE ET MODIFICATION MEMOIRE

Syntaxe : + Mg AARA
AAAABNNBXXZ
Fonction :
ARAA adresse hexadécimale de l1a cellule mémoire & visualiser.
NN contenu actuel de l1a cellule mémoire
XX deux caractéres hexadécimaux pour modifier le contenu

de 1a cellule mémoire. Si XX n'est pas tapé par
1'utilisateur, le contenu de 1a mémoire est inchangé.

Z un point & la position Z permet d'afficher la cellule
mémoire suivante AAAA+l et son contenu et Te moniteur
attend une nouvelle modification;un signe - permet de
revenir a 1'adresse précédente AAAA - 1
Tout autre caractére non hexadécimal termine la

commande .
Exemple :
+1 0109
0100 86. contenu de la celiule 0100
0101 01 10. modification de la cellule suivante 0101
0102 C6. affichage de la cellule suivante 0102
0103 A0 03. modification de 1a cellule 0103
0104 7E- affichage de la cellule suivante 0104
0103 03- retour a la cellule 0103
0102 Co- retour @ la cellule 0102
0101 10 02 «- nouvelle modification de 1a cellule 0101
+ fin de la commande

o MT
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6. AFFICHAGE DU CONTENU D'UNE ZONE MEMOIRE

Syntaxe : + DPAAAAKBBBB

Fonction :

AAAA adresse hexadécimale du début de 1a zone mémoire
a afficher

BBBB adresse hexadécimale de la fin de 1a zone mémoire
a afficher

Exemple :

+ DO100 0112
0100 BE E4 32 BD F9 AO 7F E4 08 BD F9 54 16 BD F9 7F
0110 CE F8 00

L'affichage est fait & raison de 16 octets par ligne avec en
début de 1igne, 1'adresse du premier octet.

7. AFFICHAGE DES REGISTRES

Syntaxe : +R

Fonction :

La commande R permet d'afficher le contenu des registres courants
du programme utilisateur, selon Te format :

CCYBBPAABXXXXBPPPPBSSSS

cc 2 chiffres hexadécimaux représentant le registre
Code de condition

BB 2 chiffres hexadécimaux représentant le registre B

AA 2 n 1} n 1] 1] A

XXXX 4 1} [1] n 1] n x

PPPP 4 1] n"n n u n P

SSSS 4 n n un n 113 S

Le contenu affiché du registre de pile S est inférieur de 7 au
registre S du programme utilisateur puisque le registre est affiché
aprés la derniére trace ou le dernier point d'arrét (SMI). C'est aussi
vrai aprés 1'initialisation du moniteur (mise sous tension ou RESET}.

Modification du contenu des registres.

Le registre S est sauvegardé en mémoire RAM & 1'adresse E434-F435
et peut étre modifié par Ta commande M. I1 pointe une cellule mémoire avantle
contexte sauvegardé dans la pile lors de la derniére interruption
Togicielle (SWI), selon le schéma suivant :

SMT
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) adresse croissante

P - bas

P - haut

X - bas

X - haut

cC

~-pile-

La fonction M peut &tre utilisée pour modifier les registres
directement dans la pile.

8. POINTS D'ARRET

Syntaxe : + VBAAAA
Fonction :

La commande V permet de placer un point d'arrét a 1'adresse AAAA
dans un programme utilisateur. Un maximum de 8 points d'arréts peuvent
dtre définis. AAAA est une adresse de 4 chiffres hexadécimaux.

Les points d'arrét sont insérés au moyen de 1'instruction SWI. I1s ne
sont pas visibles par 1'utilisateur parce qu'ils sont enlevés aprés
chague trace ou arrét et restaurés dans le programme seulement quand
une des commandes G ou C est exécutée.

I1 faut noter qu'un point d'arrét ne peut pas étre inséré a 1'adresse
d'une instruction en mémoire ROM. L'adresse 0000 ne peut pas contenir
un point d'arrét.

Syntaxe : + UBAAAA
Fonction :

La commande U permet de supprimer un point d'arrét précédemment

inséréd 3 1'adresse AAAA,

Ky
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iy e 22 e -

Syntaxe : + W

Fonctions :

La commande W permet de supprimer tous les points d'arrét
préalablement insérés.

el R T M= e ey b iy

Syntaxe : +B

Fonction :

‘La commande B permet d'afficher a 1'écran les adresses o
ont été préalablement insérés des points d'arrét.

Par exemple s'i1 y a deux points d'arrét aux adresses 1000
et 1100, 1a commande B donnera :

+ BB1000p1100
9. COMMANDES D'EXECUTION

Syntaxe : +GPAAAA

Fonction :

La commande G permet d’'exécuter un programme & 1'adresse AAAA
(4 chiffres hexadécimaux). Les registres X,A,B,CC (affichés par Ta
commande R) sont chargés par le contenu de la pile courante. La pile
peut étre modifiée par la commande M. Le registre de pile est chargé
par le contenu de SP qui contient Te pointeur de pile courant lors de
Ta derniére entrée dans le moniteur, soit sur un point d'arrét, soit par
le point d'entrée & chaud (S : = pointeur de pile utilisateur -7).

Le pointeur de pile peut ne pas étre géré par le programme
utilisateur. Si la pile moniteur est utilisée (E440-E4BF), i1 faut
s'assurer que les besoins ne dépassent pas les 128 octets disponibles.
Le pointeur de pile peut &tre modifié par la commande M & 1'adresse
E434-E435

]
=
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Syntaxe : + C

Fonction :

La commande C permet de reprendre 1'ex&cution d'un programme
interrompu par un point d'arrét, ou a 1a fin d'une trace. La commande
charge le registre de pile S par le contenu de SP (E434-E435) et exécute
une instruction RTI. La pile doit donc contenir des informations valides
en particulier une adresse valide pour la restauration du compteur
ordinal (P).

Une commande C entrée immédiatement aprés la mise sous tension
provogue un changement de contexte et un branchement aléatoire, Te
contenu de la pile n'étant pas défini.

Pour 1a mise au point d'un programme, 1'utilisateur doit poser
au moins un point d'arrét dans son programme, lancer 1'exé&cution par
la commande GPAARA et utiliser la commande C pour reprendre 1'exécution
aprés la rencontre d'un point d'arrét.

10. TRACE ET EXECUTION PAS A PAS

Syntaxe : + N
Fonction :

L'instruction suivante est exécutée et les registres sont affichés.
Les conditions nécessaires pour la commande C doivent étre satisfaites
pour la commande N (i.e. validité du contenu de 1a pile).

La commande détermine la prochaine instruction 3@ exécuter apreés
1'instruction courante (qui peut étre un branchement) y place un point
d'arrét (SWI) et exécute 1'instruction courante.

I1 faut noter que la commande ne peut pas étre utilisée sur un
programme en ROM, ou sur une instruction de branchement vers un programme
en ROM,

I1 faut aussi noter que 1'utilisation du registre S autrement qu'en
pointeur de pile peut provoquer des problémes (par ex : S utilisé comme
index d'un tampon de données, 1'exécution d'un SWI provoquera 1'écrasement
de 7 données dans le tampon)

Pour des raisons de sécurité, la commande N ne fonctionne pas sur
une instruction SWI de 1'utilisateur.

SMT
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10.2 TRACE

Syntaxe : +TPNNNN
Fonction :

La commande T permet de "tracer" le nombre d'instructions données
par NNNN (4 chiffres hexadécimaux) & partir de 1'instruction courante
en affichant les registres & 1'exécution de chaque instruction. Les
commentaires donnés pour N concernent aussi la commande T.

Une instruction SWI dans le programme de 1'utilisateur arréte
1'exécution de la trace.

La commande TB0OOO est équivalente & TPLO0OO et trace 65536
instructions.

11. TRAITEMENT DES SHWI

Le vecteur SWI1 & 1'adresse E436-E437 pointe & 1'initialisation
vers le module de traitement des SWI du moniteur GPM@N. Si 1'utilisateur
modifie ce vecteur, les possibilités de points d'arrét et de trace sont
supprimées.,

L'organigramme de traitement des SWI est le suivant :

SWI
- dul
module
xgggigg gwll _ oui 5| utilisateur
non
\
oui Trace ?
non
y v
module module
de point d'arrét
trace ‘
i/
fin trace ? oui
Pl Retour au niveau
P commande

SMT
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12. INTERRUPTIONS IRQ - NMI

L'utilisateur a la possibilité d'utiliser les interruptions
masquables IRQ ou non masquables NMI. Le moniteur GPM@N peut donner
le contrdle 3@ des modules de traitement externes par 1'intermédiaire
de deux vecteurs :

I8V  E400-E401 vecteur JRQ
NI@ E402-E403 vecteur NMI

qui doivent &tre initialisés dynamiquement par le programme d‘'application
ou manuellement au moyen de la commande M.

13. IMPRESSION SIMULTANEE

Syntaxe : + 0
Fonction :

La commande @ permet d'imprimer tous les caractéres affichés a
1'écran sur une imprimante connectée & 1'interface paralléle de type
"Centronics".

Cette commande fonctionne en "bascule", la premiére frappe autorise
1'impression, la suivante la supprime.

14. SOUS-PROGRAMMES UTILES ET DRAPEAUX

START (FCF1) point d'entrée & froid (RESET)

CANTRL (FFE®6) point d'entrée & chaud, module de reconnaissance
des commandes (FD12)

INCH (FFEF) entrée d'un caractére du clavier dans le registre A
(8 bits) et affichage du caractére & 1'écran si le
drapeau d'écho (QUTSW E408) est & zéro.

A, CC, modifiés.
X, B, préservés.

BYTE (FD69) Entrée de deux chiffres hexadécimaux et conversion
en un nombre binaire d'un octet dans A.
A, B, CC modifiés.
X préservé.
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INHEX (FD42)

BADDR (FD57)

CHKCHR (FFE9)

PUTCH (FFEC)

PDATA1 (FFF2)

PUTHL (FD74)

BUTHR (FD78)

V.10

entrée d'un chiffre hexadécimal au clavier

et conversion binaire dans le registre A.

A,CC, modifiés

B,X préservés

En cas d'entrée du caractére non hexadécimal retour
au niveau commande du moniteur (C@NTRL)

entrée au clavier de 4 chiffres hexadécimaux et
conversion binaire en un nombre de 16 bits dans le
registre X.

A, B, CC, X modifiés

le nombre est sauvegardé en mémoire

E40A-E40B (XHI, XLOW).

test du clavier : si un caractére a été frappé
Z =20, sihon Z =1

A,CC, modifiés

B,X, préservés.

sortie d'un caractére contenu dans le registre A
vers 1'&cran et vers 1'imprimante si le drapeau
d'impression PRTFLG est &gal & FF

(s1 PRTFLG = 0 pas d'impression)

CC, modifié

A,B,X préservés

sortie vers 1'écran d'une chaine de caractéres pointée
par le registre X avec possibilité d'impression
simultanée.

La chaine doit étre terminée par le caractére E@T(04)
A,CC,X modifiés

B préservé

sortie vers 1'écran des 4 bits de gauche du registre A,
convertis en un caractére hexadécimal.

A,CC modifiés

B,X préservés.

sortie vers 1'écran des 4 bits de droite du registre A
comme pour PUTHL.

oy
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GUT2H  (FDA6)

PUTZHA  (FDA9)

UT2HS  (FD81)

@UTAHS  (FDAF)

pUTS (FDB3)

PCRLF (FFF5)

PUTSW (E408)

PRTFLG (E409)

sortie vers 1'écran du contenu de la cellule mémoire
pointée par le registre X sous forme de deux chiffres
hexadécimaux.

A,CC,X modifiés.

B préservé.

sortie vers 1'écran du contenu de A sous forme de
deux chiffres hexadécimaux.

A,CC, modifiés,

B, X préservés.

méme fonction que PUT2H, plus 1a sortie d'un espace
suivant les deux chiffres.
A,CC,X modifiés.

sortie vers 1'écran, du contenu de deux cellules
mérioires consécutives pointées par le registre X,
sous la forme de 4 chiffres hexadécimaux suivis
dun espace

A,CC,X modifiés.

B préservé.

sortie d'un espace vers 1'écran
CC modifié.
A,B,X préservés

sortie vers 1'écran des deux caractéres ASCII
CR et LF, retour chariot et saut de ligne.
A,CC, modifiés.

B,X préservés.

drapeau d'écho

Si 1'utilisateur positionne ce drapeau & une valeur
non nulle, le sous programme d'entrée INCH ne renvoie
pas le caractére vers 1'écran (pas d'écho). @UTSW
est initialisé & 0 par le moniteur dans 1a boucle de
contrdle (point d'entrée & chaud).

drapeau d’'impression simultanée, S'il est & zéro,
il n'y a pas d'impression, s'il est @ FF il y a
impression (initialisé 0 ), & chaque appel du sous-
programme de sortie BUTCH.
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PRUT  (FC8F)

INICIA (FC25)

TOACIA (FC36)

INACIA (FC43)

CHKACI (FC4D)

sortie d'un caractére contenu dans le registre A
vers 1'imprimante paraligle.

CC modifié

A,B,X préservés,

initjalisation de 1'ACIA-CPU ;

d 1'entrée :

A : = mot de commande de 1'ACIA

(parité, bits de stop, division de 1'horloge,...)
X : = initialisation du timer 1 du VIA-CPU

pour obtenir 1'horloge sur PB7 (conférer

notice VIA).

Pour 300 Bauds X : 6400
Pour 1200 " X : 1800

avec 1'horloge divisée par 16
A,B,CC modifiés
X préservés

sortie d'un caractére contenu dans le registre A
vers 1'ACIA (avec attente de 1'état prét)

CC modifiés

A,B,X préservés

entrée dans le registre A d'un caractére recu
par 1'ACIA (avec attente de 1'état prét) ;

le bit de parité est mis & zéro.

A,CC modifiés

B,X préservés.

test de T'ACIA : Si un caractére a été recgu
Z =20, sinonZ =1

A,CC modifiés

B,X préservés.
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2 12} PAG
3
4 e
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g ¥ 1Ex64 5" FLOPPY DISK *
9 * COPYRIGHT 196@ BY ouT *
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11 Aol
12
13
14
13 COMMAND SET
& S —
17
ig M MEMORY CHANGE
19 D MEMORY DuMP

R BISPLAY CONTENTE OF TRRGET STACK

t(EBAIYXPS
PRINT QUT ALL BREAKPOINTS
CONTINUE EXECUTION FROM CURRENT LOCRTION
NEXT INSTRUCTION
FRACE N INSTRUCTIONS
60 TO LOCATION N
DELETE ALL BREAKPDINTS
RESET BRERKPDINT AT ADDRESS N

SET BRERKPOINT AT ADDRESS N
K7/MODEM HANDLER
SHITCH QUTPUT TO PRINTER

O D LR~ ZOO@

KEYBOARD FUNCTIONS

BASIC EXECUTE ROM BASIC

COM  SET TERMINAL MODE
BOOT  EXECUTE DISK BOOTSTRAP
GR GRAPHIC MODE

ENTRY AND 1/0 ROUTINES

*
*
L
*
*
%
*
&
*
¥
L
*
*
*
]
¥
&
*
%
*
*
*
¥
*
*
*
¥
¥
%
*
*
*
* CONTRL FFEG WARM START

* CHKEHR $FFES CHECK FOR TYPED CHARACTER
* OUTCH $FFEC OUTPUT ONE CHRRACTER

* INCH  $FFEF  INPUT ONE CHRRRCTER

¥ PDATAL $FFF2  PRINT CHARACTERS STRING
* PCRLF  $FFFS  PRINT CR/ALF

X

*
* PSEUDO MACRS DEF INITIONS

%
8825 SKIPt EQU" 485 SKIP ONE BYTE

AP AN LB REEEanEsYEYRY R HEYgp R NRBRNRER
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&7 ¥ SCREEN HANDLER ¥

&8 *® »

89 okl Aohk sk ok kol
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72 1

73 * 170 ROUTINES

74 * U

75 *

76 ® INITVS INITIALIZATIONS

ki * QuTPUT  CUPUT ONE CHARACTER

8 * BIPBIP  (UTPUT BELL

79 *

b4 %

g1 * EQUATES

g2 ®

23 EEiB VIAVIS EQY $EB1D
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SCREEN HANDLER

BRLAARERREBRIRG

Fesa

F8B8 oF
FEBE B4
reta aF
FELS OF

FEDE 86 7F
FED2 BT EB iE
FED3 BE FF
FBO7 BT EB 12
Fepa 86 TF
FEDE BT EB 13
FEOF BE FE
FEE1 B7 EE 1L
Fges CE 81 8
FBET FF E& €5
FeER 86 &C
FBEC €0 a1
FBEE 39

*

22-10-81 TSC ASSEMBLER PAGE

+ SCREEN TRBLE DEFINITION

*

TRBVIS &Y
FCB
FCB
FCB
FEB

*
$F2 $F) $F . SF, §F, &5, $F. §F
B4, $F) 3Ry 460 $8, $5, $F, F
’Fl st ﬂ'.v #I sFl ’F! sF! ’F
$F$F $F . 4F $0,47,%2, 4D

* [NITIALIIATIONS

kRO ok

¥

INITVE (DR g/
TR A
LA n
STA R
LR A
STh A
ibh R
STA A
LOX
sTX
LA A
BSR
RTS

87
VIAVIS+IER
LSFF
VIRV1S+D0RB
£47F
VIAVIS+DDRA
f4FE
VIRVIS+PCR
fsi02

VIENP

£3C

ouTPUY

3
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SCREEN HANDLER

112
113
14
115
1313
ity
118
{19
128
12
74
122
124
125
126
127
128
t29
172
13
132
133
134
135
1%
137
138
139
148
141
142
142
144
145
L
147
148
143
1%
15t
152
133
154
135
i%
157
158
59
168
161
162
163
164

FEEF FF E4 L3
FeF2 36
FBFI 37
FBF& 4D
FBFS 27 58
FBF7 81 9F
FEFe 22 55
FBFB 81 tF
FBfD 22 18
FBFF B1 @7
FI01 26 @4
Fa983 8p 5C
F983 28 49

F387 CE Fg
F38R Fr 4 (B
FOeD B8 £4 Lt
F918 24 82
Fo12 7C €4 CB
FS15 B7 E4 Ci
F318 FE €4 CB
F3ig A6 @
Fath 81 &F
F3iF 27 2F
F92{ B7 €2 18
F924 8h 38
F926 84 @7
F928 26 @5

F92A CE 48 73
Fazb 28 iE
F92F CE B4 o
F932 28 19

Fa34 Ct oF
FI36 F7 £8 1@
F939 B7 €8 11
F9IC € 1B
F93E Fe EB 14
F941 59

F942 24 FR
F344 F& €8 1t
F947 53

F948 25 FA
F34A FE £4 C3
F94D @3

FO4E 26 FD
FIs@ 32

FI31 32

F952 FE E4 L3

*

22-18-8! TSC ASSEMBLER PAGE

* OUTPUT ONE CHARRCTER IN A REGISTER

*

ouTRUT ST
PSH A
PSH B
15T A
BEQ
CHP A
BHI
e A
BHI
EMP A
B
BSR
BRA

BAVEX

DUTPTS

£49F FUNCTIONS ?
BuTPTS

£$1F CONTROL 7
ouTeTI

£7

GUTPT1

BIPBIP

OurPTS

* CONTROL CHARACTERS

OUTPTI LDX
87X
RDD A
BLC
INC

OUTPTS STA A
LDX
LA R
LMP A
BEQ

QUTPT2 STA A
BSR
AND A
BNE

LT8BVIS
PTTAB
PTTAB+L
TPTS
PTTAB
PITABH
PTTAB
& X

i
QuTPTS
VIRVIS+ORB
STROBE
£1
QUTPTE

* CLERR SCREEN

LBX
BRA
OuTPTE  LDX
BRA

£$4873
HTPT
£348C

BUTPT4

* STANDARD CHARACTERS

QUTPTY LDA B
5TA B
SR R
BSR
QuTPTE LDA

ouTPT?

UTPTS  DEX

OUTPTS PUL B

s
VIAVIS+0RB
VIRVIS+ORA
STROBE
VIRV IS+ORA

ouTeTe
VIAVIS+0RA

QUTPY7
VTENP

CUTPT4

SAVEX

6
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V.17
Manuel technique

SCREEN HANDLER 72-18-81 TSC ASSEMBLER PAGE
165 F953 39 f1s
166 *
167 * QUTPUT STROBE
168 *
{62 F956 C6 FC GTROBE LDR B {$FC
1780 F958 F7 EB iC STA B VIRVIS+PCR
171 F95B Ce FE LDA B {%FE
172 F95D F7 EB 1C STA B VIRVIS+FCR
173 F9ER 39 RIS
174 ¥
175 * OUTPUT BELL
176 *
171 961 86 T7F BIPBIP LDR R {L$7F

i78
£79
188
181
g2
183
164
18
18k
187
188
189
198

F963 8D a0 BIPSNT BSR  BIFBEL
F9&3 53 coM B
F9tE F7 EB 61 ETA B VIAMUSHORA
F9€9 8D @7 BSR  BIPDH.
F9EB F7 EB 61 STR B VIAKUS+ORA
F9EE 4R DEC A
F9BF 26 F2 BNE  BIPSNI
F971 39 RTS
F972 Co &8 BIPDEL LDA B {468
F974 5@ BIPSN2 DEC B
F975 26 FD BNE  BIPSNZ
F917 39 RTS

END



Manuel technique

SCREEN HANDLER

192 F96Q

194
185
1%
197
1%
159
200
g’ 1|
202
283
204
285
206
207
288
-
21
2
212
213
214
215
216
217
218
218
20
22
222
223
2%
225
226
227
228
228
2
s
232
Z5

2:1.0)
EB2e
EBIR
EB21
£831
£68Q
F4RZ
EBFE
Foge
#2002
L H
8882
foes
2284
aaec
fean
QORE
geni
8ora

Z22-18-81 TSC AGSEMBLER PAGE

O0RG  $Fage
NAM  KEYBORRD HANDLER
OPT  PAG
*
KEYBOARD HANDLER x

*
* £/0 ROUTINES
LI .

*®

¥ INITCY

¥ TINPUT

* INPUT

¥

*

* EBUARTES

*

VIRCL EBU  $EB4R
DATAL  EBU  sEEz@
DATAZ EBU  $£B38
CMDE! EQU  $ES21
EMBE2 ERU  $EBTY
VIARMUS EQUH  $EB6D
GTEXT EBY  $F4QT
SETMEM EQU  $EBFE
GINIT £BU  4F400
DRB EGY B

ORA By 1
poRE  ERW 2
DoRA EQRU 3
TILL e84 4

PCR ey $C
IFR t8U  $D
IER B $E
SHIFT EBU  s$At
REPT  EOU 4RO

INITIRLIZATIONS

CHECK FOR TYPED CHARRCTER

INPUT ONE CHARRCTER

SHIFT CODE
REFEAT CODE

)

V.18



V.19
Manuel technique

KEYBOARD HANDLER

235
2%
3
238
233
249
241
242
243
264
263
246
247
248
249
25
o
252
23
258
235
2%
297
258
238
268
26t
262
263
284
263
268
267
268
268
27
an
2y
3
27
273
76
21
i
279
268
28t
282
287
284

-
A

Fage

F9ed 1A
Fgeg 12
¥998 19
F998 @3
F3Ag 23
FoRE oA
F9B8 1@
Fape &2

F3te 1A
Fel8 12
FIb8 19
Fape @3
F9Ea @9
FIES @A
FoFg 12
F9FE D@

FRE® SA
FAle 52
FA1Z 38
FRIS 29
FA2@ 49
FR2E MR
FAIR 50
FAlg &8

FR&Q 7h
FALE 72
FA3@ 79
FASS 83
fAcd 63
FAEE @R
FATR 78
Fa7s o8

Foed

FABA 24
FREE @8
FA92 3C
FASE 3C
Fang 23
FARE 5B
FABE 24
FABg 23

*

22-18-81 TSC AGSEMBLER PAGE

* KEYBORRD | TABLE DEFINITION

*
ADTABL ERU
FCB
FCB
fCB
FCB
FCB
FCB
FCB
FCB

FCB
FCB
£CB
FCB
FCB
FCB
FCB
FCB

FCB
FCe
FCB
FCB
FCB
FEB
FCB
FCB

FEB
£CB
FCB
FCB
FCB
FEB
FCB
FEB
*

*

%10, 404, $85, $13, 486, $83, 485, $18
$12: $07, $14, 506, $88, 482, 487, %16
$19, ¢8R, $15, $08, $BR, $9D, $83, 40E
$09. 311, $01. 408, 84, $17. 9F 1, $A1
$89, $8C, $8F, $8B: $5C, $9B: $8B, $%E
$84, 400, 428, $7F, S8, 400, $1F, 528
$18, $1C, $10, $8D, $9C, $68, 308, $1E
$00: 300 $89, $00, $00, 520, 520, 420

$17, $84. $05, $13, $86. 383, 485, $18
$121 387, $14, $9E, 388, %02, 387, $16
$19, $8A, $15, $8B, $BA, $9D, 489, S8
$89, $11. 481, $28, $84, $17,4F 1, 4A1
$89, $8C, $BF: $2B. $BC, $9B: $88, $9E
30 $80, $BQ, $7F, $88, 488, $1F, 520
$13, $1C, $1D, $0D, $9C. 408, 58, $1E
$31, 300, $0D, $00, 400, $08, 520, 00

$38 $44, $43, $33, $13, 843, 432, $38
$52, $47, $34. $46, 435, 842, 334, $3E
$59, $46, $35: $48, $37, $3F, 38, $4E
$89. 451, %41, 568, 571, $57, 9F 1, $R1
$49: $4C, $6F, $4B, $39, $2F, $38, $2E
$00, 30D, 500, $7F, $08, 482, $5F, 420
$30, $23. $7E, $40, SE1, 400, $78, $2B
88, $R8. $80, $20, $78, $08, $02. $08

$70, 384, $65, $77, 422, 463, 578, $78
$72, $67, 874, $66: $28, $62, $27. $7E
$79: $ER, 475, 68, $70, $2C, 487, $6E
589, 471, 461, 500, $76, $77: 97 1. $A1
$£9, $EC, $EF, $6B, 982, $3R, 421, $3B
$2A, 48D, 432, $7F, 01, 488, $20, $20
£7@, $7C, 358, $6D, $29, 528, %48, $3D
30, $A0, $00. $30. 502, 400, 500, $80

* KEYBORRD 2 TRABLE DEFINITION

*

AOTAB? ERY
FCB
FCB
fCe
FCB
FCB
FEB
FCB
FCB

*
$201 $FZ, $@B, $7 7, $BC, HB2, SO, $FE
S80, S8, 502, $F5, 28, 430, 320, 400
$3C, $50, 520, $00, 508, $F4, 530, 420
$3C, 580, 531, 434, 570 $F3, 426, $37
$23, $IE, 32D, $2A, $2B, $00, 508, $2F
$58: $2F: 480, $F5, $1D; $18: 388 3F5
$2R, $50, 437, $I6. $88, $03, 380, 419
$27, $1B. $32, $35, 500, $20, $2C. $38

7



Manuel technigue

KEYBOARD HANDLER

327

32

3%
3%
333

FRCA BD F& B2
FACT TE FD 12

FACE BD FE DO
FACS BD F& @@
FACC 8& &1

FACE B7 EB FB

FADL 86 7F
FADS BY EE €E
FAlL BE FF
FADE B? EB &C
FADB B7 £8 &2

FADE €& @2
FAED BT £B 21
FRE3 B7 EE 31
FAEE BE C1
FAER BY EB 21
FRAEB BY EB i
FAEE 86 2F
FAFQ B7 2 24
FAF3 B7 EB 3t
FAFE 86 AD
FAFE B7 £8 21

FAFB &F

FAFC B7 EB 43
FAFF &3

FBo8 B7 EE 42
FBEZ 86 O3
FB85 B7 £EB 4C
FBeg B B3
FBOA B7 EB 40

Fpih Cb 8D
FBor 86 C2
FBi1 BY EB 2i
FB14 B7 B8 31
FB17 CE 10 @@
FBiA 83

FBIB 26 FD

22-i8-8t 7TSC ASCEMBLER PAGE

* 1/0 INITIRLIZATIONS

Wk otk ok

e

TEXT JER
JHp

®

*

INIT  JSR
JER
LBA R
S8 A

%

+ V1At FOR BELL

INITCV DR R
STA A
LA A
STA A
STR R

®

* £279

*

8

GTEXT ALPHA OUTPUT ON GRAPHIC

COMTRL

INITVS
GINIT
£1
SETMEM

£57F
VIARUS+IER
£$FF
VIRMUS+PCR

INITIARLIZE SCREEN
INITIALIZE GRAPHIC

VIAMUS+DDRR

* ENCODED KEYBOARD N-KEY ROLLOVER

*
INITEZ LDA R
SR A
g1 A
iR A
St A
STR R
R
STh A
STA A
Lha A

E7A A
*

2
CMDE 1
CHDE2
£4C1
CHDEL
CMDE2
£42F
CMDE1
EMDE2
£408
CHMDE1

+ PARALLEL 1/0 PORT

INITVC CLR A
STA A
LM A
i
ipA A
STR A
LBA A

STe A
*

VIACL+DDRA

VIACL+DDRB
13L3
VIACL+PCR
{$£3
VIACL+PCR

* WAIT FOR KEYBBARD

Lk B
STABI LDA A
5TA A
STA A
LDX
STABt  DEX
BNE

£13
£452
EMDEL
CMDE2
fs1000

STABL

V.20



v.21 o
Manu*% technique
© " (EVBOARD HANDLER

340 FBID 3R
341 FBIE 26 EF
352 FBZB 38

KEYBORRD HANDLER

R
343
46
347
348
348
338
RSt
352
8
334
I
3%
57
I8
358
3oa
361
362
303
364
363
366
87
368
363
I
I
I
373
I
37
376
n
378
N
I
I8t

383
3B
385
I8
387
g
I8
39
9
392
AU
394
395
3%

FB21 Bb €4 C2
FB24 F & 13
FB27 39

FB28 €6 47
FB2R F7 £8 21
FB2D CE 83 &
¥B3 83

FB31 26 FD
FBI3 FE E8 20
FBIb C4 @2
FB3E 27 BB
FBIA CE 28 B
FB3D @3

FBIE 2& FD
FB4O 73 E& 13
FB4T 20 88
FB&S CE 02
FB4T F7 £8 21
FB4A 7F €4 12
FB&D €& C1
FBSF F7 EE 21
FB32 28 1t

FBoG 7D ES 13
FBS7 26 14
FBS9 FF E4 C3
FBaE b

FBSD 37

FBSE 7D €4 12
FBel 28 €5
FBES £ 89
FBRS FE £4 03
FBEB 7D E& 13
FBEB 33

FB&C 32

FBED I3

FBeE Bt EE 21
FB71 84 &
FB73 2& i1
FB73 Bt EB 31
FB78 84 OF
FB7A 27 38

7-18-81 TEC ASSEMBLER PRGE 3

DEC B
BNE
RTS

STRBI

22-18-81 TSC ASSEMBLER PRGE 10

% GET THE CHARACTER TYPED ON KEYBOARD
*

INPUT  LDA A SAVEA GET CHARACTER
LR FLGIN CLEAR FLAG
RS RETURN

¥

+ REPEAY PROCESSING
*

REFTR LDA B 947 READ FIFD SENSOR RAM AT ROW 7
STR B CHMDEL
LBX  £4300 DELRY AFTER COMMAND
REPTAL DEX
BNE  REPTA4
iDA B DATAL GET DATA
AND B £2 CHECK FOR REPEAT CODE
BER  REPTA2  NO MORE REPERT
LD £42088  DELRAY
REPTA! DEX
ENE  REPTR1
CoM  FLGIN SET INPUT FLAG
BRR  REPTAY
REPTA2 LDR B £2 SET ENCOBED SCAN KEYEBOARD
STR B CMDEL
CLR  FLGRPT  CLERR REPERT FLRB
REPTAT LDA B £401 CLEAR INTEL £279
STA B CHDEL
BRA  TINPTT  RETURN

*
* CHECK 1F A CHARACTER HAS BEEN TYPED
%

TINPUT 78T  FLBIN CHRRACTER ALREADY PRESENT
BNE  TINPTZ  YES HETURN
STX  BAVEX SAVE X
PSH A SAVE A
PSH B SAVE B
15T  FLGRPT  REPEAT ?
BNE  REPTR YES G0 PROCESS REPEAY
BER  KEVB CHECK AND RERD KEYBORRD
TINPTE LDX  SAVEX RESTORE X
ST FLBIN SET 2
P B RESTORE B
PUL R RESTORE R
TINPTZ RTS RETURN

&

+ CHECK PHD READ KEYBORRD
*

KEYB  1DA A CMDEL CHECK KEYBOARD 1
AND R f9F
BNE  KEVYB! WE HAVE CHAR.
LOf A CHMDEZ CHECK KEYBOARD 2
AND R L8
BER  KEYB4 NOTHING, RETURN



Manuel technique
KEYBOARD HANDLER

397
3%
398
488
2
42
432
484
485
486
487
488
429
418
£11
412
§13
414
415
416
4i7
4te
413
428
421
422
423
426
423
426
427
428
428
438
43
632
433
434
433
436
437
438
439
448
441
442
443
444
443
446
447
448
443
450

FBIC BE E8 W
FB7F CE FR 88
FB82 84 IF
FBE4 2@ @
FBEG Bb EE 20
FBES CE F9 89
FBEC 7B £4 11
FBEF 26 @2
FBS1 24 BF
FBIS FF £4
FBYE BB £4
FBo9S 26 &
FB3B 7C E4
FBIE B7 E4
FBAL FE E4
FBR4 At 2@
FBRE BT E4 €2
F8R3 &1 A1
FBAB 27 08
FBAD 81 A2
FBAF 27 15
FBBi 73 B4 13
¥BB4 I3

2g

828

FEBS 7D E4 11
FBBE 27 @3
FEBA B& AB
FBBC EEC

FBBD E6 AZ
FBBF B7 EB 21
FBC2 73 E6 11
FBES 33

FBCE ED A&
FBLE 7D B4 13
FBCB 27 F9
FBCD Cb @4
FBCF F7 EB 21
FBDZ €6 FF
FED4 BT B4 12
FBO7 38

B4l
Ealy
Ealz
E413
E4Ca
E4CO

KEYBOARD HANDLER

451
432
453
434
433

E&C2
£4C3
E4LS

KEYBL

KEYB2

KEYB3

KEYB4
*

* SHIFY
*

GEHIFT

BSHFTL

* FIRST

GREPT

%

2-18-81
LDR A DATA2
LDX  £ADTAR2
AND A £33F
BRR  KEYB2
LDA A DATRI
LDX  £ADTABL
TST  FLGSHF
BNE  KEYBZ
AND A {4BF
87X PTTRB
A0D A PTTRBY]
BEC  KEYB3
I PTTRB
STR R PTTRBH
L PYTRBD
LR A 8.
ETA A SAVEA
CMP A £5HIFT
BED  GSHIFT
CrP A LREPT
BER  GREPT
M FLGIN
RTE

LOCK PROCESSING

TST  FLBSHF
BER  OSHFTI
LbR A £3A0
FCB  SKIPZ2
L0f A £3R3
STR A CMBEL
oM FLGSHF
RTS

TIME REPEAT HAS

BSR  KEYR
TST  FLGIN
BER  GREPT
LDA B £4
STA B CMBE1
LDA A £%FF
STA A FLGRPT
RTS

TSC ASSEMBLER PAGE 11

GET CHAR.
ADDRESS OF TABLE 2
OMLY & BITS

GET CHAR.
ADDRESS OF TABLE 1
CHECK SHIFT LOCK

IF LOCKED, MASK THE BIT
ADDRESS OF CHAR, IN THE TABLE
ADD CARRY IF ANY

GET ADDRESS OF CHAR.
GET COBE

Save IT

SHIFT KEY ?

YES GO PROCESS IT
REPEAT KEY ?

IF YES G3 PROCESS IT
SET INPUT FLRG
RETURN

CHEEK FLAG
SKIP IF LOCKED
LIGHT ON
LIGHT OFF

SWITEH THE FLAG
RETURN

BEEN TYPED

CHECK AND RERD KEYBOARD

CHAR. TYPED ?

ND, HATT

YES SET ENCODED SCAM SENSOR MATRIX
SET REPERT FLAG

RETURN

* RAM RESERVED TO VARIABLE INFORMATIONS

#

FLGSH
FLGRPY
FLGIN

PITAB

SAVER
BRVEX
VTENP

ORG  sE4l]
1L |
B 1
B 1
OrG  sE4aca
fMB 2
22-18-81
RB i
Mg 2
-

END

INITIRLIZED TO ZERD AT START

T5C RSSEMBLER PAGE 12

V.22



.

PRIV N

KEYBOARE HANDLER

557
#39
4ER
4bi
462
463
464
463
466
4e7
468
469
478
671
572
473
474
473
476
477
478
479
489
481
482
487
484
485
486
487
488
489
499
491
492
483
494
433
455
497
498
493
Sea
aet
a2
303
304
Je5
306
Se7
308
589
sie

FBDB

tEEd
EBFO
EBF2
EBF3
Aoe

F808 BG EE F@
FBDB 7F EB EO
FBIE CE 02 8
FBEL @8

FBEZ 83

FBES @3

FBE4 26 B
FBEE €& F4
FBES F7 EE FO
FBER 8D 2F
FBED F& EE F@
FBF@ 33

FBFI LS @
FBFY 26 FB
FBFS 86 FE
FBF7 B7 EB F2
FBFA ED 20
FBFC B 73
FBFE B7 B FR
FCBt eb 19
FC83 CE At 908
FC8E €3 82
Foee 27 @7
FCBA BE EB F3
FCED 43

FCRE A7 22
FCI0 89

FCi1 F& EB FB
FC14 33
FEISE5 @
FC17 26 €D
FCIS 7E A1 30

DISK BOOTSTRAP

51t

Vesl It yuc

22-18-Bf TRC PASSEMBLER PAGE i3

ORG  $FBDE
N DISK BUOTSTRAP
0T A

%

* -G~ COMMAND

*  DISK BOOTSTRAP (5
*

Aofok

* X ¥

* EQUARTES FOR WD 1791

DRVRES EGU  $EBEQ
COMREG ERU  $EBF@
SECREG EQW  sEeF2
DATREG EBY  $EBF3
LOADER €8H  sAidQ

* PHOGRAM STARTS HERE

DKBOOT LDA A COMRES
LR DRVREG
X {8

InK
DEX
DEX
BNE
tbA B
81A B
BSR
LDA B
Com B
BIT B £1

BNE  LODPE
LOR A £$FE
STA A SECREG
BSR  DELAY
LDa A £373
514 A CIMREG
BSR  DELAY
L0X  LLOADER
BITB f2

BER  LOBP3
LDA A DATREG
£oM A
ETh A
INX
LDA B
CoM B
BITB {1

BNE  LOOP2
4P LORBER

OVR

OVR
f9F4
COMRES
pELAY

LOGPE COMREG

Lgaez

B: X

LOOPE COMREG

DRIVE REGISTER
COMMAND REGISTER
BECTOR REGISTER
DATA REGISTER

TURN MOTOR ON
SELECT DRIVE £3

DELAY FOR MOTOR SPEEDYP

DO RESTDRE COMMAND

CHECK WD STATUS

WAIT TILL NOT BUSY

SETUP FOR SECTOR £}

SETUP RERD COMMAND

RDORESS OF LOADER
DTA PRESENT ?
SKIP IF NOY

GET A BYTE

PUT IN MEMORY
BUMP POINTER
CHECK WD STATUS

15 WD BUSY ?
LOBP IF S0
JUMP T8 FLEX LOADER

22-18-B1 TSC ASSEMBLER PAGE 14

512 FCiC €D @8
913 FCIE €D 29
Si4 FC20 39
33

516

DELAY
DEL1
RTN

BSR
BSR
RTS

END

DELE
RIN



Manuel technique

DISK BOOTSTRAP

513
520
92t
922
523
324
323
5%
s27
928
529
550
31
552
353
536
335
53
537
o538
BAL
940
o461
342
543
244
T
4B
o547
S48
249
Soi
351
3532
953
934
955
336
557
558
559
68
9kl
Se2
563
&4
965
366
5&7
o968
oE8
378
51

FE25

£BOC
E8eD
€ete
oaes
2004

FC25 C6 83
FC27 FT EB &
FC2A BY EE &C
FC2b &6 TP
FC2F B7 EB 1B
FC32 FF EE 14
FC35 39

FC36 37

FE37 FE EB
FCIA 57

FEIB o7

FCXC 24 FS
FE3E B7 E2 @
FC&t I3

FC42 39

FC4T 8D @8
FC43 27 FL
FC47 BE £E @D
FC4A B4 7F
FC4C 23

FC4D BE EB OC

22-19-81 TSC ASSEMBLER PRGE 1S

NAM  GPMON V1.3
OPT  PAG
ORG  $FC25
* *
*  TERMINAL MODE *
* L
%®
* EQUATES

*
ACIAC  EOU  $EBQC ACIA COMMAND REGISTER
ACIAD EQU  ACIACHL  ACIA DATA REGISTER
VIRC & skBid CPU VIA FOR ACIA EXTERNAL CLOCK
RCR EQY 4B VIA AUXILIARY CONTROL REGISTER
TILL  ER & VIA T{ L0W ORADER LATCH
*
* INITIALTZE ACIA (CPWY
*  Ri=ACIA COMMAND
*  Xi=[LOEK VIA
¥
INICIR LDA B £ MASTER RESEY CODE
TR B ACIAC RESET ACIA
ETA A ACIAC INITIALIZE ACIR
LR & {sC@ INZ CLOCK FOR ACIA
STR R VIAC+ACR
STX  VIAC4+TILL INITIALIZE £LOCK
RTS RETURN
L

* QUTPUT ONE CHARACTER TO ACIA
¥

TOARCIR PSH B SAVE B-REG
UTC1 tBA B ACIAC TEST REABY
ASR B
ASR B

BCL  OUTEL XHIT NOT RERDY

STR A ACIAD GUTPUT CHAR.
P B RESTORE B-REG
RTE RE TLRN

*
* [NPUT ONE CHARACTER FROM ACIA
*
INRCIA BSR  CHKACE CHECK FOR RECEIVED CHAR.
BEQ INACIR  NOT RERDY
£DA A ACIAD INPUT CHAR.
ANB A £$7F RESET PARITY BIT
RIS RETURN
*

+ CHECK FOR TYPED CHARACTER
*

CHEACT (DR A ACIAC RERD STATUS

V.2



V.25
Manuel tecnnique

GPMON V1.3

o572
373
54
575
576
ol
are
3719
509
58t
82
583
o504
583
586
387
See
563
5%
391
992
593
3%
395
59
597
598
399
60
601
ea2
683
&84
805

FESe 85 @i
FCo2 19

FC33 BD FD O
FCSB CE FC &€
FC33 BD FO 91
FCoC BD FD 9
FC3F 1k

FCR@ BD FD CC
Foe3 €1 3t
FCE3 27 89
FCe7 C1 32
FCE9 26 EB
FCeB CE 18 @
FCEE 20 83
FC7@ CE o4 28
FLYI Bb @1
FC75 €D AE

FC7T7 BD FB 34
FCR 27 83
FEIC BD FB 21
FCIF 8D BS

FC8t €D CA
FCE3 27 £2
FCE3 80 BC
FCE7 BD FD 82
FEEA 28 EB

FORC 56
FCEE 84

BIT A
RTS8
*

22-10-81 TEC ASSEMBLER PRGE 1k

f1

* PROGRAM STARTS HERE

*

£m JSR
£0x
JGR
JER
TAB
JER
P B
BER
tHP B
ENE
LBX
BRA

ComMi LDY

goMz  LbA A
BSR

TERM ISR
BEQ
JER
BER

*

TERM1  BSR
BEQ
BER
JER
BRA

QUEST  FCC
FCB

PLRLF
£AUESY
PIATAL
INCH

PCRLF
£434
comt
832
£on
£41808
comz
£46600
£t
INICIA

CHREHR
TERKL
INPUT
TOACIA

CHKACE
TERM
INAC IR
SUTCH
TERM

IV=I
4

SHOW READY OR NOT RERDY
RETURN

ASK FOR SPEED

INPUT SPEED
SAVE IT IN B
OUYPUT CR/LF

39@BDS

NIT CORRECT
1268 EBS

e DS
EVEN PARITY,Z STOP BITS.CLOCK/IE
INITIALIZE ACIA

CHECK FOR TYPED CHAR.
NGO CHAR.

INPUT CHAR.

ENIT EHAR.

CHECK FOR RECEIVED CHAR,
NG CHAR.

GET RECEIVED CHAR.
QUTHUT IT

CONTINUE
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&07
(2
&89
61@
eit
812
617
Bid
(2%
61&
&7
618
E13
B20
g2t
E22
£23
£26
623
£26
827

FCEF 37

FCY@ FE £B 4D
FC9Z 5 1@
FC93 27 F8
FCS7 BT EE 4B
FL9R €8 03
FC9L F7 EB 4€
FE9F 26 E3
FCRL F7 EB 4T
FCRG 33

FCRY 28

GPHON VI3

£X

631

£32
633
634
633
&36
£37
€38
B39 FERE

E43
E41

t4oe
aaIr

B42  DB3D
[
B4 0QBR
£43 0BzB
E4b  @PZE
E47 @320
E48

G469  ECOR
£33 £0ed
&5 FBS4

22-18-B1 TSC ASSEMBLER PAGE 17

*

PARALLEL

®
PRINTER HANDLER
*

Wik

*

+ QUTPUT ONE CHARACTER TO PRINTER

%

POUT  PSH B

CPOUT (DR B
BIT B
Beg
5TR A
Ln B
STA B
LA B
STh B
PLL B
RTS8

SAVE B
VIACL+IFR WALT FOR RERDY
£310
£rouT
VIRCL+ORB QUTPUT CHAR.
£4C2
VIREL+PCR HANDSHAKE
£3E3
VIACL+PCR
RESTORE B
RETURN

22-18-81 TSC ASSEMBLER PAGE 1B

Gkl Bl

ek ekcdokol

* *

#* MONITOR *

* *

ook

*®

* EBUATES

¥

ROM E ¢FCRE

RaM EQ  sE4RR

=T 8 $7F SHI OF CODE

SIRCL ERY  SP-NIO-2 SIZE OF RAM TO CLERR

CR QU 4D CARRIAGE RETURM

LF [TAE I ] LINE FEED

PRPT  EQY '+ PROMPT CHARACTER

DOWN  ERL T, MEMDRY INEREMENT CHAR.
Hp i - MEMORY DECREMENT CHAR.

¥

K7MOD  ERU $ECPD K7/M0DEM HANDLER ADDRESS
BRSIC ER¥  $2020 ROM BASIC EXECUTION ADDRESS
CHKCHR BB TINPUT

V.26
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GPMON V1.3 22-18-8f TSC ASSEMBLER PAGE 19
EST FCRE OR6  ROM
£54 ®
£S5 * JUMP TABLE TO ROUTIMES PERFORMING GPMON FUNCTIONS
636 *
E37 FCRR FETABE EQU =
B3% FCRE 4D FEC  /M/ -M- MEMDRY CHANGE
B33 FCA7 FD ED FBE  CHANGE
EE® FCRY 47 FCC /G/ -G~ GOTD) ENTERED ADDRESS
B61 FCAR FE 37 FOB  GUTO
EB2 FCAC 52 FEC /R! -R~ PRINT STACK
B63 FCRD FF 1E FOB  PSTAK
BG4 FCAF 58 FCC N/ V- SET A BREAKPOINT
EES FCHQ FE 2R FOB  SETBRK
EEk FLB2 S5 FEL A4/ -U- RESET @ BREAKPOINT
ER7 FLB3 FE LE FRB RSTBRK
&68 FCBS 57 FCC W/ -W- DELETE ALL BREFKPOINTS
EES FCBE FE 26 FOIB  DELBRK
E7@ FCBB 43 FCC 7B/ ~C- CONTINUE
671 FCBY FE 43 FOB  CONT
£72 FCBB 4f FCC /N -N- NEXT (TRACE 1 INSTRUCTION)
€73 FCBC FE 4B FOB  NEXT
&76 FCBE S4 FCC /77 -T- TRACE N INSTRUCTIONS
€73 FCBF FE 4F FDB TRRCE
&76 FOCI 42 FEC  /B/ -B- PRINT ALL BREAKS
&77 FCOC2 FE 23 FbB PNTBRK
£78 FCC4 44 FCL /07 =D~ MEMORY DUMP
ET9 FCCS FE &5 FiB DLk
EB® FCC7 F3 FCB  SFI ~BODT- EXECUTE DISK BOOTSTRAP
E81 FCCE FR DB FiB DKBOOT
EG2 FCCA 48 FCC /R K- LINK TO K7/MODEM HANDLER
BB FCCB EC 6@ FIB  K7MOD
EB4 FCCD 4F FCC 70/ -0- SWITCH QUTPUT TO PRINTER
EBS FCCE FE 8C FOB  SWITCH
E8E FCDO Fi FCB  ¢F1 -BASIC~ EXECUTE ROM BASIC
EB7 FCD1 52 89 FDB BASIC
€88 FCDI F2 FE8  sf2 -COM- TERMINAL MOBE
EES FCD4 FEC 53 FiB oM
9 FCDG F4 FCB  %F4 -GA- GRAPHIC MIDE
E91 FCD7 FR B FiB TEXT

€92 FCDY FCTBEN ERU  »
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£54
&35
&%
£897
£98
£93
788
81
82
w3
78
%
Te6
187
788
783
718
7i1
712
"3
714
715
76
717
TiE
719
T2
21
T2
73
724
125
2%
127
28
729
730
13
132
733
734
735
73
737
738
735
748
T4t
162
743
744

FCD3 FE E4 28
FCDC &E 2@

FLDE FE E4 @2
FCEL ¢E 8@

FCE3 FE E4 35
FCEE BE @

FCED
FCES E4 BS
FCER FF @6

FCEC 28 @3
FCEE 7E FF SA
FCFL 7€ FF 61
FEFZ

FCF4
FLF4 6E E4 3F
FCF7 CE FE F3
FLFA 65 08
FCFC 36

FCFD @9

FCFE 6 FC E7
FOBL 26 F7

FBRl g3
FOOS ie 38
FDa7 4f
FOEg 3k
FDB3 SA
Foen 26 FC

FDOC BE £4 34
FOBF 8D Fa £k

22-18-B1 TS ASSEMBLER PAGE 7

¥

* 1/0 INTERRUPT SEQUENCE
*

10 LDX v GET IR@ VECTOR
JE X

¥

* NMI SEQUENCE

*

POMDWN  LDX NIO GET NMI VECTOR
JUP X

*

# EWT INTERRUPT SERUENCE

*

SFES LDX Sl GET SWI VECTOR
JHP X

*

* INITIALIZATION/RESET CODE

*

ABRSTR  EQU #
FoB STACK-7  INIT FOR “Spe
FDB SWits IKIT FOR "SWIi®

BRA  BRG “BRA" INST IS REPLRCED BY COND BRA
JMP BRNDGD  INST IN ROUTINE WHICH DETERMINES
BRG JH? BRGSO IF BRA IS GD/NDGO
ADREND ER} -1
%
* CONSTANT INITIRLIZATION
*
START  EQ =
LDS  ESTKEND-{ S:PDINTER TD RAM
LDX  fADREND  X:PDINTER TO ROM

ETART! DA AR X GET NEXT CONSTANT BYTE
PGH A INIT NEXT RAM BYTE
DEX

CPX £RDRSTA-1 END OF CONSTANT ROM ARER
BNE STaRT! NO CONTIMUE

#

¥ INITIALIZATION TO @

*
FEB SKIP1.$13 VERSION MUMBER AUGU.17 1991
LR B £SIRCL SIZE OF RAM TO CLEAR

R A
ETARTZ PSH A CLERR NEXT RAM LOCATION
DEC B ANYMORE BYTES TD INIT

BNE  STARTZ  YES CONTINUE
*

* INITIALIZE 1/0
*
L5 P
JSR O INIT INITIALIZE !/0

V.28
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T4E *
747 * MAIN COMMAND/CONTRDL LODP
748 *
743 FD12 CONTRL EQU  »
T8 FDI2 BE £4 34 i85 &SP RESTORE STRCK POINTER
75t FDiS CE FF 86 R £5KI15 RESTORE SWI VECTOR
752 FRISFF B4 36 5T Shlt
733 FDIB BD FD D4 JGR  PROMPT PRINT PROMPT
754 FDIE 7F E4 @B CLR  DuTSW MAKE SURE INPUT IS ECHDED
793 FD21 BD FD 9B JSR INCH READ COMMAND CHARRCTER
1% FD24 16 TAB SAVE IT IN B
757 FD25 BD FD B3 JSR  OUrs PRINT SPACE AFTER COMMOND
738 *
755 * B REGISTER HOLDS CHARRACTER INPUT BY USER
768 * USE JUMP TRBLE TO GO TO APPROPRIATE ROUTINE
%61 *
762 FD28 CE FC A LBX £FCTABL  X:= RDDRESS OF JUMP TABLE
763 FD2B E1 00 NKTCHR CMP B 8, X BOES INPUT CHAR. MATCH ?
T84 FD2D 27 OF BER  GOODCH YeS 60 YO APPROPRIATE ROUTINE
765 FD2F 83 INX NI UPDRTE INDEX
16t FD3IB @8 INX
787 FDIL @8 INK
768 FD32 8C FC DO CPX  LFETBEN END OF TABLE REACHED 9
768 FD3IS 26 F& BRE NKTCHR MO, TRY NEXT COMMAND
T8 FDI7 B 3F WHRT DR A £7 NO MATCH PRINT uoe
7¢1 FDIS BD FD 82 JSR GUTCH
772 FO3C 28 D4 BRA  CONTRL REPROMPT USER
T3 ¥
T4 FD3E EF @1 GOBOCH LY X BET ADDRESS FROM J.T.

175 FD4G €E 2B o BX GO TO APPROPRIATE ROUTINS
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n
TR
m
740
781
782
7&3
54
7%
TR
787
788
788
790
79
792
R
7%
79
796
797
798
79
gaa
£t
802
B3I
ER4
E85

a7
gee
2@
g18
g1t
B2
813
El4
3R]
816
B17
gid
g9
g2
82t
g2
e
B24
B25
EX
827
£28
£29

FD42

FO&2 20 54
FO44 ED 38
FD&e 2B CA
FBat 81 89
FD4R 2F @n
+D4aC 81 11
FD4E 2B C2
Fp5@ 8t 16
FD52 2F BE
FOo4 80 @7
Fd56 39

FDS7 BB 10
FD5S B7 £4 04
FOSC ED @B
FDOSE B7 E4 8B
FDE1 FE E4 @R
Foe4 39

fDE5 BD FO
FDE7 20 4R

FDE3 8 07
FbeR 42
FDEC 48
FOED 48
FDEE 4B
FOGF 1k
FD7¢ 8D D@
FD72 1B
FO73 23

FO74 44
FB73 44
FOTE 44
Fai7 44
FD78 84 @F
FO7R €B 3@
FG7C 81 38
FD7E 23 @2

22-18-81 TG0 AGSEMBLER PAGE 22

ORG  $FD42
*

* BASIC ROUTINES
*

L 3

* INPUT HEX CHARACTER
*

INHEX BSR  INCH
INHEX2 SUB R 1438

BMI  CONTRL
CHP 8 £%8
BLE  IM4HG
HP A £31t
BMI  CONTARL
CHP A £%16
B6T  CONTRL
8BA £7

INIHE RS
.

* BUILD ADDRESS

#

BADDR BSR  BYTE

ETh A XHI
BSR  BYTE
STA R XLOW
DX XHI
RTS
BADDRS BSR  BADDR
BRR  OUTS
L
* INPUT BYTE
%
BYTE  BBR  INHEX
BYTE2Z nSL A
A5L R
ASL A
st A
TRD
BBR  INHEX
RBA
iS5

*
+ OUT HEXR BCD DIGIT
%
DUTHL LSRR
LSR A
LSR R
LER A
BUTHR  AND R £%F
AOD A {438
CHP A £%29
BLS  OUTCH

NOT HEX

NOT HEX

NOT HEX

RERAD 2 CHAR,

READ 2 CHAR.

X:= ADDRESS WE BUILT

BUILD ADBRESS
PRINT SPACE AND RETURN

BET HEX CHAR.

BET HEX CHAR.

QUT HEX LEFT BLD DIGIT

OUT HEX RIGHT BCD DIGIT

V.30
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GPMON VL. 3 22-18-81 750 ASSEMBLER PAGE 23
830 FDEd 8B @7 ADD A £7
B3 ¥
832 * QUTPUT ONE CHARRCTER
= *
B34 FDBZ BD FB EF OUTCH  JSR  OUTPUT  OUTPUT CHRR. TO SCREEN
B33 FDEI 7D £4 89 78T  PRIFLG 1O PRINTER 7
g3 FDER 26 @1 BNE POUTS If YES PRINT CHAR.
BX¥7 FD8A I9 RIS RETURN
838 FDBB 7E FC SF POUTS JWMP  POUT
839 ¥
242 * PRINT DATA PDINTED BY X-REG
241 *®
B4Z FDBE BD F2 PDATAZ BSR  BUTCH QUTPUT DATA
B43 FD9e B2 POATAT INX
Bas FDPI1 AG @B PDATARL DA A |
B43 FD93 81 25 CHP A I§ ST0P IF EOT
846 FDYS 26 F7 BNE PDATAZ
B4T FDST 39 RTS RETURN
B4B *
849 * INPUT ONE CHRRACTER
833 *
85t FDBBBDFBS& INCH  JSR TINPUY  CHECK FOR TYPED CHAR
B35z FDY9B 27 B BER TNCH NOT RERDY
B33 FDSD BD FB 2 JSR INPUT INPUT CHAR.
B34 FDAR 7D E£4 B8 TST  QUTSHK SHOULD INPUT BE ECHOED?
855 FDAT 27 0D BER  QUTCH IF SO ,QUTPUT CHAR.
83 FDAS 38 RTS
857 *
38 * QUTPUT BYTE
835 ¥
BE@ FDRAE AE 08 QUTZH LR A @.X SHTPUT 2 HEX CHAR.
881 FDAS 08 INK
862 FDAY It DUTZHR PSH A
86T FDAA 8D C8 BSR  OUTHL OUT LEFT HEX CHAR.
864 FDAC 32 FL A
865 FDAD 28 C9 BRA  QUTHR UTPUT RIGHT HEX CHAR OND RTS
BEE ®
BET + BUTPUT ADDRESS
ece *

EE3 FDAF 8D F3 DUTAHS BSR  OUT2H DUTPUT 4 HEX CHAR. +5PACE
B78 FDBI €D FI DUT2HS BSR  CUTZH QUTPUT 2 HEK CHAR, +SPACE
871 FDB3 8k 20 0UTs  LBAR f328 OUTPUT SPACE

g72 FOBS 28 LB BRA  OUTCH (BSR+RTS}
g7z *®

g4 * PRINT STRCK CONTENTS

875 *

E% FDB7 8D 13 PRINT BSR  PERLF OUTPUT CAR/LF
877 FDBY FE E4 T4 LpX &P PRINT OUT STACK
878 FDEC @8 INX

879 roBO BD F2 BER  OUTZHS  CC-REG

B%@ rOBF BD FB BSR  OUT2HS  AEC-B

B8t FOC1 BD EE BSR  QUTRHS  ACC-A

B82 FDC3 8B EA BSR  OUT4HS  X-REB

£B3 FDC3 €D E6 BSR  OUTEME  P-COUNTER
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BES

FREES8ERUBREES

3 umw o
2228

FOE7 CE B4 34
FDLa 28 €2

FDEC 86 @D
FDEE BD B2
FDD@ &6 A
FoD2 22 AE

FDD4 €D FB
FODE 86 2B
FoDE 28 A8

FDDR 16

FODB 8D EF
FODD CE E6 8R
FDE® &) €D
FOE2 FE E4 @A
FOES 2D €A
FDET 17

FDEE ED BF
FDER 7E FD 37

22-18-B1 7T5C ASGEMBLER FAGE 24

LDX {5p
BRA  QUTGHS

*

* QUTPUT CR/LF

%

PCRLF  LDR A £IR
BSR  QUTCH
DR B £iF
BRA  QUTCH

¥

& QUTPUT PROMPT

*

PROMPT BSR  PCRLF
1BR R LPRPT

BRA  [QUTCH
*

PRINT SP AND RETURN

QuTPUT CR

DUTPUT LF
AKD RETURN

Do CR/ALF

OUTPUT PROMPT AND RETURN

« ERROR ¢ VRLUE IN RAM DO NOT MATCH

*

ERROR  TRB
BSR  PCRLF
X £XHI
BSR  QUTEHS
(B I
85R  OUTZHS
T8A
BSR  DUT2HA

P WHAT

SAVE A

PRINT ADDRESS

PRINT CONTENT

RESTORE A

PRINT VALUE WE WANT TO STORE
PRINT "2¢
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912
913
914
515
91k
917
Sig
819
528
921
822
923
926
925
926
327
928
923
93
A3
932
832

935

FDED €0 73
FOEF £D DB
FOF1 CE E4 88
FOF4 €0 B9
+OFE FE E4 2A
FDFS 20 BE
FDFB @3

FOFC 8D 9R
FDFE 81 2E
FEBR 27 14
FL82 B1 20
FEB4 27 8
FEBL BD FD 44
FEQ9 BD FD 6B
FEGC A7
FEOE A1 0
FELB 27 EA
FEf2 20 b
fE14 €9

FELS €5

FEtR 08

FEL7 FF E4 BA
FELR 8D B0
FEIC 28 D3

FEIE BB 42
FE20 g€ 29
FE22 €€

FE23 86 21
FEZ3 8C

FE26 E6 11
FEZ2E 20 88

FE2A BD 36
FE2C 86 @9

22-18-81

*
* -f~ COMMAND

TSC ASCEMBLER PRGE

23

*  MEMORY EXAMINE OND CHANGE

*

CHANGE BSR  BADDRI
B5R  PCRLF

CHANG  LDK  £XHI
BER  CUTAHS
WX I
BSR  ONT2HS
DEX

CHAt  BSR  INCH
CHP A £DOWN
BED  BLF
CHP A £UP
BEZ UM
JSR INMEX2
JSR BYTER
STAR X
P A X
BER  CHAL
BRA  ERROR

W DEX
FCB  SKIPY

BLF  INX

LFL  S§TX I
BSR  PCRLF
BRA  CHANG

*

* ~{~ COMMAND

*  RESET ONE BREAKPDINT

*

RSTBRK BSR  BADDRJ
LOR A LBKFPGI
FCB  SKIP2

*

% B~ COMMAND

BUILD ABDRESS
00 CR/LF

PRINT ADDRESS

PRINT OLD DATR

INPUT CHAR.
DOWN ?

YES

CHECK FOR P

CHECK FIRST BYTE
GET NEW BYTE

WRITE BYTE IN MEMORY
CHECK IF RAM

G0 INPUT NEXT CHAR.
NIT R

DEC ADDR

SKIP 1 BYTE

INC ADDR

SAVE ADDRESS
OUTPUT CR/LF
CONTIMUE

PUT ADDRESS IN XHI, XLOW
RESET 1 BREAK FLAG
EKIP 2 BYTES

*  PRINT BUT RLL NON-ZERD BRERK ADDRESSES

*

PNTBRK LDA A {BKFPRT
FCB  SKIP2

#

* ~H- COMMAND

PRINT BRERK ADDR FLAG
SKIP 2 BYTES

*  RESET ALL BREAKPOINTS

¥

DELBRK LDA R £BKFPGA
BRA  SETB2
%

% —{- COMMAND

*  SET OME BRERKPDINT

*

GETBRK BSR  BRDDRJ
LDA R £BKFPGY

RESET BREAKS FLAG

PUT ADDRESS INTD XHI.XLOW
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465
956
97
568
Ses
970
571
g2
i
974
873
9
977
978
979
B
881
982
983
984
885
96
987
8te
983
5%
991
992
933
994
9%
836
997
938
999
)
iga1
)
1ee3
1904
1283
legde
1887
1836
129
1e1a
1811
ez
1913
1214
1815
18lb
1817
1818

FEZE €D £3
FESR 86 85
FEI2 8D SF
FE34 7E FD 12

FEZT ED 28
FEIS FE E4 34
FE3C A7 w7
FETE BE E4 3R
FE4i A7 @6

FE4Z 7C E4 1D
FE4E CE 92 @1
FE4S 20 09

FE4B CE OF i
FE4E BE

fE4F ED 1!

FESE 7F B4 12
FESG FF E4 ¥
FEST FE E&4 34
FESA EE @&

FESC BD FF 9A
FESF 7E FF &7
FEE2 7E FD 57

FEES BD FD €3
FEES FF E4 &C
FEEB 0 F5
FEBD BD FD LC
FETB CE 18
FE72 CE E4 &C
FETS B FD AF
FE7E FE E4 O
FE7B BD FD Bi
FETE FF E4 B
FEBI 23

FEB2 BL E4 @R

-18-B1 TSC ASGEMBLER PAGE 26

BSR  BRKSHUB

LDR A £BKFRCD SET ONE BRERKPOINT FLAG
SETBZ BSR  BRKSUB  BREAK HANDLING SUBROUTINE
CIRLJ  JMP CONTRL  RETURN TD COMMAND LEVEL
™
* -G~ COMMAND
* (0 TO ENTERED ADDRESS
L 3

GOT0  BSR  BADDRJ  GET ADDR. FROM USER IN XHI. XLOM

LDX &P GET VALUE SAVED WHEN ENTERING GPMON
Stha 7X A-REG CONTRINS XLOW
LOR A XHI
STR A &iX PLACE ADDRESS ON BTACK
%
* -C- COMMAND

*  CONTIMUE EXECUTION
¥

CONT  INC  BRKTRC  TRACE t TO RESTORE SNI'S

X £
BRR  TRACES
»
* -N- CONMAND

*  GBINGLE INSTRUCTION TRACE REQUESTED
*

NEKT DX £
FEB  BKIP2

LINSTRUCTION TO TRACE
SHIP 2 BYTES

W

k —-T- COMMAND

*  MULTIPLE INSTRUCTION TRACE

*
TRACE  BSR  BADDRJ
TRRCET CLR  BAKTRC
TRACEZ STX  NTRACE

GET N. OF INSTRUCTION TD TRACE

SRVE £ INST'S TO TRACE

Lox & X:=5TACK PCINTER
L &X K:=AODR OF INSTR TO BE EXECUTED
JSR  SAVTRC  SAVE ADDR/OPCODE FOR TRACE
JMP CONTRC  GOTO CONTIMUE TRACE
BADERY JWP  BRODDR
%
* -0~ COMMAND
*  MEMDRY DUMP

E

DUMP  JSR BADDRS  GET START ADDRESS

ST XSAVE SAVE IT
BSR  BADDRJ  GET END ADDRESS IN XHI, XLOW
DUMPT 3SR PLRUF QUTPUT CR.LF
LR B fif 1& BYTES PER LINE
LDX  EXSAVE  PRINT RDDRESS
JSR - CUT4HS
DuMP2  LDX  XBAVE PRINT BYTE
JER OUT2HS
5TX XSAVE SRAVE NEW ADBRESS
DEX
CPX  XHI FINISHED ?

CLEAR FLAG INDICATING TRACE IS DUE TO BREF

V.34
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1819
1828
1821
1ez22
1823
1824
1825
it
1827
1828

VL3

FEES 27 RD
FEB7 SR

FEER 2k EE
FEER 20 Ei

22-18-81 715U ASSEMBLER PAGE 27

BER  CTRLJ YES. EXIT
DEC B BEC THE COUNT
BNE  DUMP2 GAME LINE IF NOT @
BRA DBUMPE NEW LINE
*
* -0~ COMMAND

*  SHITCH QUTPUT TD PRINTER
*

FEBC 73 E6 83 SWITCH €OM  PRTFLG  SWITCH FLAG

FEEF 20 AT

GPMON V1.3

1832
1821
1832
1833
1834
1835
e
1837
1938
1933
iesd
1841
1242
1042
144
1843
1848
1847
1848
1849
1058
1851
1832
1853
1854
1855
1856
1037
1838
1839
1BeR
126!
1374
138l
1064
10885
.=
1807
18£8
1289
170
1471
1872
197
1974
1873
1876
a7
1878
1879
1928
a8t
1982

FE91 BE 82

2201
#ae2
gees
2985
aeti
221

FESZ

FEI3 JE

FES4 CE E4 10
FE97 FF &6
FESA 33

FE9B 37

FEQC Ab @2
FESE EE @9
FERD 27 €2
FEAZ C4 FB
FEA4 £C

FEAS C& C4
FEAT 7D B4 OF
FERR 27 O3
FEAC L4 FD
FEAE EC

FEfF C4 FE

FEBL 34
FEE2 24 82
FEB4 A7 @8

FEBG 54

BRA  CTRLJ RETURN TO COMMAND LEVEL

22-18-81 7T5C ABSEMBLER PAGE 28
W
* SUBROUTINE TO INSERT BREAK IN USER CODE
¥
INSBRK (DR A LBKFINS
*
* BRKSUB
*
* THIS ROUTINE HANDLES BREAKPOINT OPERATIONS
* THE CONTENT {OF O-REG DETERMINES THE FINCTICON PERFORMED:
*
f=BKFING : PUT BRERKS INTO USER'S CODE
A=BKFPG] ¢ PURBE BREAKPDINT WHOSE ADDRESS 15 IN
XHI, XLON. AL BREAKPOINTS RRE TEMPORARY REMOVED
A=BKFPGA : PURGE ALL BRERKPOINTS
A=BKFPRT : PRINT ALL BREAXS, TEMP, REMOVED
£=BKFRMV : REMOVE TEMPORARY ALL BREAKPOINTS
A=BKFRED ¢ PUT BREPK ADDRESS IN XHI. XLOW INTE THE
FIRST ZERQ BREAKPOINT POSITION;TEMP, REMOVED

£ % ¥ £ #* ¥ * £ ¥

BRFAMV ERU  v00R0ad0i

BKFING EQU 10900818

BRFRCD ERY  ¥000@eidi

BKFPGL ERU  xBBDB108!

BKFPGA EQU  wdea180el

BKFPRT EQU  %29idpesl

*

BRKSUB ERU  *
PEH A SRVE 6-REG
LtDX  £BRKADR X PDINTS BRERK TRBLE

BRKP@ STX  XSAVE SAVE X

P B GET FUNCTION NUMBER
PSH B UPDATE STRACK POINTER
iR A X LOAD USER CODE SAVED IN BREAK TRABLE
Loy X LOAD THE BREAKPDINTED USER ADDRESS

BEG  BRKPAL IF ADDR=Q NOT A BREAKPOINT
NG B 97D RECOAD NOT ALLDWED ,MREK FLAG
FCB  SKIP2 BKI{P 2 BYTES
BRKPM AND B 504 RECORD OMLY ALLOWED
BRKPDZ TBT  BRKSIN  ARE BREAKS IN LSER'CODE ?
BEG  BRKPRZ ND
ANB B E8FD YES, DO NOT #RITE SWI IN USER CODE
FCB  SKIPZ SKIP 2 BYTES
BRKPE2 ANB B &4FE AVOID THAT BREAKS BE TEMPORARY REMOVED
*

* REWRITE CODE IN USER PROGRAM FROM BREAKPOINT TRBLE
*

BRKP34 LGSR B PLACE FUNCTION FLAG IN CARRY

BCC  BRKPZ FUNCTION NOT REQUESTED
STRA X REWRITE CODE IN USER PGM

*

* WRITE SWI'S IN USER CODE
¥

BRKP2 KSR B
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1083
1@84
12835
108E
1ee?
1088
lees
1{.:0
1991
1032
1993
1084
1255
1886
1897
1898
1098
1108
1181
i1
1183
1184
1185
1186
1187
1es
He
t1i@
iin
1112
1113
13314
1113
itk
1117
1iig
1114
128
Ha
1122
1127
1124
1125
126
1127
f1zg
1128
1130
1131
1132
1133
HY%
1115
1%

GPHONM

1137
1138
1139
1148
1141
1142

FEB7 24 @D
FEBS Ab @
FEBB 3&

FEBC 86 3F
FEBE A7 @D
FECB 32

FEC! FE E& @0
FEC4 AT @2

FECE FE B4 &
FEL3 54

FEER 24 O
FECC B E4 BR
FECF A7 00
FEBL BE E4 8B
FED4 A7 81
FEDE 32

FEDT B4 FB
FED9 3E

FEBA 54

FEDB 24 8E
FEDD A6 28
FEDF Bl E4 @A
FEE2 26 @7
FEE4 fG @1
FEEE B1 £4 OB
FEES 27 83

FEED 54

FEEC 24 84
FEEE EF 88
FEFB €F 81

FEF2 54

FEFY 24 @4
FEFS BD FD AF
FEFE 8C

FEFS 28

FEFR @88

FEFB 88

FEFC 8C E4 34
FEFF 26 9t

VL3

FFOL F7 B4 OF
Fres 32
FFiS 39

22-18-B1 TSC ASSEMBLER PAGE 29

BCE  BAKP3

tbAfh X SAvE USER EODE

PSH £

LA A £6WI

STRAR X WRITE &l

PR A

LY XBAVE ADDR OF BREAK IN BREAK TABLE
STRAR 2:X BAVE USER CODE IN BRERK TRBLE

*

+ RECORD BREAKPDINT IN TRBLE
*

BRKPI LDX  XSAVE GET ADDRESS OF BREAK IN TABLE

LGSR B NEXT FUNCTION

BCC  BRKP4

LDA A XHI GET HI-BYTE OF NEW ADDRESS

STAR R B.X WRITE IN TRBLE

1R A XM GET LOW BYTE

ETA A 1.X

PLA GET FUNCTION NUMBER FROM STACK

AND A £3xi1111811 DO NOT PLACE ADDRESS MORE THAN OMCE
PSH A CONTINEE TO TAKE QUT BRERKPOINTS

* PURGE BRERKPOINT WHOSE ABDRESS IS IN XHI. XLOW

BRKP4 LSR B
BCC  BRKP3
A X GET HI-BYTE FROM TABLE
CHP R XHI COMPARE
BNE  BRKPS NOT THIS BREAK TO BE PURGED
LA 1:X GET LW BYTE
P A XLOW

BER  BRKPS2  THIS BRERK IS TO DE PURGED
*

* PURGE ALL BREAKPOINTS
*®

BRKPS LSR B
BT  BRKPG

BRKPSZ CLR @ X CLEAR BRERKPOINT HIGH
CLR 1) CLEAR LOW BYTE

*

® PRINT BRERKPOINT

*

BRKPE ISR B
BT  BRKPE
J5R OUT&HS PRINT BREAKPOINT ADDRESS
FCB SKIP2 SKIP 2 BYTES

*

+ UPDATE LOOP INDEX AND LOOP IF APPRAPRIATE
#

BRKPE  INK
INK

BRKPE! INX X POINTS TD NEXT ADDR IN TABLE
CPY  £BRKINS
BNE  BRKPB

22-18-B! TSC ASSEMBLER PAGE 38

*

* WRAP-UP PROCESSING AMD EXIT

*

STR B BAKSIN  STORE APPROPRIRTE FLAG
PlE A UPDATE STACK POINTER
RTS RETURN

V.36
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1144
1143
1146
1147
1148
1148
1130
1151
1152
1153
1154
1155
1156
1157
1158
1158
1168
1161
1162
1163
1164
1189
1166
1167
1168
1169
1178
1
{172
1173
1174
1175
1176
1nn
117e
1179
fige
1ig1
1182
1183
1184
1185
1186
11e7
118
1189
119
1191
1R
1193
1196
115
11%

FFBE

FF@6 BF E4 34
FFBg 8 81
FFEB BD FE 93

FFOE 3

FREF ED @6
FF11 26 @2
FF13 &R 85
FFi5 6A @6

FFi7 EE @3
FF19 BC E4 24
FFIC 27 86

FF1E
FFLE BD FD B7
FF21 TE D 12

FF24 Bt E& O
FF27 A7 @
FF29 70 E4 10
FF2C 27 @B

FF2E 7F E4 10
FE3t BO FE 91
FF34 7F €4 04
FFI7 7F €4 €3
FF3A 3B

FF3B 8D FD B7
FFIE FE E4 %
FFs1 89

FF42 FF EG B
FF4S 27 DR

2-18-B1  T5C ASSEMBLER PRGE 31

%
« SWI SOFTWARE INTERRUPT PROCESSING
*

SWIis  t@y o=
818 &p SAVE LUSER’S SP
LDA R LBKFRMV
JSR  BRKSUB G0 TRKE OUT ALL BREAKS
* BECREMENT P-COUNTER
TSX K:=5TACK POINTER-1
8T B.X If LOWER BYTE=Q : BORRON
BNE  GSWIiSt  BRANCH IF BORROW NOT REQUIRED
DEC  SiX DECREMENT UPPER BYTE
SWILEE BEC  BiX DECREMENT LOWER BYTE
* TEST FOR ADDRESS TRACE OR BRERK
LB 5K X3 =P-COUNTER
CPX  TRCADR IS SWI FOR TRACE 7
BER  TRCINH  YES.GO TO TRACE INT HANDLER

*®
* BREAK INTERRUPT HANDLER
»
®

* -R- COMMAND
*
PETAK  EQH
ISR PRINT STOP GAND SHOW REGISTER TO USER
CNTRLS JWP  CONTRL  RETURN

%

* TRACE INTERRUPT HANDLER

* P-COUNTER HAS BEEN DECREMENTED TD POINT AT S8I
* TRCINS HOLDS OP CODE REPLACED BY Sl

* X HOLDS ADDRESS OF WHERE TRACE SHI IS

*

TRCINA LDR A TRCINS  GET OPCODE OF TRACED INSTR.

STA A B RESTORE TC USER' CODE
TST  BRKTRC IS PROCESSING TD BE IMMEDIATELY CONTINUED ?
BER  NBKTHC  BRANCH IF NOT

*

# PROCESSING IS5 7O “CONTINUE“
*

CLR  BRKTRC  RESET CONTIMUE FLRG

JSR INSBRK  IMSERT BREAKS IN USER CODE

CtR  TRCADR  ND MORE TRRCE.SO CLEAR ADDRESS
CLR  TRCADR+1

RTL CONTINUE

*

* TRACE IS DUE TO N OR T TRACE COMMAND
#

NBKTRC ISR  PRINT PRINT STACK
LDX  NTRRCE  GET £ OF INSTRUCTIONS TO TRACE
DEX DECREMENT COUNT
STX  NTRRCE  AND RESTORE
BER  CNTRLY  DBRANCH IF ARLL TRACES DONE
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1197
1198
1198
1208
12g1
12¢2
1203
1284
1295
1206
f2a
1208
1208
121
i2it
1212
1213
1214
1215
1216
1217
i21g
1219
1228
22
1222
1223
1224
1225
1226
1227
1228
1229
1239
1231
1212
1233
1234
1235
2%
123

1238
1279
1240
1241
1242
1243
1244
1243
1246
1247
1243
1243
1258

FF47 BS E4 0€
FF4A B7 E4 38
FF4D 8D 6F
FF4F 4D

FFS8 26 0R

FFa2 32

FFST 34

F¥54 SR 1@
fFoE @6

FFST 7€ E4 3B

FFSA B @82

FF3C FE £6 &4
FFSF EE 82
FFEf C1 6E
FFES 27 44
FFeS €1 7E
FFE7 27 51
FFE9 C1 A
FFEB 27 3C
FFED €1 BD
FFEF 27 49
FF71 €1 3B
FF73 27 38
FFISC1 38
I 213
FFT3 €1 3F
FE7B 27 13
FF7D Ci 8D

FFIF 26 @D

FFE] FE E4 84
FFB4 AE BL
FFec 28

FFE7 @8

FFEE 28 B4

22-18-81 TSC ASSEMBLER PAGE 32

* TRACE NOT DONE - TRACE NEXT INSTRUCTION

*

CONTRC LDR A TRCINS  GET CURRENT INSTRUCTION
ETR A BRINS SAVE IN CASE IT*S R BRANCH
BSR  OPCBYT  BO GET £ OF BYTES/TYPE
T a CHECK FOR BRANCH
BPt  CKOBRA  CHECK FOR OTHER THAN BRANCH

*

* RELATIVE BRANCH TYPE INSTRUCTION

* DETERMIME WHERE TO PUT SHI

* S HOLDS POINTER TO USER STACK AFTER SWI

*

PUL A GET CONDITION CODE

ES UPDATE STACK PTR AFTER PULL
CRA A xPOA10EBA MAKE INT'S INHIBITED

tap RESTORE USER'S C CODE REG

JHP BRINS GO SEE HOW RELATIVE BRANCH FRRES
*

* BRANCH WAS NOGD - PUT SHI AT NEXT INSTRUCTION
¥

BRNGGD LDA A £2 A= OF BYTES AFTER CURRENT INSTR.

*

* INSTRUCTION TO BE TRACED IS NOT A BRANCH
¥
CKOBRA LDX  TRCADR  X:=TRACE ADDRESS
LR B B.X BET INSTR. T0 BE TRACED
CHP B £$6E IS IT A JUMP, INDEXED
BER  JWPIDX  YES GO SIMULATE JUMP IDXED
CNP B £$7E JUMP EXTENDED ?
BER  JMPEXT
CMP B £$AD JSRy INDEXED ?
BEQ  JWPIDX  JUMP IDXED IS SAME AS TRANSFERT OF CONTAOL
O B {sBD JSR, EXTENDED 2

BER  JHPEXT

CMP B £37B RTI ?

BEE  RTISIM

CMP B 1339 RTS ?

BER  RISSIM

CMP B f83F SWI 7 IF SHI USER DON'T INCREMENT ADDR,
BEQ  BRG2

CMP B {%BD B5R ? IF YES BRANCH PROCESSING
*
* NOT A BRANCH, JUMP, RTI, RTS
* A REGISTER HOLDS £ OF BYTES IN INSTRUCTION
¥
BNE  BRGL PUT IN NEW SHI AND TRACE NEXT INSTR.
*

* BRANCH WAS GO, PUT SWI AT ADDRESS BEING JUMP TO
*

BRGO  LDX  TRCRBR  X:=TRACE ADDRESS

LA A X GET BRANCH OFFSET
INK OFFSET IS RELATIVE TO
INK INSTR FOLLOWING BRANCH

BPL  BRGL BRANCH 15 OFFSET POSITIVE

V.38
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1254
1252
1233
1234
1255
1256
1257
1258
1239
1268
1261
1262
12683
1264
1265
1268
1267
1268
1269
1270
127
1272
1273
1274
1275
1276
1217
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1269
1298
1261
1232
1293
1294
1295
129
1297
1298
1299
1308
1

V.39

Vi3

FFeg @5
FFEB 4t
FFEC 26 FC

FFBE €D 15
FFa@ €0 28
FFS2 8& 3F
FF9a A7 8
FFIt BE E4 36
FF93 3B

FFIA

FFOR FF E4 B4
FFID fE 02
FF9F B7 E& BE
FFA2 39

FFAZ @B
FFR4 4R
FFAS 4D
FFAE 26 FB
FFAS 19

FFAS A6 @1
FFAB 38

FFAC EE A3
FFRE 20 TR

FFBA I8
FFBt EE OC
FFBS 22 DB

FFBS 39
FFBE EE @7
FFBE 22 DE

FFER EE 81
FFBC 2@ D2

22-18-8f T5C RSEEMBLER PAGE I3

* X NEEDS TO BE DECREMENTED (OFFSET NEGATIVE)

BRGADC  DEX DECREMENT ADDRESS
I A INCREMENT COUNTER
BNE  BRGOIC

* CONTENT OF R I5 8

BRGI  BSR  INCX INEREMENT X BY AMOUNT IN A-REG

BRGZ  BER  SAYTRC  SAVE ADDR/CPC {F NEXT INSTR TO STOP ON
LIA A £8§ REPLAEE INSTR. WITH SWI

smA X
RTIPE (D8 &P GET ORIGINAL STACK POINTER
ATi TRACE ANOTHER INSTR.

*
* SUBROUTINE TO SAVE ADDR IN X INTO TRCADR OND OPC INTD TRCINS
*
SIVTRC ERU %
STX  TRCADR
DA A X
STR A TRCINS
RTS
*

+ SUBROUTINE TO INCREMENT X BY CONTENT OF A
*

INXLP DMK INCREMENT X
DEC A DECREMENT COUNT

INX 75T R
BNE  INKLP IF COUNT NOT YET @ LOOP
RTS RETURN

*
* J{MP, JOR INDEXED SIMULATION
*

JHPEDX LR A 1,X A:=ADDR CFFSET
5K
{R1) SR GET TRRGET'S X REG

BRA BRG1 UPDATEX TRACE NEXT INSTR
*
* RTI ENCOUNTERED
*
RTISIM TSX
LDX 12,% GET P-COUNTER FROM STRCK

BRA BRG2 B0 TRACE NEXT INSTR.
*

# RTS ENCOUNTERED
*

RTSSIM 15X
wx 7 GET RETURN P-REG FROM STACK
BRR  BRG2

*

& JUMP, JSR EXTENDED

*

JHPEXT LDX L X
BRA  BRG2
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1383
1384
1385
1306
1387
1388
1389
ize
1311

1312
1313
1314
1345
1316
1317
1318
1318
1328
1321
1322
1323
1324
1323
138
1327
1328
1328
133
1331

1332
1333
1334
1335
13%
1337
1338
1339
1348
1341
1342
1343
1344
1345
134E
1347
1348
1348
1338
1354

1352
1333
1154
1335

GPHON

135
1357
1358
133
1368

FFEE
FFBE 1E
FFBF 44
FFLO 44
FFCL 86
FFC2 84

FFE3 EE FF D&
FFCE 60 DD

FFCE Ab 88
FFCA 26 @9

fFCC 86 @2
FFCE C4 @D
FFO8 Ct &€
FFDZ 26 91
FFD4 40
FFBS 33

FFDE

FFDG @1
FFD7 @1
FFDE 82
FFDS €1
FFBR 81
FFBB 21
FFBE 82
FFID @3
FFDE 4
FFOF 82
FFEQ 82

V.3

FFED B2
FFEZ 8@
FFES €2
FFEs @2
FFES @3

22-19-81 TSC ASSEMBLER PAGE 34

*
* 0PSCYT

*

* THIS ROUTINE DETERMINES THE £ OF BYTES IN AN INSTRUCTION
* GIVEN 1TS 0P CODE

*

* INPUT : @ HOLDS THE OP CODE

*

* QUTPUT ¢ X HOLDS INDEX OF TABLE ELEMENT

* B NOT RESTORED

* A HILDS £ OF BYTES IN INSTRUCTION

* EXCEPT FOR BRANCHES IN WHICH CASE A IS NEGATIVE
*

OPCBYT EBU =
TRB B:=0P CODE
LER A
L5k A
LSR A PUT &4 UPPER BITS OF OP CODE INTO
LSR A LOWER 4 BITS OF A

DX EOPBYYR  X:=RODR OF TRBLE
BER  INCX INC X TO POINT 7O CORRECT ENTRY

A A &x GET TRBLE ENTRY
BNE  OPBTRT  IF NOT @ THEN ND FURTHER PROCESSING NEEDED

*

* IF TOP & BITS=E OR C . THEN THERE ARE TWD CLASSE

# OF INGTRUCTIONS : 2 BYTE INSTRUCTIONS AND

+ CE, B0 AND €€ WHICH ARE 3 BYTE INSTRUCTIONS

%
LbA R £2 £ OF BYTES IN MOST OF 8f INSTRUCTIONS
RND B L¥20081181
P B L¥00021109
BNE OPBTRT  NO . RETURM
I A £ OF BYTES [N INSTRUCTION :=3

OPBTRT RTS RETURM 10 CALLER

*

* 0P CODE TO NUMBER OF BYTES CONVERSION TRBLE

¥

* £ BYTES TDP & BITS OF OPCODE

L3

0PBTTB ERY %
gt
FlB 1
FCB 2441000
FCB
FED
FEB
FCB
FCB
tCB
FCB
FCB

2 MINUS = BRANCHES

L BYTES=2 EXCEPT 8L, BE

:)mm-qmmk-(agr-‘m

LAV LB I - B 2 O e

22-13-B1 TSC ASSEMBLER PRGE 35

FEB 3 B
8 @ C £ BYTES=2 EXCEPT CE
B 2 B
FCB 2 E
FEB 3 F

V.40
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1362
1363
1364
1365
136k
1367
1368
1389
1378
1371
1312
1373
1376
1375
1376
137
1378
1379

FFEE

FFEE 7E FD 12
FFEQ 7E FB 54
FFEC 7E FD &2
FFEF 7E fD 98
FFF2 7E FD 91
FFFS 72 FB [T

FFF8

FFFB FC D9
FFFA FE E3
FFFC FC DE
fFFE FC F4

*

*

%

0RG
JHP
JHp
JHP
JHp
Jnp
JHp

0RB
FDB
FDB
FbB
FDB

2-18-81

$FFEE
CONTRL
CHKCHR
CHTCH
INCH
PDATA]
PCRLF

* INTERRUPTS VELTORS

$FFFE
I
SFER
POWDW
STRRT

TSC ASSEMBLER PAGE 326

* JUMP TRELE TD BASIC ROUTINES OF GPMON
&

WARM START ENTRY POINT

CHECK FOR TYPED CHARACTER
QUTPUT ONE CHARACTER

INPUT ONE CHARACTER

PRINT STRING POINTED BY X-REG
PRINT CR/LF

REGULAR INTERRUPT
SOFTWARE INTERRUPT
NON MASKABLE INTERRUPT
RESET INTERRUPT
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13a1
1382
1383
1384
1353
1386
1387
1328
1389
1299
1791
£392
1392
139
1395
139
1197
1358
1398
1408
1481
1432
1403
1484
1403
1406
1407
1628
1508
1419
1411
1612
1617
1416
1613
H:38)
1417
1418
1419
1428
1421
1422
1423
1424
1425
1428
1427
1428

NO ERROR(S) DETECTED

E4Qd
egas

E4B8
Eap2

Edidd
E46
£4eB
E403
E4BA
E4@B

EAAL
E40C

E4iE
EaaF
E4id

E6i1
1230

£41C
E434

Eal4
t4de
£438
E460

£aad
E4BF

*

2-18-81 T5C AGSEMBLER PABE 37

* RRM - LOCATIONS BEVOTED TO VARIABLE INFORMATION

*

NBRBPT
¥

v

NI
*

ORG
B

RMB
faMe

[ma]

[V ]

STORT OF RAM
£ OF BREAKPOINTS SUPPORTED

170 INTERRUPT POINTER
NMI INTERRUPT POINTER

* THE FOLLOWING ARE EINITIALIZED TO ZERQ AT START

*
TRCADR
NTRACE
U
PRTFLG
XHI
XLOW
¥
XSAvE

%

TRCINS
BRKSIN
BRKTRL
*
*

*
BRKADR
BRKINS

*

*
ap
Wit
BRINS
BRANEN
*

+ STACK

*
STHEND
STREK
*

*

x

e
RMB
RHB
RriB
RMB
RMB

EQu
RMB

RMB
B
fMB

RMB
amB

RMB
EG)

Ri4B
)
B
EQU

M
EQy

END
END

s s pen PO B

i
i
{

TRACE ADDRESS

N3. OF INSTRUCTIONS TO TRACE
QUTPUT SWITCH (Q=ECHD INPUT)
PRINT FLAG

X REG HIGH (TEMP)

X REG LOW

OPCODE REPLACED BY SWI IN TRACE MODE
1=BREAKS ARE IN USER PGM
1=P-COUNTER IS AT BRERKPOINT AND

USER WANTS TO CONTIMUE ~ ONE TRACE WILL
BE DONE AND BRERKPOINTS RESTORED

3

g

RESERVED FOR I0 HANDLER
FREE SPACE

NBRBPT*T BREAKPOINT GDDRESS TRBLE

#

* 10 Kk D

128
*-1

STARY

* THE FOLLOWING GRE INITIALIZED AT SIART

USER STACK PDINTER

SHE VECTOR

STORAGE FOR CONDITIONNAL BRANCH ROUTINE
END GF BRANEH ROUTINE+1

RAM USED FOR STACK
STRRT OF STACK ARER

V.42
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SYMBOL TABLE:

ACIAC EBRC
ADTABL F9B@
BASIC E00d
BKFINS @g82
BKFRHV 2Bl
BRGZ  FFSE
BRKINS £434
BRKPB4 FEBL
BRKPS2 FEEE
BRKSUB FE9Z
CHRL  FDFC
CKOBRA FFSC
goMi  FCT8
CONTRL FD12
DATAZ EEBIE
DELAY FEIC
JtMp - FEES
FCTBEN FCDO
GRODCH FOIE
6TEXT F43
INCH  FDSD
INIT  FACE
INPUT  FB21
JHPEXT FFBR
KEYB2 F£BS3
LORDER A1
NDRBPT @28
OPRTRT FEDS
ouUT2H  FDAE
QUTCH FDE2
DUTPTI FOI4
QuTeTE FO3E
OVvR  FBEL
PORTAS FDOA
PRINT FDBY
PITAD E4Ca
REPTAL FB3D
fASTBRK FELE
SAVER E6C2
SETERK FE2R
SKIPZ @BEL
START FCH4
SKI B
SIRCL 0Ol
TEXT FACS
TOACIA FL3E
TRUING FF24
VIACL E84Q
RHl  EGBR

ACIAD EBAD
ADTABZ FREAR
BIPBIP F9&1
BKFPG{ 0823
BF  FEi
BRGO  FFBL
BRKPE FEST
BRKP2 FEEG
BRKPE  FEF2
BRKTRC E410
CHANG FDF1
CMDEL  EB21L
oMz FE73
CPOUT FCOD
DATREG EBF3
DELBRK FE2E
DiMPL  FERD
FLRIN E&L3
GOt FEW
IER 98t
INCY  FFAS
INITE2 FROE
INGBRK FE9L
JMPIDX FFRS
KEYBT FB3E
{O0PL FBED
NEXT  FE&B
OPBTTE FFOE
QUT2HA FOAY
OUTHL FD74
QUTPT4 F95D
OUTPTS FII5
PCR  @2ac
PNTBRIC FEZT
PROKMPT FLD4
QUEST FCEC
REPTAZ FB43
RTIPC FF36
SRVEX E4E3
SETHEW EBFE
Ep EAZ4
START! FLFR
SWIl  EATE
TiLL 024
TILL a4
TRACE FE&F
TRCINS E4BE
VIAMUE EBER
ALO  EddB

fCR OORB
BADDR FDS7
BIPBEL F972
BKFPGR @811
BRANEN E443
BRGODE FFER
BRKPRI FEAS
BRKFZ FECE
BREFPE FEFS
BRNOBO FF3R
CHANGE FOED
{Mpe2 EB3
COMREG EEFD
CR aneD
ObRA  02Q3
DKBOOT FEDE
DUMP2 FETE
FLBRPT E&12
GREPT FBCE
IFR  @2&D
TNHEX FD42
INITCV FADL
INXLP FFAZ
K7M0D ECeo
KEYBS FBBA
Loor2  fLEE
NID  E4B2
OPCBYT FFBE
OUTZHS FDBL
QUTHR FD78
QuTeTS FI58
QUTRUT FEEF
PCRLF  #DCC
POUT  FCBF
PRPT 028
RAM  E4DD
REPTAI FBAD
TISIM FFEO
SAVTRT FFYA
SFEI  FCEZ
STRBL FBIA
START2 FDRE
SWIIS Frée
TABVIS FEBO
TINPTL FBES
TRACEL FESL
UR FEl4
yIavis £8id
XSAVE E4EC

ADREND FLFZ
BADDRJ FEE2
BIPSNI F3BZ
BKFPRT 8221
BRG  FLF1
BRING E4IB
BRKP@Z FEAF
BRKP4 FEDA
BRKPEY FEFB
BYTE FI&3
CHEACL FL4D
CNTRLT FF21
CONT  FEAT
CTRL.Y FET4
DORB  2RG2
DOWN 8328
ERROR FUDA
FLBSHF E411
GSHFT1 FBBD
INIHG  FDS&
INHEX2 FD44
INITVE FRFB
10 FCD9
KEYB  FBEE
LF (]
LODpP3  FC11L
NTRACE E4E
ORA 0081
QUT4HS FDAF
QUTPTL F9O7
QUTPTE F92F
uts  FOBS
PDATAL FDO9L
POUTS FOBB
PRTFLG E409
REPT  XRAR
REPTA4 FBTIO
RIN  FC20
SECREG EBF2
SHIFT @Al
STABT  FBOF
STKEND E£448
SWILS1 FFIS
TERH  FET7
TINPTZ FBED
TRACEY FES4
up 2|20
VIEMP E4CS

fADRSTR FLEE
BARDRS FDES
BIPSNZ FO9T4
BXFRCD 2005
BRGI FFEE
BRKADR E41C
BRKPRS FEA7
BRKPFS FEEB
BRKSIN E4OF
BYTE2 FDEB
CHKCHR FBS4
e FOS3
CONTRC FF&7
DATAL EBZA
DEL! FCIE
ORVREG EBEQ
FLTABL FERG
GINIT Fadp
GEHIFT FBBS
INACIA FC43
INICIA FC23
INITYS FEDQ
v Eedd
KEYBL FBEE
LF1  FEL7
NBKTRC FFIB
NYTCHR FD2B
QRE  demd
oytcL FC37
OUTPT2 F921
QUTPT7 F44
QUTSH EADB
PDATAZ FOBE
PONDWN FLDE
PETAK FFIE
REPTA £B2B
ROM  FCAS
RTSSIM FFBI
SETB2 FE3Z
SKIP1 DBES
STRCK E&BF
STROBE F956
SKITCH FEBC
TERMI FCEL
TINPUT FB34
TRCADR £4084
VIRC EB{R
WHAT  FDI7
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bk
= R 0T~ OY LT L R) e

...
(%5

.
By

Faee

F4be 7E F& 20
F&B3 7E F4 13
F4BE 7E F4 BA
F&ags 7E F45 75
F4QC 7E F7 56
F4lF 7E F7 27
Fai2 7t F4 54

*

NRM  HANDLERS GRAPRIQUE/MUSIGUE

[H3)

PAG

* TRBLE DE BRANCHEMENTS GRAPHIGUE/MUSIRUE

¥

ORS
JHp
Jup
e
JHp
P
JHP
Jue

$F480
GINIT
GIEXY
GLOLOR
GRLOT
SPTEMP
SPNOTE
GRAPH

bR

TEXT

COLOR

PLOT

TEMPG

NOTE

INITIRLITE GRAPHIC

V.44
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HANDLERS GRAPHIGUE/MUSIGUE

17
18
19

AN NI S BB EERN e BYHE RN RRREREE

E7FE
E7F8B
£7F9
E7FC
E7FE

E4LT7
g4ty
E4CA
E4LD
£40E
E4CF
£4pd
E&D1
E4p2
£4D3

%

RAK
8pT

22-18-B1 T5C ASSEMBLER PAGE |

GRAPHIGUE

PaG

* SOUS PROGRAMMES GRAPHIOUES
* POUR LA CARTE GRAPHIGQUE COULEUR
* GOUPIL

%

*
*

# COPYRIGHT SHT &1

* POINTS D' ENTREE:

* -GINIT = INITIARLISATION DU &84S

ET CREATEON DU FOND COLORE
* —GCOLOR= DEFINITION DE LA COULEUR
I FOND ET DU TRACE

+ ~GPLOT= TRRCE DE PRINTS ET DE LIGNES
* -GTEXT=COMMUTATION MODE TEKT

* -GRAPH=COMMUTATION MODE GRAPHIRUE

*

*

L3
*

¥

-0-0-0-0-0-0-

* ADRESSES DE LA CARTE GRAPHIGUE

*

Apv sl
GLURK
GCURY
GCONTR
GCRTC
%

EGY
£
e
Equ
ERY

$ETFE

ADVISU+3
ADVISIHL
ADVIS+
ABVISEHE

* RESERVATIONS MEMDIRE RAM

*

GEUR
GRELTR
65D
GDX
BDY
65K
65Y
GCMPT
DIRECT

ORG
RMB
RFE
RHMB
RMB
RMB
RMB
RMB
RMB
RMB

$E4CT
3

ek et PR gk pak ek et Caf

POINTEUR £t INCREMENT NON ENTIER
INCREMENT NON ENTIER

SIGNE INCREMENT

DEPLACEMENT EN X

DEPLACEMENT N Y

SIGHNE DEPLACEMENT EN X

SIGNE DEPLACEMENT EN Y

NOMBRE DE PAS

COMMUTATION ECRAN
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GRAPHIGUE

SERLNRPUBTE

1

F4135

F4l15 B6 80
F417 B7 B4 D3
F&1f E6 08
F4iC BT £7 FC
FaiF 39

Fi2@ FF €4 CA
Fa23 CE F4 3R
F4ZE SF

Fa27 ¥7 ET FE
F42R AE @
F42C BT E7 FF
F4IF o8

F438 5C

Fa31 Ci 1@
F433 26 F2
F435 Bb E7 FD
F432 82 48
F&IAR BT EY FD
F4ZD BE 18
F43F oF

F448 SA

Fast 26 FD
F443 &A

Fias 26 FR
Fhat BL E7 FD
F443 B2 40
Fash B? E7 FD
Fa4z FE B4 CR

Fa3l 7F E4 DI
Fa54 B 48
F435 9T ET FC
F453 39

F4sA 53
Fa4b2 B8

ORG
*
E 3
* GTEXT
+ ARGUMENTS D

22-18-91 T80 AGSEMBLER PAGE 2

$F41S

APPEL = AUCUN

+ REGISTRE MCDIFIE A

¥

GTREXT LR A
§1A A
LDR A
STIRA
RTS8

*

* GINET

1488
DIRECT
£$Ca
BLONTR

* ARGUMENTS D" APPEL=AUCUN
* REGISTRES MODIFIES=8, B

#

BINIT STX
{R1).
CLR B

GBCRAT GSTA B
bR A
STA A
INK
INC B
£np B
BNE
LDA A
EOR A
5TA A
oA A
CLR B

GBHAIT DEC B
BNE
EC A
BNE
LDR &
EGR A
A A
LBX

L]

* GRAPH

GDELTA
fOCATTE  INITIALISATION £843
GCRTC

8. X

BCRTC+E

iit

GBERT

GCONTR+{ DEFINITEON DU FOND COLORE
£548

GLONTR+1

£20 ATTENTE 28MS

GERALT

GERAIT
GEONTR+L
£448
GCONTR+1
GDEL TR

* ORGUMENT D APPEL = AUELN
# REGISTRE MODIFIE : A

L3

GRAPH  CLR
bR A
5TR A
RTS

DIRECT
1440
GCONTR

*TABLE D'INITIRLISATION DU £845

GCRYTE FCB
FCB

*

$39, 64, £Y9: & 34D, . 540, 544
8.3.8.8.@2,.0.9

V.46
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GRRPHIBUE

113
114
115
1913
147
118
113
12
121
122

FLER B4 @7
F46C 2R 49
F4EE BA E4 DT
F4T1 B7 &7 FD
F474 38

GRAPHIGUE

126
123
126
127
¥
13
13

22-18-81 T5C ASSEMBLER PAGE

* GCOLOR
*
+ ARGUMENTS D' APPEL=(A)CODE PE COULEUR
* REGISTRES MODIFIES=R

¥

GCOLOR AND A £%07

ORA R 340

ORR A DIREET

STA A GCONTR+1

RTS

22-10-81 150 ASSEMBLER PAGE

*
* GPLOT

¥

* (ARGUMENTS D' APPEL=Y-) IONE DE PARAMETRES
+ GOUS-PROGRAMMES APPELES=CMOVE.GTRACE

* REGISTRES MBDIFIES=R, B
¥

i3
132
133
134
15
138
137
138
139
142
141
142
143
144
143
146
147
148
149
158

F&T5 RD OB
F477 81 @0
F&473 2t 86
F47B fE 81
F47B £6 @2
F&IF 28 1B
Fégl el a1
F483 26 @&
F483 A5 81
F4ET 6 @2
F489 20 (E
F4BB 81 B2
F4BD 26 OC
F4BF AE 81
F&9] EE 82
F433 6D @7
F435 A& @3
F457 b 04
Fa4s 2@ o
F49B 39

BRLOT

6CMDR

GLMDY

GEMD2

GEWDE

LBA A
CHP A
BNE
LEA A
Lba B
BRA
EMP 8
BNE
L0A A
Lba B
BRA
inpP A
BNE
LhA R
LDA B
BSR
LDA R
LtDA B
BRA
RTS

& X

8
BCMD1
1.X
X
GMOVE
i1
GCMB2
L, X
2lx
GTRACE
£2
GCMDE
11x
zlx
GHOVE
3![
X
BTRACE

[
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GRAPH [ BUE

132
153
154
155
15
157
138
13
5@
fel
162
163
164
165
166
67
168
169
178
1mn
172
i3
174
175
176
1n
178
178
18
gt
182
183
184
185
18
1687
ige
1B9
198
191
192
197
184
1%
1%
197
198
199
am
28t
282

F49C B7 E7 FB
F43F F7 E7 F9
F&R2 Bb E7 FD
F4AS B7 E7 FC
F4RE 39

F4AS B E7 FB
F4RE 22 @7
FaRE 26 &C
F4BB B7 £4 CE
F4BT 28 @b
F4B3 B7 E4 {E
F4BE 86 81
F4BR 28 06
F4BC 48

F4BD BT E4 (€
FaCa 86 FF
F4C2 BY B4 DA
F4CS FB £7 3
F4ce 22 @7
F4CR 26 &C
F4LC F7 €4 OF
FaCF 28 @D
F&D1 F7 &4 OF
Fads £f @t
Fabe 28 86
F408 58

F4DI F7 E4 CF
F4DC (6 FF
F&DE £7 E4 DI
F4E1 Bb E4 CE
F&t4 BY €4 OF
FGE7 22 21
F4E9 26 54
F4EB 4D

F4EC 27 1B
F4EE FB E7 FB
F&FL FB £6 D@
F4F4 FTE7 FB
F4F7 B €7 F9

22-18-Bf TS0 ASSEMBLER PAGE

*
* OMOVE  PDSITIONNEMENT SUR UN POINT
* ET ECRITURE
L4
* ARGUMENTS D'APPEL=(RIABCISSE, (BIORDONNEE
* REGISTRES MODIFIES=R
*
GMOVE STR R GEURX
STA B GCURY
LOA A GEONTR+1
STR A CCONTR
RTS
*
* GTRACE  TRACE D'UNE LIGNE DROITE
¥
* QRGUMENTS D' APPEL=(QA)ABSE ISSE, (B) DRODNNEE
* SDUS-PROGRAMMES RPPELES=GCING, GRINGC

* REGISTRES MODIFIES=R,B
*

GTRACE SUB A GCURX CALCUL D! DEPLACEMENT
BHI  GSUPX SUIVANT X ET SON SIGNE

BME  GINFYX
5Th A GDX
BRA  GMVY
GEUPX STA A GO
LA A £
BRR  GhVY
GINFX  NEG A
STA A GDX
LR A £-1
GMYY  STA A 65K

SUB B GCURY CALEUL DY DEPLACEMENT
BHI  GSUPY SUTVANT Y £T SON SIGNE

BNE  BINFY
STR B BoY
BRA  GCMPD
GEUPY STA B GDY
LR B fI
BRA  GCHPD
GINFY NEG B
STA B 6DY
LA B £-1
GOMPD  ETR B GSY

LbA A GDX COMPARRISON DES DEPLACEMENTS

£iP A GDY
BHI  GPASX
BN GPRSY
BT A

BER  GPRET iLG GONT NULS:RIEN A FRIRE
GBPLTL (DA B GCURX ILE SONT EGAUK: INCREMENTS

ADD B GSX ENTIER GSX ET GSY
STA B GEURX
LDR B GOURY

V.48
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GRAPHIBUE

%

k3 r
=g

R
3
Penl

8l
&

3

L

B 2 ) e
[N 4
GALE ] e

o

AN
A g Gl
(4]

Pyt
g

i
240
241
28z
243
2Ad
245
248
247
248
268
258
251

F4Fe FB B4 BL
F4FS FT ET F3
FSB8 FE E7 FO
FIRE FT £7 FC
F50E 4R

F3B7 26 E3
F309 13

FOBR BE E4 TE
FS0 Fo E4 OF
Foig 27 16
FRI2 F7 E4 €A
FEiS FE E7 79
FHB F7 E6 §7
F9iB F& E4 DI
FSIE F7 B4 D
F521 89 50
F327 BD F3
F3ze F& &7
F329 B B4
FI20 v7 £7
Fa2r Fb E4
FS32FT E7
F335 F& £7
F338 ¥7 E7
FEI8 4
F3I0 26 ES
FIE I8
F3IF B5 E4
F542 FE E4
FS45 27 A7
F367 FT B4
F54R FE E7 FR
F343 F7 24 07
F558 Fo B
FS3T F7 B4
Fou6 €0 ¢B
F352 80 ol
FI5R f& &4 O7
FASE FTE7 FB
F3E@ F5 E7 F9
FS8Z FB E& D%
¥SEE F7 E7 F9
F3t3 F& E7 FD
F36C F7 ET K
FOEF 4R

FST% 76 £k
F372 38

B
e
e
B
£7
Fa
1]
FC

GPRET
BPASK

BBPLTZ

GPRSY

GBPLTI

ALG B
5Th B
Lo B
8T8 B
BEC A
BNE

RTS

LDA &
LR B
BER

ST B
LA B
STA B
(BfA B
S1a B
BER

J5R

DR B
ADB B
STR B
Loa 8
STR B
LR B
SR B
DEC &
BNE

R1S

DR A
LOR 3
BEQ

S8R B
LDR B
512 B
I
TR B
B8R

BGR

L0A B
ETR B
Lop 8
RDD B
8748
i0a 8
gTR B
DEC A
ENE

-
nis

22-19-81 TSC ASSEMBLER PRGE 6

8y
GLURY
GLONTR+
GCONTR

8B7LT1

aDx
Gy
GBPLTL
GDEL TR
GLURY
GCUR
85Y
GSD
GUING
GRINC
GCURX
[h:14
BCURX
BCUR
ELURY
GUONTR+L
GEDNTR

GBPLT2

aly
GOX
GBPLTY
GRELTR
GCURY
LS
65X
b5D
GEINC
GRINC
HCUR
BEURY
BEURY
gey
GLURY
GEONTR+
GCONTR

EBPLTY

DEPLACEMENT PLUS GRAND
SUIVANT X: INCREMENT ENTIER POUR X
CALECUL DE L' INCREMENT POUR Y

TRACE

DESLACEMENT PLUS GRAND
SUIVANT V:INCREMENT ENTIER POUR Y
CALCHL DE L7 INCREMENT POUR X

TRRCE
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ORAPHIGLUE

2583

254

235

2%

sy

258

259

268

261 F373 3k

262 F574 CE 60
263 FE76 F7 B4 C8
284 F379 7F E4 C8
265 F9IC L& 1@
266 FOTE F7 B4 D2
267 F381 16

268 FSB2 BE E6 CR
269 P985 7E E6 OO
278 FOBB 79 B4 CB
271 FSBB 48

272 F38C 25 @3
273 FS8E 11

21 F58F 25 04
275 F39!1 1B

276 F382 7€ B4 LT
277 F993 7R E6 D2
278 F598 26 £B
279 F559R 7F £4 €
288 £390 70 B4 CD
£81 F5R8 2R 12
282 FORZ oF

283 ORI BB E4 CT
284 FOAE B7 B4 CC
265 F5ARY £C 0@
ZB8t FOAB B2 £4 CB
287 FOAE B7 B4 (B
288 FoBl 7h E4 CA
289 FoB4 32

2% FSoBS 19

281

292

2%

294

293

2%

297 F3BE FE E4 €8
28 FOBY FB B4 (C
299 FSBC F7 E4 CB
IM FSBF FE ES4 CB
MM FSC2 F9 ES CB
382 FSCS F7 E4 CB
8T FSCB FE E4 C7
I8 £5CB FI E4 CR
I85 FSCE F7 B4 C7

GRAPHIBUE

J86 FSBt 39
a7

22-18-B1 TS0 AGSEMBLER PAGE

%
* GCING  CALCUL DES INCREMENTS FRACTIONNRIRES
#

* ARGUMENTS D'APPEL=(ANOMBRE DE PAS

" (GDELTA) DEPLACEMENT
x (GSD)SIGNE
* REGISTRES MIDIFIES=S
¥
BIINC  PSH A
DA B fE8
STA B GLURs1
DR GIUR+2
LR B £iE
STA B GCMPT
TAB
LDR A GDELTR
GBDIV AL GOELTA+2 DIVISION DE GDELTA
ROL  GOELTAs1
AsL A PAR LE NOMERE DE PAS
BIS  GISUB
£BR
BCS  GFBDIV
GDSUB S8R
IND  BDELTA+Z
GFEDIV DEC  GOMPT
BNE  G8DIV
(LR GOELTR  MULTIPLICATION PAR SON SIGNE
TST  GSD
BPL  BROING
ELR A

SUB A GOELTA+2
878 R ODELTA+2
L A £
SBC A GDELTA+:
STR & BBELTA
DEC  GBELTA

BRCINC PUL A
RTS

»

* GAINC  ADDITION DE L' INCREMENT

*

* PRRAMETRES D' APPEL.=GUCUN

# REGISTRES MODIFIES=E

1 3

GRIND LDA B BLUR+2
ROk B GDELTA+2
ETA B GOUR+2
LBA B GCUR+1
ROC B GDELTR+!
STR B GCUR+!
(DA B GCUR
ROC B GDELTA

A B GOUR

22-18-B1  TSC ASSEMBLER PADGE

RTS

7

B

V.50



V.51
Manuel technique

GRAPRIGUE 22~18-81 750 ASSEMBLER PRGE ¢
318 NAM  MUSIBA4 * 12.FEV,81
kel OPT.  PAG
312 E4D4 ORG  3E4D4
I3 *
314 * RESERVATIGNS MEMOIRE RAM
IS *
316 E4D4 POKTIN RMB {
337 E4DS POKCOR AMB 1
3B E4DE TEMPO RMR |
319 E4DY COMMIN RMB 2
I8 E4DS EXPLOR RME 2
321 E4TB DELPUL RMB 1
332 E4DC DELREP RME 1
12T E4DD BELZ RMB 2
I EGDF DELEL RM2 2
325 E4EY BEREPE  RMB i
326 E4E2 NBPER  RMB 1
12T E4ED NBPERE RMB 1
3128 E4Es NPH it 1
329 E4ES NPB R¥B 1
338 E4EE FRRC  ”MB f
311 E4ET STROBE RME 1
332 E4ER NIVESU RMB H
333 E4E9 NIVE  RMB 1
336 E4ER DECLOG AMB i
I35 EGEB DECPAS RAMB 1
336 E4ED SILENC RMB i
137 E4ED TIMJEY RMB 1
338 E4EE BARX mME 2
319 E4FD BY1 fME 1
J48 E4Ft By2 RKB H
341 E4F2 BYX REE i
342 E4FI BY4 RME i
4% E4F4 BYS RHE i
346 sokiobAak sk
J43 EBGY LEBON EQU  #EBEi
T4E Aookabskkab ok Aol W b ko ok
47 FS03 GRG $F502
A8 F303 4E TABNDT FCB 7/R7-£3.63: 57, 36, 54045045, 43,41, 38, 37
J45 FSER 22 Fb 3503331, 25, 27,26, 26, 23, 214 28, 160 18
35 FSEC 11 FCB L1615 3413 1A 110 12,5, 9.8, 7
I3l FoF8 @7 FEB 78,5 5:4:4: 3, 3.5, 2.2, 4.0
382 FERS 12 FCB 131615 14, 13, 10 100 1, 18,9, 9,9, 7
352 FEI1Z 97 FLB DB 55540 6,4,3, 5,3
154 FEIE B2 FB 22224 L et 0
IS5 FE2A OB FCB 82:806.0:8.0:80.0.883
I6 FEI7T IP FCB  99:23%,238, 213,213,238, 23
337 FEIE 56 FEB 86/ 124,201.34, 119,215
J58 FE44 4T FCB  76.286.83. 248, 147,15
339 FE&R €8 FCB 290, 89,33, 198, 112,34
JER FE52 DB FLB 219: 159, 97, 45, 2%, 2137
Jef FESE B FCB 177, 146: 119, 648, 29, 14

352 FeSC D3 FCB 211,202,197, 167, 14B, 184
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MUSIBR4 » {2.FEV. 81

363
IEd
B4
JER
67
388
363
mn
n
372
373
374
31
37
31
378
In
IEd
381
382
283
384
IB3
TEE
87
Ik
iz
298
291
392
I3
394
53
%
5T
Ja8
>3
]
681
4@z
423
484
433
4dE
427
428
423
418
4it
412
813
414
415

416

FERZ EE
FEES 18
FETS 17
FETE 28
FEIC 2D
fEBZ IF
FEBE BA
FEBE 7F
FE94 B4
FE9B 44
FEB3 51

FEBAR FF
FeL2 38

FECA F7 B4 E6
FECD FE E4 E2
FED® FF E4 £6
FERT &F

FEDA BT E4 €2
FED? B7 &4 EX
FELA EE
FSDC BY E4 EY
FEDF B £4 E7
FEEZ B& E4 EE
FEES 28 84
FEET £D 1B
FEES 23 8E
FEES 9D iz
FEED B B4 £3
FEFD B3 £4 €2
FeF3 BY B¢ £2
FEFE F7 4 £3
FEF3 74 E4 £7
FEFC 26 £
FEFE 38

FefF BE E4 E&
F782 F& E4 E5
TI63 4

F786 44

F77 I4 22
Fre3 CB &2
F723 B7 E4 E4
FIOE FT E4 ES
F710 38

F712 FF £6 D7
F7:i3 FE E4 D7
F7i8 38 E4 08
PR S @
FT7i0 F7 E4 D7
F7z8 27 B4 2B
F723 FE 24 37
FI26 19

22-18-81 TS0 ASSEMBLER PRGE

FCB 110, 78, 32,45, 12, 28,46

FCB 161617018419, 20, 21

FCB  23,24,25.27,28,38

FCB 32,34, 36, 3B 4043

FLB  65,48,51,54,57,£0

FEB  EBL.&6: 72,76, 20, 85

FCB 98,96, 131, 107, 114,120

FCB 127,135, 143,152, 161, 170

FEB 188, 131,282, 214, 227, 241, 255
DORSI  FLC  /DO3IREITMIFAZISOIRLATISI/
TRADUR FCC  /ATDCNBR/

....... ¥ cle s

TRBTEM FCB 235, 228, 188, 13, 105, B8, 73.63
FCB  3€.58.45,41, 38,35,33,31
Fopopekok bk Sy 2
WIL2P1 STR B FRAC
L3X  NBPER
ETX  NPH

STR A NBPER
STA A NBPERB
Lo A {s2@
STR A STROBE
MLt  1DR A STROBE
AND R FRAC
BNE M2
BSR  DECIM
ERA M3
AUL2 PR DECIM
ADD B NBPERE
A A NBPER
§TR A NBPER
STA B NBPERB
MLI 5%  STROBE
BNE ML

DECIM  LDA @& NPH
LDR B N°B
DECUN SR B

BEC  FDUN

ADT B f483
FCUN  BTR A NP

SIR B N

PLUSG 5T COMMIN
LER B LOMHUN
ASD A DOMMIN4
ADC B £@
SR B COMMWN
STA A COMMLN+L
0¥ CONMMN

sk ks sk o

]

V.52
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MUSIBASG » 12,FEV, 81

417
418
419
428
421
§22
423
424
623
428
627
428
623
(i
438
432
433
i34
L3
438
437
418
439
44
44t
&2
442
464
443
44E
447
448
643
430
4§31
432
4573
434
435
&5
457
438
438
=]
gt
dis2
483
4EL
463
4EE
487
453
488
478

FI27 86
F729 B4 DF
F72B B7 24 F@
F72E A& 81
F738 B4 OF
F732 BT B4 F1
F7353 & @2
F737 BT B4 F2
F738 A6 @3
F73C B4 OF
F73E B7 E6 F3
FI41 BE @4
F743 B7 B4 76
F745 BE E4 DB
FI43 35 85
F748 €5
F24L B7 E4 DB
F758 29 13
F752 BD FE 34
FTE5 18

F735 44

F73T 44

F7EB 44

FI93 44

F75A CE F& 88
F75D D BI
FI5F fb o8
F761 BY E4 D
FIE4 34

F7b5 Bb €4 D4
FTe8 26 83
FTGR 73 B4 D4
FTeD B @2
F7eF CE FE SB
FT72 EE FF
F776 £7 24 EC
FITY FF E4 BE
FI7R EE 78
FIIC 2 £4 Fi
Rk ar i
F7Bt 48

F782 FE E4 EE
IS e8

F7568 €2

F7ET AL FE B3
F7ER 26 EB
F7BC 4F

F705 7F £4 £
Frag 2z i
F792 F& E4 F2
F79G 08 82
F7a7 E @2

2-18-81

SPNOTE LDR AR X
&ND R LsDF
TR 7 Byt
LR 8 1.k
AND f £$DF
ST R BY2
R X
STRA BY
AAe 3
AND £ f4DF
STR & BY4
LpR 8 4,
STR A BYS
Lba A4 TEMPD
BNE  OKTEM
bR A £17p
STR A TEMPD
OKTEM  BSR PREPAR
J8R LANOTE
RTS
Ao AR s
CRTENP (SR A
8RR
LER &
LSRR &
LOX £TARTSY
BSR PSR
LA A X
STR B TEMPO
RIS
WA AR sk
PREPAR DA R POKTIX
BNE OKTIM
CoM POKTIM
CKTIM LBRA £2
LOX £D2AST
LBt B L¥FF
STR B GILENT
RECNOT  GTX BRRX

LEX X

oy BYi

BER  CHMOT

IND A

LBX  GARX

INX

1MK

IPX  LDORBI+24

BNE  RECNOT

fiRk A

LR SILENC

BRR  PALSE
CkMOT (DR B BYZ

gB B 12

BT EVITL

T5C AGBEMBLER PAGE
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MUSIBAG * 12.FEV. 81

471
472
471
874
475
476
A
478
479
488
481
482
487
484
483
488
487
4E8
489
490
49t
492
693
434
433
436
497
45e
499
500
St
5z
S5e7
84
53
bt
587
322
589
St
311
51z
313
514
515
36
7
518
318
S
321
522
S8
524

F798 €& 8t
£798 S8

F74C 5B

F7sD 1B

F79E 5B

F79F 1B

F7R8 BB B4 Fd
FTRZ LE F5 D3
F7AE BD £7 12
F7A3 nb 23
F7AB B7 E4 DB
FTRE A8 32
F788 BY E4 IC
F7BT A& &4
FT83 B7 E4 El
F7BE P& %
FTBR B7 E4 £2
FTBD TF &6 EZ
F7C8 44

FIC1 44

F7E2 44

F7C3 &4

F7C4 B7 £4 ER
F7C7 B7 B4 EB
F7CA BE E4 E1
F7CD 84 &6
FICF €€ F& 2D
F102 40

F703 27 @5
F705 89

Filb 4#

FT07 4R

F708 28 F8
F7DR FF E4 BD
F700 86 E& DL
F7E@ FE E& £1
FTET BD F7 @5
F7EE BB F7 @5
F7E9 BD F7 @5
F7EC BY &4 IF
FIEF F7 E4 ED
FTF2 BE B4 EL
F7F5 4F

F7F6 CE F& B
FIFS EE 82
F7FB F1 E4 FI
FIFE 27 &7
FEBR 40

Fae1 eg

FE@2 8C Fe BA
FE@S 26 F2
Feg7 Lt @t
FEQS 4D

FEBR 27 84

EVITY

PAUSE

TESSAU

FINGAY

RECDUR

DKDUR
CALDUR

Ze-i@-Bt TSC AGSEMBLER PRGE

R B f£1

fsL B

A5t B

fAiBA

RSL B

fBa

RDB A BYS

LOx £TRBNOT
JSR PLUSA
A A X

ETA R DELPUL
iR A X
STA A DELREP
tha A 183, X
ETh A DEREPB
LA A 158X
STA R NBPER
CLR  NBPER+:
LG8 A

LSR R

L5R A

L5R A

ETR A DECLOD
8TA R DECPAS
{96 A DEREPB
AND A fE

DX fOELAIB
15T A

BER  FINSRU
BEX

BEC A

OEC &

ERG TESSAU
S¥y  DELZ
LBh & DELRE?
LR B DEREPS
JER DECUN
JSR DECUN
JSR  BECUN
87R § DELEL

ETA B DELRL#
{4 & DEREPB
CtR &

LDX  £TRADUR
LBR B X

CMP B EY4

BER  CKDUR
INC A

iNx

CPX £TRADUR+Y
BME  RECDUR
LA B ff

157 A

BER  ECALPER

L
L

V.54



V.55

Manuel technique

MUSIBAL » 12.FEV.B1

523
5%
2
528
325
3%
53
532
333
S
RES]
5%
557
53t
538
o348
561
542
D43
S44
545
5S4k
547
a8
543
558
Sat
3oz
Y
534
555
356
357
558
509
SeB
3Bl
a6z
SEI
SE4
565

7

963
318
a7l
a7z
513
57

s
ST
of?
518

FE8C 38

FEQD 4R

FBRE 28 F9
FB1@ BD FE CR
FRIT FE B4 T
FEiE 8D FE CR
Feiy 8e ¥
FBiB B4 &4 EC
FEIE B7 £4 BB
FB2! 7F E4 £9
Fg24 38

F825 FE EG DD
FEZE BE 0@
FE2h 9t

Fg2B o1

FE2C Ot

FB2D FE E4 DF
FE3g 9

Fell & FD
FBIZ 33

FBI4 CE QB
FB36 BE E& D&
FE39 B7 £4 ED
FEIC BB 4@
FEIE 78 E4 ED
FE4i 24 85
FB43 BB £4 EO
FO&E 28 @5
FEB4E BB E4 EB
FE4B 29 &%
FB4D BY EB &1
FB5@ BE E4 DB
FES3 27 83
FBE3S 4A

F83b 2k FD
FE5E SR

FBss 2t £l
FHoB C6 6B
FBSD F7 EB Ei
FBER €D C3
FBEZ Bo B4 B3
F8ES 27 20
FE&T 7R £6 EB
Feeh 26 2C
FBEC Bb E4 ER
FO8&F B7 E4 B
FE7TZ BE E4 EB
FE73 FE B4 B3
FE78 F@ E4 EE
FETE B2 28
FETD FO E& £B
FEER 82 80

RSL B
DEC A
8RA
J5R
LBA B
JSR
LR A
AND A
STA R
£r
RIS
ok okl
DELMUL  EDX
Jup
NOP
NOP
iy
LDX
BEX
BNE
RS
sk ek ol
LANDYE LDA
L0A
ET8
LDA
ast
BCE
A0 R
BRA
SUB A
BRA
R A
LR &
BEQ
BEC &
BNE
DEC B
ENE
LR B
STR B
8ER
LDA A
3eR
DEC
BAE
Lk R
gea
LOR A
(DR B
S4B B
SHC R
glb 8
BBC A

CALPER

DELAIR
PLUSS

DI I

LESEIN

BITAES

GUTSIN

ETE

PASDES

22-18-81 75T ASSEMBLER PAGE

TALDUR
MU 2PY
TEMPG
WiLZPE
£63

SILEND
NIVERL
NIVB

DELZ
X

DELEL

PLUSE

8
POKTIM
TIMIEY
{64
TIMJEU
BITABS
NEVERY
SHELS
NIVEAL
OUTSON
LEGOK
DELPLL
PRSIEE

EE

LESEINM
£64
LEGON
DELMLL
PORCOR
RAFt
DECPAS
RAF2
DECLOG
BEEPAS
NIVEQU
NivB
WIVERL
ig
Niveau
ik

13



Manuel technique

MUSIBAL + [Z,FEV. Bi 2-1g-81

379 FBE2 F@ £4 EE SuB B MIVEAU

OB3 FBES B2 98 EBE A iB

SB1 FBB7 FB E4 EB S48 B NIveAu

582 FesAE2 B SBC R 10

ZBI FBEC BT £4 £8 STA £ NIVEAU

384 FOEF F7 B4 E9 S5TA B NIVB

383 FE9Z 28 @8 BRA TESTAM

386 FS94 €6 43 REFt Lbr A 19

587 FB3E 20 @2 IRR COMPEN

382 Fg9g8 88 av RAF2 LA B £7

3B FE9A 4R COMPEN DEC 4

S92 FE98 26 FD BE COMPEN

391 FED FE E4 €2 TESTRM LDX NBFRER

592 FEAd 09 BEX

393 FERI FF E4 £2 STX NBPER

=95 FBR4 28 BE BNE LANDTE

395 F2AE 29 HTS

358 dofokofok g

857 END

5% END}
NO ERROR(S DETECTED
HUSIDA4 # 12, FEV. Bl 72-18-81

SY¥BEOL TARBLE:
ADVISL E7FE  BITABS FO48  BY! E4Fd  BYZ E&F1
BY4 E4FT  BYD E4FL  CALDUR FERS  CALPER FBIR
COMPEN FESR  DECIM FEFF DECLOD E6ER  DECPAS E4EB
DEL:  E4DD  BELEL EADF  DELRIS FE2D  DELMUL FBZS

DELFeP £40C
VITL F79B
GRING FSEE
GBPLT2 F523
GEMDE  FABi
SCCLCR Fakf
GLUAY 277B
G0Y  EATF
GHOVE  F480
GPRET £5d3
EEUPY  FADI

UEREPE E4EL
EXPLOR E4B3
GARK  E4EE
GBPLTI F338
GIMD2  FeBB
GCONTR E7FC
BCHRY  E7FY
SFEBIV FIUS
oMY FEL2
GRAPH R4S
EEX 4bd

LANCTE 7834  LESBIM FED

MgezPl FelA MULY FER9
NIVZBL EAEE  NPB O E4ES
OKTEM FTED ITIM FTED
PLSE FEIR PLLBR FTiR
ARFL  FB84  RAF:  FEZR
SANITE FT27 SPYEMP FT7IE
TEMPD zale  TESSAY F7BZ

DIRECT EGD3
FOUN  F70B
GBORY  Fa27
GBWRIT Faal
GCMDE  F49B
oCRTC E7FE
SDELTR E4CR
SINFE F&EC
GPASY TIOA
SROING PB4
a8y 24Dt
LESON EBB1
NBPER EGEZ
HPH  EGES
GUTSCN “B&D
POX0GR E4DS
REC[R £7F9
STAGEE E4c¥

1c87aM radd

DOAEI FESB
FINBRU F7DR
GEDIV F3ES
GEING  F373
SEMPD  FODE
GURTTR F4SA
GOEUR  Fodi
GINFY F4D2
GPABY  F3IF
533 E4CD
GTEXY réis
MUY FRDF
NBPEAB E4ET
JKDUR - Faay
PA5DEZ FBEA
POKTIM £4D4
AEONGT F7Y7
TRBNCT 7303
TIMJEY Eé2D

TS0 ASSEMBLER PAGE

TSC ASSEMBLZR PRGE

BYI  E4FZ
COMMUN £4D7
DECUN  F785
DELPUL E4DB
ETE  #B3S
FRAC  E4EE
GBPLTL FAEE
GCM3  Fa7B
GCMPT  E4D2

fCuR  E4C7
60X E&CL
GINIT Fa2@

SPLOT P75
GSUPY  F4B3
GTAREE Faid
MULZ  FEEB
NIVB  E4ES
OKMDT  F732
PRUSE F7R3
PREPAR FTE3
SILENC EGEC
TRBTEY FEBA
TRADUR FEB3

14

13
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L

0 O3 o~ O 07 & R

Fa B b pen

FTE T L T R e el ) =
ud ) = (N LA B L B e

29

SR

(X o]
i)

EEbE B

s
(]

o4

bS]

BE3
2zel

NAM O YIMON V.4
orT  PEB

s ko oo shsdfop s sk o sk Ao s

* »
» ViMON *
# VERSION 1.4 AUGHST 8i *
* 26+CF B GR 5" FLOPPY DISK =»
* CUPYRIGHT 19E@ BY GMT #
L *
SRR A A A A R ROk 4 %
*

*  [OMMAND SET

*

A MEMORY CHANGE

0 KEMORY DUMP

R DISPLAY CONTENTS OF TARGET STADK
CBRrR AP S

PRINT OUT ALL BRERKPOINTS

CONTINUE EXECUTION FROM CURRENT LOCATION

NEKT INSTRUCTION

TRACE N INSTRUCTIONS

GO T LOCATION N

DELETE ALL BRERKPDINTS

REEET BREAKPOINY AT ADDRESS N
SET BREAKPOINT AT ADBRESS N
CWETCH QUTPUT 7O PRINTER

wi 207 m

0 < o2 9

KEYBORRD FUNCTIONS

€0 SET TERMINAL MDDE
B0OT  EXECYTE DISK BOOTSTRAP

ENTRY 4ND 1/0 ROUTINES

CONTHL $FFEE  WARM STRART

CHKCHR $FFES  CHECK FOR TYPED CHARRCTER
QUTCK  $FFEC  CUTPUT ONE CHARACTER

INGH $FFEF  INPUT ONE CHRRACTER
PDATRL $FFFZ  PRINT CHARACTERS STRING
PLRLF  9FFFS  PRINT CR/LF

* R X FE o K F X A K F EE X E EE N EE X E K E OE K& R E T X X R R

¥
* PGEUDY MACRIS DEFINITIONS
¥
SKIPL  EW $ES
EKIPZ EEH  88C

SKIP ONE BYTE
SKIP THD BYTES



manuel technique

VIMDN V1.4

37
5
&0
Ei
62
&3

Fase

E7FE
ETFB
E7FY
E7FeC
E7FE

8-12-BI ASSEMBLEUR TSC oE0@

GRG $FACR
NAM HANDLER GRRPRIGUE
*
* SOUS PROGRAMMES GRAPHIGUES
* POUR LA CARTE GRAPHIGUE COULEUR
# GUUPIL
L
# COPYRIGHT ST Bi
¥
3‘:
# POINTS D’ ENTREE:
* -GINIT = INITIRLISATION DY £845

L ET CREQTION DY FOND COLORE
+ -GCOLCR= DEFINITION OE LA COULEUR
® DU FOND ET DU TRACE

* -GPLOT= TRACE DE POINTS ET DE LIGNES
* -GTEXT=COMMUTATION MODE TEXT

% ~GRAPH=COMMUTATION MODE GRAPHIGUE

5 ~0-0-0-0-0-0-

*

*

+ ADRESBES DE LA CARTE GRAPHIGUE
*
REVISU EQU  $E7FS
GUURY  EOU  ADVISUsY
GCuRY  EGU AOVIS+1
GCONTR BB ROVISU+4
GCRTC  EGQY ADVISLHE

PAGE
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HANDLER GRAPHIAGUE

835

102
1
182
182
18
183
126
ier
g
189
11
il
112
113
114

iiE
Tl

1ib
117
i1e
114
12
1zt
122
127
124
125
126
127

10

P
(o]
[Ex]

LA e e L T PP I L T
L3 Geb e X (A T o
- 54 Eﬂ [ tj [

Nd
[V

e

-3

b e
(R3]

FGBY 7E F4 14
F4BI 7E 74 oF
F4BE TE F4 €4
F4B9 7E F4 £F
FARC TE FG 4B

F4QF £5 €D
F411 B7 B4 BT
Fais 86 C@
P4l BT E7 FC
r419 I9

F4iR FF E4 CR
Faid CE F4 54
F428 5F

Fa2t F7T €7 F
F&24 A& o2
F426 BT E7 FF
F&29 @k
FaZzA SC
F42B C1 18
F42h 26 ¥2
F42F BE E7
F432 B2 4@
F434 BT E7
FEIT €8 14
F&AI9 5F
raif
F&43E
F43D
F43E
Faad
F&AZ
F4ES BT
F448 FE

)]

D

il

T
L]

A I o %L
(=T T

E7 ¢
48

E7 FD
g4 CR

M om

Fa6s 7r Eg
Fa4E BE 42
F43Q B7 E7 F

(]
4

[

&

*
Jne
JHP
JMP
Jup
JMP

3

*

* GTEXT

3-12-81 ASSEMBLEUR TSC €882  PASE

* TABLE DE BRANCHEMENTS

GINIT GR
GIEXT TEXT
GCOLER  COLDR
GPLAT PLOT
GRRPH GRAF

* ARGUMENTS O APPEL = AUCIN

#
GIEXT LA A
SR A
i a
5TA R
RTE

%

* BINIT

* REGISTRE MODIFIE :4

f48a
DIREET
£$C2
GLONTR

# ARGIMENTS 07 APPEL=RLTUN
* REGISTRES MIDIFIES=R.P

GINIT  &TX
LOX
CLk B
58 B
the A
5Th A
INX

I 2
Ci4k B
BNE

LOA A

GBERT

OBNRIT

*
*+ GRAPH
L

DELTR
GCRTT®  INITIALISATION €845

|

GIRTE
@ X
GORTL+:

DEFINITION DU FOND COLORE

L GOOATR+E

Pyl T TR Bt i T in)
¢ L0 ATTENTE 28¥S

L

CBWALT

BENGIT
BLONTRe !
£442
GOONTR-!
GRELTA

¢ ORGUMENT O RPPEL = AlTUN
* REGIETRE MODIFIE @ &

LR
LA A
CHIE

#
[pYerag=Th
snRrR

[

TN
Pt
$42
LONTR

]

[¥s ]



Manuel technique V.60

HANDLER GRASHIBIE 9-12-B1 ASSEMBLZUR TSC &£5@3  PAGE I
14 F452 32 RTS
L4 #TRBLE D' INITIALISATION DY EB4S
143 FAT4 5§ GERTT® fCB %33, 84, E9: £, 54D, G, $48: $44
4B F4St 23 FCB .5,%000608
147 *
148 + GLOLOR
149 *
158 ¥ BAGUMENTS DAPPEL=(R)CODE DE COULELR
131 * REGISTRES MODIFIZS=A
132 *
1337 F4E4 B @7 GIGLOR 4aND 4387
154 F4%E B8 48 EATAES T
155 F&EE BR 4 O3 ORR A DIRECT
i5% F4EE BY ET FD ETA & GUONTR+
157 Fazk I8 RS
HONDLER GRAPHIVE 9-12-81 ASSEMBLEUR TSO €B@@ PAGE 4
133 L
(5B ® GPLOT
F! *
82 # BREUMENTS B'APPEL={~}IONE DE PRRAMETREC
16D * SOUS-PROGRAMMEL APPELEC=(MOVE, GTRACE
ig4 » REGISTRZE MODIFIES=A.5
183 #
1Bk FasF 45 08 SPLOT  iDR A BX
BY RATIEL @ KP4 B
(58 FATI 25 @5 BNE BNy
1BS FETT 8F 81 GEMDZ  LBR R 4,X
Lt FRYT ER B2 L8 B &KX
iTL FE73 2D 1B BR4 MaVE
192 #4782 BL 81 GEMDL eMP 4 £f
173 FLI0 B DR BNE EtH
T4 FATF 4 B LA & 1. X
172 =431 € gz R B Y
i7% r4EI ZD AR 88R GTRACE
177 FAEE 8% @2 oMl oFP A £2
175 FAET 26 3C FME oMbz
173 F4ET A6 21 AR LY
188 FAER EE @2 LBA R 24
i8] F&By 30 @7 BoR GMIVE
LEZ F4EF 48 23 R 5
185 Ti%L ZH 24 B8k %X
3T 2% gt BRG OTRACE

,.,...“
"
E=l =

B F4E3 38 3



V.61
Manuel teciniyue

AANDLER GRAPHIDUZ 3-iZ-Bt ASSEMBLEUR TSC £808  PAGE
iBT #
ig8 + HMGVE  POSITIONNEMENT SUR UN PRINT
i85 ¥ ET ECRITURE
199 #
181 * ARGUMENTS D*APPEL={RYABCISSE, (B)OIRDONNEE
182 % REGISTRES MODIFIZS=R
192 #
196 F496 E7 E7 FB EMDVE STR A GCURY
i95 FeS3IF7 ET F9 8T B GCURY
196 F49C 856 €7 FD iDA A GCONTR+!
197 F49F B7 E7 FC ETR & GCONTR
198 F4AZ 38 RTS
189 *®
o # GTRACE  TRACE D'IMNE LIGNE DROITE
281 *
a2 * QRGUMENTS D'APPEL={A)ABSCISSE, (B)ORIONMEE
283 * S0US-PROGRAMMES APPELES=GCINC, GAINC
284 * REGISTRES MODIFIES=A.B
285 #
28t F4AT BB E7 FB STRACE GSUB A GCURY CALCIE. DY DEPLACEMENT
287 FAAR 22 @7 BHI GEURX SUIVANT £ £T SON SIGNE
ZBE F4RB 28 BT BNE GINFX
284 F4RA BT E4 CE STA R GDY
Zid F4AD 2@ @D BRA GHvY
211 F4AF BY E4 CE GSUPX STR A& BN
2i2 F4BZ g6 Bt LA A £1
Z17 F4B4 28 & BRA GHEVY
214 F4BE &0 GINFX  MEG A
213 F4B7 B7 E& CE STA & GXX
216 F4BR 2B FF b A £1
217 F4BC B7 B4 DR CGMVY TR A GSK
218 F4BF F@ E7 F9 SUB B BCURY CALCWL DU DEPLACEMENT
219 F4C2 22 37 BHi GauryY SUTVANT v ET 50N SIGNE
23 F&t4 2€ OC BANE BINFY
221 FLLE F7 24 CF 2R B G
222 F&C3 23 20 BRA GCMPD
223 F4CB F7 EG CF GSUPY STA B GDY
226 FLCE Ce 88 LbA B £1
I35 rend 3 % BRA GCWPD
%% F4D2 3@ GINFY NEG B
221 F4RI FT7 E4 CF 8TA B DY
212 F4DE CE FF LA B £-2
229 rabe F7 E4 Di GOWPD  STA B GBY
238 FADB BE B4 IE DA A BDX COMPARARISON DES DEPLACEMENTS
231 FADE BiOES CF tMP 8 GDY
272 F4Er 22 # BKI GPRSX
231 FLET ZE 54 BNE GPREY
274 F4ET 4D TeT R
238 FLER 27 1B BER GPRET ILS SONT NULS:RIEN & FAIRE
23 FGES F&E E7 FB GBPLTI LDR B GLLMYX ILS SONT EGAUX: INCREMENTS
ZX7 FSEB FBES 0B ROD B GRX ENTIER GSX ET CSY
238 F4LE F7 E7 FB STR B GCURX
238 F4F1 FE E7 9 L3& B GCURY
242 F&F4 FB BG4 DL Ak B BBY

6l F4FT F7 €7 F9 STA & GLURY



Manuel technique

HANDLER GRAPHIGUE

248
247
248
249
s
23
232
oY
204
255
256
297
238
25
268
261
262
283

285
268
287
2E8
29
21
2N
n
2
275
275
276
277
278
21
268
281
252
283

i
L

285
286

F4FR FE E7 FD
F4FD FT E7 FC
FSo2 &h

FO&1 26 ES
F383 18

Fad4 BE E4 CE
FSB7 Fb B4 CF
F38R 27 BC
F38C F7 £4 CA
F3@F F5 E7 F3
FS12 F7 €4 C7
FO13 F& E6 DY
F518 F7 E4 CD
Foig 8D 3@
F310 BD F5 BB
F320 F& E7 FB
23 FR E4 DR
F326 F7 E7 ¥R
F529 F6 €4 €7
F32C F7 E7 3
FS2F & E7 FD
FO32 FT ET FC
Fa35 4A

F336 26 ES
Fa38 39

F339 Bb E4 EF
F3IL Fb E& CE
F53F 27 A7
Fi41 F7 B4 LR
FS44 Fb& £7 FB
FO4T7 FT EL C7
F34R F6 E5 D@
FS4D 77 £4 CD
F550 €D 1B
F352 80 50
F354 F& E4 L7
F357 FT E7 FB
F35A FE £7 F9
FS5D FB E4 D1
Fot® F7 E7 F3
FoEZ FE E7 FD
FO8E F7 E7 FC
F3E9 4R

F3EA 26 E&
F3aC 39

GPRET
GPASX

GBPLT2

GPASY

GBPLTI

iDR B
STA B
DEC A

RIE
LDR A
LDR B

STh B
ibk B
St B
L& B
8TR B
BER

JER

LDA B
ADD B
A B
LoA B
STh B
;e B
YA B
EC A

RTS

LDA @
LD 8
BER

ST B
LDA B
5TA B
LoA B
5TA B
BER

BSR

LA B
STh B
LDR B
ALk B
SR &
Lo B
5TA B
DEC A
BNE

RTS

9-12~B1 ASSEMBLEUR TSC 6EQ@ PAGE 6

GOONTR+1
GLONTR

GBPLTL

1)
&Y
GBPLTY
GBELTA
GEURY
GCUR
GaY
G5B
GCINC
GAING
GCURY
B5X
GLURX
GCUR
GCURY
GEONTR+1
BEONTR

GBPLT2

GOy
GhX
BBPLTL
GIELTA
GoLAX
GCUR
55X
5D
GLINC
GAINC
GCLR
GCURX
GOLRY
GSY
GLURY
GEONTR+1
GCONTR

GBPLTI

DEPLACEMENT PLUS GRAND
SUIVANT X:INCREMENT ENTIER POUR X
CALCUL DE L' INCREMENT POUR Y

TRACE

DEPLACEMENT PLUS GRAND
SUTVANT Y:INCREMENT ENTIER POUR ¥
CALCUL DE L' INCREMENT POUR X

TRACE

V.62
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HANELER GRAPHIBUE

268
268
23
29
292
293
294
283
2%
297
298
29
Jea
et
I
I83
I
383

Cl G € € G g Cd G
FREddEdHBY

&
Eab]

FSeD 28

FOEE Cb €9
FSIQ F7 &4 LB
Fo73 7F E4 C8
F376 CE 10
FO18 F7 E& [2
F578 1b

FS70 B& B4 CA
Folk 78 E& CC
F3t2 79 £4 CB
FaB3 48

FaBE 25 €3
F388 11

FGE3 25 @4
FogB 18

£9BC 70 E4 CC
FSgF T8 E4 D2
Fo82 26 EB
F5t4 7F E4 CA
F397 1D B4 LD
F394 2a 12
FasC &F

F390 B2 E4 (T
F3R3 B7 B4 €C
FSRT b @0
FSAS B2 E4 CB
FSA8 B7 E4 CB
FSAB 74 E4 CA
FSRE 32

FSAF 29

FoBb3 FE E6 (8
FSBI FB E4 £C
FoB6 F7 £4 C9
F5BY FE E4 08
F3BC FS E4 OB
FOBF F7 EG CB
F3C2 FE &6 €7
FSCS F9 €4 CA
F3C8 F7 E4 E7
FSCB 29

9-i2-Bl AESEMBLEUR T5C €22%  PAGE

*
+ GCINC  CALCUL DES INCREMENTS FRACTIONNARIRES
¥

* ARGUMENTS D'APPEL=(RINDMBRE DE PAS

* {GDELTA} DEPLADEMENT
¥ {GSDISIGNE

* REGISTRES MODIFI£S=B

*
BCINC PSH A

{DA B 480
STA B GCURH
ELR  GCUR+2
iR B £iE
STR B8 GCMPT
TRE
LDA A
ASL
Rt
fEL A
BCS
CeR
BCS
S8A
INC
DEC
BNE
IR
T8T
BAL
CLR &
SUb A BDELTA+2
STR A GDELTA+Z
iR A £

SBC A GDELTA+
5S4 f GRELTA#
PEC  GDELTR
PIL A

RTS

GDELTA
GBEL TA+2
GHEL TR+

BBDLV DIVISION DE GDELTR
PAR LE NIMBRE DE PAS
GhSYB

GFBDIV
GDSuUB
GDELTA+Z
GCMPT
CBDiv
GDELTR
88D
GREENC

GFBOLV

GACINC

o
¥ GAINC
*

* PARAMETRES DAPPEL=ALCUN
+ REGISTRES MOGIFIES=E

*

GRINC

ADBITION DE L’ INCREMENT

LA B
ADD B
STh B
Log B
anc B
ETh B
DR B
ADC B
574 B
RTS

GLUR+2
GDELTA+2
BEUR+Z
5CUR+1
GOELTR+1
BEUR+L
8CLR
GOELTA
BOUR

MULTIPLICATION PAR SOM SIGNE

7



Manuel technique V.64

HANDLER SREPHIME 9-12-8] ASEEMBLEUR TSC 6828 PAGE 8
363 + RESERVATIONS MEMOIRE RAM
S44 *
4T EAET ORG  $E4C7
46 E4TT GEUR RMB 3 POINTEUR A INCREMENT NON ENTIER
347 E4CA GDELTR RMB 2 INCREMENT NON ENTIER
I48  E4CD G50 RMB SIGNE INCREMENT
343 E4EE 80K BB 1 DEPLACEMENT EX X
IS8 E&CF GoY RMB i DEPLACEMENT EN ¥
I51 E4DA GSX B SIGNE DEPLACEMENT EN X
152 Ead GsY i SIGNE DEPLACEMENT EX ¥
393 m4h2 GCMPT  RMB NOMBRE DE PAS
156 £4D3 DIRECT ™8 i COMMUTATION ECAAN

35 IND
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Manuel technique

FANGLER GRAPHIDUE

37
359
360
Jet
62
363
I64
363
366
67
&8
3e9
3
3
372
I
3
KY5]
3%
n
Ie
37
188
I8i
382
383
384
183
IBe
387

Ja8

389

T
-

81
82
83
%4
393
I8
357

>
o

93
482
43
&2
493
424
425
4%
437
a8
433
419
ait

-
il

F3EC

EBZQ
EB2t
EB22
EB23
EB24
Eped
EBa2
gpi@
EB14
Aige

EBER@
EGFD
EBr2
EEF3

F3EC et @t
FGCE BT £B 2
F3D: 8D &9
FS0T 81 EB 22
F3b6 26 67

F5P8 £6 BF
FoDa F7 E8 24
F3DD 8D 4C
F9BF 27 B
F5EE CB 7F
F3EZ F7 B 26
FSEE ED 43
ESES BD 41
C5ER 27 @2
F3EC 7E 5D 12
FEEF £5 39
FOFL B7 EB 22
F3F4 ED 46
FOFE 23 20
FIF3 OE FE FF

ASSEMBLELR 7SC 6808  PAGE

3-12-81
ORG  SF3CC
NRM B OR 5" DISK BOOTSTRAP
*
* ~C- COMMAND

*  DISK BOGTSTRAP

* 3 0R 8" DMAF2 - 5" MFB

*

Aok

* ® ® o » %

* EQUATES FOR WD 1795 AND DMA

£y
£y
200
ey
(AL
EQU
ey
£
EQU
EQU

STARES
TRKREG
SECREB
DATREG
DRVREG
DHARDD
DMACON
DMACTH
DMAPRE
LOADER

$EB20
$EB21
$£B22
$EB23
$EB24
$EB22
$ERB2
$EBi@
$EB14
$A108

* EQUATES FOR WD 1791

DRVRS1
E0MRS1
SECRS1
DATRS!

Bl
EQy
£
EQU

$EEED
$ESFE
$EBFZ
$EEF3

* PROGRAX STARTS HERE

DKBOOT LDA 4
5T4 A
BSR
{MP A
BNE
DMABOT LDA B
STR B
BSR
Bz
iDA B
SR B
BSR
BSR
B2
RE 2
LBh R
gaan
BSR
=R
LOX

SEROT

Ex 131
SECRER
DEL1
SECREB
MFB00T

£4BF
DRVRES
READY
58307
£47F
DHVREG
ENESEC
READY
8BDoT
CONTRL
3
STARER
QELAY
TEST
LSFEFF

TEST IF DMAF2 PRECENT
[F NGT 00T ON ¥FB

SELECT DRIVE
TEST READY

I¥ READY CONTINUE
SELECT 5°

ONE SECOND DELAY
TEST READY

IF READY CONTINUE
SEND RESTOR COMMAND

WAIT TILL NOT Bugy

9



Manuel technique

B OR 3¢

413
414
415
41E
417
418
419
76
421
422
627
424
423
42
427
428
428
438
431
432
433
634
435
436
437
438
439
440
441
442
443
Add
4435
45
47
G4B
443
438
431
432
433
434
453
45k
437
4§38
43
4ER
461
42
62
4e4
LES
4EE
587
b

1EK BODTSTRAP

FOFB FF EB B2
FSFE CE SE FF
FE@1 FF EB @8
FoB4 B6 FD
FEBG B7 £B 10
FbE3 & fE
FROE BT EB 14
FERBE Bt 8T
Fe1@ B7 €8 2B
FE1Z FE EB &2
FRiE BC FE FF
FELS 27 FB
FeiB 86 FF
FE1D B7 EB 14
Fe28 8D 63
FB22 7€ A1 88
FE25 8D %6
FB27 47

FB28 25 FB
FE&2A 39

FE2B BE EB 2
FR2E BS 88
FE32 39

FEI1 CE 80 o2
F&34 88

FEI5 @9

FE3E B9

FBI7 26 FB
Fei3 29

FEZA 6D @p
FEIC 80 a2
FEZE I8

FEIr 43

FE4@ B7 EE F2
FB&Z TF B ER
Fe4t ED E9
FE4E b F4
Fo4f F7 £8 F@
fesD 8D EB
fE4F FE EE FO
FES2 97

Fead 24 FR
FESS BE 73
FB57 BY & FE
FESA B OE
F53C €E Al 82
FESF FE EE FO
FeE2 57

FEEZ 25 BO
FEES T7

FERE 25 F7

87X
)4
87X
LoR A
ETh A
LDA A
STh A
LBA A
8T8 R
BARIT  LDX
cPx
Eel
LBA A
ETA A
BSR
6OLOAD  JMP
TEST  BSR
RER A
BCS
RI8
REABY LDA A
BIT A
TS

ONESEC  LBX
HE Ik
DEX
DEX
BNE
R15

DELAY  BER
DEt:  BSR
RTN RTS

9-12-8¢

DMACON
LE3EFF
DMARDD
£5FD
DMACCH
f$FE
DMAPRI
£88C
STAREG
DMACON
£4FEFF
WRLT
L$FF
DHAPRI
TEST
LOADER
RERDY

TEET

STAREG
£488

e

B13

DELY
RTN

+ BOOTSTRAP FOR ¥FB

MFBODT COM 8
STR R
CLR
BER
LOf B
5Tk B
BSR

Pl LR B
BSR E
Bed
LR A
STA R
B3R
LDX

LOOFZ LDA B
ASR E
BCS
PSR B
BCS

SECRE!
DRVRT!
ONESEC
feFs
COMRSL
peLAY
£0MR91

RE S
£473
CCMRIE
DELRY
TLRADER
COMRa:

GOEORD

Lpapz2

ACSEMBLEUR TSC £B838 PAGE 18

SET BUFFER LENGTE

SEY BUFFER ADDRESS

SENE RERD COMMAND

WAIT TIL DMAR OP. FINISHED
RESET DMA

GOTO LOADER
BET STATUS

WRIT TIL NBT BUSY

GET WR STRTUS

ONE SECOND DEiAY

SEY SECTOR OME

AND START MOTOR
SELECT DRIVE &
DELAY ONE SECOND
SEND RESTCR COMMAND

WATT TILL W2T BUSY
SEND RERD COMMAND

RDCREES OF LORDER

BET WL SIATUS

CHECK BUSY

[F NOT BUSY G0 T LGADER
CHECK DATA PRESENT

LCOP TS WRIT DATR



V.67

Manuel technique

8 Of S5 BISK BDOTSTRAP S5-12-31 ASSEMBLEUR TBC 6E@@ PAGE 11
46% FGES BE EB F3 LDR & BGATRSL  GET DRIR
478 FEEB 47 T A
&71 FEEC A7 08 g5tR 4 . STORE IT IN MEMDRY
472 FEEE B8 N BUMP POINTER
473 FGEF 7% EE BRR  LOZP2 CONTINUE
674

473 END



Manuel technique

2 OR S" DISK BBOTSTRAP

477
473
LEB
481

A
4832

4BT
it5 A
&85
485
487
4E8
489
450
431
432
497
L94
443

FETL

9-{2-8i ASCEMBLEUR TSC 68283  PAGE

ORG  ¢FETL
NA# Z4BD SCREEN HANDLER

s sk A Sobob sk ok kb okl e

* #*
*  Z4+pB SCREEN HANDLER #®
* Lo

b A b oo AR b o

-

I/D ABUTINES

CRTINT INITIAL IZATIONG
QUTPUT CUTPUT OME CHARACTER
BELL GUTPUT BELL

%x * = ® ® K

12

V.68



V.69
Manuel technique

2428 SCREEN HANDLER

2EEC
EgTd

2290
LA
FETL

Fe7l ot
Fe7: CE F& AE
FE735 ED 16
Fe?7 Ch 88
FE?SFTES T
FEIC CEEC 28
FalF Bt 2B
FEB! BAES 72
FeB4 R7 08
FE2E 28
FeE7 2C F& M
FEER & fE
FEBC 9

1B FEED FTER T3
519 FEW 06 W
Si? FE32 87 EE T
Feds @

FE2E SC
FE97 21 1%
FERR 26 F2
FEOB CE 20 M
FE9E FF €5 73
52 FeRLFF &8 T
FoAé FF ES T2
529 FEAT CE @7 W
FERRFF S 17
FEAD 33

3

I FERC &
FEBZ i

feBe @

FEBR 08 &

) b

WU LA
o]
=
=

wed
o1 N

29

wonoon
K- 1

[
o~
[ ¥

FEEZ B 7T
FEC@ BT 8D
Folz 33

FeC3 F7 tB &L

[%1]
-
—

-

(%))
£
(B

43
544 T
555 Fals €D &7
4z FERCE FTEE &
S67 FECE 4R
S48 FuCl 25 F2
549 FECE 9

b ’E '
35%

Lobug L NS ¥
oL

*

9-:2-B1 OGSEMBLEUR TSC G808  PRGE

# EEGT INITIALITATION
&
HADRF  ERU $EC
CRTIC  EAL  sEe7@
YCR Bl 13
VeF @ 18
INITVE EGU %
CRYINT (LR B
Lo £CRTTRB
B3R CRTII
LR B 6@
STR B VIDED
CLEARZ LDX  £4ECED
LBA A £$28
0RR A VIDEOD
CLEARL STA A B.X
INX
i S
BNE CLERRE
N
CRTit S§TA B CRTE
DA A &Y
STR A ECRIC+L
INK
ING B
THf B 413
BE  CRTL
1) S
5T%  CURRD
3 S 913
8T¢  DPARE
Loy £1919
§TX  EPASE
/TS
CRTTAR FER Q7=931431S
rib 48,24, 24
FCB 3:1. st il
Fop 8.8

+

w QUTPUT BELL
¥
BELL
BELL1  ERR

R MDA B
et DEC B

047F
BELDEL

VIAMLS-ORA
BELDEL
VIAMUS+ORA
EELLE

£462

13



Manuel technique

2480 SCREEN HANDLER

352 Feb: % D
95% FED4 39

334

353

556

957

358 FeD3 8D AS
999

ot

2bl

Je2 FeDT TF €S 7!
563

St4

563

SEE FEBDR 7F £5 72
ST FeDD 28 58
568

oES

s7e

an

572 FERF TCES 72
573 FeE2 BE ES 72
o764 FBES Bt &4F
373 FEE7 22 14
576 FEES FE £5 7%
377 FeEC €8

572 FEED FF ES 72
o973 Fuf@ 28 &8
]

381 FeF2 A ES 72
SB2 FGFS 2B 24
SEXT FEF7FEES T3
SB6 FEFR 83

583 FGFB 22 FB
386

SE7 FEFD TF ET 72
S8 FMBC B
SE3 FTBI BEES T
5@ ek 61 17
991 F7QE 23 2D
592 F7ER 7D E4 1B
291 F7@D 26 @7
39 FUF MRES U
593 F712 B0 SR
596 FTl6 8 2
59 FTIE TP ES 78
598 F719 28 IC
53

EES F71B BE 4F
g8l FTIDBY ES 72
Ed2 FI2B 7RES 71
&8 FT723 2R 12
EB4 F723 7B EG 1B
edS F728 26 88
Bl FT2A 7CES 71
E@7 F72D BD F7 CB

BNE
]

*

* CLEQR SCREEN

*

CLEAR  BSR

E S

# CURSOR HOME

*

HOME  CLR

*

* LINE RETURN

'

LINRET CLR
BRA

¥

* MOVE CURSOR

¥

INCCL  IMD
LBR R
CMP A
BHI
LK
INX

DECCLY  STX
BRA

DECEL  BEC
BME
LEX
DEX
BRR

NEWLIN CLR

INCLN  IBC
LA A
CMP A
BLS
78T
BNE
DEC
BER
ERA

INCLNG  CLR
BRA

*

UPLING LDA A
ER A

DECLN  DEC
BPL
i
BNE
IN
JBR

9-12-Bl ASSEMBLEUR T5C £EQR  PAGE

BELDE]

CLEARZ

LINE

COLUMN
MOVER

COLUSN
COLUMN
£7
NEWLIN
CURRD

CurAd
OUTCUR

CaLUm
UPLINE
CURAD

BECCL

COLUMN
LINE
LiNc
£23
MOVER
PRGFG
INCLN
LINE
BERALL
HOVER
LINE
MIVER

£78
COLUMN
LIRE
MOVEA
PRGFG
DECLN
LNz
ECREGLD

CLERR REFREEH MEMDRY

RESET LINE NUMBER

RESET COLUMN NUMBER
GOTD MOVE CURSDR

UPDRTE COLUMN NEMBER
END CF LIRE ?

IF YES (NEW LINE

UPDATE CUREGR ADDAESS
G070 GUYPUYT CURSOR

OEC COLUMN NUMBER
BRANCH IF PREVIOUS LINE
UPBATE CUREBOR ADDRESS
631D GUTPUT NEW CURSOR

CLEAR COLUMN NUMBER

CURSOR O END OF LINE

i

V.70



V.71
Manuel technique

2689 SCREEN HANDLER 9-12-B1 ASSEMBLEUR TSC £3@@  PASE

&8 F738 28 & ERA MOVER

EBR F732 8B 17 DECLNY LDA R £23

Ei@ F7I4 BT ES 7! STR A LINE

Eit

B12 % CURBOR RELATIVE ADGRESS

613 FTIT FE €S 72 MVER (DR B COLUMN  GET COLUMN NUMBER

E14 F733 BE ES 71 DA A LINE BET LINE NUMBER
i3 F735 27 8D BER  MOVEZ BRANCH IF ZERD

Bi& F73F BT ES 78 5TR A TEMPL

E17 FT42 4F LLR A

BB F743 CB 58 MOVEL ADD B £B@

E{S FI45E2 B fic & £0

B2 F74T 7RED T8 DEE TEMPL DEC COUNT

B2l F74A 28 F7 BHE  MIVEL LOOP IF NOT IERD

g2z

£2% # CURSOR ABSDLUTE ADDRESS

€26 F74C FB ES 76 MOVEZ ADD B DPASE+1  ADD PRGE ADDRESS

B23 FUF BSES 5 ADC A DFABE

B2E F732 BT ES 73 STh A CURRD SAVE CURRENT CURSCR RDIREES

827 FISSF7ES T4 §7A B CURAD+

£28

£29 * QUTPUT CURSIR TO CRIC

IR F738 {6 8 OUTCUR LDR B fi4

£3% F7SR FTER 78 51 g L&IC

B3 F73D BE ES 73 iR & CURAD

633 F7eB E7 E8 71 STR / LRI+

B F183 SC INC B

£33 F7E4 F7 EE 78 8Th B8 LRIC

€36 F7E7 BB ES 74 EDR R CURRD+L

£37 FTEeR BT BB T¢ STA i ERTCa

&I

£I3 F7ED 29 RTES

E4d

£4l *

B42 + SCROLL uP

£43 *

bid

£43 * JPDATE ENT ADGRESS AMD FILL WITH SPATE

E4E F7EE FE ES 77 SCROLL im¥  EFREE ¥i= EX¥E OF PAGE

£&7 FITL ED 32 BSR  DELIN  ERASE hEw LINE

B4 FTIIFF €2 77 8T¥  EPAGE NEW END OF PRGE

€49 F776 BE ES W LDA & EPRSE

EN F77S L @7 ANE A LT

g5t FTIB BT ES 77 STh A EPASE

5z

£37 # UPDRTE START RDDRESS

B3& FTIC &F CiR A

E23 F77F FE ES Th iDA B DPRGE+!

B3R P72 CB S Ao & £89

£37 F786 B2 ES T8 AC A& DPRGE

£35 F7BT 84 &7 MDA £

B3R FIE3B7TED TS 5Tk & DPRGL

£ER FTEL F7 &5 TR STA B DPAGTH!

get

273 + YFDATE CRTC START RIDRESS

E6T FTEF CE €€ ECRTE B8 B LI



Manuel technique v.72

248Q SCREEN HANDLER 9-12-81 AGCEMBLEUR 7TSC £88@ PRGE  1E

EE4 FISIFT IE 7 16 B CRTC
SES F73L BE 25 73 L3 4 Drese
SRt F797 BY £8 71 STA A CRTC+1
E27 FTRA IND B

ThE FTUR F7 ZE TR g7 8 ECRTC
B2 FTIEPEE ST TR LDG & DPAGE-+1
B8 FURLEY EE I 87R A [3TC+t
-3

E72 F724 I8 RT3

£74 % DELETE LINE ROUTING

DELLIN LDR B £33 29 CHAR. PER LINE
DELLIT INK

ES 73 Y% TEMFL BAVE X

[ STX TEMP2

U oM
I |

oy A
om
~ d

I oan Ix
I~ LA
rsg ]
o

L]

[o*]

-1
waiong
o0

e
I D
ooy
[= < BN 4 B ]
(5 N S I N IS )

£ ES 78 LDR A TEMPZ
580 F7BL 24 67 D R2T MODLLD 2K

EEI F7RI 8 0 ADD & FHADRE  PHYSICAL ADDRESS OF REFRESH MEMORY
£82 F733 88 L EOR R £$10

€83 F787 ET £S5 7% 5T4 A TENP2

EZ4 E7PA FZ €5 7B DX TEMP2  3BSOLUTE ADDRESS
63 FTRD B 2 LA 6 £5

595 FIEF BAES 70 088 A& VIDED

EE7 FICL A7 R N

£SB F74 FE £5 78 BK TEMPL RESTORE ¥

583 FICT 3R TED B

£ F70E 25 OO BNE DELLI:  LDOP If B NOT IERD
£31 FCA T RTS

gaz

€sz g

53 * SIRBLL DOWY

£e3 »

£85 F703 96 55 73 S0TO (DA A OPABE

€57 FTEFE D3 E LI2 B DPAGEH

£38 F70L 0D 3 SE 5 26

ESS FTIT R B SBC A £2

TR OS5 e W MDA &

8 FTN BT 23 73 STR & DFASE ‘

%2 FATTES STA B DFAGE:1

W OFIDTIIS TS LXK DFOGE

706 FTER 88 IEX

. FIZI 30 42 S8R DELLIN  ERASE NEW LINE
TEE

e * UPEATE END ADIRESS

T OFIE3 EE €5 T iDA & ESAE

73 FIEE FSES LDA 2 EPASEeL

R Gl

7:1 £2 2 SEC A 23

G 2 97 A A 7

743 £7 €5 77 SR A B

7L TS K STG B EMEEs:

7 22 38 B UEATE

BN

= QUTPUT CHRRGDTIR JONTGINED IN AEG-a
4.

. -
LI} € =4 (1 LA



V.73

Manuel technique

2423 SCREEN HANDLZR 9-12-81 ASSEMBLEUR TSC £32@
78 FW7FFEE & DATPRJT ST XREG
T2 FIFG 3E PEH R
7= FIFB 37 PEH B
123 FIFC 7D ES i 187 ES[EFG
724 FWF 2& 5@ BNE ESCS

3 FEBL 4D QUTPTE 76T A

26 ro@2 2727 BEQ CqTRET
Ti7 FE@L 8L o cMP B £99F
738 FoRR 22 23 B CATRET
729 FE@E BL iF P R OOS(F
T3 FER: 27 = 2L FUNETY
77 FRRC FEZE TR LER B CURAD
32 FERF L4 @7 NGB £7
TIF FBIL CB EC ACD B E£HADRF
76 F2i3 08 IC EIR B £%1C
73 SPISE7T5 78 gTa B TemPi
TIE FBIEFSED T4 LR B CURAMMG
737 FEBIBEFTES 7R STR B TEMPi+t
T TRIEFEES 7% LGX TEMPL
739 FB2L 84 TF AND R L8TF
758 FEZT BAES 73 ORA A VIDEG
741 FEE AT @ ETRA B
742 FEXE B0 FB OF JoR INCCL
74T YE2E FE R TF CRTRET LDX XRED
Tig FS2E 33 Pl B
748 FEIF 12 P A

45 FE3E IS e

147

148 *

743 * FUNCTEDNS

758 L

7591 FEI. CEFZ 31 FUNLT  LDX £FETCRT
732 vEIG AL UR FUNCTZ DMP R &/

S5 FBIE Z7 @A PEd FUNETL
73, FEI5 fe KX

SIS s INX
Tan FO34 48 IheX
TSl P38 L F3 AC CPK LENFIT
136 TR E R BNE FXCT2
VI3 F343 2L BR& CRTRE
768
Tei FPAZ EE 3 FUNETL  EDX X
7oz FS44 A0 2% RIS
753 FH4o M ET BRA CRTRET
T4

785 *
TEE % ESCAPE SEREUENCE

TE87 :

TEE FB43 78 24 {7 CPOSS  INC  CPUSFG
TE2 TEAB EE FF T EBCRPE LDR A LT

7¢ FBAD BT L4 1% 318 8 E50FG
IILOFESR IS T8

172 FS31 7B E4 T ESCS TET CPOEFG
773 FES4 £ 2D BME RIS
TV FERE TF E4 (5 e  EBCFE
T OFERRLES A LB LESCTBL

PAGE

i7



Manuel technigue

2428 SCREEN HANDLER

17E
m
7ie
7
TER
721
182
783
784
7%
786
787
768
783
79
751
%
193
94
735
7%
FET
798
7
2ee
2at
ea2
gez
gi
ees
£a6
£ar
gge
£38
BiR
Bl
Biz
813
Bi4
B13
Ble
g7
gig
B1S
B28
Bzt
g22
827
B2¢
g23
82t
827
B2e
g2s
B3
B3t

FESC A1 @2
FBSE 27 E2
FEea o8

FEEL @B

FEEZ 22

FEEZ €C F9 D&
FEEE 26 F4
FEER 28 97

FERA 5 28
FEEC CE #A
FBEE F7T E2 7
FB71 B7 EB 71
FB74 29

FETS BR El
FE&77 28 F3

FE73 BE FF
FE7B B7 £4 1E
FE7E 29

FEYF 7F E4 1B
FE82 19

FBET B1 EB
FBBS 23 @2
FEE7 B0 &0
FBEY 4R

FBEA FE E4 17
FeRD Cf @2
FEEF 27 &
FBsi 81 {7
FEas 27 82
FB33 E€ 17
FB97 BT ES 7!
FE9R 7C £6 {7
FE9D 28 12
FBYF 81 4F
FBA1 23 @2
FBAZ 8E 4F
FBAS BT £S5 72
FERE TF E4 1€
FERB 7F E& 17
FBAE D F7 37
FEBL Tt FE 2B

FER4 TF E5 70
FEB7 19
FEBg OF €0

S-12-81 ASSEMBLEUR TS 6520

ESCER TMP A X
BERB  FUNCTI
INX
I H
INK
£PY  LENTEL
BNE  ESCS
BRA  DUTPTI

* CUREOR OFF

CURCFF LDA A {422

EDISP LDA B f£12
STR B {81C
STA A CRTCH:
RTS

* CURSOR ON

CURIN  LDR A {361
B CDISP

* PAGE MODE

PAGMOD LDA A £4FF
SR A PRGFG
5

# ROLL MODE

ROLMOD CLR  PAGFG
RTS

* PUT CURSOR AT GIVEN LOCATIDN

£PO8  CHP R ESE DFFEET 7
BLS  CPOSE BRANCH IF NOT
8B H £%

CPOSE DEC A
LOR B CPCSFG
fHP B f2
BER  CPOSH
gMe A £23
BLE  CPD33
LR A £23

CPOST ST A LINE
INC  CPOSFG
BRA  CRIRTY

CPOS1 CHP A £75
BLE  CPOS4
LDA R £75

CPOS4  STA A COLUMN
CLR  ESCFE
CLR  CPOSFE
JSR MINER

CRTRTL JMP  CRTRET

* INVERSE VIDED

INVERS CLR  VIDED
RTS

SINVER LDR A f4P2

PR

al

3

1B

V.74



V.75
Manuel technique

2082 SCREEN HANDLER

832
832
£
8235
B
837
glE
839
848
B4l
842
843
Béd
845
E4E
ga7
B4E
843
B3
g5t
852
£33
B54
233
BSE
857
83g
£33
o]
gel
gg2
gel
Be4
ge3
gEk
8e7
BEE
B89
eme
B71
g72
813
E74
875
876
g7
an
B
122
B8l
8a2
gg3
284
BEa
286
ga?

FEBR 7 5 T8
FEBD 39

FEBE 86 FF
FBECO B7 E4 8
Feis 38

FEC4 TF E6 88
FECT 33

FOC8 BE ES 73
FECB FE E5 74
FBCE FB ES 72
FEpt g2 o
FEBT BT €5 79
FEDE F7 ES 7R
f809 FE E5 73
FERC @5

FBOD 7E F7 A5

Faed (& 52
FBEZ FR ES 72
FEESFE B0 T2
FEEE B9

FBET TE F7 A7

FEEC BD F2
FEEE 86 17
FEFE BB ES 71
FEF3 27 8
FEFS ZE

FBEE FEES T3
FBFY BL F7 A3
FEFC 32

FEFD 4

Fert 25 £5
Fage IS

F9d1 FE ES 7
F984 FF £5 7
F927 gt 18
Fags B7 EC
FoOC €8 58
FSEE B7 2
Fail SR ES 7
F3i4 BB E3
F917 64 &7
7913 €8 EC

[ ]

]

(=)

3-12-B{ OSSEMBLEUR TSU EELD

STR A
/7S

VIDED

¥ ECHD OFF

ECHOFF LDA A
STR A
/1S

L4FF
OuTSW

* ECHD ON
ECHON LR
RIS

OUTEW

* ERASE LINE

ERLIN LDA &
LDR B
SUb B
SEC R
gma
STh B
LBX
DEX
Jip

CURAD
CURAD+L
COoLUMN
i
TENPL
TEWP 131
TENPi

DELL IN

* ERASE TO £XD OF LINE
EREGL LDR B £62
SUB & COLUMN
Lox  CURRD
DEX
P DELLIY
+ ERASE TO END OF SUREEN
EREGS ESR  ERESL
LBR R £23
SUB A LINE
BEE  EFEOS2
PEH A
LB
JeR
Pl R
DEC A
BNE
Ri&

TEMF1
DELLIN

ER=051
EREDS:

¥

* HARD COPY ON
4
HOPY  LDX
87X
LOR A
578 A
LOR A
eT& A
ETX
LDA R
AN R
RDD A

DPAGE
SEMPL
£24
LINCKT
EX5
COLTNT
TEMPZ
TEMP2
£1
THADRF

HEPY1

HOPYZ

PAGE

BET NO ECHD FLAG

SEY ECHO FLAG

BEGINNING ADDRESS OF LINE

GOTH ERASE LINE 4XD RETURN

NOMBER OF CHAR. TO EARSE
CURGOR ADDRESS

GRTQ ERARSE TU END OF LINE

ERRSE T B0 OF LiN

MIMBER OF LINS TO ERRSE

ERASE LINE

CONTINUE Tili NOT ZERD
RETURK

PRRALEL PRINTER

BEGINNING GF PAGE

NUMBER OF LINE

NUMEER OF COLUMN

LOGICAL ADDREES

MOOLLE X
ADDRESS IF REFRESH MEWIRY

18
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2680 SUREEN HANDLER 9-17-81 ASEEMBLEUR TSC 6268 PAGE 2B
552 FSiB BB D EQR A £%1C
383 FID BT ES TR STR A TEMP2 AIDRESS OF CHAR,
BOE FRZ@FEES TR LB TEMP2
891 F923 db 29 LA A &X BET CHAR.
85 FRI5 84 TF aND & £$7F MASK VIDEC
BEY F327 1 iF CHP 8 IsiF RSCIT ?
2394 F929 22 A2 BRI  HDPYZ SRANCH IF VES
€95 F32B 96 26 LA A £7- NOT ASCII
2% F920 ED FC 2F WIPYI  JSH POUT JQUTPUT CHAR,
B37 FAI@ FE £S5 73 (1) S INC LOGIZAL ACDRESS
BSE FSIZ @8 8K
299 FSI4 FF ES 73 ST TEMP
SBB ro9IY IR ES E DEC  EQLINT  DEC COLUMN COUNT
gt F9ZA 26 05 BNE  HOPY?2 BRANCH IF NDT 2ZR0
S%r FOIC 8 D L3R £ fVER NEW LINE
S@7 F93E 3D FT &F JsR o AT HTPUT CR LF
304 FR4: BE BG LOR B LVLF
3@5 FS43 2p ST OEF JSR PRUY
9B F94E 7R ES 7D 9EC  LINENT  DEC LINE COUNT
3@ FS49 2E £ INE HOPYL CONTINUE IF NOT ZERD
W OFsE 8 & i A £12 CUTPUT FOAM FEED
S#3 F4D 3 7T GF J5R AT
91 F350 3 tE] RETURN
911
5z it
313 * VERSION
814 *
915 F95i [E F9 81 RESERV DX LVERGID
ik FS34 FF IS 7B ORESVI  8TK TEMR2
347 FA937 fE OB IR BX
218 FY5S 51 B Ckr A 4
319 F95EF 27 23 BED  RERVE
S OFEE R T LDR B CURRD
G2 OFERB 24 87 BND 2 £7
322 FSR2 LR EC ADD B LHADRF
9T Fst4 e L EOR B £siC
S OFIRE F7ES T3 TR B TEMP:
325 FEES FE E3 T4 LDA 8 CURRD+!
P FICTTE R ETR B TEMPi+1
327 FSRF FEES 73 LK TEMPS
3% FSTZ ERES 72 GRA A VIDEQ
% OFETE ST W SRE B
33 FSTT BD PR OF ISR INDOL
531 FGIAFZ IS 7B LB TEMR2
33z F97D 82 2534
937 FSTE 2B D4 BRR  RESVL
Sl FSE3 I8 AEEV2 RIS
935 F=81 47 VERSID LT TEOUPIL 1.6 €210
9TE FSEE 0 B4
2%
RS ¥
933 # FUMCTIONS TagLe
%4t .
84: rem FoToAT  FCB 3] gL

DA

™

g -
1
i
t

¥

5]

s

I 74 E CURBOR LEFT
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240% SCAEEN HANDLER

Cat
343
S46
947
]
348
250
as1
832
933
954

o
=1

83E
87
R
98
3t
381
882
ST
34
365
SEB
a7
962
923
g7
Sl
872
873

I

o Ug o)

W oy BT e LD LD WD agy WD T uD
n) g;rﬂ o m
W o Ot (A &S C3 RO el

LEL LMD
L O
s Lo

T/
ed Y e

L e iy U oy
vy
-~

& o

o ~4

(Ko 2 Vs B REI ¥y
ot

FREE RS
F297 i3
FEEE B IF
F584 @R
FI3E F7 42
Fask 28
FE5E 77 2
F3G¢ &€
F3AL F& DD
Foazy B0
FofiL ro DR
Fare 12
F3A7 FE B
F9R9 iC
FORR FE L7
Faa0

F9RC 43
FIRD FE BL
F3AF 4R
Foke r2 E2
FOB2 &
F9BI FE 72
F9RT 32
F9BE F2 T
F2B3 43
FSp9 2 &R
Fo9BB &3
F23C FE 73
Fage 2D
Fo9BF F2 4B
Fals 48
F3E2 F5 L4
F3la 47
FoLs
Fagy
Fatz
cBLA
FOLE
Fein
Felz
F983
Fani
FoLs

hs
FZEL

FolB

faal
o
m

ol B T D

"
Lo ]

Ix ) B D
A
iy

BRI I s I L A 2 I I s s |
Ly Lo

en
e

E41E
ELik
Esi?

9-12-3f ASEEMBLEUR THC £883  PAGE

FIB  LECCL

Fo3 o $iD CURSCR RIGHT
Fis  INCEL

FLB %A CLRSOR DUWN
FoB INCLN

#C6E  sB CURSOR P
Fi8  DECLN

FEB 4L CLEAR

Fob  CLEAR

FCB 4D LIME RETURN
FOB  LINREY

B SR EGCRPE

FIE  ERCAPE

3 il HOME

Fib  HOME

ENFCT  EGU

*
* ESCAPE SEQUENCE TABLE
L

EECTBL FCC '@’ INVERGE VIDED
FIE  INVERS
FEC "7 NDRMAL VIDED
FOB  GINVER
FCC '# PAGE MOBDE
FDBE  FOGMOD
FEC TR ROLL MODE
FIB  HOLMOD
FLC 'E’ CurGOR OFF
FOE  CUROFF
FCC ’L° CUHSOR ON
#08  CLRCN
FCC  "=' MOVE CURSGR
Fag  LPOSS
FCT  'H' ECHO N
FOE ECHON
FoL  'G" £CHO OFF
FOB  ECHEET
FOC 'LY ERREE LIME
FBB  ERLIN
FCT *{* ZRASE T0 END OF LINE
FJE  ERECL
FLC "Y' ERRSZ T =KD OF PREC
FEB  ESEGS
SCE 'Y HARD COPY
FoB  HIPY
fe0 "D’ RESERVED
FOB  RESERY
ENTBL  ERE  w

*
» HEBERVED  RfiM
.

ORE  $R4le
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26B@ SCREEN HANBLER

igee
1@i1
8oz
1@az
1284
1825
188
1967
feas
igee
112
teil
iz

E4iE
£378
£S5
ESTH
Es72
ESTI
ES75
5T
£579
E5TR
ES70
ES7E
ESTF

PRGFG

ViDED
LINE
COLUMN
CURAD
DPABE
EPRGE
TEMPL
TEMF2
LINCNT
COLENT
XREC

R¥B
)
RMB
M
RMB
R¥B
B
RME
RMB
RME
RME
M8
KMB

9-12-8f RSEEMBLEUR TBE 888 PRGE 22

b

$2370

[V RTENTo R S B AW N R T L T

V.78
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2489 SCREEN HANDLER 9-12-Ei POIEMELZUR TED EBQE  PRGE  Z3
iBi4 FODE GRG  $F=DE
1BLE NAM WEYBOARD HOANTIER
1247 GeT PAC
1818
1813 ARt S AR ROK A o AT Sl
18z * #
1821 W KEYBIARD HANDLER #
@22 * W
1823 sk A S A o ob il ok sk A ok
1824
1825
1826 #
1@27 # I/0 RTINS
1028 ¥ —
1829 *
it ¥ iNITCV INITIRCIZATIONS
1031 # TINOGT CHECK FOR TYPED CHARACTER
1@ ¥ INAyT INPUT ONE CHERALTER
183z *
1234 8
10335 * EQUATES
iB3E >
1057 EB&2 VIAZL  EGY  ¢ER4p
1878 EQ28 DATRL  EQM s2E20
1R35 EBIQ DATAZ  EOL  $EEXD
1048 EE2!L EMBzl E0U $EBTL
i ERE chve?  ER! sBEIT
1842 ECE2 VIRMUS EN $E5ED
{843 EBFE SET¥EM BB $EEFE
1948 200R ORE BE 2
FEUIAVI oRE £y d
1045 ¥0Ez DDRE ERU
1347 6Ee3 CORA BB 2
1845 GIdd L EQ &
1248 @RQC BIR ICHE 1
1253 Begd IFR EGL 4D
51 GREE 1ER QY $E
1832 @gal SHIFT By s0i EHIFT LEDE
i85 @pAg REPT  E2U $09 REPERT CO0Z
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MEYRCGARD HANDLER

19EE

s

ST

1o FIDE
1EER FOb%
JEER FOIE
1281 FOEE
L2 FozT
196 FOYE
1254 FOFE
(8T FaR
L3R FARZ
ITET

(2EE FAIE
L35S FmE
1@ FaIs
g7 FRE
1272 FAZE
1877 PRI
1374 TR

—

M
xS
B
riy

1377 FELE

e Ak 2

-
1373 FREg
A
1981 fFatt
1gE TO%E
1287 FeS:
PO
-

iZES

A0

1275

T

ER 15T

iZ3

P

3R e i
TR CEIRT R R B

N |
o~ I ]

£
&

. < N PR
%8&-_];_[}#-::[3'

.,
=]

pa 7]

+ KEVBORKD 1

*

A0TaRl B
¥LB
o3
.-::\
con

g
ot

LS

'CB
]
SB
'"B
o
o

Lk
=B
=ok
FLR
“CE
soe
=

e

ey

9-12-5f OSGEMBLEUR TSC BE@R  PACE

TABLE OEFINITION

&

$10, $24, 933, $13, $BE, 52T, 435, §18
$12: 487, $14, $26, $C62, $32, 487, 418

19+ 480 515, 2B, $BR. $9D, 489, #E
$03: 411,491, $00: 584, 417, 4F 1, $R1

429, $BT, 487 428, ¢50, 458, 538, $3E
£29; 535, 433, $7r, 308, 430 $1F. $20
$1%: $12, $1D, 48D, $9C, 560, 520, 531k
522, 401, $22, 803, £33, $0Q, 423, 488

$1R, $24, 385 $13, $B6, 503, 485, 518
$12. $87, $14. 1EG, $E8, 482, $87: $1E

$13, $BR $15, 403, $EA: $9D- $89, $IE
9%, 11 601, 83, $B4, $17: $F 1, $A1
$83. $BC; $BF, $HE. $BC, $95. 488, $5€
00 580, $B0, $7F, 508, 2D, $1F, $20
$12, $1C. $1D, $00, $30, $80, 320, $1E
408, SR, 420, 330, $21, 439, 420, 903

£39 $44, $45, 403, 623, $47, 932, 638
B30 $47+ 54, $48: $33, $42, 474, 836
$39: §ﬂ3=555.$ﬁ 1 437« BIF: $3E: $4E
$83: $51: 441, 408, 431,457, 9F 1. $AL
£43, %4, ilﬂ'r $5R, $19. 920, $38: $2E
$0, 531, 3T $7F, 428, 40, 43F, $22
$33, %25, 75, 340, $31, 38, $39: %25
$00, 60, $T0, 323, 482, 312, 402, 43

370, 654, $55 §7 3. 972, 453, $7E. 5TE
$70: 887, §74. %22, 428, 552, 327, 47C
$...37 55":'\! 5'.': 5"‘:81 5€.Jf 42%_-: aT 5EE
RS, 6T 85, B, 25, 877 8T L, #R)
333, ¢ED, $8F, $58; 852, 43R, 321, 5’
STR, $B0, T2, 47F. 408, ¢82. 920, %
373, 870, 355, $BD, 029, 482, 3463 5
382, 352, $23, $33: $23, 512 522. 220

CIVEDSRD 3 OTOLLT GESTVITION

FIA, B5I BED $FT 300 408 428, £75
84 18l 9@3 77: 1Z3: 489, 522 482

325, 330 ¢ £5E. 300, £54, 510 302
0. 808 9»..#..4:5!. TR TR
$33, 412 z_Dua.ﬂ « $32, 533, $27
$33: %25, $BJ §2, %53
$20; 853, 875 47 B, 528, $39
DO T $3:.$32 B6- 20, 858

L

V.80
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HEYBOARD HANDLE

,.....,...,,.._.
o

T WU
h O -y

Pea
=<

!

(if FRis BD
1112 FEIREE
i3 Rl W
ilid
1113
il FBIE I8
iF FBAQ 87
1118 FBET 88
1113 ras W
11:8 rE22 87
Ha
1122
123
1124
1123
1126 FBZB GB

rB20 87
t838 BY

|

m -
‘.':'-]' m 1

[LalR )1l
fon pute

B2
£

1132 FBIZ 88 Ii
i1 THIZ BT LB
1131 FBIE 57 EB
1132 FEIB BB ZF
1123 =330 37 &8
1(Z4 FEGP BT EB
1135 TB4T EE 20
11IE FB4S BY 2B
Lis7

1132

1155 FRLE &F
LIS FBEY E7 8
ii6L FRSD 43
ith: roél BT EZ
IR FERR EE CT
Lidh FBRII DT EE
LIGT FEZZ BB IV
L1485 FEIT BT EE
1IAY

1143

L1430 FESR LB 2O
113 FBIT B
{121 POz 37 tE
$i3E FBEI 57 =B
1157 robg T i
1iT4 P37 89
1155 FEGB EFD
(13 FERR IR
1107 THEE I EF
T1S% FEED I3

(R O]
He

ety

[ )
[P

ae
dl

o a

&

ASSEMBLELR TEC EBE  2RGE

# /0 INITIALIZATIONS

oAb R

Ak bh

38
Loa A
312 2

INITVE
£:

; NITIACIZE SEREIN
SETHEM

e %43
vIEAUS+IER
I3rF
YIEMIG+PLR
VIAMUESDIRR

+ CNOGIED KEVEGARD N-KEY TULIVER

kY

INJTE2

&

LDA 7
Sth A
g0 A
LEA A
8T3 A
S8R A
Lo 4
STR A
5Th A
LBA &

Th o

i o

2
LHDE:
i
£581
CHGE:
CribE2
£$2F
CHOE:
£HpE2
£$08
EMDEL

* PORRLLEL 1/0 PURT

INDTVE

CLR &
3TA 2
iy

572
LR
273
L7a

g7k

43 2> U5 Ja A

il
L)
3
=
gl

[}

C
L W
IR = R

VIACL+ DRI

VintL+DoRE
£803
WIECLHPCR
£323
VIRLL+PCR

L

5
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KEYBOARD HAMDLER

ser
Arh e gk e R s S pea

P pm A pea e A peb
AR A A A+

—
g

1178
i17e
17z
U
1174
173
17
1177
1178
1179
188
1181
1182
1187
1164
1183
{16
1187
{1EE
L1189
1199
119!

1i582
1197
1134
1185
115€

131
1B
1198
1262
1281

1282
1283
1284
1285
1288
1297

1282
1289
1218
1241

iail

1212

-
1213

1214

FBES 85 4 C2
FB7L TF E6 13
F374 18

F275 [k &7
FBI7 F7 B2
FB7R CE 27
FBTD @39
FETE 26 F2
FESR FE ES 20
FBET Cé 02
rBE3 I7 0B
FRE7 (£ 22 W
FBER €3

FEBE 26 FD
FBED 73 B4 i3
FB92 20 &
FBSz Cb @2
FBYG F7 E8 2t
FB97 TF &4 12
£BSR CE CL
FBSC F7 EB 2L
FBSF 28 i1

13
oy

FERI 70 E& 1T
FERG 2€ L4
FBAE FF E4 CI
FBRI 36

FBAR 37

FBAB 70 E4 iZ
FBRE 26 CS
FBBé 80 8%
FEBZ FE B4 C2
FBBS 7D E4 13
FBER I3

FBBS 32

FBBA 33

FbBE BE EB 2!
FBBE €4 OF
FBC® 26 11
FECZ Bh EE 38
FBIS 64 &F
FBCT 27 38
FECA Be E2 38
FBEC CE FR BB

9-12-8%

¥

»

IPUT  LDA A BW=A
CLR  FLEIN
RIS

W

* REPEAT PACGCESEING

*

REPTR LDA B 847
SR B CMDEL
(R0 S K1

REPTAL  LEX
SN REPTAd
iBA B OATAL
AND B £2
Bl RESTA2
U £g2CE

REPTAL DEX
BNE  REFTAL
oo FLGIN
ERR  REPTAZ

REPTR2 DR B fI
8T8 B CmIEY
CLR FLGRRT

AEPTAT LDR B LT
STA B LMDER
ERR TINPEL

INPUTTET
e
87
PSH A
PG
187
ENE
EER
0¥
18T
EN
PUL A
TINPTZ RTS

¥

e -
[
Ly
34
[ ]
o

s

TINFT

P

fudl

FLGIN
TINFT2
BRVEX

o mnnT
FLORT:

REPTA
KEYE

SAVEX
FLETN

AECCHBLELR TSO oBR

4 GET THE CHARARCTER TYPED ON XTYBRARD

ST CHRRACTE
CLEBR FLAS
RETURN

READ FIFD BENGIR RAM AT ROK 7

DELAY 2FTER ZTMMAN

GET IATR

CHECY FOA RCPERY

ND MIRE REPERT
DELEY

SET INPUT FLRS

jy]

CLERR SEPZAT FLAG
<

CLERR INTEL 227S

FoTUAN

iF A CHARPCTER HAT BTN TYPIG

82T ENDODED SCAN XEY

e

CEbE

-

HuA

Bl

CHARROTER ALAESIY PRzZENT

YES RETURY
SaVE X
SAVE A

SHVE ©
REFERT 7

YES G0 PRCCESS REPERT
CHECK aRG REQD KEYECARD

RCATORE X
ST 2
AEGTCAS B
RESTCAL &
RETUSK

# CHECW AND RERD HEYRGARD

¥

KEYE LDA A
ARD A
ENE
LB &
A
3
L% 8
LY

CMpe:
{858
REVBL
CHDEZ
bk o
£EYSG
BRIz
£apTae?

CHETK WEVECHRD -

WE HAVZ CHAR,

THECK KEYBORRT 2

ROTHENG, RETUN
LEY CHAR.

AGCARESS OF YARLE 2

V.82



V.83

Manuel tecnnigue
HEYESARD HANDLER

[ A
L o0 o~y U oEn

(%)
I-

Pen PeE g Bk e ek e s
3 Eé [ L X

FBOF B4 5F
FBDL 23 @D
FEDI BE EB 24
FBBE CE F5 D8
FBD3 7D E4 i1
FBEC IE @2
FBOE B4 BF

222 FSEQ FF B4 (2
1227 £BEZ BB £6 Ci
1226 FBEE 24 €3
1275 FBEE 7C 54 CQ
1225 FBEB B7 E4 4
1227 FBEE FE E4 CE
1228 FBF 6 W
1229 FBF3 B7 B4 C2
1279 FBFS 81 At
{23t FOFS 27 88
1232 FEFA 81 M
{237 FBFC 27 15
123 FBFE 73 €4 13
1235 FCB1 29
(2%

1237

1238

1239 FCB2 7D E4 1
1268 FCBS 27 €3

1241 FC27 % 82
1262 FCBS 8¢
1243 FLOA BE A3
1244 FCOS BY S 2
1245 FCeF 73 E6 i
{266 FCi2 33
1247
1248
1248
125¢ FCI3 8D AC
1251 FCIS 70 B4 13
1252 FCIB 27 £9
1253 FCIG CF 4
1236 FLICFT EE 24
1255 FCIF 3 FF
1256 FC21 87 E4 12
1257 FC26 39
1355
1255
1260
1261 E6it
$262 E411
1287 E4i2
1266 EAL3
1265 Eild
1266 4D
1267 E4S2
1268 EALY
1288 E4LS
1278

KEYBOARD HRNDLER

s
A

KEYEL

KEYR2

KEYBZ

KEYEG
&
¥ EHIFT
-

GEHIFT
GERFTY

*

* FIRET
W
GREST

-
L)

FLGEHF
FLERRY
FLEIN

PITHE
ShveR
EayEY
Uiy

AND B
BRA
Loe A8
L0X
87
BNE
D 4
87X
RDZ A

BCE
INS

ETA R
L0
LhR R
g3 A
P A
Bl
CME R
BER
Lo

Ri8

LOCK FROCEESING

187
BEd

IR R

ree

LD% 4
§TA £

=

RTE

9-12-¢1

£93F
KEYH2
DRTR{
LROTEBT
FLESHF
KEYE2
I3RF
PTTAB
PITAB+]
KEVE3
PTTAR
PTIAB+E
PiTaB
@\X
SAVER
ESHIFT
EGHIFT
£REPT
GRERY
FLGIN

FLGEHF
BSHFT
£300
SxIp2
£$13
CMDE
FLOSHF

AZSTMELEUR TR

ONLY & BITE

GET CHAR,

6520

ATDRESE OF TABLE |
L2200 SHIFT LhE

PAGE

IF LOTKED, MAZK T8I 87

AODRESE GF CHRR. IN THE TREL

AGS CARRY IF Awy

GET RODSERS OF CHAR.

GET COBE
shve [T

SHIFT KEY 7

YES GO PROCESE I

REPERT KEY 2

IF ¥=5 G} PRCLESS 7

SET INFUT FLAS

RETLIRN

CHDH FLAG

EXIP IF LDDKES

LIGHT O

LIGAT OFF

SWITSH THE FLR:

RETUAN

TIME REPZRT HAS BEEN TVPED

gER
187
ELR

iDA B
B7R E
Loa A
8Tk A

RS

+ mAM SESERVED

356
R¥B
QMg

\Mz

[
=
[

KEY2
FLGIN
GREPT
£
MR
£45F
FLERPT

CHECH AND RES
CHER, TYPED ¢

q.‘! ATT
IR K

YEE SET ENIODTE S0 SENSD

-
~d

D REYBGA

SET RZPEAT FLA3

RETUAN

TS VBRIAELS INTORMATIONG

$ELLE
1

i
$eld
Z

i

o]

:

2

&
St |

—————————

wr

AS3ZMELELR T30

g
£22d

wmmn e
Lehi A

-

i

SiERT

=

4

e
-
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KTVEGARD HANDLES

—
[

e )
[0 B T I

n b pen
B3 83ty B R

e Ny |
FRgasl

(17 B's s )
A RD i

R L

k]
E-J 1

€

b F erh Fh e B e v R
Bp b 13 B2 b

« m

Fs 3

0
[e4]

,_..ﬁ.....-.
£ Fa B
Fe LA Y]
wd e =3

1298

pmp\.

3 by b
i

3

-

.
e

TRVt

[l

pew be
T N I R A N

1£) 133 U3 U

[ & B T bar]

£

;‘_‘-l
A
e C5d

e S T

[
=3
[2¥]

Eset
coad
ZBid
]
cees

=h ey EX

[ES IR I VS B 4 B oy
3o

T
‘11

£-4
]

a7
o

_d

-

5
Co
=
g8

D

-

3
z
2
=]

a-
T

N2M GPMON V1.4
T PAS
0%  $FCIS

V.84

AR oA o d AR R o AR koSt

= TERMINAL MOCE

*

*
*

o A AN SR e o

+
& ERUGTES

#

BoIpD EEU $£530

401RT
vial i

ALTACHE
8L
43

ACIA CUMMAND REGISTSR

ACIR DATR REGISTER

07U VIR FOR ACIS EYTEANRL CLOCK
Vift QUYILIARY CONTROL REGISTER
VIG T1 L0W ORDER LATEH

« INITIALIZE a0ift (0P

© S3=POlA COMNAND

% §e=DLOCK VIS

*

INIDIR DA B &3 MASTER RESET CI0E
STRE ACIAC  NESET ACIE
STR 8 BlIAC ENITIALIZE AQIA
L0% 3 £40D INE CLOCK FDR ACIF
ST3 & VIRCHER
STX  VIRDHTHLL INITIALIIE CROCK
AT TN

w

GUTPUT ONE CHARACTER 70 2CIA

TRTIZ B3 B
WL L6 B ACIAC
3 B
REY B
ol {8
3Th A AIAD
2L B
ATS
»
* INPUT ONT CHORBITER FRE
&
INDIS B3R CHKAU
R Tl
%A RLCA
WD A IeE
RIS
]

TN e
~ DHEDH FOR

=%

CHERZD DR 3 Qnisng
EIT R4
g

BAVE B-F%3
TEET AESDY

(1T NIT 3ER
TS Tnﬁh.

RTSAD roas,
AzgTIas ooRog

RETURN

Ame

AoM AatIA

CHECH FoR RECEIVED 28R,

N)T REALY

INPUT CRAS,
!

RESD BIOTLE
SHOW READY IR AT READY
FETURN



V.85
Manuel technique

CPHON Vi 4 9-12-31 ASSEMBLEUR TSC GBOE PRBE 7@
13z *
157 # PROGARM S3ARTS HIRE
233 #*
133z FC3T 80 FD CC COM J&R FLRLF
1333 FCOB CE FC €O Lo £RUEET A5K FOR SPEED
3¢ FOT3 M FD 91 JER foATHL
1333 FOSU ED FD 9B J5e INCH INPUT SFEER
1338 FCSF iR TAB BAVE IT IN B
\337 FCE2 D FOCC JEK FLELF JUTPOT CR/LF
9% rCeZ EL 38 CMe B [§31
1339 R 2789 337 Comi et [ 131
1348 FOET £t 32 CHP B 332
1341 FPCES 2B 22 EBNE CoM NOT ZCRRECT
1342 FCEB I 15 @9 LDX 51593 1282 BOS
1343 FCEE 28 8% 3RA Coxz
{344 FCTO CE &4 @8 CONMI ) £3E428 B3 80§
1365 FCTI 6 @ Con:  LDA A £f EVEN PRARITY.2 370° BITS,CLOCK/LE
%46 FCTS ED AR BER INICIA INITIALIIE ACIR
1247 ®
1363 FC77 80 #B A1 TERHM J5R TRACHR  CHECK FOR TYPED CHAR.
TG OFETA T IS BED TERMI NG CHAR.
{352 FC7C 8D FR EZ I5R NPT INPUT CHAR.
1351 FC7r 8D BS BER TORCIA MIT CHAR.
1352 #
1353 fCELED CA TERM1  ESR CHRACT CHECK FER AECEIVED CHRR.
1324 FCET 27 F2 BEC TERM NG CHAR.
1355 FCES E5 8C g5R INAC I OET ACCETVED CHAR.
i¥ae FCEY BD FD B2 J5R HITLR JUTPUT IT
1357 FEER I8 EB 5AR TERH CONTINUE
1158 #
1339 FEBLC 56 2EST  FLD Tzt

£3e@ FCBE 04 ¥ 6
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1362
1363
1764
1365
1386
137
1368
13639
1378
137
1372
1373
1374
1373
1376
IRTYS
1378
1379
1368
1381
1362

GPHIN

1386
1385

1388
1387
1388
1389
17%
1391

1392
1793
1394
139
139
1397
131%
133
1408
1501

1482
1483
1406
1483
1426

FCEF 37

FCY8 F& EE 4D
FE93 £3 1R
FCY5 27 F9
FCS7 B7 £9 48
FC9A CE C3
FC9C £7 EB 4C
FLOF CE B2
FCAL F7 €8 4
FCAL 33

FCAS 39

vi.é

FCAE
EAER
a3
@8zl
peean
i
Bdzn
il
#zD

ECo
2202
FBRL

8-12-8i HSSEMBLELR TS0 £28@  °RGE

Rekeskdokaohokot ot ok e bbbk ko

® #
%  PORALIEL PRINTER HAKDLER =
* ®

Pea R Mg e s e B2 LS SR

*
+ QUTPUT ONE CHARACTER TO PRINTER
®
POUT  PSH B 8aVE B
CPOUT [BA B VIACL+IFR WAIT FOR READY
BIT B f3%id
BER  CPDUT
STR R VIACL+ORB 2UTPUT CHAR.
LD B L$C3
STA B VIACL+PCR HANDSHAHE
LBA B I3E2
STA B ViACL+PCR
M B RESTORE B
A78 RETURN

9-17-B1 ASSEMBLEUR TSC 4230 PAGE

G e R R e SRR S R e R L L]

* =
& WINITOR ;
¥ L3

s e e sl i ke ok e e e

*»
» ERUATES
"
ROM EQI  4$FCAE
RAM EGL $E4Q2

S41 £l IF Skl GP CODE

SIRCL  EE  SP-NID-2 SIZE OF RAx 70 CLERE
iR EQH %D CARRIAGEE RETURN

LF gy R LINE FEED

PRAT  EQM '+ PROMAT CHRRACTER

N < MEMORY INCREMENT CHAR.
yo g]m - MENMORY DECREMENT CHAR,

W
K7¥ED  E3Y $cC22 K7/MODEM HANDLER AGDRESE

kAT

i

BASIC B ¢B0R2 ROYM BASIC EXECUTION ADDRESS

CEKCHR QR TINAUTY

V.86
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1488
1489
1618
1611
1412
1413
1414
1413
1418
1417
1418
1418
1420
1624
1422
1423
1424
1425
1426
1427
1428
1478
1630
1431
1432
1432
1434
1435
1436
1637
1438
14659
1442
1641
1462
1443
Ladé
1443
1668
1447

FCAE

FCRE
FCAE 4D
FCAT FD ED
FCAY 47
FCAR FE 37
FCRC 52
FCAD FF IE
FCRF SE
FCBE FE
FLB2 35
FOBI FE §
FLHS 57
FCBE FE
FCBE 43
FCBY FE 4T
FLBB 4
FLBC FE 4B
FUBE 54
FCBF FE &F
FCCE &2
FCCz fE 23
FCLG &4
FLCS FE 63
£

<]

m

&

FELT F2
FCCS F5
FCCR 4B
FOCR FR 37
FCLD 4F
FECE FE &C
FCDR Fi
FIDL FD 37
FCDI £2
D4 FC 33
FCOE F&
FCD7 FO 27
FEDS

*

CRE

§-12-81

ROM

RSSEMBLEUR TSC 6EZ®  PAGE I3

* JUMP TABLE TO ROUTINES PERFORMING GPMON FUNCTICNS

¥
FCTABL

CT8EN

£
FLE
FiB
FLC
FIR
Fct
FIb
FoC
FIB
FCC
L]
XN
FLB
FCC
FOb
*CC
OB
&
FoB
e
FDB
FIE
FDR
FCB
FiB
Fet
Fi&
FCL
FLE
FCR
FiB
FCE
FLE
FlB
FOE
22 H

*
M=M=
CHANGE
67 -G
GOTC
/R -R-
PETAK
N -y-
SETBRK
-
RETESK
/W -
DELBRK
it -~
CONT
N N
NEXT
3 -7-
TRACE
/B -B-
PNTBAE
o -0~
DUMP
HF3
DHBOGT
My -K-
WHAT
A -0
SWITCH
$r1
WHAT
$FZ

oo

L
WHAT

e

MEMORY THANIE

BOTC ENTERED ADDAZES

PRINT STREK

SET A BREAGKPDINT

RESET A BREGXPIINT

ELETE ALL BREAKPDINTS

CONT INGE

NEXT (TRACE 1 INSTRUCTIEW)

TRACE N INSTRIDTIONS

PRINT ALL EBREREE

HERGRY DUMP

-B007- EXECUTE DISK BOGTETRAF

LINK TO K7/MOBEM HAMDLER

SWITOH QUTPUT TO PRINTER

-BASIis~ EXECUTE 30N BRILD

-COM- TERMINAL MEZDE

~GR~ GRRPHID MODE
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GPRON V1.4 9-12-31 OSSEMBLEUR T5C G30@ PAGE 34

1448 "
1658 % 1/0 INTERRUPT SERUENCE
P
4 8 1D LDX oy GET IRE VECTOR
] RivISH |
1434 *
1453 # MM SEQUENCE
1656 *
1457 FSDE FE E6 892 OGWDWMN LS NI 8ET WMI vECTOR
14%8 FCE: & @ NP X

7
3
1

"7 w0

-
L
L

145 ¥
1458 * GWI INTZRAUPT SEQUENTE
I *

{452 FLEZ £

45T FLER &

o FEOSFED LK SWIt GET SWI VECTOR
JEP X

AN
S 3

t INITIRLIZATION/RESET CODE

[,
&
¥

5 % %

L6B7 FEeg IRETR B 4
1487 FUED E§ B8 FDB  STADK-7  INIT £0R nsoo
SWii5 INIT FCR “BMit®

1483 FCE3 FF 26 *3B

FCEC 28 @3 Bk BRG “BRR" INST IS5 REPLACED 8Y COND BRA

1471
1472 Flzz TE 57 OER J¥P HRNGGO INST IN RDUTINE WHITH DETERMINER
473 FCF: 7Z FF SU BAD JWP - EBRGO IF ERA 35 E0/NOGO
4TL FEFT ADREMD ERE e
1473 &
47  TONSTANT INITIRLIZATION
1577 #
IATE FCFY STERT &8l o+
1472 FLFA BE G4 3F LB £5THEND-1 SiPOINTER TG 29K
82 rOFT L FLFD WX LRDREND  X:POINTER TD #0M
620 FIFS fo A TTRRTE 3R A X SET NEXT CONSTANT BYTT
1452 FOFC 38 FEH R INIT NEXT RAX BYIE
1487 FOFD 28 3
1424 FCFE &0 T 27 £FX IRDRETR-1 END OF CONSTANT ROM ARZS
LGB TLRL R FY E ITARTY MO CONTINUE
»
= INITERLIZAVION 72 2
.
B FOE BHIPL. 514 VEIRBION NUMPER QU417 1931
RSN LIA B ESIRCL SIZT OF RAM TD CLEAR
aF RIS
o STRATI PEH 3 LLERR NEXT 3AM LICATION
A 9ED E EXYHIRE ZYTER VI OIN{T
ENE ETIRTIL YES CONTINGE

b OTHITTM TTZ 700

L P R S A |

1486 FIIC =2 26 24 (RPN

63 0 82 FE i3 RN HITIALIZE 149

PR A S
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15e1
1582
1507
1584
1595
1526
ize?
15
1588

ZiD
15U
1512
1512
i34

(i}
513

iNE
137
is1g
1518
1528
152
1222
1323
1324
1525
{32
1521
1328
1529
1532

FDi2

FB12 BE E4 T4
FDiS b FF &k
FEiB FF E4 3B
FO{E ED FI D4
FDIE TR B4 BB
Fh2! BD +0 38
Fozs 1k

025 BD FB B3

ri28 Ct #C ARG
FO2b £ 92
FOI0L 2T @F
FGIF B8

FDIT a8

Pt &

FD3z <C FC D3
FBIS & £
FOI7 BB N
FD39 85 FD 82

FOIC 2B D4

FOZE EE &1
FL43 EE a2

¥

* MAIN SEMMAND/CONTROL

#

CONTRL ERLG
LB 5P
EDX £SWINS
ETX Skl
ISR EROMPT
LR OuveH
J&R INCH
TAB
J=R G415

¥

£00P

RESTORE STRCK POINTER
RECTORE SWI VECTGR

PRINT PROMPT

MAKE SURE INPUT IS ECHOED
RERD COMMAND CHARACTER
SAVZ 1T IN B

PRINT SPACE AFTER COMMAND

* 8 AEalSTER HOLDS CHARACTER INPUT HY USER

*

NXTEHR

WHAT

SA00CH

£
EMp
BER
INK
IhX
13
s
ENE
LA
J&R
BRA

LDX

TMD
Rl

£FCTABL
& X
A

£FCTBEN
NXTCHR
£?
OUTCH

CONTRL

X
X

ETh

* HBE JUMP TABLE 7O 50 0 APPRTORIATE RULTINE

Ki= fDDRESS CF JUMP TRBLE
D3ES INPUT CHAR. MATCH ?

YEE.GB T0 APPROPRIATE ROUTINE

NG UPDATE INDEX

END 6F TRBLE AEACHED ?
NO. TRY NEXT COMMEND
NG MATCH PRINT "%¢

REPRGMPT USER

GET ADDREES FAXM 5.T.
50 TO APPROPRIATE ROUTINE
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1332 FD42

1533

1534

1335

1576

1537

1338

1338

13408 FD42 80 54
1561 FD44 B0 3B
1342 FD&E 28 CA
1343 FD4E €1 88
1344 FDGR ZF BA
1545 FD&C 81 14
1548 FD4E 2B C2
1547 FD38 81 18
1548 FDS2 2E BE
1349 FDS4 82 #7
15358 FOSE 38
1551

1352

1553

1356 FD37 20 1B
1333 FDS3 B7 B4
1356 FO3C BD ek
1357 FD3E BY E4
1338 FDRI FE €4
1539 FDB4 IS
138 365 80 Fd
15BL FDRE7 28 4R
1362

1267

1364

1565 FDE3 €0 D7
ISEE  FDEB 48
1567 FDEC 4B
1568 FDED 4B
1389 FDek 48
1578 FDEF 1B
157¢ FO70 €2 DB
1372 FD7Z B
1573 FD73 38
1374

1575

1576

1377 074 44
IS78 FO7S 44
1379 FDIE a4
1988 FO77 44
1581 FD78 B4 &F
1382 F1IA 82 38
1387 FO7C &1 38
1384 FD7E 23 @2
1585 fD3B &8 47
158k

B

ORG
*

¥
¥

#*

INHEX  BSR

INHEX2Z SUB A
Ml
CrE A
BLE
CHF R
BMi
CrP R
BGT
SUB R

IN{HG  ATS

¥

9-12-B1 ASSEMBLEUR TSC €333  Past

$F042

* BASIC ROUTINES

* INPUT HEX CHARACTER

INCH
£330
CONTRL
£
INIHE
f411
CONTRL
£418
CONTRL
£7

+ BUYILD ADDREES

&
BADDR  BSR
5TR A
BER
Sia A
LK
RTS
BADDRS BSR
BRA
"
* INPUT BYTE
*
EYTE  BER
BYTEZ RSL A
ASL A
A5t &
AEL A
TAB
BSR
a5k
T8
L3
* QUT HEXE BCD
#:
OUTHL LSR5
LEA £
LSR A
L5R A
ANG &
AoC 7
IKP A
BS
A00 A

TUTHR

BYTE
KHI
EYTE
KLOw
XHI

EAIDR
T8

INHEX

INHEX

L3¢
£$3¢
£438
QUTER
£7

NBT HEX

NOT HEX

NIT HEX

AEAZ 2 CHAR.

RERD 2 CHAR.

Ki= ADDRESS WE BUILT

BUILD RAPRESS
PRIMT SPACE AND RETURM

BET HEX CHAR.

OUT HEX L=FT EED DIGIT

QUT HEX RiSHT BCD DIBIT

T
-
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GPMDN V1. & §-i2-B1 AGSCMBLEUR TSC RBOB  PASE 37
1587 + BUTPUT ONE CHARACTER
1588 *
1589 FDE2 BD F7 F7 OUTCH JSR  OUTPUT  DUTPLT CHAR, TC SLREEN
155 FDES 7D E4 B3 757 PRTFLG 7O PRINTER ?
1991 FDEE 2E 9t BNE  POUTS IF YEG PRINT CHAR.
1992 FDER 35 RTS RETURN
1593 FDEB 7E FC BF POUTS P POUT
1584 ¥
1583 + PRINT DATR POINTED BY {-REG
1556 *
1597 FDBE €D F2 PORTA2 BSR  QUTCH TiTT DRTR
1582 FpS@ eg POATAT  INX
1595 FDS! & 22 poaTAL DA A& X
1EMR FDYT Bi & {¥P A 4 TOP IF €07
16881 FDSS 26 F7 BNE PORTAZ
{62 FDST I3 RTS RETURN
1627 *®
1684 * INPUT ONE CHARACTER
1665 #
{G@E FDSS BD FB Al INDH  JSR TINPUT  CHEDK FIR TYPED CHRAR
ie@7 FDYB 27 FB BEG INCH NOT READY
1688 FD9D BD FB EE J5R INPUT INPUT CHAR,
{E@S FDARQ 7D E4 @ TST  OUTEH SHGULD INPYUT BE ECHOEDR®
1618 F343 27 DD BER  CUTCH IF SO ,0uTPUT CHAR.
1Ei1 FDAS I8 RTS
H Vs ¥
1613 + QUTPUT BYTE
1614 *
1615 FDAG A6 08 Oz e R 2.X GUTPUT 2 HEX CHAR.
161 FDAE 82 INX
1ELT FDAS & UTZHE PSH A
1EiE FDAR £0 CE BSR  OUTHL QUT LEFT HEY CHEA.
1619 FDAC 32 PUL &
1628 FDRD 20 C5 BRR  (UTHR QUTPUT RIGHT HEX CHAR OND RTES
{e21 #
1€22 * GUTPUT RDDRESS
16272 *

{E24 FDAF 82 F5 QUTEHE BS5R DuTaH QUTPUT & HEX CHAR, 45PRCE
1623 FDBL ED F3 QUT2HE BER  QUTZM OETEIT 2 ATY CHAR, +SPASE
1B26 FDRI 68 2@ fute LIA £ I3 QUTRLY SPACE

1E27 FDBS 28 CE BRR  QUTCH {853+RTS)

iezg #

1628 # PRINT STRCK CONTENTS

1E78 *

1E3{ FDB7 BB 13 PRINT BSR  PCALF CUTPUT CR/LF
1&32 FDBS FE E4 34 LY &P FRINT QU7 E7A0K
{6833 FIOBC 82 INK

1834 FDBL 23 F2 BER OUTEZHE  CL-RES

1835 FDBr &0 F3 B8R QUTIKE  aCI-B

1838 F3C: 2L EE BE?  GUTIHS  ROC-B

1837 FOCT ED EB bR QUTEME {-REQ

1838 FOCS 20 EB B8R DUTAKE  P-COLNTER

16313 FDC7 CE B4 34 Loy £8P

1648 FOCA 28 £3 BRA  QUTEMZ  PRINT P KD SETURN
1641 #*

1E42 * QUTPYT CRALF
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BN
1E&4
1E42
7
147
1648
1843
1650
183!
1£32
{833
1634
1838
iB3E
1857
iE58
it

i
mom

(]
T

e S
3 IT
iy
[

(5]
(=]
[

Jen b
e
pragls
o 2

FoCC &5 20
FOCE BD B2
rDEd E6 2R
FODZ 22 &z

FDG4 ED FE
rOCE 8 2B
Fade 8 Ag

FDE@ &1 CD
FDE2 FE E4 DA
FDES 2B CR
FOET 17

FDES €0 BF
FOER 72 F2 37

¥
PCRLF

+

¥
DRmMET

*
* ERRDR
&

ERRCR

LA A
o5k
ibA A
ERR

+ QUTPUT PROMPT

BER

LR A

BRa

S-12-81

LR
QUTCH
iy
BUTCH

PLALF
LPRPT
CUTCH

RSSEMBLEUR TSC £BB@  PAGE

V.92

P
o

TPUT CR

QUTPLT LF
aXD RETUSN

0J CR/LF

OUTPUT PROMPT AND RETURN

D VALLE IN RG% DD NOT MATE

TRB
BER
LDBX
8E5R
LK
868
L5
BER

N3

PLRLF
£XRI
UTERS
I

OUTZHE

T4
AHAT

BaVE A

PRINT ADDRESS

PRINT CONTENT

RESTORE A

PRINT VRLUE 4€ WANT 7O 5T0%€
PRINT 7"
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1867
1888
1EES
1e78
1e74
172
{573
1674
1675
1676
1677
1678
1&7
HE>
&8t
(&g
1653
H
{EE5
188
1eB7
H
1EES
1E98
1691
a2
153
1ES6
1885
1836
tB47
1838
1633
760
179t
17ez
1783
17¢4
1725
178
1787
iTeE
1789
1718
i
ir2
1713
1714
1715
i71e
iy
i718
1713
7R
72

FOED 9D 73
FDEF BL 3B
FDOFL CE Z4 @A
FOF4 BD BS
FIFE FE E4 R
FOF9 BB Bt
FDFE 28

FDEC €0 98
FOFE 81
FEQR 27 14
TEDZ 81 2D
FE@4 27 OE
FEDE BD FD 44
Fz@Y 80 FD &B
FEEC A7 20
FEBE Al 80
FELQ 27 ER
FEL2 28 {&
FE14 88

FELS £5

FELE 88

FELT FF E4 @R
FEIR 85 38
FEIC 20 03

FELE BD 42
FEZ@ 8 89

FE21 €L

(=Y N

FE23 BB 21
FE23 8C

FE2E BB 11
FE2E 20 88

FE2A 8D 3&
FEZC 8E 83
FE2E SE 63
FEIR BB 83

9-12-81 ASBEMBLEUR 75C 6208  PAGE

®
+ =M~ CONMAND
+  MEMORY EXAMINE AN CHANGE
*
CHANGE BSR  BRDDRS  BUILD ADDRESS
BSR  PCRLF Dg CR/LF
CHANG  LBX  £XHI
BER  ZUTAHS  PRINT ADDRESS

LBX  KHI
B3R OUTZKS  ORINT OLD DATR
DEX

CHAL  BSR  INCH INPUT CHAR.
£MP B £DORN DOWN ?

BER  BLF YES
t¥P 4 P CHECK FOR Up
BER  UA

JSR INHEXZ  CHEEK FIRST BYTE

I3 BYTEZ GET NEW BYTE

ST A X WRITE BYTE IN MEMDRY
CMP 8 X CHEEK TF RAM

BER  CHAi GO INPUT MEXT EHAR.
BRR  ERROR &IT RAM

LA DEX SEC ADDR

FCB  GKIPY SHIP 1 BYTE
BLF INK INC RBDR
LFi ETX  XHI SAVE AIDRESS

BER PCRLF BUTPUT CR/LF
BRA CHANG CONTINUE
EH
* ~-U- COMMAND
*  RESET ONZ BREAKPDINT
*
RSTBRK BSR BADDRI PUT ADDRESS IN XHI. XLOW
LDS & £BKFPG! RESEY { BREAK FLAG
FCB BKIP2 GKIP 2 BYTES
*
# ~B- COMMAND
+  PRINT OUT ALL NON-ZERC BREGK ADRRESSES
q-.
PNTBRK (DR A £BKFPRT  PRINT BREAK ADDR FLAD
FCB SKiP2 SKIP 2 BYTES
*
+ -~ COMMAND
% RESET ALL BREBKPOINTS
W
DELBRK LGA A ZIBKFPGA  RESET BREAKS FLAG
BRR SETBZ
*
¥ —¥~ COMMAND
*  SET ONE BREGKPDINT

»

SEYBRE BSR  BADDRS  PUT ADDRESS INTD XML, ¥LOW
(RESI S St
BER  BRKSUB
D3 8 LBKFRCD  GET OME BREGKPDINT £L4G

33
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1722
1723
1724
1725
1§47
1727
1728
178
1730
173
1732
1733
1734
1733
1736
1737
1738
1733
1749
1741
1742
1763
1744
1745
1766
1747
1748
1748
{758
1754
1152
1733
1734
1735
173
1757
1758
1759
1764
1763
1762
1783
1764
1763
{785
17E7
=
1763
im
i
177
{773
1774
1775
1776
1

FEIZ BD SF
FEZ4 7E FD 12

FEI7 €D 29
FEIS FE E& 34
FE3C A7 07
FEIE BE E4 @A
Feal AT

FEAZ TC E4 1B
FE4E E 8 @1
FE4s 28 85

FE4B CE @0 @t
FE4E B

FEGF 8D 11

FES! 7F €4 1B
FES4 FF EA 2%
FEST FE £6 34
FESR EE GE

FESC BD FF 9RA
FESF & FF 47
FEEZ 7E FD 37

FEES BD FD €5
FEBE FF E4 EC
FEEB €D F5
FEED BG FD €C
FE7Z Cb 10
FE72 CE E4 BC
FETS BD FD £F
FE7E FE £4 &
FE7R BD FT BI
FETE FF E4 B0
FEEL @83

FEBZ EC E4 B8R
FEBS 27 AT
FEBT SR

FEBE 26 EE
FLEBR 20 £l

GPMON Vi, 4

1778
1779
1789
781
1782
1783

FEBT 77 E4 83
FEEF 28 BT

9-12-81 ASSEMBLEUR TSC e62@  PABE 4B V.94

GETB2 BSR  DBRWSUB  BREAK HONDLING SUBROUTINE
CTRLY  JMP  CONTRL  RETURN TO COMMAND LEVEL
%

+ ~(3- COMMAND

* G0 7O ENTERED ADDRESS

*

HBT0

85R  BADDAJ  GET ARDR. FROM USER IN XHI.XLOW
X  Sp GET VALUE SAVED WHEM ENTERING GPMON
StR A 7.X A-REG CONTAINS XiLowW
LDR £ XHI
STR & &X PLACE ADDRESS ON STACK
¥
¥ -~ COMMAND

*  CUNTINUE EXECUTION
¥

CONT  INC  BRKTRC  TRACE 1 7O RESTORE SWi’S
(1) SRS §4
BRA  TRACEZ

*

# -N- COMMAND

% SINGLE INSTRUETION TRACE REQUESTED
¥

MEXT X g EINSTRUCTION 7O TRACE
FCB  SKIPZ  SKIP 2 BYTES

*

% ~T- COMMAND

*  MULTIPLE INSTRUCTION TRACE

*
TRACE

BSR  BADDRS  GET N. OF INSTRUCTION T3 TRACE
TRACET (LR BRKTRC ~ CLEAR FLAG INDICATING TRACE IS DUE 70 BRERK
TRACES STX  NTRACE  SAVE £ INST'S TC TRACE
Lpx  SP X:=ETRCK POINTER
LDX &K X:=RDBR OF INSTR T BE EXECUTED
JER  SAVTRC  SRVE ADDR/OPCODE FOR TRACE
4P CONTRC  GOTO CONTIMGE TRACE
BADDR; JMP  BADDR
»
& -0~ COMMAND

+ MENDRY DUWP
;3
buRp

JSR  BADGRS  GET GVART ADDRESS

STX RSAVE  BRVE 1T

BSR  BADDRY  GET ENG ADDRESS IN XHI,KLOM
BUMPE 3SR PCRLF  QUTRUT CR.LF

LA B £1E 1§ EYTES 7ER LINE

LDX  £YSAVE  PRINT ADDRESS

JR OUTAHS
DUMF2  LDX  KBOVE  PRINT BYTE

J5R O OuTZRS

T{ XSAVE  SAVE NEW ADDAZSS

BEX

CPX  KHI FINISHED ?

BER  CTRLY  YESEXIT

DEC B DEC THE CBLNT

BNE  DUNP2  SAYE LINE IF NOT @

BRA DU NEW LING

9-12-Bf ASSEMELEUR TEC EGEEE  PRGE 4!

*
* -0~ COMMAND
*  SHITCH QUTPUT TO FRINTER
N
SWITCK COM  PRIFLG  SWITCH FLAG

BRA  CTRLS  RETUAN TG COMMAND LEVEL
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1783
178k
1787
1788
1783
1758
1198
1792
17197
179

FESL g6 €2

g-12-8¢

¥

RASSEMBLEUR TSC ztad

PRGE 42

* GUBROUTINE TO INSERT BREAK IN USER CODE

*

INSBRK
¥

* BRKSUB
*

10 A £BKFINS

# THIZ RIUTINE HANDLES BRERKPGINT GPERATIONS
+ THE CONTENT OF A-REG DETERMINES THE FUNCTION PSAFCRMED:

1795
17%
T
1798
1799
188
188!

31
183
1204
1883
1685
1ear
1588
1888
1818
1814
B2
1B{3
iE14
IBiS
1818
1817
B8
1815
1828
1821
1822
1823
1824
1825
1BzE
LB
iBg
1223
1638
1831
1832
1837
1834
835
1838
1837
ipzg
ie3e

)
@88z
2ees
2003
fett
ge2t

FEIZ

FE93 38

FED4 CE B4 4L
FES7 FF B4 K
FEBR 23

FESE 37

FEST RE @2
FESE ZE @2
FEAR 27 @2
FERZ C4 FB
Fend 8-

FERS T4 T4
FEA7 7D £4 &
FERR 27 23
FEAD T4 FO
FERE BC

FEfir C4 FE

FEB! 54
FEB2 24 B
FEBG A7 3%

FEBE 54
FEBT 24 @D
FEBEY &b 29

*
% B=BRFING s PUT BREGKS INTD USER’S £0DE
% ReBKFPE1 ¢ PURGE BREAKPDINT WADSE ADDRESS I3 1N
* KHI: XiLOW. ALL BRERKPBINTS ARE TEMPORARY REMDVED
*  A=BKFPOR : PURGE &L BREAKPOINTS
*  Q=BRFPRT @ PRINT ALL PRERKS, TEMP. REMOVED
¥ O=DKFRMV r REMOVE TEMPORARY ALL BREAKPDINTS
% B=BRFRCD + PUT BRZAX ADDRESS IN XHI,XLOW INTE THE
# FIRST ZERD BRERKPDINT POSITION;TEMP, SEMOvED
¥
BRFAMY EQU  %PJDORER:
BREING EQ4  %1Deasdid
BRFRCT ERY  xpduepial
BKFPG1 EBU  %do0igel
BRFPOR EQL  x@@dieen:
SYFPRT ERM  %20132831
BRKSUER =W
PEH A Bavz Q-REG
LDX  £BRKADR X PDINTS BRERK TABLE
BRHPE 87X X5ARVE SAVE X
Pl E GET FUNCTION MUMBER
PEH B UPDRTE STACH PRINTER
i A X LORZ USER CODT SRVED TN BRERM T23.F
LOX X LORD THE BREAKPDINTED USER RBDrESS
BEE  BRKFR! iF ARDR=0 NOT A BREGKPSINT
AND B f¢FE RECGRD NE7T ALLOWED ,M@3v FLAS
B ERIP2 BHIF 2 BYTER
BRXPBL AND B f3C4 RECOAD ONLY ALLDWED
BRKPEI 8T BRKSIN  ARE BREAKS IN USER'050E 2
N BRKFRZ NG
AND B f¢FD YES D0 NDT NRITE SWI IN USFR o008
FCE SKIPZ SHIP 2 EVTES
BRE?EZ AND B £4FE AVOID THAT BREAXS ZE TEMPDRORY REMOVED
¥

* BEWRITE

+

CODE 1IN USZR PRO

CRAM FROM BREAKSGINT TRELE

BREPZL LGR B PLRCE FUMITION FLAS IX CRRAY
BIC  BRKRZ FUNCTION NIT REQUESTED
ST e X REWRITE CDOE IN USER 72M
*
+ WRITE SWI'E IN USER CODE
¥
BREPZ  LER B
208 EAKPS
aa X SAVE UBER DR
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PAGE 43

WRITE SWI

ADDR OF BREAK IN BREAK TRBLE
BRVE USER CODE IN BRERK TRELE

GET ADDRESS GF HRERK IN TABLE
REXT FUNCTION

GET HI-BYTE CF NEW ADDRESS
WRITE IN TRBLE

GET LOW BYTE

GET FUNCTIEN NUMBER FROM STACK

£¢i1111B11 DO NOT PLACE ADDRESE MORE THAN ONCE

CONTINE TO TAKE OUT BREAKPOINTS

BREA(PUINT WHOSE ADDRESS IS IN XWl. XLOW

GET HI-BYTE FROM TRELE
COMPRRE

NIT THIS BRERK TO Bt PUAGED
B=T LER BYIE

TAIS BREAX IS 70 BE PURGED

CLERR BREAXPOINT HigH
CLEAR LIW EY3E

PMON Vild g-i2-gi
1B43 FEBE 35 H 8
1841 FEBC BB IF 198 8 &8s
{542 FEBE A7 2 aTe e X
154 TEC2 32 PUL R
1844 FECL FE Z4 & LOX  XBAVE
1843 FEC4 AT 02 gTRa 2K
1E4E #*
1347 + RECUAD BREAKPOINT IN TABLE
1B4B ¥
1843 FEDE FE E4 @ BRKPT  LDX  XBAVE
1652 FECH %6 LSR B
(B3l FECR 26 @E 3LC  BSKP4
{832 FECC EG EG @R 194 & X
1853 FEOF A7 B gia s X
1836 FEDI BG E4 @8 103 A4 XioH
18T FEDL A7 @5 STR A LiX
{B3E fEhn 32 PUL A
SE3T FEDT B4 B it
1838 FEDS I8 5K A
1859 *
1852 + PURBE
1861 *
1882 FELAR 54 BRKPL SR E
1227 FEZDB 74 B BUC  BARWPT
1264 FEDD RE 20 AR I
iGkT FEDF Bl E4 R CMP R NI
{2eL FEEZ 22 &7 BNz ERXPS
iBE7 FEES RE OB LR A ek
1368 FEEG B: E4 OB oeP A XLDW
1963 FEE3 27T @3 B2 BRKPL2
{872 ¥
1874 % PURGE ALL SREAKPOINTS
ig72 #*
1877 F=EE 34 BRKPS SR B
L5764 FERD 2é 24 300  EBRKPE
LR EX
ERY §
SREPOINT
SRKPT
OUTeHE

e,
T T
sthers

184 &

1EBS *

iTEE *

LERT FEFS i SRR INX

1220 FEFD ZE 4t

133 ScFB 22 BrlAzt INK

LIGE OFEFT L 4 L i 4 IR INE

83 FITTE 25 ExE AR

LB *

pal » WARP-UP FRUCEREZING

1356 ]

1835 SThL 7Y En WF STR ¥ BRCIIN
GEMON Vi 4 S-ir-at

1555 Frids I: FULR

L837 FFEE IR 378

PRINT 2REAKPOINT ADDRESS

Sx1P 2 BYTES

JPSATE LGOF INDEX AND LUDP IF RPPROPRIATE

¥ PRINTS T MEXT ADDR IN TEZLE

PROZ 44

UFDETE SYRDK PGINTEA
JETUAN
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1698
1900
isat
1992
1983
1984
198
1986
sy
1998
1388
19ie
1941
1812
1343
1914
1813
156
917
1912
1518
1328
192¢
1922
1923
1924
1825
1926
1927
1928
1929
1438
1931
1932
1833
1834
1955
1936
1837
1938
1938
1948
1881
1942
1943
1944
1945
{948
1947
1848
1549
1538
195t
1852
1933

Frie

FFBE BF E&4 34
FF#3 86 81
FFEB BD FE 3

FFOE 7@

FFRF &0 @&
FF11 26 82
FFIZER 85
FFLS EA 26

FFL7 EE 85
FFi9 BC B4 84
FFIE 27 B

FFLE
FFiE BD D B
FF2i TE FU 12

FF26 BG E4 &
FF27 37 €2
FF29 7D €4 §
FFAC 27 &

FF2E 7F B4 1@
Fr3l BD FE 91
FE36 7F B4 84
FFST IF 26 8
FF3A I8

FFIB BO FD 87
FEIEFEZ4 %6
FF4: 98

FFaz 7+ 24 B
FF45 27 D4

*

8-12-B1 QSCEMBLEUR TSC 5838 PRGE 45

* SWI SOFTWARE INTERRUPT PROCESSING

*

SHILIE ERU  *
5§18 5P SAVE USER'S SP
LIR A LBKFRMY
JER  BRKSUB GO TAKE OUT ALL BRERKS
* DECREMENT P-CONTER
T8X X:=ETACK POINTER-i
BT B IF LONER BYTE=G : BORROW
BNE  SNILS]  BRANCH IF BORROW NOT RERUIRED
DEC  SiX DECREMENT UPPER BYTE
SWliSt DEC  EX DECREMENT LOWER BYTE
* TEST FOR ADDRESS TRACE OR BREAK
X 5 X:=P-COUNTER
CPx  TRCADR 15 SWI FOR TRACE ?
BER  TRCINH  YES,GD TO TRACE INT HANDLER
&
* BRERK INTERRUPT HANDLER
#
*
* ~f~ COMMAND
*
PETRK EBU  *
JSR PRINT STOP AND SHOW REGISTER TD USER
ONTRLZ JKMP  CONTRL  RETURN

*

* TRARCE INTERRUPT HANDLER

* P-COUNTER HRG BEEN DECREMENTED TD POINT AT 54l
# TRCING HOLDS GF CODE REPLACED BY SWI

+ X HOLDS RDDRESS OF WHERE TRACE SWI IS

*

TRCINH EDA B TRCINS  GET OPCODE OF TRRCED INSTR.

ERA @Y RESTORE TO USER'CODE
TST  BRKTRC 15 PROCESSING TO BE IMMEDIRTELY CONTIMUED ?
BER  NBKTRC  DRANCH IF NOT

»

+ PROCESSING 5 TO “CONTINUE®

W
CLR
JER
CLR
CLR
RTi

%

BRKTRC  RESET CONTINUE FLAG

INSBRK  INSERT BREAKS IN USER CODE
TRCADR  NO MORE TRACE. 50 CLERR ADDRESS
THCADRHL

CONTINGE

* TRACE IS DUE 70 N OR T TRACE COMMAND

*

NBKTRC JSR
LDX
DEX
a7

BER

W

PRINT PRINT STACK

NTRACE T £ OF INSTRUCTIONS 70 TRACE
DECREMENT COUNT

NTRACE  AND RESTORE

CNTRLZ  BRANCH IF ALi TRACES DONE

# TRACE NOT DONE - TRACE NEXT INSTRUCTION
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1934
1955
193
1957
1958
1939
1968
1961
1962
1963
1964
1965
1966
1967
1968
1368
1978
1971
1972
A FAS
1574
1975
1976
1977
1978
1979
1980
1984
1982
1983
1984
1885
14986
1987
1988
1988
1993
193
1992
1993
1994
1995
19%
1997
19%
1999
2002
2081
aha2

2866
2007

2083

FF&7 BE £4 &
FF4R BT E4 38
FF4D B0 6F
FF4F 4D

FFS8 20 2R

FFS2 32

FFS3 34

FF54 98 1D
FFS6 86

FF7 7€ E6 38

FFOR 86 02

FFSC FE €64 @4
FFSF E6 08
FFEL €1 6E
FFB3 27 44
FFES €1 TE
FFB7 27 51
FFE3 C1 AD
FFGB 27 3C
FFED (1 BD
FFGF 27 43
FF71 C1 3B
FF73 27 38
FF75 C1 38
FFI721 X
FF19 €1 3F
FE7B 27 13
FF7D C1 88

FF7F 26 0D

FFB1 FE E4 84
FFE4 AE at
FFES 28

FF87 @8

FFEB 2A 84

FFER 83
FFEB 4C
FFEC 26 FC

5-12-B1 ASSEMBLEUR TSC 6888 PRGE 45

CONTRC LDR R TRCINS  BET CURRENT INSTRUCTION
STA A BRINS SAVE IN CASE IT'S A BRANCH
BSR  OPCBYT GO GET £ OF BYTES/TYPE
15T A CHECK FOR BRANCH
BPL  CKOBRA  DHECK FOR OTHER THAN BRANCH

*

* RELATIVE BRANCH TYPE INSTRUCTION

* DETERMINE WHERE TO PUT SWI

* § HOLDS PDINTER TD USER STACK AFTER SWI

®

ML A GET CONDITION CODE

BES UPDATE STACK PTR RFTER PULL
ORR A *2DD12829 MRKE INT'S INMIBITED

TRP RESTORE USER'S C CODE REG

JMP BRINS G0 SEE HOW RELATIVE BRANCH FARES
™

* BRANCH WAS NOGD - PUT SWI AT NEXT INSTRUCTION
%
BRNOGD 1D R f£2 R:=f OF BYTES BFTER CURRENT INSTR.
*
* INSTRUCTION TO BE TRACED IS NOT A BRANCH
*
EKBBRA LDX TRCADR X:=TRACE ADDRESS
DR B DX GET INSTR. T BE TRACED
EHP B f36E IS IT A JUMP, INDEXED
BER  JWPIDX YES GO SIMULATE JUMP IDXED
CHP B £47E JUMP EXTENDED ?
BER JHPEXT
CHP B £34D JER: INDEYED 7
BER  JWPIDX JUMP IDXED IS SAME RS TRANSFERT OF CONTROL
{MP B £%BD JSREXTENDED ?

BER  JHPEXT

CHP B f43B RTI ?

BEQ  RTISIM

CHP B £439 RTG 2

BER  RTSSIM

CHP B 183F SWI 7 IF SWI USER DON'T INCREMENT AGDR.
BEQ  BRG2

CMP B £38D BSR ? IF YES BRANCH PROCESSING
: NOT A BRANCH, JUMP, RTI. RTS
* R REGISTER HOLDS £ OF BYTES IN INSTRUCTION
) BNE  BRGI PUT IN NEW SWI AND TRACE NEXT INSTR.
: BRANCH WRS G, PUT SWI AT ADDRESS BEING JUMP TD
*

BAGO DX  TRCADR  X:=TRACE ADDRESS

LR A 1IX GET BRANCH OFFSET
INX OFFSET IS RELATIVE TO
INK INSTR FOLLONING BRANCH

BPFL.  BRGI BRANCH IS OFFSET POSITIVE
* X NEEDS TO BE DECREMENTED (OFFSET NEGRTIVE)

BRGODC  DEX DECREMENT ADDRESS
‘INC R INCREMENT CDUNTER
BNE  BRGODC

V.98
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o3t
21t
212
213
214
215
21t
017
2014
2018
22
221
w02
A
2024
W23
xN%
a7
228
o ts]
2070
231
2832
2033
2054
IS
203
2T
2038
2239
2048
2841
2042
2043
204
2845
2046
2047
2048
2043
2058
2851
w52
2053
254
2853
2856

FFEE 80 15
FF38 80
FFO2 £ F
FF34 A7
FFS6 BE €4 34
FF98 28

FFaA

FFOA FF £E4 @4
FFID A6 BQ
FF9F B7 &4 BE
FFA2 39

FFRT @8
FFhh 4R
FFAS &D
FFRG 26 FB
Frag 39

FFAS A6 @1
FFRE 3@

FFRC EE @3
FFRE 20 DE

FFB2 38
FFEL EE &
FFBY 20 DB

FFES 70
FFBE EE @7
FFBE 28 IE

FFBA EE @1
FFBEC 28 D2

9-12-B1 ASSEMBLEUR TSC €288 PAGE 47

* CONTENT OF A IS @

BREI  BSR  INCX
BRG2 BSR  SAVIRC
LDA R £5]
sTAAa X
RYIPC LBS &P
1l

*

INCREMENT X BY RMOUNT IN A-REG
GAVE ADDR/OPC OF NEXT INSTR TO STOP ON
REPLACE INSTR. WITH SHI

GET ORIGINAL STACK POINTER
TRACE ANDTHER INSTR.

+ SUBROUTINE TO SAVE ADDR IN X INTD TRCADR AND OPC INTO TRCINS

*

SAVTRE EQU  *
5T
AR A X

STR A TRCINS

RTS
*

TRCADR

+ GUBROUTINE TO INCREMENT X BY CONTENT OF A

*

INKLP  INX
BEC A

Y T8V A
BNE  INKLP
RTS

*

INCREMENT X
DECREMENT COUNT

IF COUNT NOT YET @ LOOP
RETURN

* JUMP, JSR INDEXED SIMULATION

*
JHPIDX LDR A 1.X

T5X
1)) SRR §
BRA  BRG!

*

* RTI ENCOUNTZRED
*

RTISI¥ T5X
{51) SN VI ¢
BRR  BRG2

*

* RTS ENCOUNTERED
*

RTSSIM TSX
X X
BRR  BRG2

¥

* JUMP, JSR EXTENDED
*

JHPEXT LK LiX
BRA  BRGZ

Ri=ADDR OFFSET

GET TRRGET'S X REG
UPDATEX TRACE NEXT INSTR

GET P-COUNTER FROM STACK
GO TRACE NEXT INSTR.

GET RETURN P-REG FROM STACK
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2858
2839
2060
2061
062
2863
2864
2865
206k
2067
2868
2883
2
an
2872
273
2874
275
2078
a7
2078
279
2ie8
2881
2p82
2883

2863
2886
2087

2089
2058
2031

2893
28494
2895
283
2897
8%
2999
2108
2iel
2@
2183
214
et
2106
21@7
2188
2ies
2118
2t
2112

FFBE

FFBE 16
FFBF &4
FFLO 44
FFCL &6
FFC2 &4

FFC3 CE FF DE
FFEE 80 DB

FFCE 6 W
FFCA 26 08

FFUC 86 @2
FFCE €4 @D
FFDE Ci &
FFD2 26 9t
FFD& 48
FFDS 39

FFog

FFDE @1
FFD7 31
FFDg 82
FFDS 81
FFDA 81
tFo8 @81
FFEC 82
FFDD 23
FFOE @2
FrOF 82
FFEQ @2
FFES @3
fFEZ 3B

9-12-81 AGSEMBLEUR TSC 6B3O PAGE 48

*

* OPBCYT

*

* THIS ROUTINE DETERMINES THE £ OF BYTES IN AN INSTRUCTION
* GIVEN ITS 0P CODE

*

* INPUT ¢ A HOLBS THE 0P COBE

*

* QUTPUT & X HOLDS INDEX OF TABLE ELEMENT
* B NOT RESTORED

# { HOLDS £ OF BYTES IN INSTRUCTION

+ £XCEPT FOR BRANCHES IN WHICH CASE A IS NEGATIVE
®

BPCDYT B =
TAB B:=0P CODE
LSk A
LSR A
LSR R PUT 4 UPPER BITS OF 0P CODE INTD
LSR A LONER 4 BITS OF A

LY  £OPBTTE  X:=RDDR OF TABLE
BSR  INCK INC X 7O POINT TO CORRECT ENTRY

Waa X GEY TRBLE ENTRY
BNE  OPBTRT  IF NOT @ THEN NG FURTHER PROCESSING NEEDED
*
# IF TOP 4 BITS=B OR € . THEN THERE ARE THB CLASSE
* OF INSTRUCTIONS : 2 BYTE INSTRUCTIONS AND
* CE.BC AND BE WHICH ARE 3 BYTE INSTRUCTIONS
&

iph A £2 £ OF BYTES IN MOST GF Bf INSTRUETIONS
BND B DxRBOS1181
CMP B £YE2081122
BNE  OPBTRT  ND . RETURN
I A £ OF BYTES IN INSTRUCTION :=
OPBTRT RIS RETURN 10 CRLLER

&

* (F CODE TO NUMBER OF BYTES CONVERSION TABLE

*

* £ BYTES TOP 4 BITS OF OPCOBE

%

OPBTTE EBY  #
FCB { 8
FCB i 1
FCB 2+%{ 220323 2 MINUS = BRANCHES
FCB
FCB
FCB
rCB
rCB
FEB
FiB
FCB
FC8

3
4
3
&
7
8 £ BYTES=2 EXCEPT BE,EE
3
a
B
FCB £

0 A P P B R e e e

£ BYTES=2 EXCEPFT CE

Y.100
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3PN UL 4 g-i2-Bf OSSEMBLEUR TSC 6823 Fabr 48

213 FFES 22 FCe 2 b
2ite FFE4 B2 Feg 2 £
Ti13 GFEC & - I F

CPMGN Vil G 9-12-81 GRESEMBLEUR TSC cE2@ PADE 5@

287 *

» JUMP TABLE T PASIC ACUTINES OF GPMON

s
=
i
e
x

& CRG  $FFEE

5 7= FD $2 JMP CINTRL  %ARM START ENTRY POINT

S 72 FR AL J¥P CHKCHR  CHECK FOR TYPED CHARATTER
Cr+hEe JMF o BUTCH OUTPUY ONE CHARACTER

2i26 FFEF TE F3 98 JMP INCH TNPUT ONE CHARACTER

223 FFFZTEFI T J¥?  PDATAL  PRINT SURING POINTED BY ¥-RES
2l FreS R D I SMP PLRU PRINT CA/AF

2 *

2B + INTEARLPTE VECTORS

8 CRG  sFFFE

25005 FDB iG RESULAR INTERAUPT

A FLET FER  SFEL ECFTWARE INTERRUPT

© FC OB FLB PUNDWM NON MASMRALE INTERRUPT
213 FEFZ FDFG FOE 8787 RESET INTERRUFT
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GPMON V1.4 9-i2-81 ASCEMBLEUR TSC 8832 PASE  §¢
2176 *
ane) * RAM - LOTATIONS DEVOTED TO VARIABLE INCORMATION
2138 *
2129 4T ORG  RAM TART OF RaM
2140 O@8E MBRBPT £ B £ OF BRERKPZINTS SUPPORTEZ
2141 *
2142 EADD Y G I/C INTERRUPT PRINTER
2143 E4B2 NI e 2 MXI INTERRUPT PLINTER
2146 #
2143 * THE FOLLOWING ARE INITISLIZED T ZERD AT STGRT
2158 ¥
2147 E4D4 TRCADR RAMe = TRACE ADDIESS
2168 EA4BE NTRRCE RMR 2 N, OF INSTRUCTIONS TG TRROC
2143 E4BZ CUTEX R¥B i GUTPUT EWITCH (B=SC40 INPUT:
2157 E4DS PRTFLE B i PRINT FLAG
2{51 E4BA XHI RHB H X REG HIGH (TEMP:
2132 E4EB KLOW  AMB i X REG LOW
183 %
2154 E4BC XSAVE BB %
2155 e4Be RHE 2
2156 *
2E57 Z4BE TRCINS RMB i 0°CODE REPLATED BY SHI IN TRACE MapE
2158 E48F BRKEIN RMB i 1=BREFHS GRE IN USER PoM
2158 E412 BRETAE RME 1 1=P-CCUNTER IS AT BREAWPRINT AND
2168 * USER WANTS TG CONTINUE - ONT TRECE WILL
21t * BE DDME AND ZREAXEDINTE RESTORED
2162 E4d RKE 3 RESERVED FOR IG HANZLER
2183 B4l B E FREE SPACE
2164 *
2185 Eal BRKRCR AME  NEREPT#I  BREAKFIINT GODIESS TARLE
2186 E43 BINE T3 »
2187 *
zigk + THE FOLLBYWING ARE INITIA_IZED AT STRRT
2183 *
2i78 E434 ge Hak] 2 USER STRCK PLINTER
2171 E43E SWlt RME 2 SkI VECTGR
2172 E43E ER[NS B 8 ETORESE FOR COWDITIONMAL PRANDH S0UTINT
2173 EA4l BAgNEN e W END GF ERANCH ROUT INE+1
2474 *
2875 » BTACK
217E *
2177 EG4D STHEND /M3 128 ARY L8ED FOR SIRD)
2178 E4BF BTRCK & i START OF STACK 4%EA
e 3
Zing *
2181 3
21ez END  ETORT
2183 END

AUZINE ERREUR DETECTEE

v.102
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THBLE SYMBIEES

ACIAC EBGC
AOTREL £O0

BRODRS £D&5
BELLL F&CQ
BKFRCD €225
BREL  FFEZ
BRKADR E4IT
BRKPRI FEAT
BaKPY FEEB
ERKSIN E&QF
EVTE? fDES
CHIARCT £CAD
L.ERARI FETC
COLERN 572
EONT  FE4T
CFOSY B

CPOuT  FLS@
CRYRET FEIE
CURDEF FRed
DRTRSY EBFZ
BECCLY FEED
DELER¥ FE2&
DYAARD EERQ
DOWN  822E
JuMPl  FEED
EMTEL FYDE
EREDSZ FIle
£Els  FEDL
SLYERT FE5¢

fUNCTE FBG2

BePLT1 FAER

GOM3E FATS
oMPT E4R2

LER O EALY

80X EADE

Pyl
GINIT F4if
goTe FEIF
GRR?E  ¥44B

GSHIFT FL@2
GTEXT FadF
#OPYz  FO1Y
INtHE  £D5%
INCLNL FTiG
INIT  rElE
INPUT  FEZE
0V E4E
¥EVEL B3
LFL FELT

LDEPL FEAF
MR FTIT

w1 EAR:Z
G2BTTE FFD2

QUTAHR 7353

aAnTa

ACIRE zEAD
=0TRE2 FRDE
BAsiC SE¢2
BKFING @82
BRERMY Q3R
BRGZ  FFYR
BRUINS E434
HAXPAG FEBL
P2 FEEE
RHSUR F2OT
DIEP FEBEC
CH<CHR FBRL
CMBEL EB:
cav  FLAT
DUNTRE EFGY
CPUSE
Ck paee
CRTATL Sgel
CURDx B

DRTRZS ER
DECLN F723
Dol il F7R7
DHARDT FabE
DRAGE  E3TS

[or =R v 4]

b= (b

[ I o S W e | g | B
5.2 B o U o R o B S e Y - SO 3 g} oy -

F
OTURY EY
BIY £
TMOVE Fh

CPasy
SACING F3p2
GEURY FLRF
GYRRCE FART
HEPYS  F9ZD
INGTIA FC4T
FFRS
INITE: FEZB

it}
en
[ x2
£~

INZBR FESL
JHPZIT FERA
REYE? FEER
LINGNT E57D
L3Pz FESF
i e

NTRACT £498
2N FTEE
CLTZ«S FTEL

A0R BB
ROVISL LTF2
BELGE] FRDL
BAFPGT 4225
BLF  FEit
BRSE FFEL
BRuFZ
BRKPz FEES
HHKPE FEFZ
ERETRD E618
CHRL  FOFC
CHUBRG FF3C
CMpEZ  EeT
cowt L7
CUNTRL FDEZ
CPOST FB4B
CRTC EB7R
CRTIAR FERAE

0 FEE
DERY  Z2BT

R

DECLNG FTZIZ

DELLIN F7AD
DAR00E 2512

GFEDIV FEBF
oMdY  FLED
SFREY  F333
GRZPT
GElPY  FAD
HADRF
HiME  FEDT
INCL
INHEX D42
INDTOV FRIE
INVERS F2E4

TS e | oty T
AU abA TTHd

WEYED FEEE

L EETE

FRRLT FIIF
NEAEPT 8R0S
T L s e
NYIOHR FUIT
an e
3A5 A

e o
L TanE FUAF

AEEEME IR TED

ADREND
BRIDR
BELDEL
SKEEGR
BRANEY
BREIDC
BRA=RL
ERNP3
BRKFE
IRNDE
THARS
CLERR
INTRLT
i
CPLE
CFIEE
ERTIL

TR

INCH

INHEXZ
INITVE F
INXLE
K7HCt

REYEL

Fors
rhsT
FELF
ol
£a43
FrER
Fefs
FECE
FEE
~FIR
FOFi
FEDS

S PAagE 2

ADRATR FLER
BRDORJ FERZ
BELlL  FEEE
BRFPRT 22zl
BR3  FCFL
SRING E4IS

BRHFE2 FERF
BRKPL FEDS
SEHFEL FEFB

8YIE iR
CHANGE FDED
CLEARL FiEd
SOLONT Z37C
COMASL ZBE
CRGEL FEEF
CPIEFG 2617
CRTINT FETS
0 ':E'":
JaTPr EBIR

DzCCL  FEF2
DELRY
GRE2IT F302
OMARRT 2214
aup

ENFLT F

BB
EREDSL *3F%
ECEFG Ed4lc
TITEIN FLDS
TUKIT FEll
L2V FL
GOIRD FERD
M= FLOE
HGORTTE FASL
£053%  FIER
GINFY  FRIZ
3050k FD3

OPRET FRE3
GSHFT1 FC@R
GRY oDl
HOPYE
IFR  ofED
INCLN
INICIA FT20
INITVE Fo7t
IH
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OFMEN WL 4 3-12-3! RESEMBLEUR TSC SBB@  9RSE 33
JUTTUR F753 CUTH. #3274 SUTHR 7078 SUTPTY FRdf QUTRUT 777
Gyt #2E7 CUTEW zdEe PASFS Tl PAEMED FETI FCR 228
SIALF FICE FORTAL FD31 PORTAE FLIE NATAS FLER INTSRK FEZZ
FLLT  FDER POYTE D3P POWa FL5E PRINT FDE7 PROVPT FDEL
FRPT  TRCR FRTFLE 2423 PETRY FFiE 7UIA ELER REBT FLEE
B4 ATRbY FiZ REFT  22R3 AEPTH TE7S RZPTAL FERRA
FB3: REFTET 75ED PTG FETD REzzRY F330 AZBVE FO34
FEER RI_MID FETF W TEAE RSTERY FEL RTIPS TFSE
Freg AT FEIR ATEEIM FFES SGV=R ZiC2 SAVEL  E&D3
SFER E830T FEEF STRELD F7CE SCROLL F7EE SECRIL £BF2
R SETR2 FEI2 STORX FEZR SETMEM £BFS SFzI  FLE
IZRi SINVES FIBB SAIP RS ZKIPZ  Z3BC g? E424
FRE? SiABI FEEC STROK  E4ZF STARES E522 BTRRT FLF4
FITA BIMEND Efip HI I EWII  EGTE
Frie 5] EWITCH F2i2 SIRCL B3R TILL &304
2378 ES7E TEay  FETY TERMD FER TEST FB23
Azzé FBEZ TINPTZ E3ER TINPUT FBRL TORCIA FO7E
FELF gecil THRCEZ FE4 TaZAlR Z4D4 TRCINH FF24
t4eT ! i FEL4 HORTD FUEF P izl
BN FTIR 2820 VEASID FREL YIAD e VIRDL EBed
YIAMES EgEd £573 Vi A VizHR  EATS wRIT PRI
ahaT 7537 B4R X4 E4EE KREG €377 {8AVE  EdRl



V. 1Us l{idllUEI tecnnique NAM RBASKT

2 3pPT #aG
3 W okl ok ko sl bk bl FokAR
4 *
S ® Gestion moden 38D bauds ( cousieur acoustiaque )
E *
7 # casseties GBE hauds
g *
g * A. Berit - Janvier 81 -
i *
11 e T N SR e R
12
17 EC2B O9GRON EQU  $ECO@
14  E&FS CRGRAM EGL  SE4FS * manosyvre RAM
15 a2dd 0 EQy @ % deplatenent pour imelantation REPROM
B B DEFS
12 *
'S * agdressey des peripheriaues VI 6522
21 w
2 EBEB YIAT £ 3£5L0
23 #
2% 2028 iRB gt @
25 D0RD ORB By B
& fage IDRE  EQY 2
27 oeBC PER EQU 12
2B *
29 * 2qUivaiences monitour
R *
3t FFEF INCH  EQU $FFEF
32 FFEC DUTCH  EQ  $FFEC
T FFEE MOMIT  EQY  $FFEE
36 FFF2 PDATR £ $FFF?
B FFFS CRLF  EQU  #FFFS
Ik FDEY INAD  EBL  4FDS7
= *
3B FFFZ CHAIN EQU  PDATR
18 FFFS RCLF B CRLF
48 *
41 ¥ zones diverses RPM
42 *
43 EGL4 ORG $E414 zone RAM initiatise? a @ av RESET
& E4i4 BFLAG  RMB 1 drapeay eour tamson
43 E415 EFLAG  RME H drapaay BASIC
& E418 ORG  4E419
£7 419 MG RMB i
48 E4FF ORG  CRGAAM
45 E4F% avit M 2
58 E4F7 g2  fMB 2
51 z4F9 8’ 2
32 E4FB VX4 RMB 2
33 E4FD 53 fmB 2
36 E4FF STACK RMR 2
3% ES@1 NESEAIS RMB i * nombre 42 tantatives
5B £582 LRCC Rty i * LRC Catcyie
57 %583 Lre RMB i * Longuesr Partieltle cajculee
3B ESes CRECL  RMB 1 % caracters facy
L *
] ¥ byffars pour echange de mossases
£t ¥

B2 E5BS Bl e 5

&l E325 SYN EBH Bl

St 2336 L £ Bisl ¥ at + 2
&5 ESRE i EQY B143

& ES09 ENG EQ¢  Bi+

87 L

ES E50A B2 M3 &

&9 S8R 504 £y 2

73 ES@B LPB2  ER B2+l
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RBASKY

T ESEE

12-9-81 7TSC ASSEMBLER PAGE 2

Sa2 QU B2z

72 ESHD 81X B B43

3 L

76 ESOE BY RME 1

73 ESeE 13 B B3

76 *

71 ES@F BAK Mg 2

78 ESOF RCKNAK  ERY BAK

79 ESid S23 Bl BRK+L

&2 ®

81 * RAM pour modem BASIC

82 #

87 ESii ERRE  &MB i tode d erregr

24 EDNI2 PTBUF ®MBE 2 POinteyr tampon

B3 ES14 BUF e tamooy BE octets

8t ESE4 ENDEF  EQU » £in tampon

a7 ®

28 * RAM mamoouvre poyr cassette

£8 *

9 ESE4 ETID RMB 2 * 2tiagette demandes
51 E5&E ADRESD RME 2

92 ESER ADRESF RME 2

93 ESEA CSUM  RMB H

9% ESER COMPTR RME 2

93 ESED ETIQLLY RMB 2

9% ESEE AD EGY  ADRESD  ADRESSE DEBUT

97 ESES AF EGU  ADRESF  ABRESSE FIN

RBASKY 12-9-Bt T5C ASSEMBLER PAGE 3

99 ECed ORG  {RGROM

1@t ¥
102 ¥
i * Vecteurs de brarchesent pour MON et BRSIE
184 ¥
185 £C08 7E EC & JMP O KMON+D  COMMANDE K MONITEUR
186 ECQZ 7t £C 8B JhP SPrdD ENVOI PROGRAMME BRSIC
1@7 ECBE 7E £C A0 JHP  RPMOD RECEPTION PROGRAMME BASIC
i88 EC@I 7E EC DC J¥P GDMOD ENVOI DONNEES
189 ECBE 7E ED 18 JMP  RDMOD RECEPTION DONNEES

110

VECTS

V.106
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RBASKT

113
114
13
e
117
118
119
iR
121
122
{2y
124
i25
1€
127
128
123
1R
i3
132
12
13
135
13
137
138
139
169
i41
142
142
144
143
14b
187
148
144
158
151
152
153
154
13
1%
157
138
8
160
16l
t€2
163
184
185

ECOF BF E4 FF
ECIZCEFZ I
ECIS BD FF F2
ECLE BD FF &F
ECIB £1 5S4
ECiD 28 @9

ECIF EO 2D
EC21 €D 38
EC23 BD ED 4D
EC2E 280 22
£C28 81 52
£C24 26 07

EC2C 80 8
EC2E BD EE F&
EC3L 24 18
ECII B1 45
ECIZ %6 @B

EC37 8B 13
EC3S 8D 23
EC3B 8D 2B
EC3D BD Fi 14
EC4B 28 83
EC42 B1 &L
EC44 26 @5

ECiE 6D A2
EC48 BD F1 7E
ECAB 7E FF E6

ECSE CE FZ2 3&
ECS1 BE FF F2
ECS4 BG FD %7
ECS7 FF ES EE
ECSA 28

ECSB £ FZ IF
ECSE BD FF F2
ECE! BD FD &7
ECE4 FF ES €2
ECE7 I8

ECEE Ok 20 32

12-9-B1 TSC ASSEMBLER FAGE

4

Bestion d2 ia commande K moniteur

* = F X =

KMON 8BTS  STACK
LDX  EMLERT+D

JER  CHRIN
JBR INCH
£wP A £'7
BNE  VOIRR
* TRANGMISEION MONITEUR
BSR  DARD
BER  DAF
JSR - EI4D
BRA MM
VOIRR £MP R 'R
BNE  VOIRE
* RECEPTIGN MONITEUR
BSR  DAD
J5R  RI+D
BRR  MON
VOIRE {HP A £'E
BNE  VEIRL
* ECRITURE CASEETTE MINITZUR
BGR  LAD
BSR  DAF
BSR  DETIQ
J5R  EZEsD
BRR  MON
VGIRL ©CMP R £'L
BNE  MIN
* LECTURE CASSETTE MONTTEUR
BSR  DET:@
JSR  LI¥+D

M JHE MINET

IS

¥ demande? adrasse etiguatys
%

DAY LDX LMAD+D

JSR CHRIN
JER INAD
STX  AD
RTS

DRF DX EMAF+D

JSR EHRIN
JER  INAD
5 &
RTS

DETIR L2X {7870

KHON
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RBASKT

iEg
127
g
o8
172
i
n
173
174
17
i7E
177

ZCEB £ ED B4
ECEE DE F2 48
£C?i BD FF F2
ECT4 BD F EF
£277 81 @D
EC79 27 @B
ECTB BT &9 54
EC7E BD FF £F
ECEL 81 2D
ECES 27 23
ECB5 BT ES 65

ECO2 7E FF F5 DETI(M

STX
LDX
JER
JER
CHP 4
BED
STR A
JSR
cHP 4
BEQ)
gTh A
Jup

12-9-81

£T18
FMETIRD
CHAIN
INCH
1480
DETIGK
£
INCH
£$80
DETIEX
ETIQ+H
ROLF

TS0 ASSEMBLER PAGE

* qui fera te RYS ..,

V.108
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Manuel technique

RBASKY

162
181
12
187

4
i

185
186
187
183
148
198
194
1%
183
194

4
i

198
197
i98
193
i
P}

2

pr'cd

ECEE BF £4 FF
EC2z B0 45
ECSE fe @2
EC92 BT E5 &8
ECY5 AE Bl
EL97 87 E5 &7
ECSA AE B2
€030 BY ES 48
ECOF A 83
ECAL BT E5 &9
ECAL FF E4 FD
ECAT7 BD €D 4D
ECAR 20 22

ECAC §F E4 FF
ECAF BD 24
ECO1 AR 02
ECBI BF £5 6
ECBS A @1
£CB3 87 5 &7
ECHB FF £4 FT
ECBE BB EE F&
LC1 FE E4 FD
ECC4 Bo 25 £B
ECTT A7 @2
ECET BE £S5 €9
ECLL A7 &2
ECCE 7F 4 15
ECDY FE BG4 FD
ECD4 39
ECDS 72 B4 1D
ECDE 7 ES 1
£C5B 39

ECRE BF B4 FF
clDF 7F 24 3
ECEZ 2B F

ECES 7D EA i
ECET 2B 29

ECEZ {E ET 4
sCEC FFES 12
ELzF T3 EL 14

12-8-81 TG0 ASSEMBLER PABE &

# IBRS
*
¥ intarface BRSID --} ioaiciel modes
E3]
*
# EMISGION PROGAAMME BASIC
*
SPMDD 5T EBTALK
BER INBAS
LR A Q.%
5TA A4 AD
LDA & i.X
STR R A+ ADRESSE DEBUT
IR R 2.0
8T A AF
LBAA X
ETR A AF+1 SDRESSE FIN
11 S ]
JSR El EMISSION
BRA  RETB RETTRR BRSIT
*
# RECEPTION PRODRAMME BASIC
¥
HPMBD S5 STRLK
EER INBAS
DA A B X
5TR A AD
Lok A X
St A £0+1 ADRESSE DESUT
57X BViE
JER ORI RECESTIDN
LBK BVES
iR A AF
aTa A& 2:X
LA A AF+1
STA R X ADRESSE FIN
RET® CLR  ZFLAG
LBY  5VKS
75 RETOUR BRSIC
INBAS COM  EFLAC
CLR  =ZRaB
RTS
N
+ EMISSION OOMNEES ERSIC
*
SOMCD ST STREK
S8TX  BViS
BER INBAS
8T BFLAE
BNE  SDHi
£DK LRIF
STY  PTEUF
Lo EBFLAG
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RBRBK?

253
234
233
23
237
238
238
248
241
262
243
264
283
2648
247
208
249
258
251
R
237

253
29
237

A
£

209
260
261
262
283
264
265
266
2&7
i
2t8
27
N
2n

ECFZ FE E5 {2
ECFS A7 08
ECF7 82

ECFB 8C ES 64
ECFB 27 €3
ECFD B1 @D
ECFF 27 83
EDB! FF ES 12
EDRS 2B CB
ED@E &2

EDS7 FF ET 6B
EDBA CE ES 14
EBBD FF £5 EE
EDLE BD ED 4D
EDLZ TF £4 14
EDIE 20 Be

EDE BF EG FF
EME FF E4 FD
EDE BD BS
ED2G 7D L& 14
ED2T 26 oF
ED23 CE ES 14
ED2E FF ES BB
EDZB FF ES 12
EDE BD £ FE
ED3L 7T E4 14
ED34 FE ES 12
EDIT A @8
ENZ2 @8

EDIR BC ES &6
ED3D 27 09
EDIF 21 @b
ED41 27 @5
ENT FF ES 12
ED4E 22 BC
ED4S TF B4 14
ED4R 200 B7

8M1 LEX
ET& A
INK
£PX
BER
EMP B
BER
87X
RETB1  BRR
SpMz  DEX
ary
Lo
5TX
JSR
ELR
ERR
¥

12-9-B1 7TSC ASSEMBLER PREE

PTBUF
3 X

LENDBF
5EM2
£3p
soMz
PTHUF
RETR

as
£BUF
A

£l
BFLAG
RETB

+ RECEFTION DONNEES BRSIC

¥

ROWOD  E7S
eTx
BSR
187
BNE
LBX
81X
87X
JER
£oM

ROM:  LEX
LoA &
INX
£PX
BER
CHp 2
BEDR
&Y
ERA

ROM2  CLR
BRA

STACK
SY¥S
INBAS
BFLAG
ROML
£BUF
AD
PTRUF
R
BFLAG
PTBUF
2.

£ENDEF
RIp2
240
ROM2
PTRIF
RETE?
Brifad
RETEL

V.110
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REREKT 12-9-81 TG5O PSSEMELER PACE 2
273 ¥ ----- EI3
27 *.
2n ¥ Emission Zone de (AD) a (RF)

278 *

279 EDAD BEES &8 E2 (DA A AF+ * catcyt Lotz A - RD + ¢
280 EDSR PR ES &7 SUB A AD+i

281 ED3I LE TR

282 EDS4 BE ES €8 LR A AF

28T EDS7 B2 ES 6B SSC A AD

284 EDSR 24 €5 B  AlK

285 EDSC 86 81 LA £l

286 EDSE 7E F2 7B JMP ERREUR+D

287 EDEI CE 61 A0K A B £1

288 EDEI F7 ES @7 STR B L4}

Z89 EDEE ES 0 ADC A I8

298 EDES BY ES & STh At L

291 EDEB €8 1E LOAR & f41E i preparation Bl
292 EDED BT ES 95 §TR £ oYW

293 EDT@ 4F CiR @

294 EDTI BT ES 81 8TA £ NESSRIS

295 E5S74 B7 ES @B STe A SR

29 ED77 €% @% iR e £5

297 EDT9 BT ES 89 STR A ENR

288 EDTC [E ES €2 EBL 10X £B1

299 ED7F O 85 ibg 8 45

T82 EDBL BD EE B JBR EB+l) # amigsion 21
Jet EDB& CEED TC LDX  fEBI4D

I@2 EDET BD £D £S JGR  ATTARR+D

387 EREA CE ED DI EBSUIV LDX  LERI+D

34 EDSD BD EE B2 JER CALCLP+D

305 EDYM B7 £5 @B STR & LPEZ

T ED9T BE @1 hA % praparatior B2
W7 ED9S B 5 @R TR £ SCH

M EDSEBREE @ LDR & 51

383 EDYB 4C s * +++ 41 cEqUEnCE emission 4
30 EDSC BT ES & 814 £ 5l

Ji O EDYF B7 ES & 873 o 802

312 ERAR2 BE @2 AR £2

313 EDAR4 B7 ES 4D BTR a4 81X

ket *

I3 EDAT CE ES @R ER2 Lox  £82

e EDAR CE %4 LR E 4

I17 EDRC BD EE iE JSR ES+B * 2155100 BT %
TIE EDAF TF £S5 @2 CLR  LRCC

Ti9 EDE2 FE ES EE LDX AD

32X EDES FE ES 2T tBR B LFC

I EDBE D EE 35 JGR EMOTSSD  * emigsion DONNEES
3z EDEE BE ES OC Lip A LRCC

12T EDEE BR £€ 47 JER  EiMITHD % ewission LRC
T2 EDGY BE BT [T ]

F25 E05T BD EE 47 B = * emizgich =7F
I EDCS [E ER 67 il fb

37 EDC39 BY €5 % IR
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£opR
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S
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EDES

e
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=ren
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st Fy g
£BF7
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o
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T
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TS
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Manuel technigue

RBAGK? 12-9-B1 T3 ASSEMBLER
g2 EEXT I PSH A
387 BRI BB EI @2 Ap: A LRIE
394 EEIR BT 23 ! ETh & LRCC
388 ERIE 2 PUL &
e I SLEEY J8R EIMTHD
TET EEAD 0B INK
3B EEAI SR 9C B
IE3 EEG4 Z3EF ENE  2MOTS
%% EEGE T4 RTS8
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RABASKT

3%
394
355
I8
397
5%
39
488
421
&2
483
484
485
A0
a7
488
403
418
411
412
413
416
4
416
417
418
413
428
421
42
427
424
4
426
427
428
423
438
431
432
433
434
433
435
837
438
438
442
441
442
843
1)
443

Wil
231
226
2171

EE4T 37

EE4R 36

EE4Y FF E4 FO
EEAC B 6D
EE4GE BT [B E2
EEG! BE £8 EC
EESE 94 F1
EESE €A a0
EEDE BY £ €O

EESB 86 28
EESD CE P2 &2
EEER BD EE &£
EEEZ BE EE EC
EERE ER OE
EEEE BY EE BC
EEED 32

EeEC CE @B
EEGE #C

EEEF TE

EE70 25 24
EE72 8D 2
EE74 20 2D

EE7E B6 28
EETE B7 B €2
EE7B CE 81 7!
EETE 80 2E
EEEG 2@ 21

EEB2 37

EEBI L& 28
EERT B85 &2
EEBT B7 EE €2
EEBR CE @0 iC
EEED BD 1F
EEBF 26 28
EE91 B7 EE &0
EEZ4 CE 2 1B

ToU ASSEMBLER PRCE 1t

L K

ok
&
Sk
Xoo
XaB
NPER
XiE

&

EiMCT

DERE

EMRIT

ook
EMISt

ke

EMETRD

EM:P

Emission 30 bavds

detais eour transmission

EBU
Eo
EQU
£l

PE B
PEH &
8T

Lba A
SR &
Loe A
aND A
ORA A
SR £

Lp? A
LDX
JER
LDA A
0Ra R
CH AR
PUL A
DA B
il
PEH A
BCS
BER
BRR

156 A
STA A
LDX
BSR
ERf

P5H B
Lo B
LoA A
sta g
£0X
EER
iR A
STA R
Lpx

28
o)
13
389

SV

X1 128283 » P 5 £T & EN SEATIE
VIATHADRR

VIRT+PLR

£511110001

LIPPROIIBE » CR2 = @ syre nsc,
VIBT+PCR

£vBP182009 » PR §-5 = 1/2
£3

DELRS *»
YIAT+PLR
FEERE2I11B » €AZ = 1
VIAT+PCR

pulse sy £ 85 us

S¥YRl. 08

fit ¥ start + E sits + 2 stors
* PIUT Stary initiat
* S3Uvar zaractere decale
EMISE
EMeIR]
SHIFTC

£X22100022 »
VIAT+(RR
EXIE

DELART

guIFTL

PBE-S = 112

ENPER

£421 {2280 + PBE-S = 1
VIAT+03B

LX8H

DELRE

£r2022200¢ + 7B5-S = ¢
VIAT+0RE

%8B

vV.114
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RBASKY

44E
447
448
449
458
451
452
433
454
455
436
437
438
439
4ER
46!
452
483
8E4
483
4tk
A&7

V.115

EES7 8D 15
EE3II BA

EESR 2€ £9
EEST 86 28
EESE B7 EB &0
EERL I3

EERZ 39

EERZ T2
EEA4 B
EERD 4F
EERE 54
EERT 28 Ck

EEAS FE E4 F3
EEAC 33
EEAD 38

£ERE 23
EEQF 26 FD
EZB1 38

sk
BHIFTE

Wk

¥
DELAE

Wl

BSR
DEC B
ENE
LDR A
ETh 4
PUL B
RTS

PUL A
StC
ROR A
BeC E
BNE

LDX
LB
kTS

9EX
BNE
RIS

12-9-8!1 T80 ASSEMBLER 7AGE
DELAI
EHi

£400100982 = FBE-S = /2
VIRT+CRE

EMBET

BVKE

BELAT

12
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ABASHT

47
&71
472
673
474
475
33
577
478
475
422
651

£82

423
454
LS
436
587
488
583
492
431
432
43T
456
435
43
k57
43
459
=0
S8t
582
sa
<2
=25
536
587

]
[ I |

il
Cd a3 e

A L €8 N ¢ 0N oo O 2 e o
Pt pa e gem b n

w9 ~d T LH f-

[ Yty

O
EERS FE ED G
EEZE 2% 27
TEBR I

EEEE 31
EEBC FE E6 F
EEBF GE 0

n

EECL B8 E5 @&
EEC4 2C @7
BECE 88 ES @7
EECS Bl 5%
EECE 28 B2
EECT E& 0B
EZCF BY ES 03
£Er2 33

tThI BE ES B
ECOE BB T
EED3 BT 2%
EEDL BE z2
EEDr 59 20
ZEEY B7 ES

N e
=1 4

H

(&)
i

——

bl
zz?
EEER B7 5
E==D BE E5
ESF2 g2 2
EEFZ 27 BY §
ZEFD I8

e
oo
ey

i

LEA NN =]

=

il

o

12-3-81

TSC ASSEMBLER FRGE

13

* Bous Programess communs Emession Receation

CALCH! de Lonsueyr Part:eiie { tailte d un Blog )
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MAX1
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¥
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*

ADJADL

recatant 2 emetire o 3 regavolr

a7x
LEBX
Bt
INB
HiS
L3
Ny

LIA
ENE
Lo
%3
8Ly
LoA
5Ta
R1S

A

g
a
fi
B

ar Ao

i e w i e el ]

42 A% X > FA

i

Ll

X

GVKL
94

MRK:
L+l
EX-T
STLPE
L8R
LT

# L =@ retour 8 | adresse o 2xception (X )
% regjusterent du Soinseur de pile

H

*

Lar .

A0 := A + LPC

)

2k
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RBASKT

S22

23
o524
325
52k

-

Dl

(42
yen

ZEFE 4F

EEF7 57 E5 &1
EEFR CF E5 25
EEFD CE 83
EEFF BD EF DA

EFBZ CZ EE FR
EFPS BE £S5 @
EF@S 81 1%

EFh 2& 2R

EFdC BE B3 &
EFQF 2B @5

EFI1 BB ES 38
EFt4 B @3
EFlk 8D EF
EFL3 CE EF
EFiC BD EE B2
EFiF 7C E5 @8
EF22 B2 E3 B
EFZG CE 24

EF27 8D EF DA
EF2A 7F B3 B2
EF2D 3R £5 @R
£FIG 2 A

EF32 2& 17

tF34 BE ES @B
EFST BLES &
tFIR 26 BF
EFIl 8h £3
EFIF Bl £5
tr4l IE 87
EFag 25 £3
tF47 81 82
or49 27 2%
Trag (L FF FF
EFAE BD ZE
EFSL 22 2%
EF33 FE E5 &8
EFZo FE 25 22
EFS3 BD FD 2t
EFSC 03
EFEDh FF
EFGR EE

%
£9

i
&

bl

ES 68

oF&:

—
b

55 9 10
ELES 82

78

rad

it

12-3-81 T5C ASGEMBLER PAGE 14
#
*
* Reception Zonede (ADY a CAD 3 + (L)
»
L3
RZ iR A
STA A NESBRIS
A8l {8 £Bi
LA B 5
JER RB4D * reception Bl
¥
LDX LABL+D
LD & Sy
tMP A 316
BNE RI1
s A S|
SNE RIL
LDR £ EMND
Gk A £S5
It JER  ENVRERsD
RBSUIV DX ERET+D
JSR CALCLP+D
IN (51031 % i +1 sequence /M
g2 (21} 4 £B2
Lbr B &4
JER RB+D ¥ reception dehut B2
CLR  LRCC
{JA A S
51 SR
BNE  RIZ
LA R LPRZ
P A LR
ENE RlZ
LA & 53z
CHP 5 0§
e 2
Sy 57X
EMP R L2
58 REL B2
8lz LK L4FFFF # VERIFIZR ST SUFFISANT 744/
DELSAUT JSR DELAIYD ¢ laisser passer (es sonness ...
ERR EXViAK ® o avant d spyvorer NAK
RBLIEZ LDX A
DA B LPC
JoR RMITS+D  # raceatian DONNEED
LEX
STX AF
iNK
§
JER RIFET+D  # pocsption LRD
CHMP 8 LRCC
EER  RETX



Manuel technique

RBASKY

575 EFESCE 11 11
57t EFeC 208 E2
577 EFEE BD FR 18
576 EF71 Bl 8%
919 EF73 28 @b
380 EF7S 86 00
5Bl EFTT 28 @2
582 EFTY BE FF
58T EF7B @7

SB4 EF7C 3B

585 BFTD LEEF 22
Sot EFEe 32

587 EFEL 8%

o8B0 EFB2 80 18
583 tFe4 BD EE DT
550 EFET ) SR
391

S92 EFES CEES &
393 EFEC Ce 8
594 EFEE BD EF DA
585 EF9t CE EF 83
596 EFS4 BE ES O
387 EF97 81 %4
598 EFSS ED @1
593 EF9B 38

£

gal

o2

£az

&84

2]

637

Gee .

6@ EFSC &7

&% EF9D Ib

E11 EFSE FF E4 F5
£12 EFR1 @

613 EFAZ 27 @7
Bl4 EFR4 85 @F
E15 EFRE 7€ ES 81
Bl EFRY 22 @3
&17

£iB EFAB £ BB
Ei% EFAB 5F

B30 EFRE BT ES &F
821 FEFBl F7 £5 Ot
BZ2 EFB& BG ES 8
£33 EFB7 BT ES 1B
E24 E£FBA CE ED &
£25 EFBD C& 82
b2h FEFBF BD EE 16
€27 EFC2 BE £S5 B
£28 EFCT 8L 84

LDX
BRA
RETX  J5R
CHP A
BAR
ENVACK LPR A
B
ENVNRK LDR A
ENvV2  TPR
PEH A
10X
ML &
TAP
BGR
JER
3RA

RBI LhX
LBR B
JE&
LDX
LDR A
tHe &
BSR
RTS

12-5-81 78C AGSEMBLER PABE (3

£$iiil

DELSAUT % laisser passer ETX
RIMOT+D  # reception ETX

£

ENY2

i

ENVY2

£4¢F

£RE2+D

ENVAGR
AGJADL+D
RBSUIV

£83

{1

fB+5 *  reception BY ( £07 )
£AB3I+D

EAT

£4

ENVAZR

okl e

ENVoi Accuse de Receetion

¥
™
¥
® I=1 =) ACK et  B-)NESGRIS
L3
*

I=8 =) MAK =t controls NESSAIS :: 4

ENVAGR  TPA
PEH #
87X
Tap
BEQ
Leh A
INC
BRA

£AK LDR A
CLR B

STABR STRA R
5TA B
iDA A
TR A
LDX
LbA B
J&R
LbA &
CHP A

Buxt

ERK

£15 t NRK Bgoid
NESSAIS

STRBE

% #  ACK Asci

ACKNARK
MESEAIS
St

837
TBRK

£2

EB+D *  epission buifar ACK ou NG

+ 3eq

NESSAIS  + contvaler i Moins o9 4 essals

£4

V.118
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Manuel technique

RERSKT

523
A
&3l
632

&34
£33
B3
637
£38
B39
B4
B4l
£42
E43
B
€45
648
&4?
&48
b3
£SR
51
£52
£33
£56

£38
&57
€58
£34
EER
BEL
2
£63
&84
EBS
BEE
EE7
gEs
&63
E7d
&71
&72
E73
E74

EFCY 27 &C
EFCY 32

EFCA 86

EFCB 26 81
EFCD 33

EFCE 31

EFCF 31

EFDG FE E4 FS
EFDT BE 29
EFDS 86 83
EFD7 TEF2 TB

EFDR FF E4 F7
EFDD 37

EFDE €6 7E
EFEQ B7 tB B2
EFE3 5F

EFE4 BE EB €2
EFE7 B4 @1
EFES 26 FB
EFEB (E 81 2
EFEE BD £ A
EFF1 5C

EFF2 C1 14
EFF&4 26 EE

EFFE BE E2 €@
EFF3 B4 &t
EFFB 27 F9

EFFD FE B4 F7
FEBE 33

Fobi 8D @
Fees r7 a2
FBes 8B €5 Q2
Foge b7 ES &2
FIZE @8

FEsl SR

Fomp 2t F2
FORF 35

12-8-Bf TSC ASSEMBLER PAGE &

BER  ERRZ

PUL A

T4p

BNE INSAK

f78 * === retoyr pormai ===
INSAK  INS

NG ¥ ajyster pointeur de Lifa *

LBX SVl

J¥P BX ¥ FRtOur 4 excestion
ERRI DA A £3 *  2rrayr —-=} retour

JMP ERREUR

Recaption d2 Bioc advesse { X 3 iong, (8}

***E

RB ST svi2
PSH B
LbA A feBiifiiie
STR A VIAT+IDRB
ATTIRD CLR B
TBE@ LDA A VIRT+IRE

AND A £t

ENE ATTIRD

X £312

JER DELAI4D % enviton 2.5 ws
INC B

CMP B £28

BNE  TEED

# on 25% sur dy zero initial sur S8 ms
TBR! LR R VIBT+IRER

AND R £

BE? 78R
* on a detecte |2 o52udo bit S0P

1) S

Pl B

RMDIS  BBR  RIMOT
§le 8 B
a0 A LRCC
8Th B LRCC
INX
BEC B
ENE  RMOTS

T8



Manuel technique

ABAGKY

&77
g78
£79
&80
b8l
&3¢
£87
EE4
£B5
EBE
£B7
£EB
£E3
599
N
g3z

8

2id
gnz2
geik
BEED
BEEZ
aeen

t

TRl
FRi

[
X

°F £4

9

FBi4 25 EE ED

I
Fgi9

s 91
21 rd

FRIB CE 8@ 4

FRE

ED 4R

FQ28 BE 22 =3

Fezz
Fezs
327
Fg24
FBzC
FOZE
Fd2F
B A
FOZ4
I
A
FAI0
raIE
Fdai
P43
I

28 C
B 84
0 25

T

i S

T 7E

g4 8.
2r e
BG 21
BS £8
ZE TR
2i

BS EE
i
&
32
Ct 22
gk <
3E EB
88
e
E7

oo o
-t I P oOn

a1

.
-~

[t RS LEY aen b 13 3 KR gy ot
[ I 3 ?‘S [ IR TRy 8 £ = X3 (2] )

-
<o
s
£g

g3

12-9-B% 750 ASSEMBLER PRGE {7

Reception 30 bauds

*'!"!'ﬁ-ﬂl-

¥ definition des constantas de deiai

KSTOP  ERG 20
XBi EH 533
Xz M 2%
CIAR B 148
IAR B 28
X3 R 24B-6

RINOT  PEH B
E1 S

RCC EDA A VIRT+IRB

AN A £t
BER RCC ¥ recherche du Siop
LEX £X570P

BSR  DELRIR
i 4 VIRT+IRD

MDA £l
BER RCE # PEd=1 instable re-chercher
g £ #* PR2=1 STRELE

ATTETR BIT VIRT+HIRB # :oucie de
BNE qi7578% * datection dy starg
CLRSAZ xop ik
LA & VIATHPER 4%
AND £ £4PGZ1062!
ORR A £%1138E183 == CA2 + £BZ niveayu bas
TR B VIATHRCR s
L S 11
B3R CELAIR  * @1 = 24+84X04
LIR & VIAT+PCR
aND A LXpoRiEDel
82 6 fRLU1DILL0 = CR2 + SB2 niveay naut
S18 4 VIAT+PLR
LD & VIRT+IZR
AN & £
BNz RCC + START INSTABLE RE_SYNCHRO
LDX fhez
858 SELAIR * T2 = 7 + SrYE2
5ER ABIT * pout ConfiTmar ie start
£S5 AtC & parta dy gtart RE-SYNCHRO
Lo i)
BITSUI ESR RiBIT
R0 CRECY

A

Ly

RMOT

V.120
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Manuel technique

RBASKT

T3
[
732
733
7%
73
&
37
738
73
760
74!
742
743
746
743
T4h
47
748
743
[E]
75
732
733

73
7%

F@sF A
Fé&d 26 F8

FBE2 FE E4 F9
FBES BE E5 4
Faee 32
Fees 28

Fizh M
FBEB 28 FD
FoeD 38

FAEE CE 2 &0
Fart eb £7
FO7% B EB &L
FO76 B8 28
FB78 87 €8 &C
F27B BE £2 &8
FATE &€

FATF CE 2B €2
F@a2 8D &6
+88& 19

DEC B
BNE

L
e R
PL B
/7S

DELAIR DEX
BRE
RTS

*

g

wre RECEPTION

¥

*

RIBIT LDX
BER
LR A
EOR A
8TA 4
LA A
ROR A
1))
BER
78

12-9-B1 TSC ASGEMBLER PAGE

BITSUI

BV
CReCU

* T4 =28

DELAIR

1 BiY

£X1AR

DELAIR

VIAT4PER *  IHVERGION
£3%00 120092 = DE
VIRT+PCR * B2
VIAT+IAB

£13AR
DELAIR

15



Manuel technique

RBRSKT

799
760
7EL
762
763
784
765
78E
767
7EE
7E3
778
77t
T2
[N
T4
773
178
ke
778
s
782
751
782
Fi:5]
764
783
786
187
788
788
79
791
792
793
784
795
7%
797
788
795
ge
ga1
em2
843
£04
885
06
ee7
268
2]
Bio
Bl

FOBS SA
FBBE 81
Fee7 26 FC
F@es 39

Fagh 37

FBgB 5F

F@EC F7 €8 €8
FOBF Lt 16
Fg9i 8D F2
Fa93 £& 68
F83s F7 EE o
FJ38 C6 16
FB9A B0 £9
Fost Ce 22
FBIE F7 EB €@
FeR! (€ 20
FEAZ B0 £8
FORT 4D

Fene 26 2
FéRe CE 4D
F@hR 8D 19
FBAC 22

Faae 39

FBAE 2B FC
FBB0 86 FF
F@B2 20 7

F@B4 CE 98
FBBE I&
FoB7 4 &1
FOBS 80 CF
FaBg 32
FOBC 44
FUBD SR
FBBE 2E FE
race I8

FaEt 36
Facz 37
FoC3 CE 82
FBCS 54
FBCE 2B 29

12-9-Bf 7SC ASSEMBLER PAGE 19

x

L)

Bestion cassette

* * x

* S/P Dt DELAI SUIVANT B)

DELAY DEC B
NOP
BNE  DELAY * DELAI=B{(B)+ik MIC.SEC
RIS

* §/P D'ECRITURE 1 BIT=0 OU 1 SUIVANT (R
ECRBIT PSH B
ECRBI1 CLR B
STR B VIAT+ORB » NIVERU "@"
e B f£22
BSR  DELAY * DELRI 192 MIC.SEC
LA B f450
STR B VIRT+ORB *  NIVEAUY *t¢
DA B £22
BER  DELAY * DELAL 192 MIC, SEC
LbR B £320
STR B VIATHORE »  NIVERU “1/2*
LA B £32
BSR  DELAY + DELAT 278 MIC.SEC
18T A
BME  PAZERD  * CAS DY BIT "yv
LDA B {$4D
BSR  DBELAY
SORBIT Rl B
RTS
PAZERD BMI  SORBIT = FIN DU BIT 1"
LDR & £$FF * COMPLETER LE BIT "{¢
BRA  ECRBI!

* G/P D'ECRITURE DE t MOV =()
ECRMCT LDA B £8
ENCORE PS4 8
RND /£ * ISDLER LE BIT DU BAS
BSR  ECRBIT L'ECRIRE SUR LA CASSETTE
PUL A
LER A
DEC B
BNE  ENCORE
RTS

¥ 5/P Dt LECTURE { BIT,8 DU ¢ VERS (D)
LIRBIT PSH A

PEH B

LtDA B £920
QUTTIM BEC B

BMI  LBX

v.122
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Manuel technique

RBASK?

81z
B1l
Bth
8ia
g1k
817
Bie
B19
g0
g21

823
824
823
B2
g27
g
g
A
8lt
832

B34

B3
87
£
£38
540
£41
862
B43
844
B4S
B4E
B47
848
B4g
838
51
B3
833
B34
835
£58
857
858
833

861
etz
BEZ
Bt4
863

FBCE BE B 62
FOCE B EE €0
FBCE BR EB &2
FED1 B4 88
Fab3I 26 F@
Fees Ct 5
Feb7 €D fC
Feps £t 1@
FODB BE EE 60
FoDE B4 BD
FeLe 27 88
FOE2 SR

FBE? 26 FE
FBES CE 20
FOE? 8D 9C
FBES BC

FOER 20 85
FAEC €6 T8
FBEE 8D 95
FOra en

FaFi 33

FoF2 32

FBFT 35

FOF4 (6 28
FOFE 4F
FBF7 8D CB
FOF3 2R 85
FOFB 3i
FOFC 3%
FoFD 7E Fi 81
Figd 4E
Figt Sa
F182 26 £
FiB4 4D
F185 39

Fids 1&
F187 FB ES €A
FigR F7 ES €A
Fiap 38

FIBE 86 7F

F11Q B7 2 &2
Fit3 28

Fil4 8D F8

12-9-81 780 ASSEMBLER PRGE 28

TIMZ DA R VIRT+IRB

ORA A VIAT+IRE

ORA A VIAT+IRB

AND A fs82

BNE  OUTTIM

Lot B £438 PARTIE DY DELAL 78@ MIC.SEC

BSR  DELAY

LDR B {310 * FENETRE DE 3B MIC SEC
TESTL LDA A VIAT+IRB

AND A £4E8

BER  LULEIN

DEC B

BNE  TESTH

LDA B fe20

BESR  DELAY

e + SORTIE POUR LE ZERD
BRA  LBX

LULELN LDR B £$78 * DELAT APRES LE UN
BSR  DELAY + 210 WiC SEC
SEE + SORTIE POUR LE UN
LBX PUL B
PUL R
RTS

* 5/ DE LECTURE { MOT =(R) = MOTI
LIRMGT LDR B {8
CLR R
TOUSO00 BER  LIRBIT  »
BRL  TIMD
INS
iNg
P COMLR+D
TN  ROR A
DEC B
BNE  TOUJOU  » COMPTRGE 1 R 8
TST A
TS

# §/P DE CHEK-SUM

CSOMME  TRE
ROC B CouM » COMPLETER
STH B CSM + CBLM PAR (R
RTE

INIPR LDR A £47F INIT DES BiTS DE GESTION K7
STA R VIAT+DDRB
RTS

L2a2 s berkok ok bkl nobolodobob okt Gl GIELTE LT
#

* MODULE D'ECRITURE K7

*

Fop gk bl ok ek o % ko bl g op oy

EZK ESR  INIFR



Manuel technique

RBREKT

BEE
867
BER
ged
E70
grt
g72
ET3
874
gn
876
877
g7t
879
gde
g8l
ag2
g8
824

BHE
EBY
geg
Beg

g3t
ES2
893
894

&%
97

899
L
981
ez
983
984
985
8g
@7

92
Sia
41t
) ¥
SiE
X
815
9ib
217
9i8
918

12-9-8f TSC AGSEMBLER PRGE 21

# 3* Dk BRLISES (DES ZEROS)

# LE *{" TOUT SElL

* ELTRAIAE 1 MET EN RAM

* COMPLETER “CS"

# ECRIRE LE MIT SUR LA K?
# TESTER LA FIN

+ PROGRESSER L'ADRESSE MRT

* ECRIRE LE CS EN FIN

* ECRITURE TERMINE

# MR LTETIRUETTE

¥ qy; fait RIS

Flle CE 1% BB COMETR LDX  £522@
FI{9 FF ES BB BALT  STX  COMPTA
Fiil &F CLR A
Fiid BD FB BA JER ECRBIT+D
F122 FE &5 &B LDX  COMPTR
F122 88 DEX
Fi26 28 F3 BME  BALZ
Fi26 86 B1 LtDR A It
F126 BD @ &R J8R  ECRBIT+D
F12B 7F ES GA LR CHUM
F12E CE ET &4 LY LETIO
Fi3i FF EG 50 ECEKT 87X 8w
FI34 ft 00 DA A &
F136 BD Fi @6 JER  COOMME+D
F139 BD F@ B4 JSR  ECRMOT+D
F1IC FE E4 FD 1) SR §1
FI3F 8 INK
Fia@ EC ES 6R LAY £ETIDHE
Fi4Z 26 EC BME  ECEKY
Fid3 FE ES &6 LDX  ADRESD
Fi48 06 o UNMOT DA A G.X
Fi&4A BD Fi @& J5R CEOHME+D
Fi4D BD FD BS JSR ECRMBT+D
F158 BC E5 &8 CPY  RDRESF
FIST 27 @& BER  ECRICS
Fi39 88 INK
Fi36 22 P BRR  UNMOT
FISE BE ED BA EERICS [DR A COUM
FISE ED F@ B4 JER ECRMGT4D
FISE 75 E4 19 8T MRS
Flel & 14 BN EZHRT
Fles 8h 13 BSH  GIGNAL
FiEC LE FZ &F LDX  DMECR+D
FIGE BB FF F2 JSR CHRIN
FIiBE BE ED 64 b5 B ETIG
FizE 2D FF EC JER QUTCH
Fi71 B& ES &5 LOR A ETIOH
Fi74 BD FF EC - JSR QUTCH
Fi77 38 EZKRT RIS

% anyvdi du message fin

»:
FI78 CE FZ B7 SIGNAL DX EMFINeD
Fi78 7£ FF F2 J¥P CHAIN

*

* MOBULE DE LEETURE K7

§

*
FI7€ 8D F1 B LIK JS&  INIPR+D

Fig? 88 32 CEMLR  LDA A 430
Fi83 37 &5 BB STh R COMPTA
F1Bg B0 FB F4 ZERMOT JSR LIRMDT+D

* ATTENTE DE 58 MoTS

v.124
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Manuel technique

ABACKT

SR
921
822
823
924
925
3%
927
928
2w
931
LA
9z
934
9%
93
937
XSS
EAL
S4a
941
942
943
984
945

947
348
943
538
951
952
853
954
955
858
97
958
359

L
962
963
964
965
B
S&7
SEB
853
91
an
912
I

FIES 26 FE
FigB 78 £5 &B
FiBE 26 FE
Fi3e 86 @7 /.
F192 BD FF EC
Fi95 BE 32
F187 B7 E5 6B
Fi9a BD F@ F4
F199 26 F&
FI19F 7R £S5 &8
FIA2 2t F&
FiAG BD FB L1
FiA7 2B BB
FIAS 24 F9
F1AB BD FO F4
F1RE 2£ 03
FiBB BE @5
FIB2Z JEF2 7B
FiB3 B7 £S5 6B
F1BB BD FQ F4
FLBB B7 &5 &E
F1BE BB £5 &b
FiCi BY £5 EA
FIE4 FE ES &4
FIC78C 30 7@
FiCR 27 85
FICL 8C £5 €D
FICF 2t BR
FiDt CE ES 66
FiD4 FF B4 FS
F1D7 BD F@ F4
FIDR FE B4 F5
FiBD A7 20
FIBF BD F1 @6
FiE2 0B

FLE3 BC ES 6A
FIEE 26 EC
FIEE FE ES &b
FIEE BO FD F4
FIEE A7 22
FiIFS BD F1 B6
FIFZ BC ES 68
FIFE 27 @3
FIFS 08

FIF9 28t rB
FiFB BD F@ Fé4
FIFE Bl ES BA
F20: 27 8
FABI CE FZ 73
F2@6 8D FF F2
F289 CE F2 5B
F28C BD FF F2
F28F 20 o
F2i1 7D E4 18

BNE
BEC
BNE
LbR A
JER
L A
STR A
JER
BNE
DEC
BME
JSR
BMI
BoC
JSR
BNE
Lt A
P
STA A
JGR
8TA A
ADD A
STR A
LDX
crx
BER
£PK
BNE
LXK
87X
JSR
Lex
STh R
JER
INX
orx
BNE
X
JoR
STR A
JGR
CPX
BER
INX
]
JER
CHP A
BEQ
LDX
JSR
LEX
JSR
BRA
BONNLEC TET

COMLRL

IERMOL

ATTENL

ETOLL

INFQ
INFOSXK

LIRMD

LIRCE

12-9-81 75 ASSEMBLER PRBE 22

con g
COMPTA
ZERMOT
£7
DUTEH
£30
COMPTA
LIRMOTHD
COMLRL
COMPTA
ZERMO1
LIRBIT+D
MR
ATTENL
LIRMET+D
ETALL

£5
ERREUR+D
ETIRLY
LIRMOT4D
ETIGLIH
ETHHU
CSUM
EfiR
£43230
INFOD
ETIOLY
COMLR
LADRESD
gvit
LIAMOT+D
Svit

& X
CoOMME+D

* SUPPGSES DANS LES BALISES

* ATTENTE DU “1* TOUT SEUL

* LIRE ETIQUETTE

* TEST DE CONFORMITE

* ETIQUETTES

fABRESDHG

INFOSX

ADRESH

LIRMOT+D = LISE LN MOT

X * LE GRRER
CSOMME+D * COMPLETER LE “C§"
ADRESF  + TEST VERMINE
LIRCS

LIRIMD
LERNOT+D
CEUM
BONNLEC
fMEC
EHAIN
EMANCR+D
CHAIN
LIKS
WrLB

w LIRE 8"
* Comparer au chechsum recaicyle



Manuel technique

ABRGIT

974
975
976
977
918
ETE

981
9g2

F214 26 13
F21& BD Fi 78
F213CEF2 75
F21C BD FF F2
F21F B& ET &D
£222 BD FF EC
F225 BE ES &F
F228 7E FF EC
F22B 39

LIKS

LZKRT

BRE
JoR
Lox
JER
LaA
JER
Lba A
JHp
RTS8

12-9-81 T5C ASSEMBLER PAGE 23

LIKRT

CIGNAL+D # envoi BIP + mess +in
£MLECHD

CHAIN * [MP, "TERMINE"
ETIRLY

QuTCH * [MP,L’ETIBUETTE
ETIOUN

QUTCH * QU FRIT LE RTS

v.126
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Manuel technique

:

BERREUEBEEREER

SEE3

223
1884
1885
1eee
iy
1@
i8m
Y1018
@il
1812
1013
114
1815
1316
117
1818
1818
e
1221
1822
1823
1824
1825
1826
1827
1828
1829
1038
131
1832
1333
1834

F220 @R @D
F22E 40
F235 84
F236 A @D
F238 44
F23E 84
F23F g b
F241 &
F247 24
F248 80 80
F24R 43
F258 04
F251 8r 0D
F233 45
F25R 84
F258 @7
F23C 41
F265 87
FZbt @4
F2E7 8A 4D
F2es a7
F26R 46
F26E 84
F26F €35
F276 @4
F2IS 6
F278 @4

F27B 3b

F27C ce F2 51
F27F BD FF F2
F282 32

F2B3 B7 £5 11
F28t 8B 38
F288 BD FF EC
F288 BE E4 FF
F28E 7D £4 15
F291 26 &3
F293 TE FF Eb
F296 7F EG I3
F299 7F €4 14
F25C FE B4 FD
F29F 6 @D
FaAr 18

12-9-Bf TGC AGSEMBLER PAGE

HEGSAGES

® ® x %

MLERT fDB
FCE
FCB
HAD FDB
FCo
FCB
M FOB
FCC
FCB
METIO fFDB
FCC
FCB
MERRU  FDB
FCC
FCB
MANOR  FCB
FCL
FCB
FCh
MFIN FDB
FCB
FCC
FCB
#WECR  FEC
FLB
HEE  FCL
FCB
*

$ARD
/LERT 2 /
4

$2raD
/DEB N/
[

$BARD
fFIN 2 /
4

$8A0D
JETE 7 /
4

2080
JErreur f
[

7
JONORMALE /
7

i

$BABD

7

fFin /

§

fecr, /

4

ftec, /

[

¥ envoi dy messase d erreuy

*

ERRELIR PSH A
LDX
JSR
P A
STA A
AdD A
JSR
s
18T
BNE
Jup

ERRS  CLR
CLR
£D¥
LBA A
f15

{MERRLHD
CHAIN

ERRB
£'8
OUTCH
STREK
EFLAG
ERRS
MONIT
EFLAG
BFLAG
BV
£40
RETOUR BASIC

MEGS
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FIag

Fied 7 FI 5t
FI83 70 FT A8
F3@& 7€ F3 2E

FI@3 BF E4 FF
FRCBDEC IS
FIEF Ab 81
F3i1 B7 5 &
FIl4 AE 82
F3i& B7 E5 €7
Fi19 € 83
£318 87 £5 &8
FIE A2 84
F32B BT £S5 89
F323 FF B4 FD
FI2E BD EC €2
FI29 BD Fi 14
F32C 28 iC

FI2E BF B4 FF
F331 8D EC B9
FIl4 FF E4 FD
£337 B EC BB
F338 BB FL 7E
Fi3D FE &4 FD
FI4d BE ES €8
F343 BT &3
FI43 BE ES €9
FI48 A7 D4
FIp 7F 86 5
F34D FE E& FD
F358 39

F351 oF 4 FF
F334 FF B4 D
F3I37 30 EC 15
FiOR B1 @R
FISC 27 €C
FI3E 70 E6 4
F3ei 26 €3
FIESCEES 4
FIEb FF ES 12

12-9-81 THC ASSEMBLER PAGE 23

%

%

e
ORE
JHP
JHP
i

W

$F382

PDTAPE
ROTAPE
LPTRRE

KBRS

interface BASIC —-) Iosiciet cassette

POUR BASIC REPROM

+ SAUVEGRRDE PROGRAMME BASICY

L3

EPTAPE 8BTS
JER
LA A
518 A
LOA A
STR A
LDR R
5t A
L R
s5TA A
57X
JER
JSR
BRA

*

®

LPTRPE 8T8
J5R
87X
JSR
JSt
LDX
LDA R
STR A
ibha A
8TA A

RETBZ CiR
LoX
RIS

*

* ECRITURE DONNEES BASIC

EH

POTAPE G5TS
8TX
JER
CMP R
BEg
8T
BNE
H
5TX

STACK
INBRS
X
AD
2%
Al
3:X
aF
4.X
AF+1
83
BETIA
EIK
RETBZ

STRCK
INBRS
gvX3
DEYIR
LIK
8ViS
aF
X
Ar+l
& X
EFLAG
BVX3

STAEK
EVX3
IKBARS
44
RETB2
BFLAG
POTY
LRUF
PTEUF

ADRESSE DEBUT

ADRESSE FIM

ETIQUETTE
EERIRE PROGRAMME
RETOUR BRSIC

* CHARGEMENT PROGRAMME BRSIC

ETIGUETTE
LIRE PROGRAMME

ADRESSE FIN

RETOUR BRSIT

v.128
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RBAGKY

1990
1891
1892
1093
19894
1295
136
1897
1098
1@939
itee
11g1
a2
1ias
1184
HES
i
ey
1188
11@8
1tig
i
1112
13
1114
1115
e
117
1i18
1118
1128
il
122
1123
1124
1125
1
127
1128
1129
1130
1
132
113
1134
11%E
1138
1137
1138
1139
1140

F3B3 77 B4 14
FIEC FE ES 12
F3EF A7 &
Firn 8

FI72 6C ES 64
F37327 8
F377 81 @D
F313 21 85
F37B FF E5 {2
FITE 20 CA
FiE0 83

F3B1 FF ES BB
F384 CE I8 3@
FIET FF ES €4
FIBA CE ES 14
F32h FF €5 6B
FIS8 73 E4 19
F393 3€

FI94 8D F1 t4
£397 32

F398 7F £4 19
F349B 7F €4 14
FI3E M E

FI6@ BF E4 FF
FIAT FF E4 FD
F3At BB £C DS
FIRT TD £4 14
F3AC 2€ 18
F3RE CE 3D @
FIB1 FF E5 B4
F3B4 CE ES 14
FIBT FF E5 12
FIBR 77 E4 19
F3BD BB F1 7
F3C6 7F €4 19
CI 73 BS 14
FIL6 FE €5 12
F3C3 AE 88
FICB 2B
FICC BC £5 €4
F3EF 27 @5
F3D1 81 @b
FI3 27 85
FI05 PR ES 12
F3DE 22 A4
F3BA IF B4 14
F3IDD 28 oF

NO ERROR(S) DETECTED

POTL

RETB3
POT2

¥

£oM
Lox
8TA A
INX
oPx
BER
CHP A
BER
87X
8rA
Dex
87X
LDX
&TX
LDX
87X
Com
PEH &
JSR
ML A
CLR
CLR
BRA

12-9-Bf TS8C ASSEMBLER PAGE

BFLAG
PTBUF
X

LENDBF
POT2
%D
FOT2
PTEUF
RETB2

aF
£37830
ETID
EBUF
an

by 2

EIK
MLS

BFLAG
RETBY

* LECTURE DONMEES BRSIC

*

ADTAPE STS

RETE

RBT2

sTX
JaR
51
BNE
LOX
BTX
R4
87X
co
JER
CtR
Com
)3
anA
[HK
ey
BER
£mMp a
BEQ
87X
BRA
CLR
ERR
ENB

8TACK
LY &
INBAS
BFLAG
RDT!
£43832
118
£BUF
PTBUF
MFLG
LIK
MFLG
BFLAG
PTBUF
B X

£ENDBF
RDT2
£30
ADT2
PTRUF
RETBZ
BFLAG
RETBI

2

£ -
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RBASK? 12-9-81 750 ASSEMBLER PRBE 27

SYMBOL TRBLE:

ACKNAK ESBF
AF £368
ATTZRO EFET
BAL  EEZL
BUF  ES5i4
COMLR FiBI
CRLF FFFS
OAF  ECSB
DELAY FOBS
EAK  EFAB
EBSUIV EDEA
ECRMOT FoBA
EMIST EETE
ENVACK EF7S
ERRT  EFDS
ETIRU ESED
INRD  FDO7
INIPR F18E
L ESBE
LIRMOT fOF4
LULEUN FBEC
MAF  F2TF
METIR F248
MON  EC4B
CRERAM E4FS
PCR  opEC
PTBUF ESI12
RB2  EF22
RDMI  EDI4
RDTRPE F3AR
RETX  EFGE
APMOD ECARE
SOMOb  ECBC
SPMOD  ECER
STABR EFAE
V(2 E4FT
T8 EFE4
TOUJOU FBFY
vBiRR EC20
f1AR  @28D
ZERMO! F196

Ab EDEE
ADK  EDEL
Bl E585
BALY FI18
CALELP EEB2
COoMLRT FI93
CSOMME FiBB
DORE 2082
DELSAU EF4E
EB 13313
ECERY Fi3t
EFLRG EALS
EMDTS EEZS
ENVAGR EFIC
ERRB €511
TRl FIBS
INBAS ELDS
INGRK EFCE
LB FiFt
LPB2 5B
LIk FIE
MANOR £25B
MFIN F267
MONIT FFEE
ORGROM £C22
PDATR FFF2
RIBIT fFOEE
RBI  EFES
fibMz  ED4g
RETB  ELCE
RI1  EFiE
REUIB2 EF5T
SHIFTC EER3
SPTAPE F1E3
STACK E&FF
SViZ  EAFY
881 EFFE
UNMOT F14B
¥t @32
HE M
ZERMOT F1BE

ABJADL EEDT
ATTABR EDES
B E924
BFLAG 414
CHRIN FFF2
COMPTA E56B
{SiM  ESER
DEBC  EES!
DETIR E£CeR
EBl  HIC
ECRBIL F2BB
EMiP EEBS
ENCORE Fige
ENWNAK EF78
ERRELR £27B
124 ED4D
INEH  fFFEF
INSAKR EE10
LIRIMO FLEB
LPE £33
LIKRT F228
MAXt  EECD
MFLG  £419
NEGSAT ESB
OUTCH FFEC
POTE  F3C
RIMOT FD1O
ABSUIV EFiS
ROMBD  ED1E
RETBY  EDB4
Riz  EF4B
RL EEFE
SIGNAL F17B
s ESOE
STLPC EECF
S¥Xa  E4FB
TEST: FOOB
VIET  EBED
0z A
L3 aoER

ADRESD EGEE
ATTENE Fifs
B3 ESQE
BITEUI FBSA
CLRCA2 FO2E
cox  EEdt
b 2202
DELAI EERE
DETIQN ECED
EB2  EDA?
ECRBIT FaeR
EMBIT EERF
ENDBF  ESB4
ENVWW2 EF7B
ERRE  F29E
EIK Fii4
INFD FiBt
IR edd
LIRBIT FBCL
LPTARPE FIZE
LIKs  F2iF
MECR  F26F
MLEE 275
NPER  (MOE
QUTTIM FICS
PDT2  FIBD
RB EFDR
RCC  FB14
ROFE  FilE
RETB2 Fl4R
RHOTS  FO@L
SomMt  ECF2
SiH ES@A
g2 ESEC
67X ESED
SVk3  E4FD
TiMz FOCB
VOIRE ELIZ
xep  ogip
XIAR  @eE2

ADBRESF ESEB
ATYSTR FO28
BRC  ES@F
BONNLE F211
COMETR Fli6
CRECH ESQ4
DAD  EE4E
DELRIR FEEA
EIMOT EE4T
EBT  EDDI
ECRICE FiSE
EMEZRD EEE2
ENR  ESES
EDT  ESGE
ETID €564
EIKRT Fi77
INFOSY F1D4
KMON  ECOF
LIRLS FiFB
LRCC  E£3@2
WD FZ23E
WERRU F25t
MLERT F22€
UrRe 2002
PRIERD FBAE
PBTAPE FI51
RBf  EEFR
filLF  FFFS
fDT2 F3IDR
RETB3 FITE
RNAK  EEDI
5DM2  ED@E
SCRBIT FBAC
SpZ  ESi@
EVKL  E4FS
oYN  ESBS
TIMZ  FI0R
VOIR. EC42
XeH  @Bic
ASTRP Bei4
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I - INTRODUCTION :

Le micro-ordinateur GOUPIL permet de transmettre de 1'information
par réseau commuté.

Deux utilisateurs {GA et GB) peuvent dialoguer en posant
leurs combinés dans les oreillettes de leurs appareils.

D @/\/ RESEAU I \/B D
Lo it [0 2

Pour permettre la communication, un ensemble d'outils logiciels
est mis & la disposition de 1'utilisateur. Ces outils sont axés autour
d'une procédure de communication classique : le BSC (Binary Synchronous
Communication) défini par IBM.

La suite de ce document présente les principes du logiciel de
communication et de 1a méthode d'utilisation.

= p AT
S
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IT - LE COUPLEUR ACOUSTIQUE

Le principe du coupleur acoustique du GOUPIL repose
sur une modulation “temporelle" (qui n'est ni de la modulation de
fréquence, ni de Ta moduTation d'amplitude auxquelles font référence
les AVIS CCITT).

Ce principe utilise une seule fréquence (2000 Hz) .

- La fréquence présente représente un 0.

- La fréquence absente représente un 1.

Par ailleurs un signal d'interruption "BREAK" a &té& prévu
en voie de retour. Il ut111se une fréquence différente (1180 hz) et nermet
d'arréter 1'émission ou la réception du correspondant.

L.e découpage dans le temps et la reconnaissance de ces trois
signaux (0, 1 et BREAK) sont réalisés par programme. Ce programme &tant
inclus dans le logiciel de communication.

Ces émissions &tant dans la bande passante de 1a parole,
aucune perturbation n'intervient sur Te réseau.

IIT - LE LOGICIEL DE TRANSMISSION

Le protocole de transmission développé sur le micro-ordinateur
GOUPIL a pour but d'assurer des échanges corrects entre un &metteur et

un récepteur.

I1 doit résoudre toutes les situations anormales afin de
rendre compréhensible au récepteur 1'information binaire transmise par
1'émetteur.

Une 1iaison établie a 1'aide de deux GOUPILS au travers du
réseau commuté est une liaison POINT A POINT.

Les fonctions d'un protocole pour une liaison POINT A POINT
sont :

1deffectuer Te transfert des informations utiles de E vers R
2) de protéger contre les erreurs de transmission

3) d'assurer les repr1ses en cas d'anomalies, en aJoutant des
informations de service.
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ITI-1) Transfert de 1'information utile

Pour permettre la transmission et assurer au récepteur la
compréhension de 1'information utile, la fonction de transfert de
T'information utile nécessite :

- la structuration de cette information utile,

- 1T'encadrement par des délimiteurs pour marquer le début et
Ta fin d'un bloc et pour indiquer la nature de 1'information.

- T'identification des blocs.

L'unité de transmission est 1'octetet c'est une suite de
bits qui est transmise. Le coupleur acoustique utilise une transmission
en série asynchrone ol chaque octet nossdde son start (signal
permettant au récepteur de se synchroniser) afin d'étre restitué correcte-
ment par le récepteur.

Pour reconnaitre le début et 1a fin de chaque bloc on utilise
des séquences spécifiques.

Le début de chaque bloc est précédé par des bits de synchroni-

sation.
Viennent ensuite les caractéres de commandes
SOH - Start of heading : début d'en-téte
Le numéro de chronologie : cette numérotation permet de
contrdler la chronologie des échanges
et de détecter les erreurs ou les
pertes de messages.
La tongueur du texte : longueur dy texte transmis (nombre d'oc-
STX -(Start of text): début du texte )
Puis Tles caractéres définissant Ta fin du bloc :
ETX -(End of text): fin du texte
LRC Longitudinal Redundancy :I1 s'agit d'information permettant
CHECK de détecter les erreurs de trans-
mission. On a opté dans le protocole
pour un contrdle de parité.
NUMERQ DE LONGUEUR DU

- e iy s e

Cette identification est réalisée de deux maniéres différentes :

1) Dans les blocs d'informations utiles par le numéro de
chronologie.

2) Dans les blocs de commande par le contenu du bloc. ST
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I11-2) Protection contre les erreurs de transmission

Pour chaque bloc de données on ajoute &

chaque colonne d'éléments binaires, un &l&ment binaire supplémentaire
appelé LRC (Tongitudinal redundancy check). Cet &lément prend la valeur
binaire 0 ou 1 pour que le nombre total des 1 de chaque colonne soit impair.

Exemple :

Caractére 1 0 1 1 0 0 1 1 1

Caractére 2 1 1 1 0 0 0 0 0

Caractére 3 1 0 0 1 0 1 1 1

Caractére 4 1 0 0 0 0 0 0 0

Caractére 5 0 1 1 0 0 1 0 0
0 0 0 0 1 0 1 1

LRC

a) A 1'émission le protocole génére le LRC & chaque caractére
A la fin de chaque bloc transmis,le LRC total est envoyé vers le
correspondant.

b) A la réception, le protocole géndre également le LRC, A 1a
fin de chaque bloc i1 compare le LRC généré en réception et celui généré
a8 1'émission et transmis en fin de bloc d'informations utiles :

- s'il y a égalité un ACK (transmission correcte) est envoyé
~ s'il n'y a pas égalité i1 y a eu une erreur dans la

transmission et un NAK (transmission incorrecte) est
envoyé vers 1'émetteur.

II1-3) Reprises en cas d'anomalies

A la réception d'un NAK 1le protocole reprend la transmission
du bloc défectueux ou perdu (voir schéma Annexe 1).

La retransmission d'un bloc neut étre reprise 4 fois au
maxinum. Si la réceotion du bioc est toujours incorrecte, un messaae est

envoyé a 1'utilisateur et un "break" est généré sur la tigne.
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IV - DIFFERENTES PHASES DU LOGICIEL DE TRANSMISSION (voir schéma annexe 1)

La mise en oeuvre de la procédure de communication se fait
en quatre phases :

a) Etablissement de la lijaison

b) Transfert des données

c) Reprises éventuelles en cas d'anomalies
e) Libération de la communication

IV-1) Phase 1 : établissement de 1a liaison
Aprés 1'établissement de 1a liaison téléphonique par les
deux usagers et la fixation verbale du statut de chacun des GOUPILS
(MAITRE - ESCLAVE) 1'initiative de Ta transmission est attribuée au MAITRE.

Le maitre émet le message d'établissement de communication,
en fait sous forme du bloc suivant :

SYN CODE FONCTIPN LONG ENQ

Ce bloc est appelé bloc de commande et est généré par le
protocole sans intervention de 1'utiltisateur ; i1 a pour but d'établir
la communication et de transmettre des informations de service.

code fonction : 1 envoi d'un programme BASIC
2 envoi d'une zone mémoire.

long. : Nombre d'octets & transmettre.

ENQ : demande de communication.

Une fois ce message transmis, le GOUPIL Maitre attend une
réponse 1'autorisant ou non & continuer le traitement (Voir structure
message d'accusé de réception-Annexe 29.

IV-2) Phase 2 : transmission des données utiles
L'accusé de réception positif autorisant le GOUPIL Maitre
d continuer la transmission étant arrivé, les blocs d'informations utiles

sont transmis séguentiellement.

A chaque bloc transmis le GOUPIL Maitre attend un accusé de
réception positif (ACK) pour continuer sa transmission.

Si un accusé de réception négatif (NA K} arrive pour le
bloc précédemment transmis on réemet ce bloc.
IV-3) Phase 3 : Libération de la communication

E1le est & 1'initiative du GOUPIL Maitre qui envoi 1le bloc
de commande suivant :

SYN EQT E@AT : end of transmission
fin de transmission

IV-4) Phase 4 : Reprise en cas d'anomalie

Elle gére : - la perte de bloc )
- incohérence entre le LRC et le texte transmis.

SMT
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V - COMMANDES POUR L'UTILISATEUR AU NIVEAU MONITEUR

Pour transférer des informations sous moniteur par coupleur
acoustique i1 faut utiliser la commande :

K

Aprés avoir échangé avec votre correspondant au téléphone :

1) Te rdle de chacun des GOUPILS (Emetteur ou Récepteur)

2) le type d'informations (programme ou données) et 1'emplace-
ment de la mémoire ol i1 faut Te stocker

chacun place son combiné dans les oreillettes et répond aux questions
suivantes :

T pour transmettre
R pour recevoir

nn

LERT ? X {§

2 cas se présentent :

I1 faut répondre aux deux questions
DEBUT 7 XXXX
FIN 2 XXXX

- — - -

I1 faut répondre & Ta question
DEBUT ? X¥XX

Aprés avoir- répondu 3 ces questions, le protocole gére
les échanges.

Si la transmission totale est correcte le message suivant
apparait sur les deux écrans :

TRANSMISSION CORRECTE

Si la transmissicn totale est incorrecte le message suivant
apparait sur les deux écrans :

TRANSMISSIPN INCPRRECTE
(11 faut reprendre la procédure)

SMT
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Annexe 1 : Diagramme d'une Tiaison

Emetteur Récepteur
Initialisation
ENQ ' > ]
T NAK ACK
| |
v
message i >
i A Ak
méme |
suixigt i
¢
si fin
EOT ==
A L
NAK AC
FIN ‘

Annexe 2 : Message d'accusé de réception

ACK accusé de réception positif (ACKNOMLEDGE}
Ce message indique que le bloc précédemment regu était correct

SYN N° CHRONOLOGIE ACK

NACK accusé de réception négatif ( NEGATIVE ACKNOWLEDGE)

Ce message indigue que le bloc précédemment regu &tait incorrect

SYN N° CHROMOLOGIE NAK

4
|
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- VII -

- FICHES TECHNIQUES DES PRINCIPAUX COMPOSANTS DE GOUPIL -

1) Nomenclature des composants

.........

2} Fiches techniques de quelques principaux composants...... p 15

LSI

TTL
Standards

fe SR

6551 SYNERTEC
6522 SYNERTEC
8279 INTEL
2708 INTEL
2114 INTEL
4116 MOSTEK
2716 NS

74 LS 138
74 LS 139
74 LS 367
74 LS 244
74 LS 273

6845

96364
6850

6808

ACIA

VIA

encodeur de clavier
EPROM

RAM

RAM

EPROM

Contrdleur de CRT

Contrdoleur de CRY
ACIA

Microprocesseur

Pour les autres composants, se reporter aux TTL data books.

SMT
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1/ NOMENCLATURE DES COMPOSANTS




NOMENCLATURE GOUPIL :

PRESENTATION GENERALE

Carte CEPU (1)
Carte E/S (1)
Carte BUS (n

Carte MODEM-K7 (1)
Carte MEMOIRE (1)

Connectique

Cordon V24 (1)

Cordon clavier + connecteur(Z2)

Cordon liaison // (1)
Cible secteur (1)
Connecteurs Molex  (4)

Haut parleur (1)

Serre—Cibles (5)

Documentation (2}

Boite (1)

Rack (1)

Alimentation (1)
Moniteur vidéo (])(OPJ
Clavier (1)

Prises

Entrée Secteur (i)

Prise canon v24 (1)
Prise DIN (2)
Prise vidéo UHF (1)

Pop visserie
ventilateur (1)

Oceillettes {option)

Grilles (2)
Coupelles {(2)
pastille micro-
phonique (1)

Haut parleur (1)

Boite-cable connexion

Boutons

Interrupteur (1)
Bouton poussoir (I)
Fils Electriques

anbruysay (anuep

¢ 1IA
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NOMENCLATURE DE LA CARTE CRT-CPU

Circuits intégrés TTL Quartz Capacités| Résistancesl/4W | Résistances!/8W | Supports C.I.
2708 (1) 74LS00(2) 4 Mz (1) 27pF (2) 150.8 (2) 10 Xa(7) 14 4 (5)
2114 (4) 74L804(1) | 1,008Mz (1) 100pF (1) 2209 (1) 16 p (1)
6522 (1) 741.5132(1) 14F TG(10) 680 s (2) 18 5 (4)
6808 (1) 741.5138(2) 6,85 TG(1) 1Ks {2) ConnecteurOEC(1) 20 p (3)
6850 (1) 74L8161(1)| Diodes Chim 6,8 1) 2,2Ks (1) 24 p (2)
96364 (1) 74L.5244(1) Chim 68gf( D 4,7Ks (3) Cossefaston (2) 28 4 (1)

74L8273(1)[ 1IN4148 (1) 5,6K {9 40 4 (2)
74L5139(1) 10nf(1) 10K 2 (5) SupUMD Bas profil
16 (1)
CMOS 741.5166(1) Transistors [Potentic-
métre 100K3 (1)
74L5367(3) M (1) Broche Wrapping
UMD
4049 (1) 7415368 (1) BC~327-25(1) [cermet Vernis épargne
78L5245( 1)} BC-337-25(3) [2205 (1) 10MsL (2) circuit
74L5123(1)

anbLuysal [anuey
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NOMENCLATURE DE LA CARTE MEMOIRE STATIQUE 16 K

Circuits intégrés TTL Capacité
2114 (32) 7418138 (4) 6,8 ((F TG (10)
Supports circuits Broches Wrapping UMD
intégrés

1epn (4) Circuit vernis épargne

18p (32)

znbLuysag |anuey
PTIIA
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3

NOMENCLATURE CARTE MODEM CASSETTE MUSIOUE

Circuits intégrés TTL

6522 (1) 7415138 (1)
2708 (2) 7406 (1)
Amplis Supports C.I.

Dual bifet (1)
quadruple bifet (6)

Diodes
1N4148 (13)

Transistors

BD 137  (
BD 138
BC 170  {
2N3819  {
IN2222A
2N2907 |

Broches
Wrapping UMD
Cuivre vernis
épargne

Potentiométre

10 Ksu (5)

Résistances 1%

11,8 (1)
680 sL (1)
787 sv (1)
909 . (1)
1,43K (1

Résistances

1/44 5%
102

Résistances
1/2W 5%
820 (1)
300w (1)
33Kse (1)
43K (1)

Capacités
chim 1004~f(1)
chim 2,24f (2)
T.G.6,8 «f(17)

G.2,2F (1)
him (2)

g,

]

[0 ) Tane T

1
2
7

== O o
S oh

~— =) O
pa o S

,2 n
s7 N
0 nf

{

anbLuysa3 [anuey
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NOMENCLATURE DE LA CARTE E/S

Circuits intégrés

TTL

7418138 (2)
7415139 (1)

2716  (8)
6522 (1)
8279 (2)
CMOS

4049 (1)

Connecteur OEC
(3)

Broches Wrapping
UMD

Cuivre vernis
épargne

Support C.T. Résistance
Ry |
2 n (8) 1K (1)
40 v (3)

Capacité

Ff 6 ( 6)

rouf chimique (1)

anbLuyssy |anuey

9 IIA



NOMENCLATURE CARTE BUS

Connecteurs HE901 (9)
Cossesfaston (5)

Cuivre vernis épargne

anbLuysal |3anuel

L7 TIA



LHWS

NOMENCLATURE GOUPIL : ALIMENTATION A TRANSFORMATELR GOUPIL 2

Radiateur (1) Barettes (1) Ponts redresseur

Plaque (1) Visserie 25 A (1)

Transformateur Cosses 10 A (2)
n

Régulateurs Condensateurs

5V -54a (1) 33000F/16 V (1)
5V~ 1,5A (1) 15000f/16 Vv (1)
12V - 1,5 A (2)] 6800¢f/25 V (2)
4704 /16 V (4)

A partir de Janvier 1982, les GOUPIL seront équipés d'une
alimentation 4 découpage dont les caractéristiques sont Jes
sujvantes :

5V 6 A

.12y 2 A
. -12 ¥ 500 ma
-5y 500 ma

Quoi qu'il arrive, la puissance produite par cette action
devra étre inférieure d 50 watt.

anbLuyoay [anuey

g 1IA



NOMENCLATURE DE LA CARTE MEMOIRE DYNAMIQUE 65 K

anbLuysal (anuey

TTL Support Résistance
74L504 (1) 8p (1) 3,3k (3)
74L520 (2) 14p (5) 22 (6)
74L586 (1) 16p (36) 3900 (1)
74L5133 (1) 20p (2) 33052 (3)
74L5244 (2) 24p (1) 590n. (1)
7415251 (1} 28p (1)

7415259 (1)

NE5S55 (1)

DM8837 (1) Condensateur

MC3480 (1) 47 nf (106)

MC3242 (1) 10 nf (1)

TOKO 526P (1) 100 F (3)

Mémoires

4116-2 (4x8) 1 circuit vernis é&pargne

6" IIA



NOMENCLATURE DE LA CARTE FLOPPY 5" DOUBLE FACE

TL

s

74504
7406
7407
741504
74L574
74L5123
7415138
74L5139
74L5175
7415193
7415367
NES55

S P A P T T, T Ty T g P
P et PO S PO b e

o et ot e N s s s et o et o

Supports

E e

(= Q- Rl
o B By oo By w |
P T T
[l v e WS [N ]
i et e O

Connecteur

0EG 2x17pts (1)

Résistance 1/44 Condensateur
150 (4) 10 nf  (4)
1K (3 68 pf (1)
4,7K St (3) 1046 (1)
10Kse  (2) 100 F  (2)
750K (1) T.6.14¢ (13
M. (1) T.G.O,;rf(l)
12K (1)

Transistor
ZN2905 (1)

Quartz 8 Mhz (1)

capa variable (1)

1791 (1)

1 circuit vernis épargne
sérigraphie

anbLuysay anuel
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MOMENCLATURE DE LA CARTE GRAPHIQUE 8 COULEURS (256 x 256 points)

Support 14 p (16)
Support 16 p (24)
Support 20 p (4)
Support 40 p (1)

Support UMD (1)

6845 (1)
4116 (12)
Quartz

10,358 (1)

Circuit imprimé
8pargne sérigraphie
(1)

Cable péritel (1)

L

7415122
74LS05
7415157
741532
74LS74
74LS175
7415138
741500
74LS16
741504
74LS30
7LLS273
74L5244
74L508
74L5195
7404
74153
7408
7414

Condensateur

10 pf
47 nf
10 nf
4,7
22t
10 4f
100 nf

Résistance

1/4W 5% 150 s (6)
2,2k (3)

470 . (2)

75 5L (2)

330 5L (2)

33K (1)

33 v (5)

1/8W 5% 68 o (8)

Transistor 2N222A (1)

Plots cometel (7)

T P P P T, P e, [, o, i P, e, Py P P P, T S,
DWW WRN =N W =
et gt e e s St Sl ot St e e st e et e B v e Vit S

Potentiométre 1KR.{1)

Cosses faston 2.8 (2)

Lny

anbLuyossy |anuep
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NOMENCLATURE DE LA CARTE CONTROLEUR 24 x 80 (Vidéo)

Support TTL Condensateur Résistance
14 p (8) 74L574 (1) 68t f (1) 1 Ko
16 p (7) 74L593 (1) 10 nf (1) 27 K
24 p (1) 74L520 (1) 47 nf (1} 10 KL
18 p (4) 74L5138 (1) T.G. Iuf  (13) 4,7K v
20 p (2) 741586 (1) . 56K
40 p (1) 7405165 (1) Cond. Variable (1) 2.2k
74LS273 (1) 6,8Ks%
74LS245 (1) 75 ;o
S157 .
C.1. i %fg Transistor 2N3866 (1)
6845 (1) 741508 (1)
2114 (4) 74L.500 (2)
2716 (1) 741504 (1)
7415175 (1) Quartz 13 Mhz (1)
Cosses faston (2)
Circuit imprimé
verni épargne
Sérigraphie (1)

14,1

anbLuys93 anuel
STIIA
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NOMENCLATURE DE LA CARTE CONTROLEUR FLOPPY 8" 5" DOUBLE DENSITE

anbLuyoay [anuel

TTL CMOS Diode Résistance
741504 (1) 4049 (1) 1N4148 (2) 1/40 5 % 1504 (5)
740508 (1) 4702 (1)
7415121 (1) 1K  (5)
74L500 (4) CH ! Condensateur 4,7k (2)
7415320 (2) 6844 (1) 10K (6)
7405138 (1) 1771 (1) T.G, 6,8«Ff (3) 47Kk (1)
7415175 (1) 22 nf (1) 120K_2 (1)
7415139 (1) 220 nf (1) 910K (1)
7415123 (1) Support 22 pf (2) 390 .+ (1)
7415180 (1) 56 pf (1)
741574 (2) 1 Eé§) 470 pf (3) | /1% 7,5k (2)
741586 (1) B P 6 100 pf (2)
7415163 (1) s (2) 10 nf (3) | Réseau résistance 10 ko
74L5240 (2) P
;gtggig E%; Barette a Wrapper
Circuit imprimé vernis
7415273 (1) Quartz 4 Mhz (1) - Al ;
705 125 (1) Transistor BC1073 (2) | epargne sérigraphie (1)
Connecteur 3 M
50 brakes

ET'TIA
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NOMEMCLATURE DE LA CARTE FLOPPY {DISQUES)

Carte Floppy (1)
5" OU 8ll

Boite
Drives 5" ou 8" (2)
Alimentation Floppy

Connectique

Alim. floppy (4)
Cordon secteur (1)
Cordon controleur (2)

Ventilateur (1)

Documentation (2)
Disquette DOS-FLEX (1)

Boutons

Interrupteur
Entrée/Secteur

anbLuysay [snuey

T IIA
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Asynchronous
Communication

Synertek

NCORPORATED

VII.17

SY6551

| Interface Adapter MICROPROCESSOR

PRODUCTS
(PRELIMINARY)
SEPTEMBER 1978

® On-chip baud rate generator: 15 programmable baud
rates derived from a standard 1.8432 MHz external
crystal {50 to 19,200 baud).

® Programmable interrupt and status register to simpli-
fy software design.

® Single +5 volt power supply.

® Serial echo mode,

& False start bit detection,

® 8-hit bi-directional data bus for direct communication
with the microprocessor,

® External 16x clock input for non-standard baud rates

{up to 126 Kbaud).

Programmable: word tengths; number of stop bits;

and parity bit generation and detection.

Data set and modem control signals provided.

Parity: (odd, even, none, mark, space).

Full-duplex or half-duplex operation.

5,6, 7, 8 and 9 bit transmission.

The SY65651 is an Asynchronous Communication Adap-
ter {ACIA]} intended to provide for interfacing the 6500/
6800 microprocessor families to serial communication

data sets and modems. A unique feature is the inclusion
of an on-chip programmable baud rate generator, with
a crystal being the only external component required.

TRANSMIT -
CONTROL, aamm— A

' TRANSMIT TRANSMIT
DATA SHIFT ——— TxD
REGISTER REGISTER
— iRQ
STATUS INTERRUPT 565
REGISTER LOGIC i —
52 —————f el
il [ —— SR
AN ————
. SELECT
CSo AND e e
8, ———=1 CONTROL
Fo— e —\  comar o L
RS, — ] ——| REGIS GENERATOR raLz
— e~
RES — ]
RECEIVE RECEIVE
DATA SHIFT AxD
REGISTER REGISTER
D8y s
d DATA
i BUS t
; BUFFERS .
DB a—lad
Gy COMMAND RECEIVE
REGISTER CONTROL

L

=]
pr]
o

o)
=1
ol

Figure 1. Block Diagram

5

J SYNERTEK® INC. « P.O.BOX552 = SANTA CLARA, CALIFORNIA 95052 e« TEL. (408)988-5600  TWX: 910-338-0135
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SY6551

ABSOLUTE MAXIMUM RATINGS

Rating Symbol | Allowable Range
Supply Voltage Vee -0.3V to +7.0V
Input/Qutput Voltage Vin -0.3V to +7.0V
Operating Temperature Tor 0°C to 70°C

Storage Temperature TsT1G

-65°C to 150°C

All inputs contain protection circuitry to prevent damage to
high static charges. Care should be exercised to prevant unneces-
sary application of voltages in excess of the allowable limits.

Stresses above those listed under “Absolute Maximum
Ratings”’ may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification

is not implied.

ELECTRICAL CHARACTERISTICS (Vg = 5.0V * 5%, T = 25°C, unless otherwise noted}

Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH 2.0 - Vee Vv
Input Low Voltage ViL -0.3 - 0.8 A
Input Leal&age_C_urrent: \.ll_N=0 to 5V. L L 7Y
{¢2, R/W, RES, CSq, CSq, RSq, RS+, CTS, RxD, DCD, = 1.0 | 25| yA
DSR)
Input Leakage Current for High Impedance State ITs1 - 12.0 | £10.0| uA
{Three State)
Output High Voltage: I gap=-100uA Vou 2.4 - — v
Output Low Voltage: 'LOAD_”‘-_Gﬂe . Vo - - 0.4 A
{DBg-DB4, TxD, RxC, RTS, DTR, IRQ)
Qutput High Current (Sourcing): Vgu=2.4V lon -100 | -1000 - HA
Qutput Low Current (Sinking): Vg =0.4V loL 1.6 - - uA
OutELeakage Current {off state}: Vgou7=5bV loFF - 1.0 10.0 | uA
{IRQ)
Clock Capacitance {¢$2}) Ceolk - - 20 pF
Input Capacitance {except XTAL1 and XTAL2) Cin - - 10 pF
Output Capacitance Cour - - 10 pF
Power Dissipation Pp — 360 500 | mw
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SY6551

/

I

| —— lcwu—..|

J

tocw

thw

Figure 2. Write Timing Characteristics

WRITE CYCLE {Vce =5.0V £ 5%, T4 = 0 to 70°C, unless otherwise noted)

J Viy

S$Y6551 SYE551A
Characteristic Symbol | Min Max Min Max Unit
Cycle Time tcye 1.0 40 0.5 40 Hs
$2 Pulse Width te 470 - 235 - ns
Address Set-Up Fime tacw 180 - 90 - ns
Address Hold Time toAH 0 - 0 = ns
R/W Set-Up Time twew 180 - 90 - ns
R/W Hold Time tewH ] - 4] - ns
Data Bus Set-Up Time tocw 300 - 150 - ns
Data Bus Hold Time tHw 10 - 10 — ns

{t; and tf = 10 to 30 ns)
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SY6551

/L_"" Vin

Vi

V]

R/ 2

—— tWCR ——

- tcor le— tHR —»|

Figure 3. Read Timing Characteristics

READ CYCLE (Vcc = 5.0V 5%, Ta = 0 to 70°C, unless otherwise noted)

QI

SY6551 SYG551A
Characteristic Symbol Min Max Min Max Unit
Cycle Time teye 1.0 40 0.5 40 us
Pulse Width {¢2) ic 470 — 235 — ns
Address Set-Up Time taCRh 180 — 90 — ns
Address Hold Time teAR 0 - 0 - ns
R/W Set-Up Time twer 180 - 90 - ns
Read Access Time tcpr = 395 . 200 ns
Read Hold Time tHR 10 - 10 - ns

{ty and t§ = 10 to 30 ns}
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- - = e D e e e e 4/_\
- tCH ———] k
XTAL o——
{TRANSMIT f \ | —tRTE —
CLOCK INPUT}
et —= ATS X
4—‘00}(
TxD
[—tira
NOTE: TxD rate is 1/16 TxC rate. iRo
0 . pin . {CLEAR)
Figure 4a. Transmit Timing with External Clock
. Figure 4b. Interrupt and RTS Timing
cCY
tcH
————
e \ / \
oo
NOTE: RxD rate is 1/16 RxC rate,
Figure 4c. Receive External Clock Timing
TRANSMIT/RECEIVE CHARACTERISTICS
SY6551 SY6551A
Characteristic Symbol Min Max Min Max Unit
Transmit/Receive Clock Rate teey 0.5* = 0.5* = Ms
Transmit/Receive Clock High Time tCH 235 - 235 - ns
Transmit/Receive Clock Low Time oL 235 - 235 — ns
XTAL1 to TxD Propagation Delay oo - 500 - 500 ns
RTS Propagation Delay tRTS - 500 - 500 ns
IRQ Propagation Delay (Clear} RO - 500 - 500 ns
{tr, t4 = 10 to 30 nsec) :
*The baud rate with external clocking is: Baud Rate = ————
16 x Tecoy
INTERFACE SIGNAL DESCRIPTION IRQ (Interrupt Request)
The 1IRQ pin is an interrupt signal from the interrupt
RES (Reset) control Iog.lc. It is an open drain output, permitting
L. several devices to be connected to the common IRQ
During system initialization a low on the RES input will microprocessor input. Normally a high level, IRQ goes
cause internal registers to be cleared. low when an interrupt occurs.
&2 (Input Clock) DBg - DB7 (Data Bus)
The input clock is the system ¢2 clock and is used to The DBg-DB7 pins are the eight data lines used for trans-
trigger all data transfers between the system micropro- fer of data between the processor and the SY6551.
cessor and the SY6551. These tines are bi-directional and are normally high-im-
RN (Read/Write) pedance except during Read cycles when selected.
The R/W s generated by the microprocessor and is used CSp, €Sy (Chip Selects)
to control the direction of data transfers. A high on the The two chip select inputs are normally connected to
RAW pin allows the processor to read the data supplied the processor address lines either directiy or through de-
by the SY6551. A low on the R/W pin allows a write to coders. The SYB551 is selected when CSg is high and
the SY6551. CSq is low.
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RS¢, RSy (Register Selects)

The two register select lines are normally connected to
the processor address lines to allow the processor to
select the various SYB551 internal registers. The follow-
ing table indicates the internal register select coding:

RS, RSg Write Read

0 0 | Transmit Data | Receiver Data
Register Register

0 1 Programmed Status Register
Reset {Data is
“’Don’t Care’’)

1 0 Command Register

1 1 Control Register

The table shows that only the Command and Centrol
registers are read/write. The Programmed Reset opera-
tion does not cause any data transfer, but is used to clear
the SY6551 registers, The Programmed Reset is slightly
different from the Hardware Reset (RES) and these
differences are described in the individual register de-
finitions.

ACIA/MODEM INTERFACE SIGNAL
DESCRIPTION

XTAL1, XTAL2 (Crystal Pins)

These pins are normally directly connected to the exter-
nal crystal (1.8432 MHz) used to derive the various baud
rates. Alternatively, an externally generated clock may
be used to drive the XTAL1 pin, in which case the
XTAL2 pin must float. XTAL1 is the input pin for the
transmit clock.

TxD {Transmit Data}

The TxD output line is used to transfer serial NRZ {non-
return-to-zero) data to the modem. The LSB ({least
significant hit) of the Transmit Data Register is the first
data bit transmitted and the rate of data transmission is
determined by the baud rate selected.

RxD (Receive Data)

The RxD input line is used to transfer serial NRZ data
into the ACIA from the modem, LSB first. The receiver
data rate is either the programmed baud rate or the rate
of an externally generated receiver clock. This selection
is made by programming the Control Register.

RxC (Receive Clock)

The RxC is a bi-directional pin which serves as either the
receiver 16x clock input or the receiver 18x clock out-
put. The latter mode results if the internal baud rate
generator is selected for receiver data clocking.

RTS {Request to Send)

The RTS output pin is used to control the modem from
the processor. The state of the RTS pin is determined
by the contents of the Command Register.

CTS (Clear to Send)

The CTS input pin is used to control the transmitter
operation. The enable state is with CTS low. The trans-
mitter is automatically disabled if CTS is high,

DTR {Data Terminal Ready)

This output pin is used to indicate the status of the
SY6551 to the modem. A low on DTR indicates the
SY6551 is enabled and a high indicates it is disabled.
The processor controls this pin via bit 0 of the Com-
mand Register.

DSR (Data Set Ready)

The DSR input pin is used to indicate ta the SY6551 the
status of the modem. A low indicates the “‘ready” state
and a high, “not-ready"”.

DCD {(Data Carrier Detect)

The BCD input pin is used to indicate to the SYB551
the status of the carrier-detect output of the modem. A
low indicates that the modem carrier signal is present
and a high, that it is not.

INTERNAL ORGANIZATION

The Transmitter/Receiver sections of the SY6551 are
depicted by the block diagram in Figure 5.

RECEIVER
SHIFT REGISTER

RxD

CLOCK
ac DiviDER Soaic
CONTROL
REGISTER
BIT4 - "1"
XTAL] = BAUD T CLOCK
RATE L DIVIDER
XTAL2 ——] GENERATOR {16
t..f_*'gl
BITS03 IN
CONTROL
REGISTER

TRANSMITTER - TxD
SHIFT REGISTER

Figure 5. Transmitter/Receiver Clock Circuits

Bits 0-3 of the Control Register select the divisor used
to generate the baud rate for the Transmitter. |f the
Receiver clock is to use the same baud rate as the Trans-
mitter, then RxC becomes an output pin and can be
used to slave other circuits to the SY6551,
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CONTROL REGISTER

The Control Register is used to select the desired mode
for the SY6551. The word length, number of stop bits,
and clock controls are all determined by the Control
Register, which is depicted in Figure 6.

CONTROL REGISTER

[7l1els[al3s]2[1]0]
I l BAUD RATE
STOP BITS L | GENERATOR
0 =1 Swop Bit 0|0 ] 0] 0| 16x EXTERNAL CLOCK
1= 2 Stop Bits o|lojo|1 50 BAUD
1 Siop Bit if Word Length ojo[1]0 75
= 8 Bits and Parity”™
1% Stop Bits if Word Length 6lof1 ! 109.82
=5 Bits and No Parity. 0)]1}10)40 134.58
o1 LU 150
e RRRRE S —
5]5] LENGTH ot oa0
olo 8 _J 0o|0]|0 1200
NE 7 1 00|11 1800
11 o 6 1 011]0 2400
1 5 150)1 1 3600
1 1 0|0 4800
RECEIVER CLOCK SOURCE 1 1 ol 7200
0 = External Receiver Clock 1 11110 9600
1 = Baud Rate Generator 11111 19,200
*This allows for 9-bit transmission (8 data bits plus parity).
7 6 5 4 3 2 1 0
HARDWARE RESET gjolojojo|Ooja]oO
PROGRAM RESET - | - -] -

Figure 6. Control Register Format

COMMAND REGISTER

The Command Register is used to control Specific Trans-
mit/Receive functions and is shown in Figure 7.

COMMAND REGISTER
[7fe[sJefaf2f1]0]

| R
PARITY CHECK CONTROLS DATA TERMINAL READY
BIT OPERATION 0 = Disable Receiver/Transmitter
{DTR high)
7 615 ) :
- 0 [ Parity Disabled - No Parity Bit 1= fg:bﬁ'el “efe've'fT'ansm"‘e'
Generated - No Parity Bit Receved Lk
0j0 |1 Odd Parity Receiver and Transmitter T ENABLE
01 1 Even Parity Receiver and RE_CENER INTERRUP ABL
Transmitter 0 = IRQ interrupt Enabled from Bit 0
11 0] 1| Mack Parity Bit Transmitted, ?_'_Sta"-'s Register
Parity Check Disabied 1 = |RQ Interrupt Disabled
1 1 1 Space Parity Bit Transmitted,
BaitylChek]Dissbicd TRANSMITTER CONTROLS
BIT TRANSMIT RTS OTHER
3| 2 INTERRUPT LEVEL
o0 Disabled High =
NORMAL/ECHO MODE o1 Enabled Low —_
FOR RECEIVER 1] 0 Disabled Low -
0= Normal 1 Disabled Low Transmit BRK
1= Echo

HARDWARE RESET | 0 | 0 | ©
PROGRAM RESET -{-]=-fojojolr]e

(=1
o
[=]
-
o

Figure 7. Command Register Format
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STATUS REGISTER

The Status Register is used to indicate to the processor
the status of various SY6551 functions and is outlined
in Figure 8.

STATUS REGISTER
[7]sfsfaf3fz2f1]0]

Parity Error*

0 = No Parity Error
1 = Parity Error Detected

Framing Error*®

0= No Framing Error
1= Framing Error Detected

Overrun®

0 = No Overrun
1 = Overrun Has Occurred

Receiver Data Register Full

0 = Not Full
1= Full

Transmitter Data Register Empty

0 = Not Empty
1= Empty

Data Carrier Detect {DCD)

0= DCO low {Detect)
1 = DCD high {Not Detected)

Data Set Ready {DSR)

{0 = DSR low {Ready)
1= DSR high (Not Ready)

Interrupt {IRQ}

0 = No Interrupt
1 = Interrupt Has Occurred

*No interrupt occurs for these conditions.

HARDWARERESET |0 — - |1 |0 | 0|0 |0
PROGRAM RESET —-f=-1=-1=-1-{0|-1-

Figure 8. Status Register Format

PIN CONFIGURATION

GND [ 1 N~ ] RAW

CS% ]z 27 [ ]2

ts s 26 [1Ra

RES[] 4 25108,

Rxt 15 24 [] 0Bg PIN NO. 1
XTaL1i[] 6 23] 0Bg IDENT.
xTaLz []7 6551 22{] DE,

ATS []8 21 [] DBy

ciE s 20 [] O8:

Tx0 [ 10 19 [ D8,y

oTR [ 11 13 [] DB

RxD [ 12 17 [] OSR

RSy ] 13 16 [} DCO

RS 14 15 1 Vee

TRANSMIT AND RECEIVE DATA REGISTERS

These registers are used as temporary data storage for
the 6551 Transmit and Receive circuits. The Transmit
Data Register is characterized as follows:

#® Bit 0 is the ieading bit to be transmitted.
® Unused data bits are the high-order bits and are
“don’t care’’ for transmission.
The Receive Data Register is characterized in a similar
fashion:
® Bit 0 is the leading bit received.

® Unused data bits are the high-order bits and are
0" for the receiver,

® Parity bits are not contained in the Receive Data
Register, but are stripped-off after being used for
external parity checking. Parity and all unused
high-order bits are 0",

PACKAGE OUTLINES

28 LEAD CERAMIC

) {.580}
570
B — s — s — o — o — a — o — o — o — g — a — _L
{.115)
(1420} ,  {.080)
{1.3801 | 4
t | Loz
e | YT
_— (.070) 4| L (.620)
{040} 1110) {580)
{055} 022} i680)
Lo10 {015 1155) (.065)
{,125) (.015)
28 LEAD PLASTIC
ANANBAGONARNRAN
5 5501
{530}
L ]
\WAVAVAVAVAVAVRVEVEVAVAVAYRY A
)
' |} ]*—i.sm
_Lr {.015)
Toos)
. 1.065) (.700}
{0e5) L.&00)
1,085} —o{lut023} O3ZREF. 4 190) | yeoy (gs0)
{1065) Lo18) {0361 (325 iozo

J SYNERTEK® INC. ¢ P.O BOX552 =

SANTA CLARA, CALIFORNLIA 85052

TEL. (408) 888-5600 « TWX:910-338-0135
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Versatile
Interface Adapter
(VIA)

S\_:nerlela'

S$Y6522
SY6522A

MICROPROCESSOR
PRODUCTS

WU AT EDD
Preliminary
® Two 8-Bit Bidirectional 1/0 Perts ® Expanded “Handshake" Capability Allows Positive
® Two 16-Bit Programmabie Timer/Counters Control of Data Transfers Between Processor and
® Serial Data Port Peripheral Devices
¢ Single +5V Power Supply ® Latched Qutput and Input Registers
® TTL Compatible ® 1 MHz and 2 MHz Operation
® CMOS Compatible Peripheral Control Lines

The SYH522 Versatile Interface Adapter {VIA} is a
very flexible 1/Q control device. In addition, this de-
viee contains a pair of very powerful 16-bit interval
timers, a serial-to-parallel/parallel-to-serial shift re-
gister and input data latching on the peripheral ports.
Expanded handshaking capability allows control of
bi-directional data transfers between VIA’s in multiple
processor systems.

Control of peripheral devices is handled primarily
through two 8-bit bi-directional ports, Each line can

be programmed as either an input or an output. Several
peripheral 1/Q lines can be controlled directly from
the interval timers for generating programmable fre-
quency square waves or for counting externally gen-
erated pulses. To facilitate control of the many power-
ful features of this chip, an interrupt flag register, an
interrupt enable register and a pair of function con-
trol registers are provided.,

INTERRUPT
CONTROL

FLAGS

{IFR)

ENABLE
NER}

DATA<_—_> oara [
BUS
BUFFERS [~

wT
INPUT LATCH
{IRA)
OUTPUT BUFFERS
:> 1oRA) <:> PA) LU
DATA DIR.
(DDRA}

PERIPHERAL
(PCR)

PORT A REGISTERS

PORT A 3
:> caz
PORT B
HANDSHAKE
CONTROL

SHIFT REG. ce1
[£:3:4) ce2

AUXILIARY
(ACR}
FUNCTION
CONTROL
LATCH LATCH
[ — {TILH) L
e I R B S
o) COUNTER | COUNTER
i TCH) TAC-L}
esI——
— cHIP TIMER 1
C82—=] ACCESS
RS0 CONTRGL TIMER 2
RS1——— LATCH
RS2 ——= F2LL}
RS3 ] COUNTER | COUNTER
TzcH) | AT2CUL
L

PORY B REGISTERS

INPUT LATCH
arel

ouTPLT BUFFERS
b 1ORE) <:> 1PB) <:>’°““

Figure 1. $Y&522 Block Diagram

DATA DIR.
(DDABH
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ABSOLUTE MAXIMUM RATINGS

This device contains circuitry to protect the inputs
against damage due to high static voltages. However,
it is advised that normal precautions be taken to
avoid application of any voltage higher than maxi-
mum rated voltages,

Rating Symbol Value Unit
Supply Voltage Veo |-0.3t0+7.0] V
Input Voltage Vin |-03t0+7.0| V
Operating Temperature

Range Ta Dto+70 | °C
Storage Temperature

Range Tag |-B5to +150| °C

ELECTRICAL CHARACTERISTICS {Vcc = 5.0V * 5%, Ta = 0-70°C unless otherwise noted}

Symbol Characteristiq Min. Max, Unit
Vi Input High Voltage (al! except $2} 24 Vee v
Vou Clock High Voltage 2.4 Vee v
ViL Input Low Voltage -0.3 0.4 v
hin Input Leakage Current — Vyy = 0 to 5 Vdc - 2.5 HA
R/W, RES, RS0, RS1, RS2, RS3, CS1, €52,
CA1, $2
Irg Off-state Input Current — Vyy = .4 to 2.4V — £10 I
Vee = Max, DO to D7
lin Input High Current — Vi = 2.4V -100 = HA
PAO-PAY, CAZ, PBO-PB7, CB1, CB2
I {nput Low Current — V_ = 0.4 Vdc - -1.6 mA
PAO-PA7, CA2, PBO-PB7, CB1, CB2
Vou Qutput High Voltage 2.4 — v
Vec = min, ligad = -100 uAdc
PAD-PAY, CAZ, PBO-PB7, C81, CB2
Vou Qutput Low Voltage - 0.4 v
Vee = min, ligag = 1.6 mAde
low QOutput High Current {Sourcing}
Vou = 2.4V -100 = HA
Von = 1.5V (PBO-PB7) -1.0 — mA
loL Qutput Low Current {Sinking} 1.6 mA
VoL = 0.4 Vdc
lore QOutput Leakage Current [OFf state) - 10 uh
iRQ
Cin {input Capacitance — Ta = 25°C, f= 1 MHz
{R/W, RES, RS0, RS1, RS2, RS3, CS1, €52, - 7.0 pF
D0-D7, PAD-PAT, CA1, CA2, PBO-PB7)
{CB1, CB2} — 10 pF
{$2 Input} = 20 pF
CouT Output Capacitance — T4 = 256°C, f= 1 MHz - 10 pF
Po Power Dissipation - 700 mwW

5-40
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24K12

paN
A S

SYeS522
PiN

l

Figure 2. Test Load {for all Dynamic Parameters}

= Tacn Tev
b1,
%2
CLOCK
————— T
Po—Tepn—sr| ——o! b— 1 8 =
0=
CHIP SELECTS, $ g
REGISTER SELECTS, 7}
AW @] O
ool
Trch ——— [e—Tean—| @

PERIPHERAL
DaTa

DATA BUS

Figure 3. Read Timing Characteristics

READ TiIMING CHARACTERISTICS (FIGURE 3)

5Y6522 SY6522A
Symbol Parameter Min. Max. Min. Manx. Unit
Tey Cycle Time 1 50 0.5 50 s
Tach Address Set-Up Time 180 - 90 - ns
Tcar Address Hold Time o - 0 ns
Trcr Peripheral Data Set-Up Time 300 - 300 - ns
Teor Data Bus Delay Time - 395 - 200 ns
Tur Data Bus Hold Fime 10 - 10 S ns

NOTE: tr, tf = 10 to 30ns.
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PERIPHERAL INTERFACE CHARACTERISTICS

Symbol Characteristic Min. Max. Unit Figure
tr, tf Rise and Fall Time for CA1, CB1, CA2, and CB2 - 1.0 Hs —
Input Signals
Tcaz Delay Time, Ciock Negative Transition to CA2 Negative
Transition {read handshake or pulse mode) - 1.0 us 5a, 5b
Trs1 Delay Time, Clock Negative Transition to CA2 Positive
Transition {pulse mode) - 1.0 Hs Ba
Trs2 Delay Time, CA1 Active Transition to CA2 Positive
Transition {handshake mode) - 2.0 s 5b
TwHs Delay Time, Clock Positive Transition to CAZ or CB2
Negative Transition {write handshake} - 1.0 us B¢, Bd
Tos Delay Time, Peripheral Data Valid to CB2 Negative
Transition 0 15 13 5c¢, 6d
Trs3 Delay Time, Clock Positive Transition to CA2 or CB2
Positive Transition (pulse mode) — 1.0 HS Be
Trsa Delay Time, CA1 or CB1 Active Transition to CAZ2 or
CB2 Positive Transition (handshake mode) - 2.0 us 5d
T Set-up Time, Peripheral Data Valid to CA1 or CB1
Active Transition (input latching} 300 - ns Se
Tsrs Shift-Out Delay Time — Time from ¢ Falling Edge
to CB2 Data Qut - 300 ns 14
Tsna Shift-In Setup Time — Time from CB2 Data In to 3
¢ Rising Edge 300 - ns %] g =
o
Tirw Pulse Width — PB6 Input Pulse 2 - us 5i g g
i Pulse Width — CB1 Input Clock 2 - us 5h o
[74)
lips Pulse Spacing — PB6 1nput Pulse 2 - s 5i
lics Pulse Spacing — CB1 Input Pulse 2 - Hs 5h
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” _L/_\r__/—__\:_/—\_
READ |IRA
OPERATION / \
CA2
“DATA TAKEN" \ /

Figure 5a. CA2 Timing for Read Handshake, Pulse Mode

: _L/_—\r__/—\_ﬂ_/__\f
READ IRA
OPERATION
.
T

CAZ
“DATA TAKEN"
Yy
i
icaz tRs?
7
L
CcAl
“DATA READY™
vy

rda |

ACTIVE

THANSITION

Figure 5b. CA2 Timing for Read Handshake, Handshake Mode

bHg [ *RS3
WRITE ORA, ORB
OPERATION
———
CA2.CB2
"DATA READY"

Figure 8¢. CAZ, CB2 Timing for Write Handshake, Pulse Mode
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Figure 6d. CA2, CB2 Timing for Write Handshake, Handshake Mode
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e2

-
c82
SHIFT DATA
(INPUT}

cel

SHIFT CLOCK
[INPUT OR
OUTPUT}

5A2

SETUP TIME MEASURED TO THE FIRST ¢p
RISING EDGE AFTER CB1 RISING EDGE.

Figure Bg. Timing for Shift In with Internal or External Shift Clocking

X
[=:3]
SHIFT CLOCK
INFUT

tow ucs

Figure 5h. External Shift Clock Timing

PEG
FULSE COUNT
INPUT

P irs

Figure 5i. Pulse Count laput Timing
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PIN DESCRIPTIONS
AES (Reset)

The reset input clears all internal registers to logic O
{except T1 and T2 latches and counters and the Shift
Register}). This places all peripheral interface lines in
the input state, disables the timers, shift register, etc.
and disables interrupting from the chip.

@2 (Input Clock)
The input clock is the system ¢2 clock and is used to
trigger all data transfers between the system processor
and the SY6522.

R/W {Read/Write)

The direction of the data transfers between the
SY6522 and the system processor is controlled by the
B/W line. 1f R/W is low, data will be transferred out
of the processor into the selected SYB522 register
{write operation). If R/W ishigh and the chip is select-
ed, data will be wansferred out of the SY6522 {read
operation},

DBO-DB7 (Data Bus)

The eight bij-directional data bus lines are used to
transfer data between the SY6522 and the system
processor. During read cycles, the contents of the sel-
ected SY6522 register are placed on the data bus lines
and transferred into the processor. During write
cycles, these lines are high-impedance inputs and data
is transferred from the processor into the selected re-
gister., When the SY6522 is unselected, the data bus
{ines are high-impedance,

¢S1, T82 (Chip Selects)

The two chip select inputs are normally connected to
processor address lines either directly or through de-
coding. The selected SY6522 register will be accessed
when CS1 is high and C52 is low.

RS0-RS3 (Register Selects)

The four Register Select inputs permit the system pro-
cessor to select one of the 16 internal registers of the
$Y6522, as shown in Figure 6.

Register RS Coding Register Description
Number RS3 | RS2 { RS1 | RSO Desig. Write Read
0 0 o 0 0 ORB/IRB | ©Output Register 'B"’ Input Register “B"*
1 0 0 0 1 ORA/IRA | Output Register A" Input Register “A’’
2 0 0 1 o DDRB Data Direction Register ''B"
3 0 0 1 1 DDRA Data Direction Register A"
4 0 1 0 0 TIC-L T1 Low-Order Latches | T1 Low-Order Counter
5 0 1 0 1 TIC-H T1 High-Order Counter
6 0 1 1 o TIL-L T1 Low-Order Latches
7 0 1 1 1 TIL-H T1 High-Order Latches
8 1 0 0 0 T2C-L. T2 Low-Order Latches | T2 Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SR Shift Register
11 1 o] 1 1 ACR Auxiliary Control Register
12 1 1 0 1} PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA | Same as Reg 1 Except No “Handshake'"

Figure 6. SY6522 Internal Register Summary
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IRQ {Interrupt Request)

The Interrupt Request output goes low whenever an
internal interrupt flag is set and the correspending in-
terrupt enable bit is a logic 1. This output is “open-
drain” to allow the interrupt request signal to be
“wire-or'ed” with other equivalent signals in the
system.

PAQ-PA7 (Peripheral A Port)

The Peripheral A port consists of 8 lines which can
be individually programmed to act as inputs or out-
puts under control of a Data Direction Register. The
peolarity of output pins is controlled by an Qutput
Register. and input data may be latched into an in-
ternal register under control of the CA1 line. All of
these modes of operation are controlled by the sys-
tem processor through the internal control registers.
These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in
the output mode. Figure 7 illustrates the output
circuit.

CA1, CA2 (Peripheral A Control Lines}

The two Peripheral A control lines act as interrept in-
puts or as handshake outputs. Each line controls an
internal interrupt flag with a corresponding interrupt
enable bit. In addition, CA1 controls the latching of
data on Peripheral A port input lines, CA1 is a high-
impedance input only while CA2 represents one stan-
dard TTL load in the input mode. CAZ2 will drive one
standard TTL load in the output mode.

+5V

o PAO-PAT.
CA2

|

/O CONTROL |
QUTPUT DATA )
i

INPUT DATA

Figure 7. Peripheral A Port Output Circuit

PBO-PB7 (Peripheral B Port}

The Peripheral B port consists of eight bi-directional
lines which are controlled by an output register and a
data direction register in much the same manner as the

PA port, In addition, the polarity of the PBY output
signal can be controlled by one of the interval timers
while the second timer can be programmed to count
pulses on the PB6 pin. Peripheral B lines represent one
standard TTL load in the input mode and will drive
one standard TTL {oad in the output mode. In addi-
tion, they are capable of sourcing 1.0mA at 1.5VDC
in the output mode to allow the outputs to directly
drive Darlington transistor circuits. Figure 8 is the
cireuit schematic.

CB1, CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as interrupt inputs
or as handshake outputs. As with CA1 and CA2, each
line controls an interrupt flag with a corresponding in-
terrupt enable bit. In addition, these lines act as a
serial port under control of the Shift Register. These
lines represent one standard TTL load in the input
mode and will drive one standard TTL load in the
output mode. Unlike PBO-PB7, CB1 and CB2 cannot
drive Darlington transistor circuits.

45V

INPUT/
QUTPUT
CONTROL

AP
W

PBO-PBY,
= ca1,c82

QUTPUT
DATA

INPUT DATA

Figure & Peripheral B Port Output Circuit

FUNCTIONAL DESCRIPTION

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Reg-
ister {DDRA, DDRB) for specifying whether the peri-
pheral pins are to act as inputs or cutputs. A Q0 in a
bit of the Data Direction Register causes the corres-
ponding peripheral pin to act as an input. A 1 causes
the pin to act as an output.

Each peripheral pin is also controlled by a bit in the
Qutput Register (OQRA, ORB) and an Input Register
{IRA, IRB). When the pin is programmed as an cut-
put, the voltage on the pin is controlied by the cor-
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responding bit of the Output Register. A 1in the Out-
put Register causes the output to go high, and a “0”
causes the output to go low. Data may be written into
Qutput Register bits corresponding to pins which are
programmed as inputs. In this case, however, the out-
put signal is unaffected.

Reading a peripheral port causes the contents of the
Input Register {tRA, 1RB) 1o be transferred onto the
Data Bus. With input latching disabled, |RA will always
reflect the levels on the PA pins, With input latching
enabled, IRA will reflect the levels on the PA pins at
the time the tatching occurred {via CA1}.

The IRB register operates similar to the IRA register,
However, for pins programmed as outputs there is a
ditference. When reading IRA, the level on _the pin
determines whether a0 ora 1 is sensed. When reading
IRB, however, the bit stored in the output register,

REG 1 —ORA/JIRA

I'rls 5|4 Jiz 1 01
| — pad)
PaY

Pal

QUTPUT REGISTER "A" {ORAL
= OR
INPUT REGISTER “A™ {IRAF

Pa3

e PA4

— s
Y
e e PAT

Pin
Date Diestron WRITE READ
Selectwn
DDRA 1" {OUTPUT) | MPU writes Output Lavel | MPU reads level on A pin
{lnput latching disabiked) | (ORAL

CBRAA » “ 1" DUTPUTI
Ibnput latchmg snabhedt

MPU reads | RA Bt whaeh s
the bevel of 1he PA pia 3t the
vme of the ax CA L actsve
TEINLILHIN.

MPU wraes 1o ORA, byt | MPU reads level on PA pin.

0o el1egt on pin beved, wotil
DDRAA changed.

DDRA = 0" [(INPUT}
i1nput laiching d-sabled)

ORB, is the bit sensed, Thus, for cutputs which have
large loading effects and which pull an output 1"
down or which pull an output 0" up, reading |RA
may result in reading a "0’ when a 1" was actually
programmed, and reading a *‘1"" when a 0"’ was pro-
grammed. Reading IRB, on the other hand, will read
the “1* or 0" level actually programmed, no matter
what the leading on the pin.

Figures 9,10, and 11 illustrate the formats of the port
registers. |n addition, the input latching modes are
selected by the Auxiliary Control Register (Figure
16.)

Handshake Control of Data Transfers

The SY6522 allows positive control of data transfers
between the system processor and peripheral devices

REG 0 — ORB/IRB

|7|G|5IGI3|2 1 jl
| |—mﬂ
PB1

PBZ
3 QUTPUT AEGISTER "B (ORB)
- or
L INPUT REGISTER "B {DRB)
PBS
PBE
re7
Pin
D3ta Diaglion WRITE READ

Selecuon

DORB + 17 QUTPUT) | MPU whites Quipyt Level | MPLF reads outpul segists bin

{QRBI in ORE, Pin level has no aftect

DDRE = 07 LINPUTI
(nput fatching drabled]

MPLF weiles ente GRB, but [MPU reads ingut Ieeed on P8
no el feet on pen Ttvel, until | pin
DDRA changed.

DORA = “0" [INFUT}
1lnpul laiching enabled]

MPU reads IRB b, which 1z
the levet ol the P8 in at the
ume of the last CBY actwe
Transition,

Figure 9. Output Register B {ORB),
Input Register B {IRB)

ODRA = "0 [INFUT)
(Input laching enabled)

MPU reads IRA bt which 15
1ha level of the P4 pin at the
nume of 1he Last CAY active

1rnLiTIGT

Figure 10. Output Register A {ORA},
Input Register A {IRA)

REG 2 (DDRB) AND REG 3 (DDRA)

|7I5I5la|3 z|| jl

| i—maommo1
PBYPAY

PB2/PAZ

PBIPAY

| DATA DIRECTION REGISTER
“8" OR "A” (DDRB/DDRA|

PBA/FA4

PBS/PAS

PEGFAG|-

PB7/#AT]
"0 ASSOCIATED PB/PA PIN IS AN INPUT
IHIGH IMPEDANCE)

"1 ASSOCIATED PB/PA PIN 15 AN OUTPUT,
WHOSE LEVEL 15 DETERMINED BY
ORB'ORA REGISTER BIT

Figure 11. Data Direction Registers {DORB, DDRA)

through the operation of “handshake’ lines. Pert A
lines {CA1, CA2} handshake data on both a read and
a write operation while the Port B lines (CB1, CB2)
handshake on a write operation only.

Read Handshake

Positive control of data transfers from peripheral de-
vices into the system processor can be accomplished
very effectively using Read Handshaking. In this case,
the peripheral device rmust generate the equivalent of
a "Data Ready” signal to the processor signifying that
valid data is present on the peripheral port. This signal
normally interrupts the processor, which then reads
the data, causing generation of a "Data Taken' signal.
The peripheral device responds by making new data
available, This process continues until the data trans-
fer is complete.
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e _ LML, ririyrire,rirugL

‘DATA READY"

€l | VSIS ASSIIL.

TRO QUTPUT

READ LRA DPERATION

—

“DATA TAKEN"

HANDSHAKE MODE
iCA2)

“DATA TAKEN"

PULSE MODE
ICAZE

Figure 12. Read Handshake Timing (Port A, Only)

e 1M i e reriry,rirero

WRITE ORA. ORB | 1
OPERATION ___l_—

“DATA READY"™
HANDSHAKE MODE l

ICAZ, CB2) i

PULSE MODE
iCA2 CBZ}

"DATA READY"

“OATA TAKEN
cal1, cal

i s

IROOQUTPUT

Figure 13. Write Handshake Timing

In the SY6522, automatic “Read” Handshaking is
possible on the Peripheral A port only. The CA1 in-
terrupt input pin accepts the ““Data Ready” signal
and CA2 generates the “Data Taken’ signal. The
“Data Ready' signal will set an internal flag which
may interrupt the processor or which may be polled
under program control. The “Data Taken™ signal can
either be a pulse or a level which is set low by the sys-
tern processor and is cleared by the “Data Ready”
signal. These options are shown in Figure 12 which
illustrates the normal Read Handshaking sequence,

Write Handshake

The sequence of operations which allows handshaking
data from the system processor to a peripheral device

is very similar to that described for Read Handshaking.

However, for Write Handshaking, the $Y8522 gener-
ates the “Data Ready” signal and the peripheral de-
vice must respond with the “Data Taken'’ signal. This
can be accomplished on both the PA port and the
PB port on the SY6522. CA2 or CB2 act as a “"Data
Ready’’ output in either the handshake mode or pulse
mode and CA1 or CB1 accept the “‘Data Taken'’ sig-
nal trom the peripheral device, setting the interrupt
flag and cleaning the “Data Ready” output. This
sequence is shown in Figure 13.

Selection of operating modes for CA1, CA2, CB1,
and CB2 is accomplished by the Peripheral Control
Register {Figure 14},

Timer Operation

Interval Timer T1 consists of two 8-bit {atches and a
16-bit counter. The latches are used to store data
which is to be loaded into the counter. After loading,
the counter decrements at $2 clock rate. Upon reach-
ing zero, an interrupt flag will be set, and TRQ will go
low if the interrupt is enabled. The timer will then
disable any further interrupts, or will automatically
transfer the contents of the latches into the counter
and will continue to decrement, In addition, the timer
may be programmed to invert the output signal on a
peripheral pin each time it “times-out”. Each of
these modes is discussed separately below.

The T1 counter is depicted in Figure 15 and the
latches in Figure 16.

REG 12 — PERIPHERAL CONTROL REGISTER

76|5Il]2 |j|

T T 1 T T l
EBZCDNFROL:I CA1INTERRUPT CONTROL
0[0]0|INPUT NEGATIVE ACTIVE EDGE 1= POSITIVE ACTIVE EDGE
T[INDEP TERRUPT
QU T
0]1[0[INPUT POSITIVE ACTIVE EDGE zi2[2[ orERATION
01| 1[INDEPENDENT INTERRUPT 0010} {NPUT-NEGATIVE ACTIVE EDGE
INPUT POS EDGE ©|0[1| NDEPENDENT INTERRUPT
1|0{0[HANCSHAKE DUTPUT INPUT-NEG EDGE
1o FULSE OUTPUT Q|110] INPUT POSITIVE ACTIVE EDGE
sl ]oiow ouTPuY a1 1| (NDEPENDENT INTERRUFT
3 {11 THIGH GUTPUT INPUT POS EDGE
) T CONTROL 1]0i0% HANDPSHAKE OUTPUT
1|0 )11 PULSE QUTPUY
0= NEGATIVE ACTIVE EDGE i]1]o]LOW OUTAUT
1 = POSITIVE ACTIVE EDGE TV [ 1] HIGH DUTPUT

Figure 14. CA1,CA2, CB1, CB2Z Control

5-50

VII.37



VII.38

Manuel technigue

=

S§Y6522/SY6522A

Two bits are provided in the Auxiliary Control Reg-
ister [bits 6 and 7) to allow selection of the T1 oper-

ating modes, The four possible modes are depicted
in Figure 17.

REG 4 — TIMER 1 LOW-ORDER COUNTER

|7|6|5|d|3|2|l!0|
I—1‘|

2

B | count
VALUE

WHRITE — 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES. LATCH CONTENTS ARE
THRANSFERRED INTO LOW-ORDER
COUNTER AT YHE TIME THE HIGH-
ORDER COUNTER 13 LOADED {REG 5).

READ - & BITS FROM Y1 LOW-QRDER COUNTER
TRANSFERRED TOMPU. IN ADDITION,
T1 INTERRUPT FLAG {5 RESET (BIT &
IN INTERRUPT FLAG REGISTER).

Figure 15. T1 Counter Registers

REG & = TIMER 1 HIGH-ORDER COUNTER

|7|8|5I4|3|2|1|0,

I—zse h
512
1024
2048 | count
VALUE
4096

31768

WRITE — B BITS LOADED INTO T1 HIGH-ORDER
LATCHES. ALSO, AT THIS TIME BOTH
HIGH AND LOW-ORDER LATCHES
TRANSFERRED INTO T1 COUNTER.
T1INTERRUPT FLAG ALSC IS RESET.

READ — B BITS FROM T1 HIGH-OADER COQUNTER
TRANSFERRED TO MPU.

REG 6 — TIMER 1 LOW-ORDER LATCHES

|7|6|5|4|3|2|I|0|

L COUNT
VALUE

WRITE — 8 BITS LOADEDQ INTO T1 LOW.OADER
LATCHES. THIS OPERATION IS NO
DIFFERENT THAT A WRITE INTQ
REG 4,

READ =~ 8 BITS FROM T1 LOW-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG.

Figure 16. T1 Latch Registers

REG 7 — TIMER 1 HIGH-ORDER LATCHES

|7|s|s|4|3|2|1|n|
L——zsﬁ'

512

1024

2048 | cotNT
aos | VALUE

8192
16384
32768

WRITE — 8 BITS LOADED {NTQ T HIGH-QROER
LATCHES. UNLIKE REG 4 OPERATION
NO LATCH-TO-COUNTER TRANSFERS
TAKE PLACE.

READ — 8 BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TO MPU.

REG 11 — AUXILIARY CONTROL REGISTER

lilﬁlﬁ 4|J|2|||0|

T1 TIMER CONTRQL

7] 6| opERATION PBY
&[0 TIMEC INTERRUPT
EACH TIME T1 1S
LOADED DISABLED
o7 [CONTINUQUS
| | |inTERRAULETS
T[0[TIMED INTERRUFT | ONESHOT
EACH TIME T115 | OUTPUT
LOADED
Tj 1| CONTINUOUS SOUARE
INTERRUPTS WAVE

T2 TIMER CONTROL
5| OPERATION
0] TIMED INTERRUPT

1| COUNT DOWN 'WiTH
PULSES ON PBS

Ly fum

r n ‘
L LATCH ENABLE/DISABLE
re  [o-DisasLe
1= ENABLE LATCHING

Figure 17, Auxiliary Control Register

SHIFT REGISTER CONTROL
OPERATION
DISABLED
SHIFT IN UNDER CONTROL OF T2
SHIFT IN UNDER CONTROL OF 02
SHIFT IN UNDER CONTROL OF EXT, CLK
SHIET OUT FAEE-RUNMING AT T2 BATE |
SHIFT OUT UNDER CONTROL OF T2
SHIFT QUT UNDER CONTROL OF 02
1 1| $HIFT OUT UNDER CONTROL OF EXT, CLK.

o]
~[=fo]ofw
of=|alw

Note: The processor does not write directly into the low order counter [T1C-L). Instead, this haff of the counter is loaded auto-
matically from the low order latch when the processor writes into the high order counter, In fact, it may not be necessary 1o
write to the low order counter in some applications sinte tha timing operation is triggered by writing to the high order counter.

551

=
e
o
2]
m
w
wn
o]
3
w




Manuel technique

v
S
s

T &5
ol
=5
o
o

1

SY6522/S5Y6522A

S iy I I oy Sy I Iy PO o Y e N e I s N ey N
WRITE TICH |
OPERATION »
—
‘i
TRG OUTPUT L
—_—
PB7 OUTPUT
/
/
nlua!u-z|u3| |o|rr||FE Fo Fe
f————————— N+ L5 CYCLES

Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

Timer 1 One-Shot Mode

The interval timer one-shot mode allows generation
of a single interrupt for each timer load operation, As
with any interval timer, the delay between the “write
T1C-H"” operation and generation of the processor
interrupt is a direct function of the data loaded into
the timing counter. In addition to generating a single
interrupt, Timer 1 can be programmed to produce a
single negative pulse on the PB7 peripheral pin, With
the output enabled {ACR7=1) a "“write T1C-H"' oper-
ation will cause PB7 to go low. PB7 will return high
when Timer 1 times out. The result is a single pro-
grammable width pulse,

In the one-shot mode, writing into the high order
latch has no effect on the operation of Timer 1, How-
ever, it will be necessary to assure that the low order
latch contains the proper data before initiating the
count-down with a2 ““write T1C-H" operation, When
the processor writes into the high order counter, the
T1 interrupt flag will be cleared, the contents of
the low order latch will be transferred into the low
order counter, and the timer will begin to decrement
at system clock rate. If the PB7 output is enabled,
this signal will go low on the phase two following the
write operation, When the counter reaches zero, the
T1 interrupz flag will be set, the TRQ pin will go low
{interrupt enabled}, and the signal on PB7 will go
high, At this time the counter will continue to decre-
ment at system clock rate. This allows the system
processor to read the contents of the counter to de-
termine the time since interrupt. However, the Ti
interrupt flag cannot be set again unless it has been
cleared as described in this specification.

Timing for the SYB522 interval timer one-shot rodes
is shown in Figure 18,

Timer 1 Free-Run Mode

The most important advantage associated with the
latches in T1 is the ability to produce a continuous

series of evenly spaced interrupts and the ability to
produce a square wave on PB7 whose frequency is
not affected by variations in the processor interrupt
response time, This is accomplished in the “free-
running’’ mode.

In the free-running mode, the interrupt flag is set and
the signal on PB7 is inverted each time the counter
reaches zero. However, instead of continuing to decre-
ment from zero after a time-cut, the timer automati-
cally transfers the contents of the latch into the
counter {16 bits) and continues to decrement from
there. The interrupt flag can be cleared by writing
T1C-H, by reading T1C-L, or by writing directly into
the flag as described later. However, it is not neces:
sary to rewrite the timer to enable setting the inter-
rupt flag on the next time-cut,

All interval timers in the S¥Y6522 are “re-triggerable”,
Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevent-
ed completely if the processor continues to rewrite
the timer before it reaches zero. Timer 1 will operate
in this manner if the processor writes into the high
order counter {T1C-H). However, by loading the
latches oniy, the processor can access the timer dur-
ing each down-counting operation without affecting
the time-out in process. Instead, the data loaded into

the latches will determine the length of the next time-

out period. This capability is particularly valuable in
the free-running mode with the output enabled. In
this mode, the signal on PB7? is inverted and the in-
terrupt flag is set with each time-out. By responding
to the interrupts with new data for the latches, the
processor can determine the period of the next half
cycle during each half cycle of the output signal on
PB7. In this manner, very complex waveforms can be
generated, Timing for the free-running mode is shown
in Figure 19.
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*2_I'L_FW_J'1_ﬂ,F1_J'1_J'1_J'l_I—L%hf'LJ'1_J“1_I_L
WRITE TICH l_ ‘
QPERATION s
7/
— L
TAG OUTPUT [ 1 N |
—————— ryi
P87 OUTPUT » J v |
i
! W+ 15 CYELES N+ 2 CYCLES !

Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If one is 1 and the other is 0, then PB7 functions

as a normal output pin, controlled by ORB bit 7.

Figure 19. Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer {in the “one-
slot’” mode only}, or as a counter for counting nega-
tive pulses on the PBG peripheral pin. A single con-
trol bit is provided in the Auxiliary Control Register
to select between these two modes. This timer is com-
prised of a “write-only™ low-order latch {T2L-L}, a
“read-only”" low-order counter and a read/write high
order counter. The counter registers act as a 16-bit
counter which decrements at 2 rate. Figure 20 illus-
trates the T2 Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the one-shot’’
mode similar to Timer 1. In this mode, T2 provides a
single interrupt for each “write T2C-H"™ operation.
After timing out, the counter will continue to decre-
ment. However, setting of the interrupt flag will be
disabled after initial time-out so that it will not be set
by the counter continuing to decrement through zero.
The processor must rewrite T2C-H to enable setting
of the interrupt flag. The interrupt flag is cleared by
reading T2C-L or by writing T2C-H, Timing for this
operation is shown in Figure 18,

REG 8 — TIMER 2 LOW-ORDER COUNTER

l_._1"

VALUE

e § COUNT

WRITE — B BITS LOADED INTO T2 LOW-ORDER
LATCHES.

READ - $BITS FROM T2 LOW-CRDER COUNTER
TRANSFERRED TO MPU. T2 INTERRUPT
FLAG IS RESET

REG 9 — TIMER 2 HIGH-ORDER COUNTER

I?lGlSIllJIZI]lDi

2048 COUNT
VALUE

WRITE — 8 BITS LOADED INTO T2 HIGH-ORDER
COUNTERA, ALSO. LOW-DRDER LATCHES
TRANSFERRED TO LOW.ORDER
COUNTER IN ADDITION, T2 INTERRUPT
FLAG 1§ RESET,

READ — 8BTS FROM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPY.

Figure 20. T2 Counter Registers
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Timer 2 Pulse Counting Mode

in the pulse counting mode, T2 serves primarily to
count a predetermined number of negative-going
pulses on PB6. This is accomplished by first loading
a number into T2. Writing into T2C-H clears the in-
terrupt flagand allows the counter to decrement each
time a pulse is applied to PB6. The interrupt flag will
be set when T2 reaches zero. At this time the counter
will continue to decrement with each pulse on PB6.
However, it is necessary to rewrite T2C-H to allow
the interrupt flag to set on subsequent down-counting
operations. Timing for this mode is shown in Figure
21. The pulse must be low on the leading edge of $2.

Shift Register Operation

The Shift Register (SR) performs serial data transfers
into and out of the CB2 pin under control of an in-
ternal modulo-8 counter. Shift pulses can be applied
1o the CB1 pin from an external source or, with the
proper mode selection, shift pulses generated inter-
nally will appear on the CB1 pin for controlling ex-
ternal devices.

The control bits which select the various shift register
operating modes are located in the Auxiliary Control
Register. Figure 22 illustrates the configuration of the
SR data bits and the SR control bits of the ACR.

Figures 23 and 24 illustrate the operation of the vari-
ous shift register modes.

v
o
=}
w
17}
w
| ]
o]
o
o

Interrupt Operation

Controlling interrupts within the SY6522 involves
three principal operations, These are flagging the in-
terrupts, enabling interrupts and signaling to the pro-
cessor that an active interrupt exists within the chip.
Interrupt flags are set by interrupting conditions
which exist within the chip or on inputs to the chip,
These flags normally remain set until the interrupt
has been serviced. To determine the source of an in-
terrupt, the microprocessor must examine these flags
in order from highest to lowest priority. This is ac-
complished by reading the flag register into the pro-
cessor accumulator, shifting this register either right
or left and then using conditional branch instructions
te detect an active interrupt,

Agsociated with each interrupt flag is an interrupt
enable bit. This can be set or cleared by the proces-
sor to enable interrupting the processor from the cor-
responding interrupt flag. If an interrupt flag is set to
a logic 1 by an interrupting condition, and the corres-
ponding interrupt enable bit is set to a 1, the Inter-
rupt Request Qutput (IRQ) will go low. 1RQ is an
“open-collector” output which can be “‘wire-or'ed”
with other devices in the system to interrtpt the
processor.

In the SY6522, all the interrupt flags are contained
in one register. In addition, bit 7 of this register wilt
be read as a logic 1 when an interrupt exists within
the chip. This allows very convenient polling of sev-
eral devices within a system to locate the source of
an interrupt.

WRITE TICH
CPERATION

11

FBE INPUT u

R3 ouTPUT

N | N1

Figure 21. Timer 2 Pulse Counting Mode

| N2 i 2 1 o

REG 10 — SHIFT REGISTER

|7|6I5|I[3I2|1l0|

L -

SHIFT
r HEGISTER
BITS

NOTES:

1. WHEN SHIFTING DUT. 81T 7 15 THE FIRST BT
OUT AND SIMULTANECUSLY 1S ROTATED BACK
INTOBITO.

2. WHEN SHIFTING IN, BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7.

Figure 22, SR and ACR Control Bits

REG 11 — AUXILIARY CONTROL REGISTER

BOBREEAB

—_

L SHIFT REGISTER

MODE CONTROL

OPERATION

OISABLED

SHIFT IN UNDER CONTROL OF T2
SHIFT IN UNDER CONTROL OF 'l
SHIFT IN UNDER CONTROL DF EXT CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHEFT QUT UNDER CONTROL OF T2

SHIFT OUT UNDER CONTROL OF
SHIFT (U1 UNDER CONTROL OF EXT CLK

B e B A =R S )
w|=lo|la]as|=|e|ofw
wlol=loj=|o|=|a|~
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SR Disabled {000)

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, but the
shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in the Peripheral
Control Register (PCR), In this mode the SR Interrupt Flag is disabled {held to a logic 0).

Shift in Under Control of T2 {001)

In the 001 mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the CB1 pin
to control shifting in external devices. The time between transitions of this output clock is a function of the system
clock period and the contents of the low order T2 latch (N).

The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low order bit
of SR and is then shifted into the next higher order bit of the shift register on the negative-going edge of each clock
pulse. The input data should change before the positive-going edge of the €81 clock pulse. This data is shifted into
the shift register during the ¢2 clock cycle following the positive-going edge of the CB1 clock pulse. After 8 CB1
clock pulses, the shift register interrupt flag will be set and iRQ will go low,

o LTI

WRITE OR READ
SHIFT REG. R ;L
N+2 CYCLES 3&&;; ”ri
CB1OUTPUT l—‘j
SHIFT CLOCK A | | L / °

ol Sy S it SR i S Y

$hift in Under Control of ¢ (010}

In mode 010 the shift rate is a direct function of the system clock frequency. CB1 becornes an output which
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and has no
effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted first into

bit 0 and is then shifted into the next higher order bit of the shift register on the trailing edge of each ¢ clock pulse.
After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on CB1 will stop.

)
b
o]
5]
m
%]
0
o
X
vl

|
READ SR h |
DPERATION

CE1DUTPUT

cazweut TN X X X X X X X e X
o] 1

Shift in Under Control of External CB1 Clock {011)

In mode 011 CB1 becomes an input. This allows an external device to load the shift register at its own pace. The
shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the shift register
counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing the Shift
Register resets the Interrupt fiag and initializes the SR counter to count another B pulses,

Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift
pulse. For this reason, data must be held stable during the first full eycle following CB1 going high,

'y
Ao L Im L= Lo 1 « 7/ LT
cazweur TN+ XY s R X} s X

[[:13

Figure 23. Shift Register Input Modes
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Shift Out Free-Running at T2 Rate {100}

Made 100 is very similar to mode 101 in which the shifting rate is set by T2, However, in mode 100 the SR Counter
does not stop the shifting operation. Since the Shift Register bit 7 (SR7} is recirculated back into bit 0, the 8 bits
loaded into the shift register will be clocked onto CB2 repetitively. In this mode the shift register counter is disabled.

1
WRITE SR
OPERATION n
T
N+Z CYLLES H+2XCYCLES | [

e Ay G0 o 8 i 5 ) E gy 80 oy
et T T X XXX

Shift Out Under Control of T2 (101}
In mode 101 the shift rate is controlied by T2 {as in the previous mode). However, with each read or write of the shift
register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 shift pulses are generated on CB1
ta control shifting in external devices. After the 8 shift pulses, the shifting is disabled, the SR Interrupt Flag is set and
CB2 remains at the last data level.
||.2
| |

WPITE SR _,"-_l | 1
OFERATION

Ne2 CYCLES Noz cvcn.es; | . |
e | B (77 L o
Iy
TP Y 1 A 2 ) 4 3 ,f ! ) Gl

[%5]
.5
]

T 9
QLU
E]
[o of
a

TRG L_.

Shift Out Under Control of 93 (110}
In mode 110, the shift rate is controlled by the ¢5 system clock.

clocx IU'LI'\.I'LI'IJIIFLI’LFLIW"L.I'_LI'U'LH_FU'L

WRITE 57 l—l | |
OPERATION I

CB1 OUTPUT

SHIFT CLOCK ! 2 2 _1;,_,/ z :
CBZ QUTPUT

s X X X/ X X

RO

Shift Out Under Contral of External CB1 Clock {111}

in mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR
Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the microprocessor
writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the
next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The microprocessor can then load the
shift register with the next byte of data.

]

WRITE SR

QPERATION

GCB1INPUT | 1 | | H I 1 1 | B I

SHIFT CLOCK

L]

I
—_—

€02 QUTPUT —
a2 MM ' D G DL

’

RO

Figure 24. Shift Register Qutput Modes

5-56



ViI

.44

Manuel technique

5

SY6522/SY6522A

The Interrupt Fiag Register {IFR} and Interrupt En-
able Register {|ER) are depicted in Figures 25 and
26, respectively.

The IFR may be read directly by the processor. In ad-
dition, individual flag bits may be ¢leared by writing
a ""1" into the appropriate bit of the I[FR. When the
proper chip select and register signals are applied to
the chip, the contents of this register are placed on
the data bus. Bit 7 indicates the status of the IRQ out-
put. This bit corresponds to the logic function: IRQ =
IFR6 x IER6+IFR5 x IER5+1FR4 x IER4 + IFR3 x
IER3 +IFR2 x IER2 + IFR1x IER1 + IFRQ x |ERD,
Note: X = logic AND, += Logic OR.

The 1FR bit 7 is not a flag. Therefore, this bit is not
directly cleared by writing a logic 1 into it. |t can
only be cleared by clearing all the flags in the register
or by disabling ali the active interrupts as discussed
in the next section.

REG 13 — INTERRUPT FLAG REGISTER

SETBY CLEARED BY

- [CAZACTIVE EDGE | READ OR WRITE
cazd REG 1 (ORA)

CA1——Ca1 ACTIVE EDGE READ DR WRITE
REG 1 TOAA)

SHIFT AEG JCOMPLETE BSHIFTS [ AEAD OR WRITE

SHIFT AEG
B}~ CBZ ACTIVE [DGE__| READ OR WRITE DRB|

cB1 081 ACTIVE EDGE READ OR WAITE OAB
TIME-QUT OF T2 READ 12 LOW OR

TIMER 2 WRITE T2 HIGH
TIME-QUT OF T1 READ T1 LOW OR
TIKEA 1 WRITE T1 HIGH
Liro ANY ENABLED CLEAR ALL

INTERRUPTS

INTERRUPT

address 1110 {IER address), If bit 7 of the data placed
on the system data bus during this write operation is
a 0, each 1 in bits 6 through O clears the correspond-
ing bit in the Interrupt Enable Register, For each zero
in bits 6 through 0, the corresponding bit is un-
affected.

Setting selected bits in the Interrupt Enable Register
is accomplished by writing to the same address with
bit 7 in the data word set to a logic 1. In this case,
each 1 in bits 6 through O will set the corresponding
bit. For each zero, the corresponding bit will be un-
affected. This individual control of the setting and
clearing operations allows very convenient control of
the interrupts during system operation.

In addition to setting and clearing IER bits, the pro-
cessor can read the contents of this register by placing
the proper address on the register select and chip
select inputs with the R/W line high. Bit 7 will be
read as a logic 0.

REG 14 — INTERRUPT ENABLE REGISTER

|1|a|s|a’a|z|1|u|
|—CA2 ]

cal

SHIFT REG
B2 0 * INTERRUPT DISABLED

b=
CB 1= INTERRUPT ENABLED

TIMER 2

Figure 25. Interrupt Flag Register {| FR)

For each interrupt flag in IFR, there is a correspond-
ing bit in the Interrupt Enable Register. The system
processor can set or clear selected bits in this register
to facilitate controlling individual interrupts without
affecting others. This is accomplished by writing to

TIMER 1
SET/CLEAR

NOTES:

1 IFBITTIS A"0", THEN EACH ™17 INBITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT.

2 FBIT 7218 A 1", THEN EACH 1" IN 4TS 0 - 6 ENABLES THE
CORRESPONDING INTERAUPT.

3. IF A AEAD OF THIS REGISTER IS DONE, BIT 7 WILL 8E "0 AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE

Figure 26. Interrupt Enable Register (IER)
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SY6522/SY6522A

ORDERING INFORMATION

Order Package Frequancy
Number Type Option
SYP 6522 Plastic 1MHz
SYPBS22A  Plastic 2 MHz
$YC 6522 Ceramic 1MHz
SYC6522A  Ceramic 2 MHz

PACKAGE QUTLINE
10" man, \
a o | —ﬁ;"_'i_
600 max, (15.87) 625
{15.24 mm) 1511 585
t }
' “oorornoten 2 ]
TO LOCATE
PINNO. + 155 man
| 13.93 mmi
2.020 mas,
1 — — 190 max
Lol L L) 482 mm)

i

1065 065
{107 b0 Tye

—

(55 022
—l— (45} B8 TYP,
1910 (4851 mm)
1.09¢ 148.00 mm|
19 EQUAL SPACES
100 iTDL. NONCUM,
12 54 mm|

NOTE Pin Mo 1 i an lower bt

WWjLTi

|~ 100 mm.|I

(2,54 mm}

00 man,
1.25 mm}

comy when

4% 4n normal

PIN CONFIGURATION

vss [ 0[] cAl
L [ 39| caz
LEAN 28] rso
PAZ [a 7 rSY
Pa3[1s 1s[] RS2
PM 6 5[] Rs3
Pas ] 7 4[] RES
Pag ] 8 330 po
par[]9 RO o
#80 [J1o sveszz :1[d 02
o1 0 w[] o3
rez 12 2[J o4
pB3 13 28] o5
pas []14 27[1 D8
ras s 28] o7
ras [J16 fimER
Pa? 17 [ cs1
cet e 23 €32
ca2 Che 22| RAN
vee 20 21 [ iRG
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intel
8279/8279-5

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

u MCS-85™ Compatible 8279-5 s Dual 8- or 16-Numerical Display
= Simultaneous Keyboard Display . : .
Operations m Single 16-Character Display
a Scanned Keyboard Mode m Right or Left Entry 16-Byte Display
s Scanned Sensor Mode ——
m Strobed input Entry Mode s Mode Programmable from CPU

m 8-Character Keyboard FIFO

» 2-Key Lockout or N-Key Rollover with .
Contact Debounce m Interrupt Output on Key Entry

a Programmable Scan Timing

The inte!® 8279 is a general purpose programmable keyboard and display HO interface device designed tor use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall eflect and
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in
an B-character FIFQ. If more than B characters are entered, overrun status is set. Key entries set the interrupt output
line to the CRU,

The display portion provides a scanned display interface for LED, incandescent, and other popular display
technologies. Both numeric and alphanumeric segment displays may be used as well as Simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM
can be done with auto-increment of the display RAM address.

PIN CONFIGURATION LOGIC SYMBOL
T Vee
[ S ]
ALy ] w0 v,
Ayl z 1 A PIN NAMES : o a .
——! o
celfz 1w [JRLg | ” |
wa]a CNTL/SIB
g vp ‘ 0aT4
AL s 36 [JSHiET Db 1.0 | DATS BUS (B GIRECTIONAL Bus
A (ls 35 Fst, [3T4 1| CLOCk ihPuT | SHIFT KEY DATA
RESIT | RESET RPUT
LIEYw B s, <1 1 | crwe seLect | —  «lro
R s nhsy, 56 + | nean inryl
] T L wAITE mPul
Reser () o 32 1sLe i + ] burtER doDAESS | Y
awrlw ¥ on [louT B, iAg © | IN1ERRLPT AEGUEST GuTFLT - |
5k G | scAN 1iNeS i
wR 1 »wdoure, s T RETGRN LINES INTERFACE :
o, [] 12 29 Doure SWIFT [ AL B — L]
° : CHILISTE | 1| CONTAGL STROBE INPUT Sty 4 SCAN
oe, ({13 = [Tout gy OUT Apy | O | Diserav 5 aulbuls
o8, [ 22 [JouT ay GuT Bys 1 O | DISFLAY 181 OUTPUTS -
o8, s 26 Mour A 138 T | BLANK DISPLAY GWTALT
ouT A a
08,0 6 2 NouT &, ! b
RESET
oe,[] 17 24 [JOUT 24 SE
pa, [ 1 23[)EB DISPLAY
0B, 19 [ L ————Jcix  ouT By M > DATa
v mn 210 &g
* B0
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HARDWARE DESCRIPTION

The 8279 is packaged in a 40 pin DIP, The following is
a functional description of each pin.

Function

No. Ot
Pins  Designation

8 DBg-DB7
1 CLK
1 RESET
i C8
1 Ag
2 RD WR
1 IRQ

2 Vg Veo
4 SLo-SLa

8 RLo-RLz?

Bi-directional data bus. All data

and commands between the

CPU and the 8279 are trans-

mitted on these lines,

Clock from system used to gen-

erate internal timing.

A high signal on this pin resets

the 8279. After being reset the

8279 is placed in the following

mode:

1) 16 8-bit character display
—left entry.

2) Encoded scan keyboard—2
key lockout,

Along with this the program

clock prescaler is set to 31.

Chip Select. A low on this pin
enables the interface functions
to receive or transmit,

Buffer Address. A high on this
line indicates the signals in or
out are interpreted as a com-
mand or status. A low indicates
that they are data.
Input/Qutput read and write.
These signals enable the data
bufters to either send data to
the external bus or receive it
from the external bus.
interrupt Request. In a keyboard
mode, the interrupt line is high
when there is data in the FIFQ/
Sensor RAM. The interrupl line
goes low with each FIFQ/
Sensor RAM read and returns
high if there is still informa-
tien in the RAM. In a sensor
mode, the interrupt line goes
high whenever a change in a
sensor is detected.

Ground and power supply pins.
Scan Lines which are used to
scan the key switch or sensor
malrix and the display digits.
These lines can be either en-
coded (1 of 16} or decoded (1 of
4y,

Return line inputs which are
connected to the scan lines
through the keys or sensor
switches. They have active in-
ternal pullups to keep them
high until a switch closure pulls
one low, They also serve as an
8-bit input in the Strobed Input
mode.

1 SHIFT The shift input status is stored
along with the key. position on

key closure in the' Scanned

No. Of
Pins  Designation Function

Keyboard modes. It has an
active internal puilup to keep it
high until a switch closure pulis
it low.

1 CNTL/STB For keyboard modes this line is
used as a controf input and
stored like stalus on a key clo-
sure. The line is also the strobe
line that enters the data into the

FIFQ in the Strobed Input mode,

(Rising Edge). It has an active
internal pullup to keep it high
until a switch closure pulls it
low.

4 OUT Ao-OUT A3 These two porls are the outputs

4 OUT Bo-OUT Ba for the 16 x 4 display refresh
registers. The data from these
outputs is synchronized to the
scan lines (SLo-SLa) for multi-
plexed digit displays. The two 4
bit ports may be blanked inde-
pendently, These two ports may
also be considered as one 8 bit
port.

Blank Display. This output is
used to blank the display during
digit switching or by a display
blanking command.

PRINCIPLES OF OPERATION

The foliowing is a description of the major elements of the
8279 Programmable Keyboard/Display interface device.
Refer to the block diagram in Figure 1.

110 Control and Data Buffers

The I/G control section uses the CS, Ao, AD and W lines
to control data flow to and from the varicus internal
registers and buffers. All data flow to and from the 8279 is
enabled by CS. The character of the information, given or
desired by the CPU, is identified by Ag. A logic one
means the information is a command or status. A logic
Zzero means the information is data. RD and WR determine
the direction of data flow through the Data Buffers. The
Data Buffers are bi-directional buffers that connect the
internal bus to the external bus. When the chip is not
selected (CS = 1), the devices are in a high impedance
state. The drivers input during WRe €3 and output during
RO CS.

Control and Timing Registers and Timing Control
These registers store the keyboard and display modes and
other operating conditions programmed by the CPU. The
modes are programmed by presenting the proper
command on the data lines with Ag = 1 and then sending
a WR. The command is latched on the rising edge of WR.
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FUNCTIONAL DESCRIPTION

Since dala input and display are an integral part of many
microprocessor designs, the system designer needs an
interface that can control these functions without placing
a large load on the CPU The 8279 provides this function
for 8-bit microprocessors.

The 8279 has two sections: keyboard and display. The
keyboard section can interface to regular typewniter style
keyboards or randgom toggle ¢or thumb switches. The
display section drives alphanumeric displays or a bank of
indicator lights. Thus the CPU is relieved from scanning
the keyboard or refreshing the display.

The 8279 is designed to directly connect to the
microprocessor bus. The CPU can program all operating
modes for the B279. These modes include:

Input Modes

* Scanned Keyboard — with encoded (8 x 8 key
keyboard) or decoded {4 x 8 key keyboard) scan lines.
A key depression generates a 6-bit encoding of key
position. Position and shift and c¢ontrol status are
stored in the FIFO. Keys are automatically debounced
with 2-key tockout or N-key roliover.

¢ Scanned Sensor Malrix — with encoded (8 x 8 matrix
switches) or decoded (4 x 8 matrix switches) scan lines
Key status {open or closed) stored in RAM addressable
by CPLU,

¢ Strobed Input -- Data on feturn lines during controt
line strobe 1s transferred to FIFO.

Qutput Modes

e 8 or 16 character multipiexed displays that can be
organized as dual 4-bit or single 8-bit.

* Right entry or left entry display formats.

Other features of the 8279 include:
* Mode programming from the CPU.
* Ciock Prescaler

* Interrupt output to signal CPU when there is keyboard
or sensor dala available.

* An 8 byte FIFQ to store keyboard information.

* 16 byte internal Display RAM tor display refresh, This
RAM can also be read by the CPU.

CLK  RESET DB80-7 Ad WA cE A, 1RO
FIFO/'SENSOR
oMol 10 CONTAOL RAM
BUFFERS ETAT05
INTEANAL - DATA BUS (&) ¢
] LI
DHSPLAY CONTROL AND x
ADDRESS ITYE TIMING FIFO/SENSOR KEYBOARD
REGISTERS DISPLAY REGISTERS AAM <: neoNut;ace
AAM I CONTROL
TIMING
ANO l
CONTAGL
DISPLAY 1 .
REGISTERS | 1 SCAN COUNTER ] [ ETURN
SHIFT
OUT Ag3 QUT By -] Stos Rlgs  CNTLISTB
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The command is them decoded and the appropriate SOFTWARE OPERATION
function is set. The timing control contains the basic

timing counter chain. The first counterisa + N prescaler 8279 commands

that can be programmed to yield an internal frequency
of 100 kHz which gives a 5.1 ms keyboard scan time and
a 10.3 ms debounce time. The other counters divide
down the basic internal frequency to provide the proper

The following commands program the 8279 operating
modes. The commands are sent on the Data Bus with CS
low and Ag high and are loaded 10 the 8279 on the rising

key scan, row scan, keyboard matrix scan, and display eage of Wh.
scan times. Keyboard/Display Mode Set
MSB LSB

Scan Counter

The scan counter has two modes. In the encoded mode,
the counter provides a binary count that must be
externally decoded to provide the scan lines for the ; .
keyboard and display. In the decoded mode, the scan Where DO is the Display Mode and KKK is the Keyboard
counter decodes the least significant 2 bits and provides a Mode.

decoded 1 of 4 scan. Note than when the keyboard is in

code: [oJoJo]o[p [k [x[k]

decoded scan, so is the display. This means that only the oo

tirst 4 characters in the Display RAM are displayed. 0 O 8 B8-bit character display — Left entry

In the encoded mode, the scan lines are active high 0 1 16 B-bit character display — Left entry”

outputs. In the decoded mode, the scan lines are active . . .

Pt thatie) 1 0 8 8-bit character display — Right entry
1 1 16 B-bit character display — Right entry

Return Buffers and Keyboard Debounce
and Control
The 8 return lines are buffered and latched by the Return

For description of right and left entry, see Interface
Considerations. Note that when decoded scan is set in

Buffers. In the keyboard mode, these lines are scanned keyboard mode. the display is reduced to 4 characters
looking for key closures in that row. If the debounce independent of display mode set.

circuit detects a closed switch, it waits about 10 msec 10

check if the switch remains closed. If it does, the address KKK

of the switch in the matrix plus the status of SHIFT and 0 0 0 Encoded Scan Keyboard — 2 Key Lockout*
CONTROL are transferred to the FIFQ. In the scanned

Sensor Matrix modes, the contents of the return lings 15 0 0 1 Decoded Scan Keyboard — 2-Key Lockout
directly iransferred to the corresponding row of the 0 1 0 Encoded Scan Keyboard — N-Key Rollover
Sensor RAM (FIFQ) each key scan time. In Strobed Input

maode, the contents of the return lines are transferred to 0 1 1 Decoded Scan Keyboard — N-Key Rollover
the FIFQ on the rising edge of the CNTL/STB line pulse 1 0 0 Encoded Scan Sensor Matrix
FIFO/Sensor RAM and Status 1 0 1 Deccded Scan Sensor Matrix

This block 15 a dual funclion 8 x 8 RAM. In Keyboard aor 1 1 0 Strobed Input, Encoded Display Scan
Strobed Input modes. it is a FIFQ. Each new entry 1s 1 1 1 Strobed Input, Decoded Display Scan
written inlo successive RAM positions and each is then

read in order of entry. FIFQ status keeps track of the Program Clock

number of characters in the FIFQ and whether it s full or

empty. Too many reads or wntes will be recognized as an Code: [ ol ol 1 I P ] P l P | P | P l

error, The status can be read by an RD with CS low and
Ap high. The status logic also provides an IRQ signal

when the FIFQO 15 not empty In Scanned Sensor Matrix All timing and multiplexing signals for the 8279 are

mode. the memory 15 a Sensor RAM. Each row of the generated by an internal prescaler. This prescaler o

Sensor RAM is loaded with the status of the correspond- divides the external clock (pin 3) by a programmable =

ing row of sensor In the sensor matrix. Inthis mode, IRQ is integer. Bits PPPPP determine the value of this integer &

high if a change 1n a sensor 15 detected. which ranges from 2 to 31. Choosing a divisor that yields =
100 kHz will give the specified scan and debounce w

Display Address Registers and Display RAM times. For instance, if Pin 3 of the 8279 is being clocked

The Display Address Registers hold the address of the by a 2 MHz signal, PPPPP shouid be set to 10100 to

word currently being written or read by the CPU and the divide the clock by 20 to yield the proper 100 kHz operat-

two 4-bit nibbles being displayed. The read/write ing frequency.

addresses are programmed by CPU command. They also

can be set to auto increment after each read or write. The Read FIFO/Sensor RAM

Display RAM can be directly read by the CPU after the
correct mode and address i1s sel. The addresses for the A
and B nibbles are automatically updated by the 8279 to
maltch data entry by the CPL. The A and B nibbles can be

Code: |O|1|0|AIIXIA|A|A| X =Don't Care

entered. independently or as one word, according 1o the The CPU sets up the B279 for a read of the FIFO/Sensor
mode that is set by the CPU. Data entry 10 the display can RAM by first writing this command. in the Scan Key-
be set to either left or nght entry. See Interface

Considerations for details. ‘Detaull after reset
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board Mode, the Auto-increment flag (Al) and the RAM
address bits (AAA) are irrelevant. The 8279 will automati-
cally drive the data bus for each subsequent read (Ag=0)
in the same sequence in which the data first entered the
FIFQ. All subsequent reads will be from the FIFQ until
another command is issued.

In the Sensor Matrix Mode, the RAM address bits AAA
select one of the 8 rows of the Sensor RAM. If the Al flag
is set (Al = 1), each successive read will be from the sub-
sequent row of the sensor RAM.

fead Display RAM

code: |o|1}1]a]alala]al

The CPU sets up the 8279 for a read of the Display RAM
by first writing this command. The address bits AAAA
select one of the 16 rows of the Display RAM. If the Al
flag is set (Al = 1), this row address will be incremented
alter aach futlowing read or write to the Display RAM.
Since the same counter is used for both reading and
writing, this command sets the next read or write
address and the sense of the Auto-Increment mode for
both operations.

Write Display RAM

code: [1]ofo]afajafala]

The CPU sets up the 8279 for a write to the Display RAM
by first writing this command. After writing the com-
mand with Ag= 1, all subsequent writes with Ag=0 will
be to the Display RAM. The addressing and Auto-
Increment functions are identical 1o those for the Read
Display RAM. However, this command does not affect
the source of subsequent Data Reads; the GPU will read
from whichever RAM (Display or FIFQ/Sensor) which
was last specif.ed. 1%, indeed, the Jisglay RAM vsas fast
specified, the Write Display RAM will, neverthsless,
change the next Read location.

Display Write Inhiblt/Blanking

The IW Bits can be used to mask nibble A and nibble B
in applications requiring separate 4-bit display ports. By
setting the IW fiag (IW= 1} for one of the ports, the port
becomes marked so that entries to the Display RAM
from the CPU do not atfect that port. Thus, if each nibble
is input to a BCD decoder, the CPU may write a digit to
the Disptay RAM without affecting the other digit being
displayed. It is important to note that bit By corresponds
10 bit Dy on the CPU bus, and that bit A corresponds to
bit Dy.

If the user wishes to blank the display, the BL flags are
avaifable for each nibble. The last Clear command issued
determines the code to be used as a "'blank.” This code
defaults to all zeros after a reset. Note that both BL
flags must be sel to blank a display formatted with a
single 8-bit port.

Clear

The Cp bits are available in this command to clear all

rows of the Display RAM to a selectable blanking code. |

as follows:
CpCp Cp
0 X Al Zeros {X = Don’t Care)}
1 0 AB = Hex 20 (0010 0000!
11 Al Ones

Enable clear display when = 1 {or by Cp = 1}

During the time the Display RAM is being cleared (~160 p3),
it may not be written to. The most significant bit of the
FIFO status word is set during this time. When the Dis-
play RAM becomes avallable again, it automatically
resets.

It the Cp bit is asserted (Cg=1), the FIFO status is
eared and the imerrupt o.iput line is rese., Also, the
Sensor RAM pointer is set to row 0.

C,, the Clear All bit, has the combined effect of Gp and
Cp; it uses the Cp, clearing code on the Display RAM and
also clears FIFO status. Furthermaore, it resynchronizes
the internal timing chain.

End Interrupt/Error Mode Set

code:  [1]1[1]E[x|x|x|x] x = Don't care.

For the sensor maltrix modes this command lowers the
IRQ line and enables turther writing into RAM. (The IRQ
line would have been raised upon the detection of a
changa in a $ensor value. This would have also inhibited
further writing into the RAM until resel).

ror the N-key rollc ver mode —if the E bitis prog-arimed
to “1" the chip will operate in the special Error mode. (For
further delails, see Interface Considerations Section.)

Status Word

The status word contains the FIFQO status, error, and
display unavailable signals. This word is read by the cPu
when Ap is high and CS and RD are low. See Interface
Considerations for more detail on status word,

Data Read

Data is read when Ap, CS and RO are all low. The source
of the data is specified by the Read FIFO or Read Display
commands. The trailing edge of RD will cause the address
of the RAM being read 1o be incremented it the Auto-
Increment flag is set. FIFO reads always increment (if no
error occurs) independent of Al

Data Write

Data that is written with Ao, CS and WR low is always
written to the Display RAM. The address is specified by the
latest Read Display or Write Display command. Aulo-
incrementing on the rising edge of WR occurs it Al set by
the lalest display command.
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INTERFACE CONSIDERATIONS

Scanned Keyboard Mode, 2.Key Lockout

There are thres possible combinations of conditions
that can occur during debounce scanning. When a key is
depressed, the debounce logic is set. Other depressed
keys are looked for during the next two scans. If none
are encounterad, it Is a single key depression and the
key position is entered into the FIFO atong with the
status of CNTL and SHIFT lines. If the FIFQ was empty,
IRQ will be set to signal the CPU that there is an entry in
the FIFO. If the FIFO was full, the key will not be entered
and the error flag will be set. If another closed switch is
encountered, no entry to the FIFO can occur, If all other
keys are released before this one, then it will be entered
to the FIFO. If this key is released before any other, it
will be entirely ignored. A key is entered to the FIFQ
only once per depression, no matter how many keys
were pressed along with it or in what order they were
released. if two keys are depressed within the debounce
cycle, it is a simultanecus depression. Neither key witl
be recognized until one key remains depressed alone.
The last key will be treated as a single key depression.

Scanned Keyboard Mode, N-Key Rollover

With N-key Rollover each key depression is treated
independently from all others. When a key is depressed,
the debounce circuit waits 2 keyboard scans and then
checks to see if the kay is stiil down. 1f it is. the key is
entered into the FIFO. Any number of keys can be
depressed and another can be recognized and entered
into the FIFO. If a simultaneous depression occurs, the
keys are recognized and entered according to the order
the keyboard scan found them.

Scanned Keyboard — Special Error Modes

For N-key rollover made the user can program a special
error mode. This is done by the “End Interrupt/Error Mode
Sel” command. The debounce cycle and key-validity
check are as in normal N-key mode. Hf during a single
debounce cycle, two keys are found depressed, this is
considered a simultanegus multiple depression. and sets
an e.ro. flag. This .ag will prever ! any [urt.aer writing imo
the FIFQ and will set interrupt (if not yet set). The error flag
could be read in this mode by reading the FIFO STATUS
word {See "FIFQ STATUS" for turther details ) The error
flag is reset by sending the normal CLEAR command with
Cs =1

Sensor Matrix Mode

In Sensor Matrix mode, the debounce logic 1S inhibited,
The status of the sensor switch s inputted directly to the
Sensor RAM. In this way the Sensor RAM keeps an image
of the state of the switches in the sensor matrix. Although
debouncing is not provided, this mode has the advantage
that the CPU knows how long the sensor was closed and
when it was released. A keyboard mode can only indicate
a vahdated closure. To make the software easier, the
designer should tunctionally group the sensors by row
singe this is the format in which the CPU will read them.
The IRQ line goes high it any sensor value change is
detected at the end of a sensor matrix scan. The IRQ line is
cleared by the first data read operation if the Auto-

Increment flag is set to¢ zero, or by the End Interrupt
command if the Auto-Increment fiag is set to one.

Note: Multipie changes in the matrix Addressed by {SLp-3
= 0) may cause multiple interrupts. {SLo=0in the Decoded
Mode). Reset may cause the 8279 to sea multiple changes.

Data Formal

In the Scanned Keyboard mode, the character entered
into the FIFO corresponds to the position of the switch
in the keyboard plus the status of the CNTL and SHIFT
lines (non-inverted). CNTL is the MSB of the character
and SHIFT is the next most significant bit. The next
three bits are from the scan counter and indicate the
row the key was found in. The last threa bits are from the
column counter and Indicate to which return line the key
was connacted.

Ms8 LS8

L U
CNTLISH!FT 'SCAN
t

SCANNED KEYBOARD DATA FORMAT

T T
RETURN
1 L

In Sensor Matrix mode, the gava on the return lines Is
entered directly in the row of the Sensor RAM that
corresponds to the row in the matrix being scanned.
Therefore, each switch postion maps directly to a Sensor
RAM position. The SHIFT and CNTL inputs areignored in
this mode. Note that switches are not necessarily the only
thing that can be connected to the return lines in this
mode. Any logic that can be triggered by the scan lines
can enter data to the return tine inpuis. Eight multiplexed
input ports could be tied to the return lines and scanned by
the 8279

[ :I:I ALg l ALg | nL.I Rij lRLg JEL‘ I ALy J

In Strobed Input mode, the data is also entered to the FIFO
from the return lines. The data is entered by the rising
ec3s »nf a CNTL/STE line pulse. Data car rome from
another encoded keyboard or simple switch matrix. The
return lines can aiso be used as a general purpose strobed
input.

Ms8 LSB

[nL,l Rlg | RLs | nL.[nL;lﬂL, ] RL I RLu]

Display
Left Entry

Left Entry mode is the simplest display format in that each
display position directly corresponds 10 a byte (or nibble}
in the Display RAM. Address 0in the RAM is the left-most
display character and address 15 {or address 7 in 8
character display) is the right most display character,
Entering charactlers from position zero causes the display
to fill from the left, The 17th (9th) characteris entered back
in the left most position and filling again proceeds from
there.
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0 v 14 15=—Display 91238828 7’5@
15t entry E]j s 4, ]:D :::ess Jstentry l l [ | | I ,A“dtfm:
o S 14 1§ 0 12 3 456 67
maenry 2] 77T zaeey (2] T TT11]
0 1 . 14 15 01 2 3 45 6 7
16th entry EE[_ it _ Command | 1 I2 | | | | I | l
10010101
01 1415 Enter next at Location 5 Auto Increment
17th entry n o _ 012 3 45 67
o1 418 ey [1]2] T T [3] |
18th entry a ity _ 612346567
R ey [[e] [T D[]
LEFT ENTRY MODE
Right Entry IAUTO INCREMENT}

Right entry is the method used by most electronic
calculators. The first entry is placed in the right most
display character. The next entry is also placed inthe right
most character after the display is shifted left one
character. The left most character is shifted off the end
and is lost,

1 2 14 15 O -=Display
2 3 == 15 0 1
2nd entry EE[
3 4 u
Jdentry |
o
16th entry EZ[
1 2 _
17th entry H
2 3
18th entry

RIGHT ENTRY MODE
{AUTO INCREMENT)

Note thal now the display position and register address do
not correspond. Consequently, entering a characier to an
arbitrary position in the Auto Increment mode may have
unexpected results. Entry starting at Display RAM address
0 with sequential entry is recommended.

Auto Increment

In the Left Entry mode, Auto Incrementing causes the
address whare the CPU will next write to be incremented
by one and the character appears in the next location.
With non-Auto Incrementing the entry is both te the same
RAM address and display position. Entry to an arbitrary
address in the Aute Increment mode has no undesirable
side effects and the result is predictable:

11-158

in the Right Entry mode, Auto Incrementing and non
Incrementing have the same effect as in the Left Entry
except if the address sequence is interrupted:

12 3456 7 0-=Dislay
[T7] Rees
23456701
L1 [ulz]

2 3 45 6 7 0

st entry I I

2nd entry

conmana [T [ 11 1 [1]2]

10010101 B
Enter next at Location 5 Aute Increment
345486 70

3rd entry I—[ |3I I IIIZI ]
4 5 6 70 2z 3

4th entry I_[ I I |1i2! I I

RIGHT ENTRY MODE
{AUTC INCREMENT)

Starting at an arbitrary location operates as shown below:

¢ 1 2 3 4 5 6 7-=—Display

RAM
Comenand S| ] [ | UL | aoeen
Enter next at Location 5 Auto Increment
123 a4 56 70
ey [ [ [ [ D[]
2 3 4 5% 6 7 01
ma ey [T T2 1]
g enry [afsfef[7]8{1]z}3]
h entry I5I6|7|8I9[2|3J4_|

RIGHT ENTRY MODE
{AUTO INCREMENT)
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Entry appears to be from the initial entry point. In a Sensor Matrix mode, a bit is "sm ihl}él status

word to indicate that atieast one sensor ¢losur tion
B/16 Charscter Display Formats is contained in the Sensor RAM. o i /‘_ :
If the display mode is sel to an B character display: the on In Special Errar Mode the S/E bitis showing the e_'ﬂ?""v
duty-cycle is'double what it would be for a 16 character and serves as an indication to whether a simuitangous¥ .
disptay (e.g., 5.1 ms scan time for 8 characlers vs. 10.3ms multiple closure error has occurred. 2
tor 16 characters with 100 kHz internal frequency).

FIFO STATUS WORG
G. FIFQO Status *—FIFO Full
FIFO status is used in the Keyboard and Strobed input
= £
modes to indicate the number of characters in the FIFO [ O [SIE[O TU [ TN [ N IN—I
Y Number of

and to indicate whether an error has occusred. There are
two types of errors possible: overrun and underrun,
Qverrun occurs when the entry of another characterinto a
full FIFQ is attempted. Underrun occurs when the CPU
tries to read an empty FIFOQ,

The FIFQ status word also has a bit 1o indicate that the
Display RAM was unavailable because a Clear Display or
Clear All command had not completed its clearing

characters in FIFQ
Error-Underrun
Error-Overrun
Sansor Closura/Error Flag for
Multiple Closures
————————_  Display uniavailable

operation.
APPLICATIONS
o T
CONTROL
& COLUMNS
& AOWS

INY
BIT DATA BUS
MICRO.  DATA
PROCESSOR  AuS
SYSTEM i
R
CONTAOLS L]
RESET
ADOAESS Lo
sus{ al'
cux
cLock T
DISPLAY
. ADDRESSES
‘I> IDECOCED)
DISPLAY
A CHARACTERS

DatTa
L—7=> —_

*Do not grive the keyboard decodsr with tha MSB of the acan lines.
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Ay
ABSOLUTE MAXIMUM RATINGS" “COMMENT: Stresses above thase listed uno{ Agsolute
i o o Maximum Ratings” may cause permanens dam, he
Ambient Temperature . ............. 9 Cto TOOC device, This is a stress rating only and funr:tiona:" -
Storage Temperature ... .......... -65°Ct0 125°C . ) , -
- tion of the device at these or any cther conditians ab,
Vaitage on any Pin with L ; . X ) % &
those indicated in the operational sections of this specifi- 8 &
Respect toGround . ... .......... -0.5V 10 +7V T . . r
P Dissipati TW cation is not implied. Exposure to absolute maximuym
U L RS DR SOIRCIOICOE att rating conditions for extended periods may affect device
reliability.
D.C. CHARACTERISTICS
Ta =0°C to 70°C, Vss = OV, Note 1
Symbol Parameter Min. Max. Unit Test Conditions
ViLt Input Low Voltage for -0.5 1.4 v
Return Lines
ViLa Input Low Voltage for All Others -0.5 0.8 v
Vin Input High Voltage for 22 v
Return Lines
Viiz input High Voltage for All Others 20 v
VoL Cutput Low Voltage 0.45 \Y Note 2
Vou Qutput High Voltage on Interrupt 3.5 v Note 3
Line
TR} Input Current on Shift, Control and +10 HA Vin = Vee
Return Lines =100 uA Vin = 0V
L2 fnput Leakage Current on All Others 10 A Viy = Vg to OV
loFL Output Float Leakage 10 MA Vout = Ve to OV
lee Power Supply Current 120 mA
Notes:
1. 8279, Voo = 5V £5%: 8279-5, Ve = #5V 1 10%.
2. 8279, Ig = 1.6mA; 82725, lg_ * 2.2mA,
3. 8279, Ipn = -100uA; 82795, gy = -400uA,
CAPACITANCE
SYMBOL | TEST TYP. | MAX. | UNIT TEST CONDITIONS
Cin Input Capacitance 5 10 pF Vin=Vce
Cout Output Capacitance 10 20 pF Vour=Vce
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A.C. CHARACTERISTICS P
Ta = 6°C to 70°C, Vg = OV, (Note 1) R
Bus Farameters P -.f#
Read Cycle: Yoty
8279 82795
Symbol Parameter Min. Max, Min, Max, Unit
taR Address Stable Befo;ﬁﬁ 50 0 ns
tha Address Hold Time for READ 5 0 ns
AR READ Pulse Width 420 250 ns
tpp!? Data Delay from READ 300 150 ns
tapl2) Address to Data Valid 450 250 ns
toF READ to Data Floating 10 100 10 100 ns
trcy Read Cycle Time 1 1 s
Write Cycle:
8279 82795
Symbol Parameter Min. Max. Min. Max, Unit
taw Address Stable Before WRITE 50 0 ns
twa Address Hold Time for WRITE 20 0 ns
tww WRITE Pulse Width 400 250 ns
tow Data Set Up Time for WRITE 300 1580 ns
two Data Hold Time for WRITE 40 ] ns
Notes:
1. 8279, Voo = +5V 15%; 827985, Voo = 45V £ 10%,
2. 8279, G~ 100pF: 8279-5, C_ = 150pF,
Other Timings:
8279 82795
Symboi Parameter Min. Max. Min, Max, Uniz
tow Clock Pulse Width 230 120 nsec
tey Clack Feriod £0J 320 nsic
Keyboard Scan Time: 5.1 msec Digit-on Time: 480 psec
Keyboard Debounce Time: 10.2 msec Blanking Time: 160 psec
Key Scan Time: 80 usec internal Clock Cycle: 10 usec
Display Scan Time: 10.3 msec

Input Wavejorms For A.C. Tests

2.4
20 2.0
-
TEST POINT - -
Ta,
L2 ] LR ]
0.4%
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WAVEFORMS

Read Operation

Ap. 3 (SYSTEM'S
ADDRESS BUS}
- TaR ‘meY
tan i;&;“—-
AD \ \ (READ CONTROL)
[ty ——] L —
o

ERENNNRRR RN ey LR

LLERLERLRTREREN

Write Operation

A X K (SYSTEM'S

ADDRESS BUS)

R R | " Ny Pr—
R \ IWRITE GONTROL)
‘ow wo
DATA BUS DATA DATA
NPT MAY CHANGE y —— MAY CHANGE
Clock input

[ gy |
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8279 SCAN TIMING "

. - - - . - - — ::' ,A'n*
SCAN WAVEFORMS -

e

Y ANYANYA WY AN ANYA WY AN A

. AN VY A W G A W
ez s, — —_—
. / A

T\ \/ \J/ \/
- e \/ \/ \J/
DECODED
SCaN
- \LJ/ \\J/ \Lj/ \\J/__h
m ASSUME INTERNAL FREQUENCY = 100 kHz
b B4 iy 501y = 048
S5
5
Ag- 4 Z
- Ay BLANK BLANK =
ACTIVE HIGH CODE* A CODE* A ::txlo.gs £
o
*BLANK CODE 1S EITHER ALL iE
@'s OR ALL 1's OR 20 HEX z
0.
8- 8 BLANK BLANK K
ACTIVE moﬂ CODE* B0} CODE* B :“D‘P’g
80 ] 70 150 s_| .o_l__rn
w T g we Uty plt] A0 up e g e
80
-'nl'-l
ALy - AL AL | AL Ry | AL | AL | AL | Ry | ARG l Al | ALy | R | AL | A f oA | A | Rey l
80w —s | = CONDITIONAL WRITE 10 FIF0 RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN
@ — ALy SELECTED, LATCHED )

NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY
53-81 ARE NOT SHOWN BUT THEY ARE SIMPLY 5y DIVIDED BY 2 AND 4
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inte|® 2708/8708*
8K AND 4K UV ERASABLE PROM

Max. Power Max. Access Organization
2708 800 mwW 450 ns 1K x8
2708L 425 mwW 450 ns 1K =8
27081 800 mW 350 ns 1K x8
2704 800 mW 450 ns 512x 8
» Low Power Dissipation — 425 mW a Data Inputs and Qutputs TTL
Max. (2708L) Compatible during both Read and

Program Modes
m Fast Access Time — 350 ns Max.
(2708-1)
» Three-State Outputs — OR-Tie
m Static — No Clocks Required Capability

The Intel® 2708 is a 8192-bit ultraviolet light erasable and electricatly reprogrammable EPROM, ideally suited where
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com-
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common
system bus structures.

The 2708L at 425 mW is available for systems requiring lower power dissipation than from the 2708. A power
dissipation savings of over 50%, without any sacrifice in speed, is obtained with the 2708L. The 2708L has high input
noise immunity and is specified at 10% power supply tolerance. A high-speed 2708-1 is also available at 350 ns for
microprocessors requiring fast access times. For smaller size systems there is the 4096-bit 2704 which is organized as
512 words by 8 bits. All these devices have the same programming and erasing specifications of the 2708. The 2704
electrical specifications are the same as the 2708.

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line
package.

PiN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUT
At vo-07y
¥im 24 e L
I 1
2}z 2] 4
ASEB ZZ:IAE“] ‘ ‘ [ I ‘
ae 21 J v
_ — CHIPSELECT
a]s 20 ] csme camme LeGIC OUTPUT BUFFERS
a: e 270872704 18 Jwo
a - 16 [] proGRAM Bp —= v
pe—
A, ] ¥ GATING
ise ag[]e w7 [J oz imsei Pyp—— DEEODER
fLser oo ] 2 1] os
ADODRESS

°1E 10 15 305 INPUTS Y 8

Ap ——af .
oz n 1oy :G____‘ x . 54 X128

A —— DECODER ROM ARRAY
ws [z 1a[Jes ga— )
NOTE ¥: PIN 22 MUST BE CONNECTED

TO Ves FOR THE 2704,

PIN NAMES
PIN CONNECTION DURING READ OR PROGRAM

Ag-hg | ADDRESS INFUTS
0;-0p_| DATA OUTPUTS/INFUTS PIN NUMBER
CEME | CHIP SELECT/WRITE ENABLE INFUT ADDRESS
DATA 1O INPUTS
a1 1.8, vss | PROGRAM |vop | ESWE | vee | vec
MODE 1337 22,23 12 3 12 2 | 21| 24
READ Daut [ GND GND 2 | Vi 5 | 5
[ DESELECT | HIGH IMPEDANCE DON'T CARE | GND END 12 | Yn 5 | 5
PROGRAM | Dyy A GND | PULSED | +12 | Vimw 1 EE]
%6V

“All 8708 specifications are identical to the 2708 specifications. 4-20
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PROGRAMMING

The programming specifications are described in the Data Catalog PROMIROM Programming Instructions Section.

Absolute Maximum Ratings™
Temperature Under Bias
Storage Temperature
Vpp With Respect to Vg
Vg and Vg With Respect to Vg
All Input or Quiput Voltages With Respect

to Vgg During Read
CS/WE Input With Respect to Vgg

During Programming

-25°C to +85°C
-65°C to +125°C
+20V 10 -0.3V
+15V to -0.3V

+18V 10 -0.3V

+20V to 0.3V

"COMMENT

Stresses above those listed under ""Absolute Maximum
Ratings’™* may cause permanent damage 1o the device.
This is a stress rating only and tunctional operation
of the device at these-or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absclute
maximum rating conditions for extended periods may
allect device reliability.

VII.61

Program Input With RespecttoVgg . . - ..« . .o oo v v o +365V 10 -0 3V =
Power Dissipalion . ... . ... ... e 1.5W =
=
DC and AC Operating Conditions During Read &
2708 27081 2708L
Temperature Range | D°C—70°C | 0°C—70°C | 0°C-70°C
Vo Power Supply BV * 5% BV + B% BV £ 10%
Vpp Power Supply 12V £ 5% 12V = 5% 12V £ 10%
VgR Power Supply -5V £ 6% -5V £ 5% -5V 2 10%
READ OPERATION
D.C. and Operating Characteristics
2708, 27081 Limits 2708L Limits
Symbot Paramater Units. Tast Conditians
min. Tye!'? mac | e Tl man,
[IN} Address and Chip Select Input Sink Current 1 10 1 10 A Vi = 5.25V or Vg = V|
Lo Output Leakage Current 1 10 1 W ud | Vout = 5.5V, CS/WE = 5V
Ippl3] | VoD Supsly Curreat S0 65 21 28 mA | Worse Case Supply Currenty!*!
ot Ve Supply Current 8 10 2 4 mA | All taputs Hign,
lgal3l | vas Suoply Current a0 45 10 14 ma | CEMWE =5v, Ty =0°C
YL input Low Voltage vgg .65 vgs 0.65 v
ViH 1nput High Voltage N Veer! | 2.2 Veott
IgL v 1.6mA (2708, 2708-1}
VoL Quiput Low Vollage 045 0.4 v ———IDL = ZmA (2708L}
Yor1 Quiput High Voltage a7 3.7 v IgH = =100 A
Youz Output High Vol tage 24 24 v 19s = -1 mA
BOO 325 [ ew | Fy=70°C
PD Power Dissipation 425 W Ta=0°C
NOTES: 1. Vgg must be applied poior to Vo and V. VR Must alio be 1he 1ast powar supply switthed af!
2, Typical values are for T4 = 25°C ang nominal suppty voliages.
3. The 1otal pawer duiipation is not calculated by summing the various currents {lpp, g, and gl multiplied by their respaciive vol-

1ages $INCE Culrent Daths exist between the various power supplies and V5g. The Ipp. Ige. and g currents should be used to deter-

ming power supply capacity only,

4. 1gg lor the 2708L 15 specilied in the programmed s1a1e and 13 18 MA maximum in the unprogrammed s1ate.

2708L
RANGE OF SUPPLY CURRENTS

2708 AND 2708-1
RANGE OF SUPPLY CURRENTS

VS. TEMPERATURE VS. TEMPERATURE ACCESS TIME VS. TEMPERATURE
* Vc‘:: =5AY = Ak P{IH'-SIII.E OP;NAT"‘G = =
T Voo= 1.8V mumn?as:_&ﬂv 17TL LOAD « 100pF
» ::;;??I:h__""ﬂu bl v:: =128V 0
V “w g Vi " 525V E
s n- 1 T
A e » (s AJ S g 42 ’/
g E 0 CIAVE o eyl ?& //
2 ﬂm:-mm § [ Kk . I
] LA E = Low
3
: - AT .
: . e -
T ee | Frec .
° n ] L] W00 no b 0 ®0 ] 100 -2 L » “@ L ®
Taf'ch LA T, 0



VII.62

Manuel technique

PROM/ROM

2708 FAMILY

A. C. Characteristics

tace Address to Output Delay 280 350 280 450 ns

tco Chip Select to Qutput Delay 60 120 60 120 ns

toF Chip Desetect to Qutput Float 120 0 120 ns

toH Address to Qutput Hold ns

CAPACITANCE! 1, =25°C, #=1MHz A.C. TEST CONDITIONS:
Output Load: 1 TTL gate and C_= 100 pF

Symbol Parameter Typ. | Max. | Unit. | Cenditions Input Rise and Fall Times: <20 ns
I e I I KR Y At A vt
Cout | Output Capacitance | 8 12 pF | Vour =0V Input Pulse Levels: 0.65V t6 3.0V

Note: i. This parameter is pericdically sempled and is not 100% tested

Waveforms

ADDAESS

X

S

OATA (o DATA OUT INVALID

outT

OATAOUT
FLOATING

ERASURE CHARACTERISTICS

The erasure characteristics of the 2708 family are such that
erasure begins to otcur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A}, It
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000—4000A range,
Data show that constant exposure to room level fluores-
cent lighting could erase the typical device in approxi-
mately 3 years, while it would take approximately 1 week
to cause erasure when exposed to direct sunlight. If the
2708 is to be exposed to these types of lighting conditions
for extended periods of time, opaque labels are available

form Intel which should be placed over the 2708 window
to prevent unintentional erasure,

The recommended erasure procedure {see Data Catalog
PROM/ROM Programming Instructions Section) for the
2708 family is exposure to shortwave ultraviolet light
which has a wavelength of 2537 Angstroms (A). The inte-
grated dose {i.e,, UV intensity X exposure time) for erasure
should be a minimum of 15 W-sec/cm2. The erasure time
with this dosage is approximately 15 to 20 minutes using an
ultraviolet lamp with 3 12000 pW/cm?2 power rating. The
device should be placed within 1 inch of the lamp tubes
during erasure. Some lamps have a filter on their tubes
which should be removed before erasure,

4.22
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1024 x4 Static Random SY2114

Access Memory MEMORY

PRODUCTS

Synertek

INCORPORATEDR

SEPTEMBER 1978

® 200 ns Maximum Access Totally TTL Compatible:
® Low Operating Power Dissipation All Inputs, Qutputs, and Power Supply

0.1 mW/Bit ® Common Data 1/O
® No Clocks or Strobes Required ® 400 mv Noise Immunity
® |dentical Cycle and Access Times @ High Density 18 Pin Package
® Single +bV Supply
The SY2114 is a 4096-Bit static Random Access The SY2114 is designed for memory applications
Memory organized 1024 words by 4-bits and is fabri- where high performance, low cost, large bit storage,
cated using Synertek’s N-channel Silicon-Gate MQOS and simple interfacing are important design objectives,
technology. It is designed using fully DC stable {static} it is totally TTL compatible in all respects: inputs,
circuitry in both the memory array and the decoding outputs, and the single +5V supply. A separate Chip
and therefore requires no clock or refreshing to Select @ input allows easy selection of an individ-
operate. Address setup times are not required and ual device when outputs are or-tied.
the data is read out nondestructively with the same The SY2114 is packaged in an 18-pin DIP for the

polarity as the input data. Common Input/Qutput
pins are provided to simplify design of the bus oriented
systems, and can drive 1 TTL load.

highest possible density and is fabricated with N-
channel, 1on Implanted, Silicon-Gate technology — a
technology providing excellent performance charac-
teristics as well as improved protection against con-

PIN CONFIGURATION camination.
ag I ~ e ] vee
as [] 2 17 [ 4,
a, s 16 ] ag BLOCK DIAGRAM
a; ] a 5[] Ay
a s ™ u[Juwe, N
POl 13 [ vo, ° k y
a, ] 7 12 [ oy A1—k H c::r:)
=L N e A2 |Z f MEMORY ARRAY
avo O o w1 we . se?svér 4 ROWS
3—' Z 64 COLUMNS
A -
ORDERING INFORMATION ¢ m
Supply *s DZ
Order Package Access Current  Temperature o l
Number Type Time {Max) Range U - COLUMN
. OC to 70°C o 1 170 CIRCUITS
5YC2114 Ceramic 450nsec  100mA 0 2
SYP2114 Molded  450nsec 100mA  0°C to 70°C Pyt | B
SYC2114-3 Ceramic 300nsec 100mA 0°C 10 70°C 1T ? CONTROL
SYP2114-3  Molded  300nsec 100mA  0°C to 70°C
SYC2114L  Ceramic  450nsec 70mA  0°C 10 70°C 110, ?—
SYP2114L Molded 450nsec  70mA 0°C to 70°C Ag Ay Ay Ag
SYC2114L-3 Ceramic  300nsec  70mA 0°C to 70°C J A
SYP2114L-3 Molded  300nsec 70mA  0°C to 70°C = il
$YC21142 Ceramic  200nsec 100mA 0°Cto 70°C E
WE

SYP2114-2  Molded  200nsec 100mA 0°C 10 70°C
SY¥YC2114L-2 Ceramic 200nsec  70mA 0°C to 70°C
SYP2114L-2 Molded  200nsec  70mA 0°C 1o 70°C

J SYNERTEK"INC. » P.O.BOX552 e SANTA CLARA, CALIFORNIA 95052 e TEL.{(408)988-5600 ¢ TWX:$10-338-0135
B-7K-9/78
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SY2114

ABSOLUTE MAXIMUM RATINGS COMMENT

Temperature Under Bias -10°C to 80°C Stresses above those listed under “Absolute Maximum Rat-

Storage Temperature —65°C to 150°C ings" may cause permanent damage to the device. Thisisa

Voltage on Any Pin with stress rating only and functional operation of the device at
Respect to Ground —05Vto+7V these or any other conditions above those indicated in the

Power Dissipation 1.0W operational sections of this specification is not implied,

D.C. CHARACTERISTICS T, =0°Cto +70°C, Vg = 5V * 5% {Unless otherwise specified)

2114-2 2114L-2
2114-2,2114 12114L,2114L-3

Symbol Parameter Min | Max | Min | Max Unit Conditions
Ly input Load Current 10 10 uhA VN =0to 5,25V
{All input pins) .
o 1/O Leakage Current 10 10 uA CS =20V,
Vi =04V o Ve
lcct Power Supply Current 95 65 mA | Voe =525V, ijj0 =0 mA,
Ta=25°C
lcc? Power Supply Current 100 70 mA | Voo =5.25Y, I)jo = 0 mA,
Ta=0°C
ViL Input Low Voltage -065 | 08 |-05| 0.8 v
VIH Input High Voltage 20 | Vee | 20 | Vee vV
VoL QOutput Low Voltage 0.4 0.4 v loL=3.2mA
VOH Qutput High Voltage 24 | Veo | 24 | Vee Ay loH =-1.0mA
CAPACITANCE Ta =256°C, f= 1.0 MHz
Symbeo! Test Typ Max Units
Ci/0 input/Qutput Capacitance 5 pF
CiN Input Capacitance 5 pF
NOTE: This parameter is periodically sampled and not 100% tested.
A.C. CHARACTERISTICS Ta = 0°C to 70°C, Ve = 5V 5% (Unless Otherwise Specified)
2114-2,2114L-2| 2114-3,2114L-3] 2114,2114L
Symbol Parameter Min. | Max. | Min. | Max. {Min. | Max. | Unit
Read Cycle
1ReC Read Cycle Time 200 300 450 nsec
ta Access Time 200 300 450 | nsec
tco Chip Select to Output Valid 70 106 120 | nsec
iox Chip Select to Output Enabled 20 20 20 nsec
10TD Chip Deselect to Output Off 0 60 0 80 0 100 | nsec
toHA Output Hold From Address Change 50 50 50 nsec
Write Cycle
twe Write Cycle Time 200 300 450 nsec
taw Address to Write Setup Time 0] 0 o nsec
w Write Pulse Width 120 150 200 nsec
WR Write Release Time 0 0 0 nsec
toTw Write to Output Off 0 60 0 80 0 100 | nsec
tpw Data to Write Overlap 120 150 200 nsec
ioH Data Hold 0] o o nsec
A.C. Test Conditions
Input Pulse Levels . . . . .. .. . i i i i i et e e e e .0.8V to 2.0V
Input Riseand Fall Time . . ... ... ... i e s st e e it 10 n sec
Timing Measurement Levels: TNPUT .. ... .ottt e 1.5V
OUIPUL « v it et e et et et it e e it e sy 0.8 and 2.0V

OUIPUT Lo .« . vt r o e e e e e e 1TTL Gate and 100pF
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TIMING DIAGRAMS

Read Cycle ®
I tre ~rime-]
ta -
ANDRESS *-
[ord }
—— co ‘oTR |
[—— ‘ox —-’
Pour POTTeTee%e /
Write Cycle
- ‘we
ADDRESS )(
fy
\ /
wE —— .
—=— O Ty
D,
T A DAY,
|—~‘uw = IDH -
g
I
NOTES:

(D WE is high for a Read Cycle

(@) tw is measured from the latter of TS5 or WE going low to the earlier of CS or WE going high,

DATA STORAGE

When WE is high, the data input buffers are inhibited
t0 prevent erroneous data from being written into
the array. As long as WE rerains high, the data stored
cannot be affected by the Address, Chip Select, or
Data 1/0 logic levels or timing transitions.

Data storage also cannot be affected by WE,’Addresses,
or the 1/0 ports as long as CS is high. Either CS or
WE or both can prevent extraneous writing due to
signal transitions.

Data within the array can only be changed during
Write time — defined as the overlap of CS low and

WE low. The addresses must be properly established
during the entire Write time plus YWR.

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. If the Write time precedes the
addresses, the data in previously addressed locations,
or some other location, may be changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change. The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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SY2114

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT ACCESS TIME VS
VS VOLTAGE VS TEMPERATURE VOLTAGE
120 120 300 T
I I ta=25C
TaA=25C Veg = 5.25V
. 100 14,21
100 I 250 211421141 | ”
80 Wt I 80 -
.
— A 2114. 8 2114L-3,2114-3
Py LS £ 322114 31145 £ 200 -
s e M—”‘}“Z S 6 211 =
O 44 by = 4L.2 . 8
8 z\‘“"’l'}" 211482114 .5 N 21140221142 L
] 150 —
40
20 20 100
2 3 a 5 6 7 0 20 40 60 80 100 4.0 45 5.0 55 60
\" A TAlC
cc Ao vee V)
ACCESS TIME V§ INPUT VOLTAGE LIMITS ACCESS TIME VS
TEMPERATURE VS TEMPERATURE CAPACITIVE LOAD
400 25 400 l
‘\A:“-“\M’
Ve = 4.75V 350 2} Veg =5V —
350 2.0 - Ta=25C
e VIH vee = 8
3 a0 300 —_
g 0 1.5 ]
£ 3 s 71 2 250
< g
= 250 = E
$ 10 200
200 05 150
150 0 100
0 20 40 60 go 100 0 100 200 300 400 500 600
Tat'C} CL {pF)
PACKAGE DIAGRAM
CERAMIC PACKAGE MOLDED PACKAGE
l {90
8701
- 490
{400)
noonnonon ﬁﬁﬁﬁﬁﬁﬁﬁﬁ_r
{.210) t§5:l
(_580'} a5
PIN MO 1 ° "'I‘o':?“‘ *
[BENL oo ououooy VAVAVAVAVAVAVAVAVE
9201
o6 - L 89m | L°E:.:. QETT
it
{ N
{1508 1200 (0151 = |
1.126) abiciedy {.008)
08p) 1.060) 3 .
___I Losol 20l 13201 Conm ——= = s =B —
(2901 ""I l"‘ 11100 135
(065} 1 0901 1065
(o214 Gig) roadi
{015} 032 AEF
.032 REF
J SYNERTEK® INC. & P.O.BOX552 s SANTA CLARA, CALIFORNIA 95052

TEL. 1408) 988-5600 » TwWX: 910-338-0135
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MOSTEK.

16,384 X 1-BIT DYNAMIC RAM

MK4116(P/N)-2/3

FEATURES

O Recognized industgly standard 16-pin config-
uration from MOSTEK

) 150ns access time, 375ns cycle (MK 4116-2)
200ns access time, 375ns cycle (MK 4116-3}

& + 10% tolerance on all power supplies {+12V, £5V)
0 Low power: 462mW active, 20mW standby (max)

[7 Output data controlled by CAS and unlatched at
end of cycle o allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

The MK 4116 is a new generation MOS dynamic
random access memory circuit organized as 16,384
words by 1 bit. As a state-of-the-art MOS memory
device, the MK 4116 (16K RAM) incorporates
advanced circuit technigues designed to provide
wide operating margins, both internally and to the
system user, while achieving performance levels
in speed and power previously seen only in MOSTEK's
high performance MK 4027 {4K RAM).

The technology used to fabricate the MK 4116 is
MOSTEK’s double-poly, N-channel silicon gate,
POLY 1 process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance

0O Common 1/0 capability using “early write”’
operation

O Read-Modify-Write, RAS-only refresh, and Page-
mode capability

O All inputs TTL compatible, low capacitance, and
protected against static charge

1 128 refresh cycles

O ECL compatible on VBB power supply (-5.7V}

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK 4116 a truly superior RAM product.

Multiplexed address inputs {a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4116
to be packaged in a standard 16-pin DIP. This
recognized industry standard package configuration,
while compatible with widely available automated
testing and insertion equipment, provides highest
possible system bit densities and simplifies system
upgrade from 4K to 16K RAMs for new generation
applications. Non-critical clock timing requirements
allow use of the multiplexing technique while main-
taining high performance.

FUNCTIONAL DIAGRAM _

wiupar  ARASY

phetiil = ALAALIN duPy

PIN CONNECTIONS

Vs I Oe 016 vgs
Din 2 [ Ni1s Cas
WRITE 3 (@ (114 Doyt
fas 4 (] 013 ag
Ao s [ 12 Ay
Ay s [ O Ay
Ay 7 00 D10 Ag
Voo 8 0 9 Vee
PIN NAMES
Ag Ag ADDRESS INPUTS
C_g_g COLUMN ADDRESS STROBE
Oy DATA IN
Doyt DATA QUT

ROW ADORESS STROBE
WRITE READ/WRITE INPUT
vgg POWER (-5V)
vee POWER [15V)
VDo POWER (+12V)
Vgg GROUND

i

DYN RAM

16.384x1-BIT
MKITIEPN-2/0

VIT.68
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ABSOLUTE MAXIMUM RATINGS*

Voltage onany pinrelative to VBE. . .. ... ..o enn. .. —0.5V to 420V Strenas graster than thosm tisted unger
Voltage on VDD, VCC supplies relative to VSS. .. ....... —1.0V t0 +15.0V permansne domepe 0 ?n'.'"élf:«sc{."rvnsf'u:f:
L i tlon
gss—\_/ss (VDD-VsS ?OV(}A- T g s ey g% o ‘::.’:‘.L‘f:."s'."u'.i‘:’; l;‘?‘.&::‘:.r;“’.f‘éézai.
. g emperature, Ta {Ambient) ... ................ i i ed in cpera:
perating wemperature, A g e ° 9 o, ::::;I .s‘:‘::i.or\!i '::: l':is c:;-:il'lcnion is not
Storage temperature (Ambient} Cerarmic, , .. ........... =550 10 + 18000 [ Ermorre ta torolure maximom
Storage temperature, (Ambient) PIasiic .. ...vurervenrennns -55°C to +125°C ::;i;g ;t;i';:ii‘l:::' for extanded periods may
ShOrt Circlit CULPUT CUITEMT . . o ottt e e e e e e e s e e e eeens 50mA :
Fower dissipation . ... ... . 1 Watt
RECOMMENDED DC OPERATING CONDITIONSS
{0°C =Ta< 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage vVon 10.8 12.0 13.2 Volts 2
vee 45 50 55 Volts 23
Vss 0 0 0 Volts 2
VRR -4.5 -5.0 —5.7 Volts 2
Inout High [Legic 1) Voltage, VIHC 24 = 7.0 Volts 2
RAS, CAS, WRITE
Irzut High {Logic 1) Voltage, VIH 2.2 - 7.0 Volts 2
ali inputs except FAS, TAS
WRITE
Input Low {Logic 0) Vo'tage, ViL -1.0 - .8 Valts 2
al! mnputs
DC ELECTRICAL CHARACTERISTICS
(0°C=TA=70°C){VDD = 12.0V £ 10%; VCC = 5.0V £10%; -6.7V < VBB < -4.5V; V§S§ = oV}
PARAMETER SYMBOAL. MIN MAX UNITS NOTES
CPERATING CURRENT loD1 35 maA 4
Average nower supply operating current oo} 5
‘RAS, CAS cycling; tRC = tRC Min 1gB1 200 HA
STANDBY CURRENT IpD2 15 mA
Power supply standby current (RAS = Ve, Iccz -10 10 BA
OpuT = High Impedance) g2 100 pA
REFRESH CURRENT IpD3 25 mA 4
Average power supply current, refresh mode lces =10 10 HA
(RAS cycling, CAS = ViHg IRC = tRC Min 1883 200 uA
PAGE MODE CURRENT lpD4 27 mA 4
Averiz povser sudply current, oage-mode lcca 5
opzration IRAS =V ,CAS cycling; B4 200 A
tpc = tec Min
INPUT LEAKAGE L) -10 10 2A
tnputiezkage current, ary input
(Vg = =5V, OV Viy < +7.0V, all other
pins not under 1est = O volts)
OUTPUT LEAKAGE loqL) ~10 10 BA
Outpui leakage current {DoyT is disabled,
CV =% VguT € +5.5V)
OUTPUT LEVELS
Ouzput high (Logic 1] voltage {10y T = =5SmAl} VOH 24 Volts 3
Output iow {Logic 0) veltage {IgyT = 4.2 mA) VoL 04 Volts
NOTES.
1. T a is spcified here for operation at frequencies to (ac;tﬂc Tode. yeC may be raduced to Vs without affecting refresh

(min), Qoerstion at higher cycle rares with reduced ambient
tre=peratures and hisher power dissipation is permissibie, how-
Py, eavies ) A Operabong pasanieees aes ot Sa0 ligurea 1
for deratudg curear

o S0 vattages referenend 1o Vgs.

122 &

Cutout voltage wilt swing frgm Vgg to Voo whan activated with
no current igading. For purpeses 6f maintaining data in standby

operations or dotayretention, Howsver, the Vaon {min} specitica-
tion is not guaranteed in this mode,

'nD1. IpD]. 0nd Ippg depend on cycle rate. Sea figures 2.3, and
4 tor tnp hmits ot other cycle rates.

|g$‘1 and l¢eg depend upan output Igading. During roudaut
of hugh level data V= is connecied through s low impedance
{1354 1vp) 10 data tut, At all other times I consists of
leakage currents only,
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
0T <Ta< 70°C (VDD = 12.0V + 10%; Voo = 5.0V £10%, Vss = 0V, VBB = -56.7V =< VBB < -4.5V}

MK 4116-2 MK 4116-3
PARAMETER S5YMBOL | MIN | MAX MIN |[MAX UNITS NOTES
Random read or write cycle time tAC 375 375 s 9
Read-write cycle time tRWC 375 375 ns 9
Read modify write cycle time tRMIW 320 405 ns 9
Page mode cycle time tpe 170 225 ns 9
Access time from RAS tRAC 150 200 ns 10,12
Access time from CAS WCAC 100 135 ng 11,12
QOutput buffer turn-off delay OFF 0 40 0 50 ns 13
Transition time {rise and fall} tT 3 35 3 50 ns 8
RAS precharge time tRP 100 120 ns
RAS pulse width IRAS 150 (10,000| 200 (10,000 ns
FAS hold time tRSH 100 135 ns
CAS hold time ICSH 150 200 ns
CAS pulse width ICAS 100 {10,000 135 | 10,000 ns
RAS to CAS delay time tRCD 20 | 50 25 | 65 ns 14
CAS to RAS precharge time CRP -20 -20 ns
Row Address set-up time tASR o 0 ns
Row Address hold time tRAH 20 25 ns
Column Address set-up time T1ASC -10 -10 ns
Column Address hold time tCAH 45 55 ng
Column Address hold time referenced to RAS tAR 95 120 ns
Read command set-up time tRCS [} ns
Read command hold time 1RCH Q ns
Write command hold time tWWCH 45 55 ns
Write command hold time referenced to BAS tWCR a5 120 ns
Write command pulse width We 45 85 ns
Write command to FAS lead time tRWL 50 70 ns
Write command to CAS lead time (WL 50 70 ns
Data-in set-up time tns 0 0 ns 15
Data-in hold time IDH 45 85 ns 15
Data-in hoid time referenced to AAS IDHR 95 120 ns
CAS precharge time (for page-mode cycle only} tCP 60 80 ns
Refresh period IREF 2 2 ms
WRITE command set-up time Wes -20 -20 ns 16
CAS to WRTTE delay WD 60 80 ns 16
RAS to WRITE delay 1RWD 110 145 n$ 16

14 Operation within the tIRCD {max} imit insures that IRAC {max) can be

NOTES (Conunued}
6.

Several cycles are requied aller power-up before proper device
operation 1s achieved. Any 8 cycles which perform rafresh are adequarte
lor this purpose

AC measurements assume tT - 5ns.

VIHC (mint or VIH [men} and VIL {imax} are reference levels lor measuring
uming of inpul signals Also transition imes are measuwad between
VIHC or VIH and VIL.

The specifications lor tRC {mrn) IRMW {min) and 1IRWC (e} are used
only to indicale cycle time at which proper operation gver the lull
temperature range (0 € = TA = 70 C}is assured

Assumes that IRCD << tRCCHMax). ILIACD s greazer than the maximum
recommended value shown in this table, IRAC will increase by the
amount tha: tRCD exceeds 1he value shown

Assumes thal tRCD (max}

Measured with a load equivalent 1o 2 TTL loads and 100pF

tOFF (max) delines the ume at which the ouwtpul achieves the open circuil
condinon and 15 not referenced 10 outlpw voliage levels

17
18

mel (RCD (maxhis specified as a relerence point onty if tACD 15 greater
than the speciied tRCD (max) himit. then access Lime 15 controlled
exclusively by tCAC

These parameters are referenced to CAS leading edge n garly wnite
cycles and to WRITE leading edge 1n delayed wiile of read-modify- wrize
eyeles,

WCES, 1ICWE and IRWD are resirictive operating parametess n read
witg and read modily wiste gycles only I tWES = (WCS {man). the cycle
15 an garly weile cycle and the data oul pun will remain open circut{high
impedance) throughous 1he entue cycle, It ICWD = (CWD (min) and
RWD = t(RWD {min). the cycle 15 a read-wrie ¢ycle and the dala out wll
contain data read from the sevected cel i neither of the above se1s of
conditions 15 satisfied the condimon ef the dala out (a1 access tima) s
indetermunale

Effective capatiiance calculated from the equation C
& 3 volts ond power supplies a1 nomanal levels
CAS  VIHC o disabie DOUT

AV with
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AC ELECTRICAL CHARACTERISTICS

(0C=Ta=70CH{VDD = 12.CV £ 10%; Vgs = 0V; VBB = -5.7V < VBB < -4.5V)

PARANETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Agl, DiN Cly 4 5 pF 17
Input Capacitance RAS, CAS, WRITE €1z B8 10 pF 17
Ouiput Capacitance (DpyT) Co 5 7 pF 17,18
CYCLE TIME tgeinst CYCLE TIME tzelns)
378 320 ans £t
nioo 500 4coi i 300 250 el 30 400 0 0
1 1 1 OmA
[ T° T 7T 71 T {
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& | @by z f -
O go ! ‘ | | ! z i —‘—‘—‘ H
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a i i r
= ¥ I 5 - [
i i 5 m it Ll
50+ | . l g L s
0 1.0 20 3.0 40 3 — Ay
CYCLE RATE (MH2) = 10° /tpains) s -] .
Fig. 1 Maximum ambent lemperature vessus ¢ycle rate for extended _C 4 n -t .%__.
frecuency coeranion, T, tmaxi lor aperation at cychng rates greater : % 7 I '::
than 2.66 MHz ltoy<I75ns) 15 determined by T, Imax)” € = 70— ]
18 e Jo y

9.0 x {cvcle rate MHz —2.65 tor 3. T, [mant ‘eat0-90

x cyele rate MHz —3,129MHz} lor -2 anly,

CYCLE TIME tggins)

MAX Bp{13 SUMPLY CUHHENT (mA)

-

} !

A0 [

T

[ REEn

10 a0
CYCLE RATE (MHz) =103 figcins)

Fie. 3 Maximum | versus cycle rate ‘or device operation a1
bO3

extended frequencess. npa (man} curve s delined by th

'L')DJ'"""] mA - 10 « 6.5 x cycle rate IMH] for -3
Impy'mavt mA - 70 1 9,5 4 cyche rate {MH2! tor -2

¢ equation:

CYCLE RATE {MHz} = 103 / 1ggtns)

Fig. 2 Maximum tppy versus cycle rate lor device oparation st
extended frequencies, Ipny [Max) curve w detined by the equation

Igpy (maxl mA = 10 + 9.4 x cycle rate [MHz] tor 3
lgps Imax) mA = 10 « 8.0 x cycle rate [MHz] for -2

MAX I SUPPLY CURRENT (ma)

CYCLE TIME tpgin)

1000 @0 w0 00 ™
I
]
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I
]
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i
1
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CYCLE RATE {MHz) = 10% /tpging)

Fig. 4 Maximum IDDd versus cycle rate for device operstion i page
mode. lppg Imaxi curve is  defined by the equation:

Inpa tmax) mA = 10+ 3,75 x cycle rate [MHz] for -3
Ipoa Imax) mA = 10 + 3,2 x cycle rete [MHz] tor 2
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READ-WRITE/READ-MODIFY—WRITE CYCLE
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PAGE MODE READ CYCLE
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e
RIPTION {continued)

System oriented features include = 10% tolerance on
all power supplies, direct interfacing capability with
hI_Fh performance logic families such as Schottky
TTL, maximum input noise immunity to minirmnize
“false triggering” of the inputs {a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods to allow the user to determine
the appropriate speed/power characteristics of his
memory system. The MK 4116 also incorporates
several fiexible timing/operating modes. In addition
to the wusual read, write, and read-modify-write
cycles, the MK 4116 is capable of deiayed write
cycles, page-mode operation and RAS-only_reiresh,
Proper control of the clock inputs{RAS, CAS and
WRITE) allows common {/Q capability, two dimen-
sional chip selection, and extended page boundaries
{when operating in page mode}.

ADDRESSING

The 14 address bits required to decode 1 of the
16,384 cell locations within the MK 4116 are riuizi-
plexed onto the 7 address inputs and latched into the
on-chip address latches by externally applyin¢ two
negative going TTL-level clocks. The first clock, the
Row Address Strobe {RAS), latches the 7 row ac dress
bits into the chip.  The second clock, the Ca umn
Address Strobe (CAS), subsequently latches the 7
column address bits into the chip. Each of these
signals, RAS and CAS, triggers a sequence of esents
which are controlled by different delayed in<zrnal
clocks. The two clock chains are linked tog:ther
logically in such a way that the address multiplexing
operation is done outside of the critical path timing
sequence for read data access. The later events in
the clock sequence are inhibited until the
occurence of a delayed signal derived from the BAS
clock chain. This “gated CAS’ feature allows the

A5 clock to be externally activated as soon as the
Row Address Hold Time specification (tRAH) has
been satisfied and the address inputs have .been
changed from Row address to Ceolumn aadress
information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called tRCD (min) and tRcp {max). No deta
storage or reading errors will result if CAS is applied
to the MK 4118 at a point in time beyond the tRCD
{max} limit. However, access time will then be de-
termined exclusively by the_access time from CAS
{icac) rather than from RAS {tpac), and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRCD (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and

while _R%S is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In {D{N) register. This permits
several options in the write cycle timing. in a write
cycle, if the WRITE input is brought low (active)

128

prior to CAS, the Dy is strobed by CAS, and the
set-up and hold times are referenced to CAS. If the
input dara is not avaiizble at CAS time orif it is
desired that the cycle be a read-write cygle. the
WRITE signal will be dalayed until ziter CAS has
made its negative transition. In this ~’delayed write
cycle’” the data irput set up ind_hoid _times are re-
ferenced to ing necative edge of WRITE rather than
CAS. (To illustrate this featre, Dy is refersncal to
WRITE in the timing diez-ams depicting ne read-
write and page-mode wriie cycles while the “early
write” cycle diagram shows D[N referenced to CAS).

Data is retricved from the memory in a read cyciz
by maintaining WRITE in the inzctive er high state
throughout the portion of the memory cycle in which
CAS is active {low}. Data read from the selected cali
will be available at the output within the specified

access time,

DATA QUTPUT CONTROL

The normal condition of the Data Ouiput {(DOUT)
of the MK 41186 is whe high impagance (open-circuit!
state. That is to say, anytime CAS is at 2 high leve!,
the DQUT pin will te floating. The oniy time the
output will twrn on and contain either a logic O or
logic 1 is at access time c¢uring a read eyele. CoUT
will remain vaiid | -y accases time until CAS is 1aken
back to the inactive nigh level) condition.

If the memory cycle in progress is a read, read-modify
write, or a delayed write cycle, then the data output
witl go from the high impedance stat2 t¢ ine acuve
condition, and &t atcess time will conzan tae dab
read frem the selectad cell. This output dats s tin
same polarity {(not irverted) as the irnut dzta. Onc.
having gone active, the output will remz’nulid unud
CAS is 1g'en 1o the precharge {logic 1) state,whether
or not RAS goes into precharge.

If _the cycle in progress_is an “early-write” cycle
(WRTTE active before CAS gees activel), then the
ouiput pir wiil mainizin the high impedasce stais
throughout the entire cycle. Note ihat with U is
type of cuiput configuration, the user is glver fh)
control of the Doy pin sy Ly cortrainng ne
placement of W 1!"]’!: command during a write cycl2,
and the pulse width of the Column Address Strobe
during rezd operations. Note also that even though
data is not lawched at the cuizut, data can reman
valid from access time untl the beginning of & wub-
sequent cycie withcul gaying zny cenglity in overall
memory cycle time (stretching the cycle).

This type of output operation results in some very
significant system implications.

Commen /0 Operation — If all write operations are
handled in the “early write"” mode, the DN can be
connected directly to DoyT for a common /0 dzta
bus.

Data Qutput Contrc! — CoyuTt wel _remain voiid
during & read cycle from teoc until CAS goes Hack
to a hiz . leve! (precharge), aliowing datg 1o be valid
from ore cycle up unti a new mem.cry cycle begins
with no_penalty in cycle time. This also maxss the
RAS/CAS clock timing relaticaship very fox .le.

Two Methods of Chip Szl:ction — Since DouT
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is not latched, CAS is not required to turn off the
outputs of unselected memory devices in a matrix.
This means that both CAS and/or RAS can be decod-
ed for chip selection. |f both RAS and CAS are
decoded, thén a two dimensional {X,Y) chip select
array can be realized.

Extended Page Boundary — Page-mode operation
allows for successive memory cycles at multiple
column locations of the same row address. By de-
coding as a page cycle select signal, the page
boundary can be extended beyond the 128 column
locations in a single chip. {See page-mode operation).

QUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data
output pin with a low impedance to V¢ for a Iogﬁc
1 and a low impedance to Vgs for a logic 0. The
effective resistance to Vg (logic 1 state) is
420 £ maximum and 1358 typically. The resistance
to Vg {logic O state) is 95 £2 maximum and 35 2
typically. The separate V¢ pin allows the output
buffer to be powered from the supply voltage of the
logic t0 which the chip is interfaced. During battery
standby operation, the VC@ pin may have power
removed without affecting the MK 4116 refresh
operation. This allows all system logic except the

AS timing circuitry and the refresh address logic to
be turned off during battery standby to conserve
power.

PAGE MODE OPERATION

The “"Page Mode'" feature of the MK 4116 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing_the row address into the chip and maintain-
ing the RAS signal at a logic 0 throughout all success-
ive memory cycles in which the row address is com-
mon. This “page-mode” of operation will not dissi-
pate the power associated with the negative going
edge of R%S. Also, the time required for strobing
in a new row address is eliminated, thereby decreas-
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to
the 128 column locations determined by all combi-
nations of the 7 column address bits. However, in
system applications which utilize more than 16,384
data words, {more than cne 16K memory block), the
page boundary can be extended by using CAS rather
than RAS as the chip select signal. RAS is applied to
all devices_to latch the row address into each device
and then is decoded and serves as a page cycle
sgi_egt signal. _Only those devices which receive both
RAI and CAS signals will execute a read or write
cycle,

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128
row addresses within each 2 millisecond time interval.
Although any normal memory cycle will perform the
refresh operation, this function is most easily accomp-
lished with "RAS-only™ cycles. -only refresh
results in a substantial reduction in operating power,
This reduction in power is reflected in the |pp3
specification.

POWER CONSIDERATIONS

Most of the circuitry used in the MK 4116 is dynamic
and most of the power drawn is the resuit of an
address strobe edge. Consequently, the dynamic
power is primarily a function of operating frequency
rather than active duty cycle (refer to the MK 4116
current waveforms in figure 5). This current char-
acteristic of the MK 4116 precludes inadvertent
burn out of the device in the event that the clock
inputs become shorted to ground due to system
malfunction,

Although no particular power supply noise restriction
exists other than the supply voltages remain within
the specified tolerance [imits, adequate decoupling
should be provided to suppress high frequency
noise resulting from the transient current of the
device. This insures optimum system performance
and reliability. Bulk capacitance requirements are
minimal since the MK 47116 draws very little steady
state {DC) current.

In system applications requiring lower power dissi-
Rﬂation.the operating frequency (cycle rate) of the

K 4116 can be reduced and the (guaranteed maxi
mum) average power dissipation of the device will be
lowered in accordance with the Ipp1 (max) spec
limit curve illustrated in figure 2. NOTE: The
MK 4116 family is guaranteed to have a maximum
IDD1 requirement of 35mA @ 375ns cycle{320ns cycle
for the -2) with an ambient temperature range from 0°
to 70°C. A lower operating frequency, for example 1
micrasecond cycle, results in a reduced maximum Idd1
requirement of wunder 20mA with an ambient
temperature range from 0° 10 70°C.

It is possible the MK4116 family (-2 and 3 speed
selections for ‘example) at frequencies higher than
specified, provided all AC operating parameters are met.
Operation at shorter cycle times (<IRC min} results in
higher power dissipation and, therefore, a reduction in
ambient temperature is required. Refer to Figure 1 for
derating curve.

NOTE  Addinonal power Supply 1olerance has been included on the VBE
Supply 10 allow direct interface capabiliy with both 5V systems 5§ 2V ELL
syslems
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Although RAS and/or TAS can be decoded and used
as a chip select signal for the MK 4116, overall system
power is minimized if the Row Address Strobe
(RAS) is used for this purpose. All unselected de-
vices {those which do not receive a RAS) wilt remain
in a low power {standby) mode regardless of the
state of CAS.

POWER UP

The MK 4116 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies

120

such that Vgp is applied first and removed last.
VBB should never be more positive than Vsg when
power is applied to Vpp.

Urder system faiture conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by Torcing RAS and CAS 1o the inactive
state {high level).

After power is applied to ihe device, the MX 4116
requir2s several cycles before proper device operation
is achitved. Any 8 cyeles which perform refresh
are adequate for this purpose.
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TYPICAL CHARACTERISTICS
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TYMOAL CLOCK INPUT LEVELS w. VDD
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MM2716

National
Semiconductor

MOS EPROMs

MM2716 16,384-Bit (2048 x 8) UV Erasable PROM

General Description

The MM2716 is a high speed 16k UV erasable and
electrically reprogrammable EPROM ideally suited for
applications where fast turn-around and pattern ex-
perimentation are important requirements.

The MM2716 is packaged in a 24-pin dual-in-line pack-
age with transparent lid. The transparent lid allows
the user 10 expose the chip to ultraviolet light to erase
the bit pattern. A new pattern can then be written into
the device by following the programming procedure.

This EPROM is fabricated with the reliable, high volume,
time proven, N-channel siticon gate technology.

Features

8 2048 x 8 organization

® 525 mW max active power, 132 mW max standby
power

8 Low power during programming

B Access time—MM2716, 460 ns; MM2716-1, 350 ns;
MM2716-2, 390 ns

® Single BV power supply

® Static—no clocks required

® (nputs and outputs TTL compatible during both
read and program modes

8 TRI-STATE® cutput

Block and Connection Diagrams *

DATA QUTPUTS (PROGHAM INPUTS)

OF {8~ CONTROL/PROGRAM
TEPGM (EP) = LoGic

Dual-In-Line Package

ar=4 U 2 vee
— ety
A VEC 45V =t LYY
— V55 GND

Dg-07 (0007

=

T

T T a2 LT
t H OUTPYT BUFFERS
i | I UMPUT BUFFERS) a1 18 52 vam (£}
v an— T gy 0n
m ABDRESS [ YOECODE | 16 Y GATING .
ADDAESS e 0, (00— L™
INPUT . " "
A.r:::l:::s 7 X DECOOE | 120 m“n‘.‘:':mx 0y lo— — 05{05
0y 10214 4 b, 108
vss 3] LR
TOP VIEW
Order Number MM2716Q, MM27160Q-1
or MM2716Q0-2
Pin Connection During Read or Program Sea NS Package J24CQ
PIN NAME/NUMBER LWL
CE/PGM C13 AD-A10 Address Inputs
MODE = &1 | VPP | VCC QUTPUTS
(E/P} {G) _02—07 {QP-Q?) Data Qutputs
18 20 | 21 24 8-n, 1317 CE/PGM (E/P) Chip Enable/Program
Read VIL VIL 5 5 pDouT OE {G) Output Enable
Program | PulsedVIL | vin | 25 | 5 DIN Wil Read 5V, Program 26V
" vee Power {5V}
VS5 Ground

'Svrnbols in parenthases are propesed industry standard
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Absolute Maximum Ratings iNote 1)

Temperaturs Undsr Biss —25°C to +85°C All Input or Output Voltages with

Storage Temperaturs —65°C 10 +125°C Respect to V55 {except VPP) 8 to —0.3V

VPP Supply Voltage with Respect Power Digipation 15w
w0 VSS 26.6V 10°—~0.3V Lead Temperature {Soidering, 10 seconds) 300°C

READ OPERATION inote 2y

DC Operating Characteristics

Ta = 0°C 10 +70°C, VCC = 5V £5%, (VCC = 5V $10% for MM2716-1),

VPP = VCC 0.6V {Note 3}, V55 = 0V, unless ctherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
il tnput Current VIN =525V ar VIN = VIL 0 bA
Lo Cutput Leakage Currgnt VOUT = 5.25V. CE/PGM = BY 10 uA
PP VPP Supply Current VPP = 585V ] mA
1CC1 VCC Supply Current {Standby ) CEMGM = VIH, DE = VIL 10 25 mA
ccz VCC Supply Current {Active) C_E'}PGM = 0E = VIL 57 100 mA,
Vik Input Low Voltage 01 08 v
VIiH Input High Voltage 2.0 Voo + 1 v
VOH QOutput High Voltage 1OH = 400 pA 24 v
vOL Quitput Low Voltage 1oL = 2.1 mA 045 v

AC Characteristics (Note 4)

Ta = 0°C to +70°C, VCC = BV 5%, (VCC = 5V £10% for MM2716-1),

VPP = VCC 0.6V (Note 3}, V55 = 0V, unless otherwise noted.

SYMBOL MM2718 MM2Z7161 MM2716-2
PARAMETER CONDITIONS UNITS
ALTERNATE |STANDARD MIN | MAX | MIN | MAX | MIN | MAX

TACC TAVOV  |Address to Guiput Delay CE/PGM = OE = vit, 450 350 380 ns
\CE TELQY  |CE to Qutput Detay OF = VIL 450 350 390 ng
t0E TGLAY  |Output Enable 1o Output Delay CE/PGM = VIL 120 120 120 ns
1pE TGHGZ  |Output Enable High to Quiput Hi-Z | CE/PGM = VIL ] 100 0 100 180 o~
tOH TAXOX  |Address 10 Output Hold CE/PGM = OE = VIL 0 0 ns
wan TEHQZ  |CE to Output Hi-Z OE = ViL 0 100 0 100 0 100 ns

Capacitance (notss)

Ta=25°C,f=1MHz
SYMBOL PARAMETER |[CONDITIONS | TP | MAX | UNITS

[ol] Input Capacitance | VIN = OV 4 6 pF
o Qutput Capacitance | VOUT = OV 8 12 pF

Note 1: “Absolute Meximum Ratings” are those velues beyond which the satety of the device cannot be guarantesd. Except for ~"Operating
Tomperaturs Aangs™ they Sre not meant 1o imply that the devices should be operated at these limits, The table of “Electrical Characteristics'”
provides conditions for actual device opsaration.
Note 2: Typical conditions are for operation at: Ta = 26°C, VCC = BV, VPP = VCC, snd VES = OV,
Nots 3: VPP mey ba connsctad to VG except during program. The 0.6V tolerance sliows a circuit 19 switch VPP batween the read voltage
and the progrsm voltage.
Note 4: Qutput load: 1 TTL gate and CL = 100 pF, Input rise and fall times < 20 ns.
Note 5: Capscitance is gusranteed by periodic testing.
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w2716

1

Switching Time Waveforms *

Read Cycle (CE/PGM = VIL)

Vid
ADDRESSES VALID VALID
VIL k

oH
= rax0x) ™

VIH 4
OUTPUT ENABLE \
viL -
I...__—._'OE
T6LAV) nf -
{So=E racc SEN=CE {T6RazZ)

TAVAW)

vou e Hi-Z
OUTPUT VALID

VoL

Read Cycle {OE = VIL)

v:" [ e e X
ADGRESSES 7//%1 | vaLD VALID
¥IL -

g4
= raxoxy ™
T
VIH N
CHIP ENABLE \
VIL —Y
";%Emw o9 e
I Y. {TEHDZ)
vo AY) =
H - i
QUTPUT 4 VALID Ll
vot
Standby Power Down Mode {OE = VIL)
V'H A Y ' g
ADDRESSES VALID VALID
VIL 7

e
il - ™ (TELaw
CHIP ENABLE - 7 STANDBY ACTIVE / STANDEY

' top tace
et r'—(rsnna T Yravavt—
—

VOH HiZ
VALIT FOR Hi-Z Z VALID FOR d
ouTPLT vor .SURRENT ADDRES} CURRENT ADDRESS

*Symbols in parentheses sre proposed industry standard
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PRCGRAM OPERATION

DC Electrical Characteristics and Operating Conditions (Notes 1.and 2)
(Ta=25°C +5°C) (VEC = BV £5%, VPP = 25V 11V}

SYNBOL PARAMETER MIN TYP MAX UNITS
18] Input Leakage Current (Note 3} 10 BA
VIL Input Low Level -0.1 08
VIH Input High Level 2.0 VCC+1
ICC VCC Power Supply Current 100 mA,
1PP1 VPP Supply Current {(Note 4) 5 mA
1PP2 VPP £. pply Current Durirg 30 mA

Programring Pulse {Note 5)
AC Characteristics and Operating Conditions inotes 1, 2, snd6)
(Ta = 25°C £5°C) 'VCC = 5V 5%, VPP = 25V 1V}
SYNBOL
ALTERTATE | STANDARD PARAMETER MIN TYP MAX UNITS
1AS TAVPH Address Setup Time 2 ['H
t0s TGHPH OF Setup Time 2 us
tDg TOVPH Data Setup Time 2 Hs
1AH TPLAX Address Hold Time 2 us
tGH TRLGX OE Hold Time 2 Hs
oY TPLDX Data Hotd Time 2 us
IDF TGHQZ Chip Disable to Qutput Float ¢ 00 ns
Delay {Note 4)

1CE TGLOV Chip Enable to Cutput Delay {Note 4) 120 ns
W TPHPL Program Pulse Width 45 50 55 ms
PR TPH1PH2 Program Pulse Rise Tyme 5 ns
1-34 TPL2PLI Program Pulse Fall Time 5 ns

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage 1o
the device it must not be nserted into a baard with power applhied.

Note 2: Care must be taken to prevant svershoot of the VPP supply when switching to +25V.
Note 3: 045V L VIN £ 525V,

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V,

Note 5: VPP = 26V.

Note 6: Transition times < 20 ns unless noted otherwise.
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MM2716

Timing Diagram * Program Mode
PROGRAM PROGAAM VERIFY
OF = win BE=viL
VIH
ADDRESSES CURRENT ADDRESS X ADDRESS X + 1
viL 3
, P DATA OUT
"mﬁm"i i _{VALID ADDRESS X
aTa VIH [ OATA M STANLE N2 DATA IN SYABLE
OATA L CURRENY ADDRESS X AODRESS X + 1
— m:ﬁw .
iTenaz) ™ ey !Hmul
Vin 1
] - ? g b
rn;%m W
{TPHPL)
"m':ﬁm"
VIH N g
Er ™ mrLox /
M S
mmnm""* it B Rfmm

Functional Description

DEVICE OPERATION

The MM2716 has 3 modes of operation In the normal
system environment, These are shown in Table |.

Read Mode

The MM2716 read operation requires that OE = VIL,
CE/PGM = VIL and that addresses AO—A10 have been
stabilized, Valid data will appear on the output pins
after tACC. tOE or tCE times {see Switching Time
Waveforms) depending on which is limiting.

Desslect Mode

The MM2716 is desefected ed by making OF = VIH. This
mode is independent of CE/PGM and the condition of
the addresses. The outputs are Hi-Z when OE = ViH.
This allows OR-tying 2 or more MM2716’s for memory
axpansion,

Standby Mode {Power Down)

The MM2716 may be powered down to the standby
mode by making CE/PGM = ViH. This is independent of
OE and automatically puts the outputs in their Hi-Z
state. The power is reduced to 25% {132 mW max)}
of the normal operating power, VCC and VPP must be
maintsined at 6V. Access time at power up remaing
either toCC or toE {see Switching Time Waveforms),

PROGRAMMING

The MM2716 is shipped from MNational completely
erased, All bits will be st a "1 lavel {output high)
in this initial state and after any full erasure. Table 11
shows the 3 programming modes,

TABLE ). OPERATING MODES {VCC = VPP = V)

PIN NAME/NUMBER
MODE | CE/PGM GE ouTPUTS
{E/P) @)
18 20 9-11,13-17
Read VIL VIL DouT
Deselect Don't Care VIH Hi-z
Standby ViH Don't Care Hi-Z

TABLE Il. PROGRAMMING MODES (VCC = §V)

PIN NAME/NUMBER
MODE CEam [ O | ver | outPUTsQ
(E/P) (G}
18 20 21 9-11, 13-17
Program Pulsed VEL | VIH | 25 DIN
to VIH
Program Verify VIL VIL | 2515) DOUT
Program Inhibit Vil VIH| 25 Hi-Z

*Symbols in parentheses are proposed industry standard
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Functional Description (continued)
Program Mode

The MM2716 is programmed by introducing "“0"s into
the desired locations, This is gone 8 bits (a2 byte) at a
time, Any individual address, a sequence of addresses,
or addresses chosen at random may be programmed.
Any or all of the 8 bits associated with an address
location may be programmed with a single program
pulse applied to the chip enable pin. All input voltage
levels, including the program pulse on chip enable are
TTL compatible. The programming sequence is:

With VPP = 25V, VCC = 6V, OF = VIH and CE/PGM
= VIL, an address is selected and the desired data
word is applied to the output pins. lVILI= “0"” and
VIL = 1" for both address and data.) After the
address and data signals are stable the program pin
is pulsed from VIL to VIH with 3 pulse width be-
tween 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A high level
{¥IH or higher) must not be maintained longer than
tPW{MAX) on the program pin during programming,
MM2716's may be programmed in parallel with the
same data in this mode.

Program Verify Mode

The programming of the MM2716 may be verified
either 1 word at a time during the programming (as
shown in the timing diagram} or by reading all of the
words out at the end of the programming sequence,
This can be done with VPP = 25V {or 5V} in either case.

Program Inhibit Mode

The program inhibit mode allows programming several
MM2716%s simultanecusly with different data for each
one by cantrelling which ones receive the program pulse.
All similar inputs of the MM2716 may be paralieled.
Pulsing the program pin {from VIL to VIH] will program

a unit while inhibiting the program pulse to & unit will
keep it from being programmed and keeping OE = VIH
will put its outputs in the Hi-Z state.

ERASING

The MM2716 is erased by exposure to high intensity
uftraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state
through induced photo current. [t is recommended
that the MM2718 be kept out of direct sunlight, The
UV content of sunlight may cause a partial erasure
of some bits in a relatively short period of time. Direct
sunlight can also cause temporary functional failure,
Extended exposure to room level fluorescent lighting
will also cause erasure, An opaque coating {paint, tape,
label, etc.) should be placed over the package window
it this product is to be operated under these lighting
conditians.

An ultraviolet source of 2537 A vielding a total inte-
grated dosage of 15 watt-seconds/cm< is required.
This will erase the part in approximately 15 to 20
minutes if a UV lamp with a 12,000 uWIcmz power
rating is used. The MM2716 to be erased should be
placed 1 inch away from the lamp and no filters should
be used.

An erasure systern should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance {if the distance is doubiled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be
checked to make certain full erasure is ogcurring, In-
complete erasure will cause symptoms that can be
misleading. Programmers, components, and $ystem
designs have been erroneously suspected when incom-
plete erasure was the basic problem.
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1134

L TYPES SN54LS138, SN54LS139, SN54S8138, SN545138,

SN74L5138, SN7415139, SN745138, SN745139

DECODERS/DEMULTIPLEXERS

BULLETIN NO, DOL-5 7611804, DECEMBER 1972-REVISED OCTOBER 1978

Designed Specifically for High-Speed:
Memory Decoders
Data Transmission Systems
'$138 gnd 'LS138 3-to-B-Line Decoders
Incorporate 3 Enable 1nputs to Simplify
Cascading and/or Data Reception

'$139 and 'L5139 Contain Two Fully
Independent 2-to-4-Line Decoders/
Demultiplexers

Schottky Clamped for High Performance

FYPMICAL

TYPICAL
TYPE PROPAGATION DELAY
{3 LEVELS OF LOGICI Lt LI 2
‘L5138 2m 32 mW
5138 Bns 245 mW
15139 22ns 34 mW
‘5139 75m 300 mW

description

These Schottkyclamped TTL MS1 circuits are
designed to be used in high-performance memory-
decoding or dats-routing applications requiring very
short propagation delay times. In high-performance
memory Systems these deccders can be used to
minimize the effects of system decoding. When
employed with high-speed memories utilizing a fast-
enable circuit the delay times of these decoders and
the enable time of the memory are ususlly less than
the typical access time of the memory. This means
that the effective system delay introduced by the
Schottky-clamped system decoder is negligible.

The °'LS138 and °‘S138 decode one-of-eight lines
dependent on the conditions at the three binary
select inputt and th: three emable inots. Two
active-low and one active-high enable inputs reduce
the need for external gates or inverters when
expanding. A 24.line decoder can be implemented
without external inverters and a 32-ine decoder
requires only one inverter. An enable input cen be
usad as a data input for demultiplexing applications,

SNS4LS138, SNS45138...J OR W PACKAGE
SN74LS138, SN745138 ... JOR N PACKAGE
{TOP VIEW}

3 4GS 1wy

v{laffaf| e sfIsp?yge

A [] C nGCIA G20 G1, Y7 GHD
ouTPUT
SELECT EMABLE

positive logic: 14 funclion table

SNSALS1I9, SN545139 .. . J OR WPACKAGE
SNTALS139, SNT45139 ... JOR N PACKAGE
(TOP VIEW)

SELECT DATS DUTRUTS

ENARLE e e A
{3 20 A 282V vl vl i¥)
wpsljwljnpRniwi]s

G A [] Yo L)
\r

IR IENIRRIRSILT IRE L.

TG FA B, wa ¥1 I¥f Y] GRD
e, 1% F -

SELECT DatA QUTPUTE

positive logie: see funclion wable

The ‘LS139 and "$139 comprise two individusl two-line-to-four-line decoders in 8 single package. The active-tow snable

input can be ysed as a data line in demultiplexing applications.

All of these decoders/demultiplexers teature fully buffered inputs each of which represents only one normalized Series
54L5/74L5 load (‘LS138, 'L513Q) or one normalized Series 545/745 load {"S138, 'S139) 1o its driving circuit. All
inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series
5415 and 545 devices are characterized for operation over the full military temperature range of -58°C to 125°C;
Series 74LS and 745 devices are characterized for 0°C to 70°C industrial systems.

TeExAs INSTRUMENTS
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TYPES SN54LS138, SN545138, SN5415139, SN548139
SN7418138, SN745138, SN7415139, SN74S5138
DECODERS/DEMULTIPLEXERS

functional block diagrams and logic

‘15134, 'S138

L5138, '$138 FUNCTION TABLE
INPUTS
] 13
=2 vy ENABLE SELECT ouTRy
& = e, Gl Gz*{C B A[YO Yl Y¥YZY3Y4Y5YEY?
mu!g“" X H |X %X X|H HHHHHMHH
L fon 5
VTS | g 10 ; —-ﬂD»lln L X |x x X|HHHHHHHDHN
Gr8 | - - H ¢ |t L L|LHH®WHHHH
,_D"_" H L |t & H|H L HHHWHHHH
> DATA
¢ —= ity fouees | H L le H L|H H L HHHHMH
i | o H L |L H H|®W HHLHHIHIH
Te
Lic FROuE === Iy St # L |H L LIHHHHAHLHEHH
seuect J oo o ] A H L H L HfH H HHHLHH
TS 17 H L JH H L|H HHHHHLH
ih
™ = v H L {# H H|H HHHHHBHL
‘ - |
*G2 = G2Aa + G268
H « high lavel, L = (0w lavel, X = irratevant
'L5139, 5139
@ oive L8139, 5139
iy {EACH DECODER/DEMULTIPLEXER}
e P [ FUNCTION TABLE
154
172
[+ 1] INPUTS
seecr J ' >>-—1 i ENABLE | SELECT pUTRUTS
INUTS lJ‘D vl
" | oara G a Al YO Y1 Y2 Y3
] outraT H |x X|H HHH
i
e e [ I I
nans 26 > L L el | AU
1
L M L|[H HLH
G
Al :{D’_"’ L H H|H H M L
SELECT 1 @ = high lavel, £ = | 1, X = irvel
NPUTS "(II'D ?V’J‘ H = high level, L = low lavel, X = irrelavant

scheny tics of inpu's a1d Jutpats

EQUIVALENT OF EACH
INPUT OF °L5138, "LS139

Vee -=
20 uft NOM
INPUT = ——
¥
) 4
»

EQUIVALENT OF EACH
INPUT OF '$139, 5139

Vce -
2.8 Kt NOM
INPUT ——
4
y
-

TYPICAL OF OUTPUTS TYPICAL OF OUTPUTS
OF L5138, 'LS139 OF "$138, 5139
—_———— Ve m—————vee
250 S NOM 50 11 NOM
OUTPUT OUTPUT
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TYPES SN5415138, SN54L5139, SN74L5138, SN74LS139,
DECODERS/DEMULTIPLEXERS

REVISED OCTOQBER 1976

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Ve (see Note 1)

Input voltage . . .

Operating free-air temperature range: SNS4LS138, SN54L5139 Circuits
SN74L5138, SN74L5139 Circuits

Storage temperature range

NOTE 1

Voltage values are with raspect 1o network ground ferminal.

recommended operating conditions

7V
U A/
—55°C t0 125°C

0°C t0 70°C
—65°C to 150°C

SNS4LS138 SN74LS138
SN5S4LST39 SN74L5139 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 45 ] 55 |4.75 & 526| v
High-level output current, gy ~400 —400 | pA
Low-level output current, oy 4 8| mA
Operating free-air temperature, T g —55 125 [+] 10| °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise notad}
SNE4LS138 SN74L5138
PARAMETER TEST CONDITIONS! SN5SALS139 SN74L5139 uNIT
MIN TYPY MAX |[MIN TYPI MAX
Vyq High-evel input voltage 2 2 v
Vi Low-level input voltage 0.7 8] v
VK Input clamp voltage Vec " MIN, I} = —1B mA -1.6 -1.5] v
Vou High-level output valtage Vee=MIN. - Vig=2v. 25 34 27 34 v
ViL = VIL max. 1OH = =400 pA
VOL Lowlewst output valtage Ve =MIN,  Vig=2v, figL=4maA 0.25 0.4 0.25 04 -
VIL * VIL max [loL*8ma 035 05
Input currént at
Iy Vee=MAX, V= 7V 01 0.1 mA
MAxumum input voltage
hH  High-leveld input current Vog=MAX, V=27V 20 20| pA
1, Low-level snpur current Vo= MAX, V=04V —0.4 —0.4]| ma
10 Short-circuit output curent ¥ Ve = MAX -6 —ag| -5 —42 ma
Voo = MAX, ‘L5138 6.3 10 6.3 10|
e ey Oftcpuls enabled and open { ‘LS139 6.8 1 6.8 11 i

YFor conditions shown as MIN or MAMN, use the appropriate valus specified under recommanded operating condilions 1or the sppticable devige

type,

tail typical values are ar Vee =5V, Ty = 28°C.
Mot more than ons oulput should ba shoried at & Lme.

switching characteristics, Voo =5 V, Ta = 26°C

5N54L5138 SN54L5139
FAOM T0 LEVELS
PARAMETERY unpPuT) | iouteum | oF pELAY TEST CONDITIONS SNTALS13B SN74LS130 UNIT
MIN TYP MAX |[MIN TYP MAX
pPLR 2 13 20 13 20 ns
PHL Binary 27 41 22 33 ng
Any
tPLH Select o s 18 27 18 29 | ns
tPHL el % 39 2% 38 | ns
R =2k,
PLH 12 18 16 24 n
2 See Note 2
'PHL 21 32 21 3z ng
Enable Any
PLH 3 17 26 ns
TPHL 25 3B ns

‘lPLH = propagation delay lime, low-1o-high level outpul; tpyy | & propagetion delay time, high-to:low.leval cutput.
NOTE 2. Load circuits and wavelorms are shown on page a1,

7136
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TYPES SN545138, SN545139, SN745138, SN745139
DECODERS/DEMULTIPLEXERS

absclute maximum ratings over operating free-air temperature range (unfess otherwise noted)

Supply voltage, Vo (see Note 1) B I L A"
Input voltage .. .. . 85V
Operating free-air temperature range: SN545138, SN545139 Circuits —§5°C to 125°C
SN745138, SN745139 Circuits . 0°Ct70°C
Storage temperature range e B o 0 TaGLG o o o -B5°C 10 160°C
NOTE 1: Voltage valuss sra with respact to network ground terminal,
recommended operating conditions
SNBAS138 SN745138
SN745139 SN745139 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 1 55 | 4,75 5 525 v
High-level output current, IoH =1 =1 [ mA
Low-lavel output current, Lo 0 203 | mA
Operating free-air temperature, T g —55 125 0 0| °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted}
SNS45138 SN545139
PARAMETER TEST CONDITIONS? SN745138 SN745139 UNIT
MIN_TYPi MAX [MIN TYPI MAX
V4 High-level input voltage ? 2 v
Vi Lowlevet input voliage 0.8 08| V
ViK Input clamp voltage Voo =MIN, 1= =18 mA —$.2 -1.2| V
] Voo = MIN, V=2V, SNG4S' | 25 3.4 25 34
VOH Highlevel output voliage v?f -08V. lon=—1ma } SNTas | 27 34 2.7 34 v
Voo =MIN, Vig=2V,
Vi, Low-level output voltage ViL=08V, IgL=20mA 0.5 0s| v
ny Input current at maximum inpul voltage Voo =MAX, V=55V i 1| ma
Iy High-level input current Veog=MAX, W=27V 50 S0| pA
fjp  Low-level input current Veo=MAX, V=05V -2 —2| mA
1ns  Short-circuit cutput current § Voo = MAX —40 —100] -40 —100] mA
Igc  Supply current Vg = MAX, Outputs enabled and open 49 74 &0 90} mA
TFor conditions shown a3 MIN or MAX, use the appropriste value specified under recommended cor for tha licable device
wpe,
Tan typicat valuss sre st Vg = 5 V. Ta = 25"¢C.
¥ Mot mora than ane dutput should b sharied at a time, snd duration of the shori-circuit test should not excasd one second
switching characteristics, Vec =5V, Ta=25°C
FROM TO LEVELS TEST sy Sroesi
LEL L (INPUTH OUTPUT] OF DELAY CONDITIONS F4sII8 len il unT
MIN TYP MAX|MIN TYP MAX
PLH o 4.5 7 5 18 o
pHL Binary 7 1085 6.5 10
Ay
tpLH select 3 CL = 15 pF. 7.8 12 712 s
tPHL AL =280 2, 8 12 g 12
PLH 2 See Note 3 o Ll ) 8 n§
tPHL 7 11 65 10
Enable Any
tPLH 3 7 1 s
PHL In
Vipy 1y = propagation delay time, low-to-high-level output
tpL = propagation delay time, high-1o-low:level output
NOTE 3: Load eircuits and wavaforms sra shown on page 3-10.
TEXAS INSTRUMENTS 7137
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HEX BUS DRIVERS WITH 3-STATE OUTPUTS

TPUOEE U PEEIXD JOU PIROYE IINAHFLIOYS JAALAO O UOREIND SPLNS/.SPONS PUT STPLNS/STPENS 10) PUS "SUD 919 PRICYS 89 PINOYS INAING SUG URE BIOW 10H,

“SPLNS/SPINS " STPLNS/.STVENS 40} Vs BL— PUT PLNS/PING 40} YW EL— = l1g
‘2,92 = Y1 ‘A 9= 30410 am senpwa B4 VY

1] Supeisdo HEPUR DO{J13800 SN A SISIIT0IODN S SN XYY IO NI W VMO YS SUORIPUOD 04
yuw sled X80 U HOE) Se5 vy = 20a, I 1Ly Agng 30
ww ) §ZZ~ oF- | Gf1— or— Xvm s 30 9 EUSHNI INCANG LNU)I-1IDYS 0y
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HEX BUS DRIVERS WITH 3-STATE OUTPUTS
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HEX BUS DRIVERS WITH 3-STATE OUTPUTS
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TYPES SN54L5240,SN5415241,SN541L5244,SN545240,SN545241,
SN741L5240,5N7415241,SN74LS244,SN745240,SN745241
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

Typicsl Typical Typical Propagation Typical Typical Powsr
oL loH Datyy Times Enable/ Dimipation
iSink (Source Disable (Enablad)
Currant]l  Currentl  Inverting Noninverting  Timaes inverting  Nonimarting
SNS4LS' 12mA  —12mA  105ns 12ns 18 ns 130 mwW +35 mwW
SN74LS” 24mA  —15mA  105ns 12 ns 18 ng 130 mwW 135 mW
SNE45" 48mA  =12mA 45ns 6ns 9ns 450 mwW 538 mwW
SNT4S' B4mA  —15mA 4.5 ns 6ns 9ny 450 mW 538 mw
SNSALS240, SNE4S240 .., J
e  3-State Outputs Drive Bus Lines SN74L5240, SN745240 ... JOA N
or Buffer Memory Address Registers {TOP VIEW}
e P-N-P Inputs Reduce D-C Loading sininioinicicioicio

e Hysteresis at Inputs improves
Noise Margins
o

description / /
These octal buffers and line drivers are designed / / / |/ I/
specifically to improve both the performance and l{} +
density of three-state mermory address drivers, clock
drivers, and bus-oriented receivers and transmitters.

-

The designer has a choice of selected combinations of DaBsHedeDeDsBals0sl

inverting and noninverting outputs, symmetrical G Wb YA lA7 TY3 WA I 1AM 1 GWO
lactive-low output contrall inputs, and le-

P

mentary G and & inputs. These devices feature high SNE415241, SN545241 . .. 4
fan-out, improved fan-in, and 400-mV noise-margin. sm‘l'sz“hs::w“:,' .
The SN74LS" and SN745' can be used to drive —

Yoo I w1 jAl Y2 fa3 ¥tz e Zal

wl _(wl in oliwlinl Inl ol in L]

schematics of inputs and outputs
‘L5240, ‘LS241, ‘L5244
EQUIVALENT OF TYPICAL OF ALL o

EACH INPUT QUTPUTS

NG anad
worrr § A

- ——Vrr =1 1 4 L] [ ] H [ [ ] »
[t} () FITIET B 17 1A i 1AM Y1 RO

k L
- - SNEALS244 ... J
:I: SNY4LS244 .. . JOR N

terminated lines down to 133 ohms.

-

UTPUT (TOP VIEW)
‘5240 'S241
EQUIVALENT QF
EACH INPUT aND
vee -
e o L5240, L5241, °L5244;
R =50 i1 NOM
'5240,°5241;
A =25 0 NOM

TEXAS INSTRUMENTS
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TYPES SN5415240,5N54

LS241,SN54L5244,

SN74L5240,SN74LS241,SN714LS244
BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

recommanded operating conditions

SNS4LS" SNT4LS"
— WiN_NOM_MAX | MIN_Nom_max | T
Supply wollage, Voo tsea Note 1} 4.5 5 5.5 | 4.75 5 5.2% v
igh-level output curfent, iy -12 =15 | mA
Lavedtvel Qulput Surrent, Igy 172 24 | mA
[+] g frta-air mp Y -55 125 [] 70| 'C

NOTE t: Voltage valuss are with respect 10 astwark ground terminal.
slectrical charactsristics over recommended operating free-air temperature rangs {unless otherwise noted)

+ SNS4LS” SN74LS’
PARAMETER TEST CONDITIONS Tl TYPE MAX | MIN_ TYPT MAX UNIT
Vin High-lavel input voltage 2 i v
Vir, Low-level input voltage 0.7 0.8 v
[ Vi ___Tnput clamp voliage Vec"WIN, [ =—1BmA =1.5 -5V
Hystorema Ny, — V1) Ve = MIN 0.2 34 D2 04 v
:ff-. 3;[5;“ l\g:: & :;n A ] 24 34 24 34
A/ Highdevel output v
OH igh put voltage [Vee = MIN, Vin=2V, 2 =
Vi~ 05V, g = MAX .
Voo MIN, | g, =12mA 04 04
VoL  Lowdevel gutpyt voltsge Vig=2V, ¥
Vi = Vi max foL=24maA 0.5
CHT-s1a18 output current,
tozn high-level voltage applisd :f: ';J:X, Vo=271V n 0 A
THstates output current, "<V,
1oz lovelavel voltage spplied ViL=ViLmex | Vo=04V -20 -20
Input current at maximum
I - input voltage Vee=MAX, V=7V o: 01 | mA
[177] HighJevel input current, sny input Ve = MAX, Vi=27V 20 20 A
TR Low-evel input current Veg =MAX, WV ~04V -0.2 =02 | mA
[ Short-Circuit output current® Ve = MAX —40 =225 | ~50 —225 | mA
08 = &g
Cutputshighl,,  _pax 20 13 Fx] 1 23
cemustow | °° *LS240 2644 2 e
lcc  Supnly current o S— 5241, L5244 7746 2746
All utputs Uit ooe® “is240 2950 29 60
disabled 'L§241, "LE248 2 54 32 54
For ¢condltions shown st MIN or MAX, use the spproprinte value 1 undgar ded operating canditions.
Far wypical vetum are = Veg = RV, Ty w2870,
Phot more than one Output should be ehorted at & time, sno durstion of the short-circult should Not sxcesd one mcond.
switching characteristics, Vg =5V, Ta = 25°C
‘L5240 ‘LE241, ‘L5244
LAt Ll D i TYP_ WAX [l Tve max | UMY
Propegation delay Time,
*PLH jow-1o-high-level output 9 L) a2 &) i
Propsgetion delay time, Cp =45pF, AL =8874, 1
"PHL high-todowelewel pumpin See Now 2 AL 2l -
T Output engbie time to jow {evel 2_9 30 20 30 ns
PrH Ouiput 4nsbis Time to Righ lavel 15 23 15 23 ns
%3 Ouiput dosble time Trom low level CL=5pF, AL = 667101, 15 25 15 5 ng
PHZ Ouiput disable nme from high ievel Ses Note 2 10 18 10 18 ns

NOTE 2: Load chreult and voltage waveforms are shown on page 3-11,
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7.388

TTL TYPES SNb64273, SN54LS273, SN74273, SN74LS273
Mmsl OCTAL D-TYPE FLIP-FLOP WITH CLEAR

BULLETIN NO. DL-S 7612091, OCTOBER 1376

SNB4273, SNB4LS273. .. J PACKAGE
SN74273, SN74L58273 ... ) OR N PACKAGE

® Contains Eight Flip-Flops with
Single-Rail Outputs

e Buffered Clock and Direct Clear Inputs
vec &0 &0 50 S0 CLOCK
¢ Individual Data Input to Each Flip-Flop n il Jul [na| {nfl n
® Applications Include:
Buffer/Storage Registers " ﬁ
Shift Registers S

Pattern Generators

description .

These monolithic, positive-edge-triggered flip-flops
utilize TTL circuitry to implement D-type flip-flop
logic with a direct clear input.

~
™
-
w
-
-

CLEAR 10 -] o a £ EL] 40 0 GND

Information at the D inputs meeting the setup time
requirements is transferred to the Q outputs on the
positive-going edge of the clock pulse. Clock
triggering occurs at a particutar voltage level and is
not directly related to the wansition time of the

pasitive logie: see function table

FUNCTION TABLE
{EACH FLIP-FLOP)

positive-going pulse. When the clock input is at either INPUTS OQUTPUT
the high or low level, the D input signal has no effect CLEAR CLOCK © Q
at the output. L X x L

H 1 H H
These flip-flops are guaranteed to respond to clock H 1 L L
frequencies ranging from 0 to 30 megahertz while H L X Qg

maximum clock frequency is typically 40 megahertz.
Typical power dissipation is 39 milliwatts per
flip-flop for the '273 and 10 milliwatts for the

See explanation of function tables on page 3-8,

‘L5273,
schematics of inputs and output
273 L5273
EQUIVALENT QF EACH INFUT TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
vee -
Ay . vee - Veo
I B ey vee . 120 £1 NOM
':O_M [ 0 kN NOM s
INPUT ¥ -- ouTRPUT
QUTPUT

Cloar: Rgg = 3H0 HOM
Crock: Fyg = &k NOM
Al other inguts: Reg = 8 kil NOM

functional block diagram

m -0

- ||:| |u| ||m Iu:l |m| |u7|
CLOCK

Jobbih
cuean _4>.-,_ T

]m Hﬂ Iusl
TEXAS INSTRUMENTS
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@ MOTOROLA

MC6345

| Advance Information |

CRT CONTROLLER (CRTC)

The MCE845 CRT Controller performs the interface to raster scen
CRT displays. 11 is inended for use in processor-based controllers for
CAT terminals in stand-slone or cluster configurations.

The CATC is optimized for hardware/softwars balance in order to
achieve integration of all key functions and maintsin fexibility. For
instance, all keybosrd functions, R/W, cursor movemants, and editing
are under processor control; whereas thea CRTC provides video timing
snd Rafresh Memory Addressing.

& Applications include "glass-telstype,” smart, programmabte, intsl:
ligent CRT terminals; video games; information display.

® Alphsnumeric, semi-graphic, and full graphic capabillty.

® Fylly programmable via processor dats bus. Can generate timing
for aimost any alghanumeric screen density, ¢.g. B0 x 24, 72 x 64,
132 x 20, etc.

MOS

(N-Channel, Silicon-Gate)
CRYT CONTROLLER

(CRYC)

® Single +5 voit supply. TTL/G800 compatible 1/0. L BUFFIX
® Hardware scroll {paging or by line or by charscter) N casrzva. I
¢ Compatible with CPU’s and MPU's which provide a means for
synchronizing external devices,
® Cursor register and compare circuitry.
® Cursor format snd blink are programmable, NOT SHOWN:
* Li . P SUFFIX
Lf’“ pen Jegister. . FLASTIC PACRAGE
® Line buffer-less operstion. No external DMA required. Refresh reTIen
Memory is multiplexed between CRTC and MPU,
® Programmable interlace or non-interlace scan.
® 14-bit wide refresh address,
FIGURE 1 — TYPICAL CRT CONTAOLLER APPLICATION
- A0
Processor | T
‘, &= DB Primery Bus
‘ }. Secondery .
cLK —_
High Spead Refresh AStete
Timing -1 CRTC | Mux aam [P autter
Rafrash Curor,
‘ Memory O hplay
Addresses € nable
U |
Lateh
Light
— Pan —
Cireult
\
Aow Addresses
oM
= o] Chorscrar |aed SN Lgg Viee | g
' " > a-:::m Reglstor Quwput
HByac ¥V Sync
This s int on and spacit L] iect 10 change witaut notics.

1-193
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SYSTEM BLOCK DIAGRAM DESCRIPTION

As shown in Figure 1, the primary function of the
CRTC is to generate refresh addresses (MAG-MA13), row
stlects {RAD-RA4), and video monitor timing (HSYNC,
VSYNC) and Display Enable. Other functions include an
internal cursor register which generates a Cursor output
when its contsnts compare to the current Refresh Ad-
drets. A light-pen strobe input signal allows capture of
Refresh Address in an internal light pen register.

All timing in the CATC Is derived from the Cik input.
in siphanumaeric terminals, this signal it the character rate.
Character rate is divided down from video rate by externsl
High Speed Timing when tha video frequency is greater
then 3 MHz. Shift Raegister, Latch, snd MUX Control
signals are slso provided by external High Speed Timing.

The processor communicates with the CRTC through a
buffersd 8-bit Dets Bus by reading/writing into the
18-ragister fils of the CATC.

The Refresh Memory sddress is multiplexed between
the Processor and CRTC. Data appears on 2 Secondery
Bus which it butfered from the processor Primary Bus. A

MAXIMUM RATINGS

Rating Symbol Valus Unit
Supply Voltage Voo [03w+70 | va
input Voltage V-m' 0.3 w0 +7.0 Ve
Operating Tempersturs Range Ta 0 w0 +70 oC
Storege Temgensture Rangs T 58 to +150 oc
*With respect 10 Vg (Gnd),
RECOMMENDED OPERATING CONDITIONS
Choractoristis Symbel | Min | Typ | Max [Unit
Supply Voltege Voo |4.78) 5.0 | 5.26fvde
Input Low Voltsge Vi £3) - 08 |V
Input High Voltsge VM 20 - | Ver |vde

number of approaches ace possible for solving contentions
for the Refresh Memory.

1. Processor always gets priority.

2. Processor gets priority access snytime, but can be
synchronized by an interrupt to perform ascossees
only during horizontal and vertical retrace times.

3. Synchwonlze proosssor by memory wait cycles.

4, Synchronize processor to charecter rate (Ses Figure
2). The 8800 MPU family lends itml? to this config-
uration becauss it has constant cycle lengths. This
mathod providés zero burden on the processor be-
causs there is never a contention for memory. All
sccestes are “transparent”

The mcondary data bus concept in no way preciudes
using the Refresh RAM for other purposes. It looks like
any other RAM to the Processor. For example, using
Approach 4, 3 B4K bytse AAM Refrath Memory could
perform refresh and program storage functions trans
parently,

FIGURE 2 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING UBING G800 MPU FAMILY

CATC Accessm

»” Refresh Mamory

MPU Accoass
- Autrash Memory

i !
; )
1 T

:"—chelo' T, ,,;" _.J=

whaera: m,n are Integers;
Tc s characrer petiod
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ELECTRICAL CHARACTERISTICS (Ve = 5.0V £5%, Vgg = 0, Ty = 010 709C uniem otherwse noted}

Characteristis Symbol Min Tye Men Unit
Input High Voitage Vin 0 - Ve Vde
Inpul Low Voltage ViL -0.3 = o8 Vde
Ingut Leakage Current in - 10 15 uhde
Thres-State (Vee = 5.26 V) i1s) -10 20 w0 uAdc
Via" 0410 24V)
Quiput High Voltege Vou Vde
(ligpe * -206 nAl DO-D7 24 - -
ioag = 100 uA) Quher OQutputs 2.4 - -
Output Low Voitsge VYoo - - 04 Vae
Uligag = 1.6 mA)
Power Dusipation Pp = 600 - N
Input Capscitance Cin oF
oo-D7? - - 125
Al othars — - L]
Output Cepacitence Al Qutputs Cont - - L) of
Minimum Clock Pulse Width, Low Py 180 - - "
Mirimum Clock Pulse Width, High PacH 200 - N it
Clock Frequency fe - - 25 MHz
Ruse and Fali Time for Clock Input tor, tef - - 20 n
Memory Address Delay Tims YA D - 180 L
Rastar Addeess Delsy Time tTAAD - - 160 e
Display Timing Delay Time IBTD - 00 ]
Hornzontsl Sync Delay Time HSD - by il e
verticsl Sync Delay Time wso - 300 ns
Cursor Dvpiay Timing Oelay T.me Cpo - - 300 m
ELight Pen S1robe Miumum Pulse Width PW_pi 100 - - 3
Lght Pen Strobe Disable Time PO - - 120 m
WPD2 - 9 m

Note  The hight pen strobe must 131 1o low level before VSYNC pulse fises.

BUS TIMING CHARACTERISTICS

L Charactoristic | Symbot [ Mo | wen | umic |

READ/WRITE

Enabte Cycle Time YeyeE 10 ns
E nabie Pylse Wiath, High PWgRy 045 5 us
E nable Pulse Widih, Low PWe 0.43 - us
Setup Time, L8 snd AS vahd 1o enable PotiLive transition \AS 160 s
Dats Delay Time 1DORA 20 ns
Data Hoid Time {Read) ™ 10 L ny

{verital 10 -

Address Hoid Tune TAH 10 - n
Rise and Fail Time for Ensble laput I % ny
Dats Setup Time 105w 195 n
Dats Access Tuma tACe 480 "
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FIGURE 3 — CATC TIMING CHART

11

=]
- h
Y @
A MATD
X
b 10 0.0~ M= tMAD
3k
S
L 2av
RAQ RAd
gav
f— (g0 p —] [t a
) e
¢ ¢
L 14
Cusplay Enable
o4V
pro [ t0TD
)}
< ¢
(2.‘ v
HSyng, Viync
LERY
o I - TS0
WwsD tvsD
} b
{ -
24V
Cursar
04V
—— oD fo— 1Coo
PWpH J
20V
LPSTE
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FIGURE 4 — AELATION BETWEEN LPSTB AND REFRESH MEMORY ADDRESS

When the CRTC detects the niung sdge of LPSTE
n this penigd, the CRTC st the Relcash Mamory
Addrets ‘M+2' into the LIGHT PEN REGISTER,

1LPOY. 'LPD2 Peried of uncertminty for the Asfresh Memory Addrise.

o8V oav
Cin
MAQD-MA1] [¥] Mt M2
7
o8V

LPSTE
Ik
L

ZO:ZL
LPSTB
wrot
weoz
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Ensble

FIGURE § — BUS TIMING CHART

s — Bus Read Fiming {Rasd Infermation Prem CATC)

As, CS

Enabie

ns. C3$

Dets By

hape 'O DA el
tacg—— ™

;

) Q4V

Sh — Bun Writs Timing Mrite Information lmoe CRTC)

— A

20V
08 v

oSw

Ao K
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FIQURE & — BUS TIMING TEST LOAD

60V

Test Palny g AL=24%

L S kel MMOS1 50
ar Equiy.

C = 130 pF for DO-O7
= = =30 oF for MAO-MA1TI, MAD MAd,
OISPEN, HYSNC,
YSYNC, and CURSON
A= 11 k] for DO-DY
= 24 &0} for Al Orher Dutputs

FIGURE 7 —~ PIN ASSIGRMENT

Y
Vgg . 40— vSYNC
RESET —a=i 2 38— HSYNC
LPSTE ———ur] 3 3B e AAQ
{7 MAD ] 4 I = M A .
Row Addresess
MAT il B M i 4 4,2 for Character
Gensratorns
MAQ e 35 g RAT
MAL i 7 M - RAL
[ ¥ S E— ] 33 al——i 0O ™~ -~
MAD =tpree 4 § 32 i ) 1
Asfrash MAS e 1) MCER48 N Pt 02
Memaoty CRATC
Addrewss MAT? ] 11 0 gt 03
Dats Bus
MAD ot 12 el 04
MAS a1 s DS
Procemor
MAID g 14 27 [ DR >lnﬁrhn
MA1] ap——aad 18 20 o?r /
MA1T e 1g 28 | &=
e MATS ——— 17 24 ns
Control
Display Enshily =srm———d | § 23 €
CUnot gt 22 LY o~
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PIN DESCRIPTION

PROCESSOR INTERFACE

The CRTC interfsces to » processor bus on the
bidirectionsl data bus (DO-D7) using &3, RS, E, snd R/W
for control signals.

Data Bus (D0-D7) — The bidirectional data lines
{DO-D7) allow data transfers between the CRTC internal
Register File and the processor. Data bus output drivers
are 3-state buffers which remain in the high impedance
state except whem the processor performs 8 CRTC read
operation. A high tevel on a data pin is & logical 1"

Enable {E) — The Enable signal is a high impedance
TTL/MOS compatible input which enabies the dats bus
input/output buffers and clocks data o and from the
CRTC. This signal is usually derived from the processor
clock, and the high to low transition is the active edge.

Chip Selsct (€S} — The CS line is a high impedance
TTL/MOS compatible input which selects the CRTC when
low to read or write the internal Register File. This signal
should only be active when there is a valid stable address
being decoded from the processor.

Ragister Select (RS} — The RS line is a high impedance
TTL/MOS compatible input which selects either the
Address Ragister (RS » 0"} or ona of the Data Registers
{AS = “ 1"} of the internal Register File,

ResdMWrite {(RAF)} — The RAW line is o high impedance
TTL/MOS compstible input which deterrmines. whether
the internal Register File gets written or read. A write is
active low ("0"").

CRT CONTROL

The CRTC provides horizontal sync {HS}, vertical sync
{VS), and Display Enable signals,

Varticsl Sync (V SYNC) — This TTL compatible
output is an active high signal which drives the monitor
directly of is fed to Video Processing Logic for composite
generation. This signal determines the vertical position of
the displayed text.

Horizontal Sync (H SYNC) — This TTL compatible
output is an active high signal which drives the monitor
directly or is fed to Video Processing Logic for composite
generation. This signal detsrmines tha horizontal position
of the displayed text

Display Ensbis — This TTL compatible output is an
sctive high signal which indicates the CRTC s providing
sddressing in tha active Display Ares.

REFRESH MEMORY/CHARACTER GENERATOR
ADDRESSING

Tha CRTC provides Memory Addresses (MADMA 13}
to scan the Refresh RAM. Also provided are Raster
Addretsss (RAD-RA4} for the chersctar ROM.

1-200

Refresh Memory Addresses (MAG-MA13) = Thess 14
outputs are used to refresh the CAT scresn with pages of
data located within a 18K block of refresh mamory. These
outputs drive & TTL load and 30pF. A high level on
MAQO-MA13 is a logical “"1.”

Raster Addresses (RAO-RA4) — Tham 5 outputs from
the internal Raster Countsr address the Cheractsr ROM
for the row of a character. These outputs drive a TTL losd
and J0pE. A high level {on RAD-RAM) is s logical “1.”

OTHER PINS

Cursor — This TTL compatible output indicstes Cursor
Display 1o external Video Procassing Logic. Active high
signal.

Clock {CLK) — The CLK TTLMOS compatibla Input
is usad to synchronize all CRT control signals. An sxternal
dot counter is used 10 derive this signal which is usually
tha chacacter rate in an alphanumeric CRT. The active
wransition is high to low,

Light Pen Strobe (LPSTR) — This high impedance
TYL/MOS compatible input latches the current Refresh
Addreises in the Register File. Latching is on the low to
high edge and is synchronized internally to character clock,

Veg. Gnd

AES — The AES input is used 10 Reset the CRTC, An
input low level on RES forces CRTC into following
status:

{A) All the counters in CATC are cleared and the
device stops the display operation.

{B) Al the outputs go down to low level

{C) Control registers in CRTC are not stfected and
remain unchanged.

This signal is diffarent from other MEBOO family in the
following functions:

{A) RES signal has capability of reset function only
when LPSTB is at low level.

(B) After AES has gone down to low levet, output
signals of MAO-MA13 and RAO-RA4,
synchronizing with CLK low level, goes down to
low fevel. (At least 1 cycle CLK signal b
necessary for reset.)

(C) The CRTC starts the Display operstion
immediately after the refease of RES signal.

TABLE Y — CRATC Operating Mode

RES LPSTE OPERATING MODE
Q 1] Rost
0 1 Tom Mode
1 1] Normal Mode
1 1 Normel Mode
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CRTC DESCRIPTION
(Figure 8: CRTC Block Diagram)

The CATC consists of programmable horizontal and
vertical timing generstors, programmaeble finesr addrets
register, programmable cursor logic, light pen capture
registar, and control circultry for interface to s processor
bus,

ANl CRTC timing is derived from CLX, usisally the
output of an external dot rate countsr. Coincidence [COJ
circuits continuously compers countsr contents to the
contents of the programmable register file, RO-R17. For
horizontal timing generation, comparisons result in: 1)
Horizontal sync pulse (HS) of & frequency, position, and
width determined by the registers, 2) Horizontal Display
Signal of s frequency, pesition, and duration demrmined
by the registers.

Tha Horizontal counter produces H clock which drives
the Scan Line Counter and Vartical Control. The contents
of the Raster Counter are continuously compared to the
Max Scan Line Address Register. A coincidence ressts
the Raster Counter and clatks the Vertical Counter.

Comparisons of Vertical Counter contents and Verticel
Registers result in: 1} Vertical sync pulse {VS) of &
frequency and positon determined by the registers—the
width is fixed ot 16 raster lines in the vertical control
section and is not programmable, 2} Vertical Display of 8
frequancy and position determinad by the registers,

The Vertical Control Logic has other functions.

1. Genarate row selects, RAQ-RA4, from the Raster
Count for the corresponding interlace or non-
interlace modes.

2. Extend the number of scan lines in the verticsl
total by the smount programmed in the Verticsl
Total Adjust Register.

The Linear Address Generator is driven by CLK
and locates the relative positions of characters in memory
with their positions on the screen. Fourteen lines,
MAO-MA13, are available for addressing up to four
pages of 4K characters, 8 pages of 2K characters, etc.
Using the Start Address Register, hardware strolling
through 16K characters is possible. The Linesr Address
Generastor repeats the same sequence of addresses for each
scan tine of a charscter row.

The cursor logic determines the cursor location, size,
and blinking rate on the screen, All are programmubla.

The light pen stroba going high causes the current
contents of the Address Counter to be Istched in the
Light Pen Register, The contents of the Light Pen Register
are subsequently read by the Processor.

Internat CRTC registers are programmed by the
processor through the data bus, DO-D?, and the contral
signals—R/W, U35, AS and E.

FIGURE © — ILLUSTRATION OF THE CRT SCHEEN FOAMAT
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REGISTER FILE DESCRIPTION
(See Table 2)

Ninateen registers in the CRTC can be sccessed by
maans of the data bus. Register addressing and lengths are
shown in Tabls 2.

ADDRESS REGISTER

The Address Register is 8 5 bit write-only register used
at an “indirect” or “"pointer” register. 11s contents are the
address of one of the other 18 registers in the file. When
RS and CS are low, the Address Register itself is
addressed. When RS is high, the Register File is accessed.

HORIZONTAL TIMING REGISTERS RO, R1, R2, and
R3

Figure 9 shows the visible display ares of & typical CRT
moniter giving the point of reference for horizontal
registers as the left most displayed character position.
Horizontal registers are programmed in “character time”
units with respect to the reference.

Horizontsl Total Register (RO} — This 8 bit write-only
register determines the hosizontal frequency of HS. It is
the total of displayed plus non-displayed character time
units minus one.

Horizontat Displuyed Register (R1}) — This 8 bit
write-only register determines the number of displayed
characters per horizontal line,

Horizontal Sync Position Register {R2) — This 8 bit
write-only register determines the horizontal sync postiion
on the horizontsl line.

Hosizontal Sync Width Register (R3) — This 4 bit

write-only register determines the width of the HS pulss.
It may not be apparent why this width needs to be
programmed. However, consider that all timing widths
must be programmed as multiples of the character clock
period which varies. 1f HS width wers fixed as sn Integral
numbar of character times, it would vary with character
rate and be out of tolerance for certain monitors. The rate
programmable feature allows compensating HS width,

VERTICAL TIMING REGISTERS R4, RG, RS, R7, RS,
and RY

The point of reference for vartical registers is the top
charactes position displayed, Vertical registers are
programmed in charscter row timaes or scan line timaes.

Vertical Totat Register (R4} and Vertical Total Adjust
RAegister (R5) — The vertical frequency of VS is
determined by both R4 and RS. The calculated numbar of
character line times 15 usually an integer plus a fraction to
get exactly a 50 or 60 Hz vertical refresh rate. The integer
number of character line times minus one is programmed
in the 7 bit write-only Vertical Total Regisver; the fraction
is programmed in the 5 bit write-only Vertical Scan
Adjust Register as 8 number of scan line times.

Vertical Displayed Register {R6) — This 7 bit
write-only register determines the number of displayed
character rows on the CRT screen, and it programmed in
character row timas.

Vertical Sync Position {R7} — This 7 bit write-only
register determines the vertical sync position with respect

TABLE 2 — CRTC INTERNAL REGISTER ASSIGNMENT

Addrou Ropuitet . Numbr ol Bite
EIm T TT2]1]e| # Rogmrar Fila “owa | tewe [wm STTsle[3[2l]e
L] x b3 x| X)X x X =, = -
L] [-] x X x)] x x 13 Address Regiater No Yo
] 1 ) 0j0c)gj a Ao Hotironis Tolsd Char No Yeou
Q 1 [ ol o]0 1 Al Hosonist Duplayed Char No o
9 1 9] o6j0)1 -] A2 H Sync Ponitan Char No Yed
o 1 ololo)1 1 Al M Sync Wuih Chat No Ya
] % oloa|l1]o] 0 A4 Verticl Torsl Char Row Ne Yo
a 1 Q ol 1 -] 1 As Vv Torsl Adjust Scan L e No Yo
0 1 9]l o] ] o R Vartse ok Dmplay ed Char Mow No Yoy
-] 1 0 LA 1 1 ar ¥ Sync Poutwon Char, Agw No Yo
ToJ 1 te][1Jolo] o s Iateriace Mode : No Yo
o |1 Joirfojo] ¢ Ag Man Scan Ling Addeess Scon Line No Yo
] 1 ol v]jo[+] o R0 Cursgr Start Scen Ling No Yus sjP {Naw ©
[+] 1 ] 1]0] 1 ANl Cursor End Scen L No i)
Q 1 1] 1 1 Q Q A2 Start Addrs IH) No e
[] t ] 1 1|0 1 R13 Staet Adovris (L} No Yo
] 1 [+] 1 1 1 ] Ata Cursor (HI Yot A
o 1 0 1 1 T 1 A Cursor tL) Yo Yot
o 1 1 Qjojo| o nig L ght Fen {HI You No
-] 1 1 o]Jof o 1 LAk Light Pan L) Yo No

Mot 111 801 5 of the Curor Start Agster Regriter o5 used for bk penos control, end

811 6 1 usd 10 W) bk oF AON Blink
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to the refersnce. It is programmed in character row times.

Interlace Mode Register (R8) — This 2 bit write-only
register controls the raster scan mode {see Figure 11}
When bit 0 and bit 1 are reset, or bit 0 is reset and bit 1
w1, the non-interiace raster scan mode is selected. Two
interlace modes are available. Both are interlaced 2 tields
per frame. When bit 0 is sat and bit 1 is reset, the interlace
$Ync raster scan mods is selected. Also when bit 0 and bit
T are set, the interlace sync and video raster scan mode is
selected.

Maximum Scan Line Address Register (R®) — This 5
bit write-only register determines the number of scan lines
per character row including spacing. The programmed
value is a max asddress and is one less than the numbar
of scan lines,

OTHER REGISTERS

Cursor Start Registee (R10) — This 7 bit write-only
register controls the cursor format {see Figure 10). Bit 5 is
the blink timing control. When bit 5 is low, the blink
frequency is 1716 of the vertical field rate, and when bit §
is high, the blink frequency is 1/32 of the vertical field
rate. Bit § is used,to enable a blink. The cursor start scan
line is set by the lower 5 bits.

Cursor End Register (R11) — This § bit write-only
register sats the cursor end scan line.

Start Address Register (H & L} (R12, RT3} — Start
Address Register is a 14 bit write-only register which
determines the first address put out as a refresh address
after vertical blanking. It consists of an 8 bit lower
register, and a § bit higher register.

Light Pen Register (H & L) (R16, R17) — This 14 bit
read-only register is used to store the contents of the
Address Register {H & L) when the LPSTB input pulses
high, This register consists of an B bit lower and 6 bit
higher register.

Cursor Register (H & L} tR14, R15} — This 14 bit
read/write register stores the ¢ ursor location. This register
consists of an B bit lower and 6 bit higher register.

CURSOR

The Cursor Start and End Registers aliow a cursor of
up to 32 scan lines in height to be placed on any scan hines
of the character block as shown in Figure 10. Using Bits §
& 6 of the Cursor Start Register, the cursor is
programmad with blink periods of 16 or 32 timaes the field
period. Optional non-blink and nondisplay modes can
also be selected. When an external 2X blink on characters
is required, it may bs necessary to perform cursor blink
externally as well so that both blink rates are
synchronized. Note that an invert/non-invert cursor is
easily implemented by programming the CRTC for
blinking cursor and externatly inverting the video signal
with an exclusive-OR,

The cursor is positioned by changing the contents of
eegisters R14 and R15. The cursor can be placed at any of
16K character positions, thus facilitating hardware paging
and wrolling through memory without loss of the cursor’s
original position.

INTERLACE/NON-INTERLACE
DISPLAY MODES

An jllustration of the 3 raster scan modes of operation
is shown in Figurs 11, Normal sync mode is non-interlace.
In this mode, each scan tine is rafreshed at the vertical
field rate (e.g., 50 or 60 Hz). Frame time is divided into
even and odd alternsting fields. The horitontal and
vertical timing refationship results in the displacemant of
scan lines in the odd field with respect to the even field.
When the same infarmation is painted in both fields, the
mods is called “Interlace Sync;” this is s usetul mode for
snhancing readability by filling in a character. When the
even lines of a character are displayed in the even fietd
and the odd lines in the odd field, the mode it catled
“Intertace Sync and Video.” This last mode effectively
doubles the character density on 2 monitor of a given
bandwidth, The disadvantage of both interlace modes is
an apparent flicker effect, which can be reduced by
careful monitor design, -

There are restrictions on the programming of CRTC
registers for interlace operation:

1) Horizontal total character count, Ny, must be odd

{i.e., an even number of character times)

2) For Interiace Sync and Video mode only, the max
scan line address, Ny, must be odd (i.e, an even
number of scan lines)

3} For Interlace Sync and Video mode only, the
Verticat Displayed Total characters must be even.
The programemed number, Nyg. must be onehaif
the actual number required.

4} For Interlace Sync & Video mode only, the Cursor
START and Cursor €nd Registers must both be
even or both odd.

LIGHT PEN

The contents of the CRTC Address Counter are
strobed into R16/R17 Light Pen Registers on the next
high to low CLK transition atterLPSTB goes high. In most
systems, the light pen signal would alto cause a processor
interrupt  routine to read R16/R17. Slow light pen
response requires the processor software to modify the
captured address read from RI16/R17 by a calibration
factor.

PROGRAMMING CONSIDERATIONS

Initialization — Registers RO-R15 must be initialized
after power is turned an. The processor normally loads
the CRYC registers sequentially from a firmware table.
Henceforth, RO-R11 are not changed in most systems,
The 680Q program in Table 3 and Figure 12 shows »
typical CRTC initialization.

Hardware Scrolling — Registers R12/R13 contents
determine which memory location is the first displayed
character on the screen, Since the CRTC Linear Address
Generator counts from this beginning count, the displayed
portion of the screen may be a window on any continuous
siring of characters within 3 16K block or refresh
memory_ By centering the R12/R813 pointer in the middie
of the available memory space, scrolfing up or down is
possible . . . by hine, page, or character
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FIGURE %0 — CURSOR CONTROL
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TABLE 3 — Typios! 80 x 24 Screan Format Initistization of CRTC
Rog, # Rogistar Fila ";"““"" Catouintion® oo v:-
RO H Towl Te 102 x 517 = 63.76 us 102-1=101 N = $66
m H Displayed Te B0 x 527 = 42.18 us 20 Npg = 350
R2 H Sync Position Te 85 x 527 = 46,32 us ] Niygp = $66
R H Sync Width Te Pn 527= 4740 4 Npgy = $00
R4 vV Towd Ter 26 x64512= 16013 ms =1=24 Ny =518
RS V Totl Adjust Ta 025176 =« S4ma w Nggj = $0A
R8 V Dimplayed Ter 24 x 84512 = 15,48 ™ 4 Ny =$18
R? V Syne Position Ter 24x 64517 = 15.40 my 24 Ny = $18
Ag Interiace Mode - - $00
L) Max Scan Line Addreny L™ 1t Ny = $08
R0 Cursor Start Ty ] 200
Al Cursor End T n $0B
A2 Start Address H} - 128 $00
R13 Start Address IL) - $80
Ald Cursor (H} = 178 $00
R1S Cursor {L) - $80
Clock Period =T =527
Scan Line Period “Tuw =(Npet N xTow 1022 627 ue= 5370 us
Choracter Row Patiod = Tor = Ny x Ty = 12 x 53,76 us = 845.12 1
* Thews are typical values for the Motarols MID0O Moniter, velues may vary for other monitory
FIGURE 2 ~ INITIALIZATION OF CRTC FON 80x24 SCREEN FORMAT IN TABLE 3
FAGE 081 CRTINT
aeaeoi NAM CRTINT
o002 ooee ORG E ]
agee3 oeee Sr CLR B CLEAR COUNTER
88004 800! CE 0020 LDX #3520
©o083 ORa4 F7 98008 CRTII STA B $5000 CRTC ADDR REG
80605 0807 A6 20 LDR A @.X
apea7 oees g7 9eei S5TA A $9801 RCC TO CRTC REG
Peees8 eevac es INX
ae8ees eeed Sc INC B INC COUNTER
280810 OBGE C! 18 CMP B8 #s$10 LRST CRTC REG?
ool oole 26 F2 8NE CRTI!
aeai2 ee12 3F SHI
68013 aaz2e ORG $20
oeel4 pB20 &5 CRTTAB FCB $65, $50. $56. %9
80815 2024 I8 FCB §I8.$0R.513.%18
o8oié gv28 oe FCB 8,488, 0. s68
epel7 eez2c vese FDB $80, sg0
esele 2080 END
CRTII 0684 CRTTAB 6820

TOTAL

ERRORS 00600
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OPERATION OF THE CRTC

shown in the Timing Diagrams (Figures 13 through t5).
Timing Chart of the CRT limterface Signahs — Timing The screen format of this example is shown in Figure 9.
charts of CRT interface signals are illustrated in this Figurs 16 is an illustration of the relstion batween
wction with the aid of programmed example of the Aefresh Memory Address (MAO-MA13), Raster Addrews
CRTC. When values listed in Table 4 are programmad into {RAD-RA4)} and the position on the screen. In this

CRATC control registers, the device provides the outputs as sxample, the start address is assumed to be “0".

TABLE 4 - Values Programmed Into CRTC Registers

Rep. ¢ Register Nome Value 'W:::::.""‘
RO H, Tots Ny #1 Npy
(23] H. Diplayed Npg Npg
R2 H. Syne Position Nphsp Nhep
Al H. Sync Width Nnsw Nivewe
R4 V. Totsd Nyt +1 Nyy
RS V. Sean Line Adjust Nydj Nedj
RS V. Displayed Ny Neg
R? V. Sync Position Nysp Nvip
RB Interiace Mode
Rg Mau. Scan Line Addrvs Ny Ny
R10 Cursor Start
At Curvor End
R12 Stant Addrem (H) 9
RT3 Start Address (L) 13
R4 Cursor (H}

ARG Cursor (L)
18 Light Pen (H}
A7 Light Pen (L}
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CRT 96364 A
CRT 96364 B’

L PC FAMILY

Preliminary Specifications

CRT Controller

FEATURES PIN CONFIGURATION
0O Single + 5v power supply
[ 16 line x 64 character display xe 1O N [ 28 Vec
{1 On chip sync oscillator x1 20 (] 27 EOP
O Comptleta cursor control ps 3 ) 28 CSYN
O Automatic scrolling A9 4 7 ] 25 G2
O Erase functions built in A8 5[] ] 24 C1
O Performs character entry during horizontal sync A7 6§ O ] 23 Co
{J internal blinking cursor A8 7 [ 22 A4
O Page linking legic builtin AS 87 [ 21 A3
0O LS-TTL compatible Dcc 9 [ 20 A2
1 Compatible with CRT 8002, CRT 7004 DCE 10 [ ] 19 At

Re 11 ] 15 A2

/1 12 wmaka

Rz 13 ] 116 08

GND 14 O ) 15 CRV

GENERAL DESCRIPTION PACKAGE: 28-Pin DR
The CART 96364 A/B is a CRT Controller which Standard functions such as ERASE PAGE, ERASE
controls alf of the functions associated with a LINE, and ERASE TO END OF LINE make the CRT
16 line x 64 character video display. Functions 96364 A/B easy to interface to any computer or
include CRT refresh, character entry, and cursor  microprocessor, or to use as a stand-alone
management, video processor.

The CRT 96364 A/B contains an internal oscillator

which produces the composite sync output. The The CRT 96364 A/ B requires only + 5v power at
CRT 96364 B generates a 60 Hz vertical sync white less than 100 mA, It is manufactured in COPLAMOQS®
the CRT 96364 A generates a 50 Hz vertical sync. N channel silicon gate technology.

ony = ] c (=]
BLOCK DIAGRAM (? (? Gi)
O (@] macow el le—(m
3
1 ‘ e
"G e S | | uSrestet, o —e-()»
u@-q—n I 1t ‘F"
“@.- AODAERS
a8 (T ‘ [ £)
O B oW H o mems
 ERGI |
n@-—
m@.—n ADORESS ‘L QuTRST
) !
LEd 4 T
MO Ve [~ - biw i n CEYN
"FOR FUTURE RELEASE



Vil.122
Manuel technique

DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

N =

Crystal in
Crystai out

xo
x1

Pin one is the sync ¢lock input. [t may be driven directly from a TTL
gate or from a parallel mode crystal conngcted between pins one
and two. When a crystal is used, a 10 MQresistor should be
connected in parallel. For standard 80 Hz line operation, a 1,018 MHz
frequency source or crystal is required (with the CRT 96364 8). For
50 Hz line operation, the CRT 96364 A requires a 1,008 MHz crystal.

Page Select

PS

PS provides automatic page selection when two pages of memory
are used. A “zero” outputindicates selection of page 1; a logic "one™
indicates page 2.

Memory
Address

AG-AS5

Upper order memory address lines; A6-A9 determine which lines of
text are being refrashed or written. A5 along with Ag-A4 determine
the character position.

Character
Clock

Dce

Character clock input. Addresses are changed on the trailing edge
of DCC.

10

Dot Clock
Enable

DCE

A logic zero from DCE is used to inhibit osgillation of the dot clock
for retrace blanking.

11-13

Row Addreas

R@-R2

Character Generator row addresses. Blanks are generated by forcing
R#-R2 to “000". During character entry, R2 gates data into memory
to control the erase function, Row addressing follows the sequence
0-1-2-3-4-5-6-7-0-0-0-0-increment text line-0-1-2-etc.

14

Ground

GND

Ground

15

Cursor

CRV

Cursor video output. Indicates cursor location bya2Hz
blinking underline.

16

Data Strobe

[+1]

The rising edge of DS strobes the appropriate C#-C2 control ward
into the CRT 96364 A/B.

17

Write

A pasitive going signal which indicates that the CRT 96364 A/B is
allowing a memory write. W is approximately 4 gs, and occurs
during H sync. Memory address lines are latched at the cursor
address during W.

18-22

Memory
Address

Af-Ad

Lower order memory addresses. AB-A4 plus A5 {pin 8) determine the
character position.

23-25

Command
Inputs

ce-C2

Command inputs are strobed into the CRT 96364 A/B by DS. Functions|
are as follows:

Function

Page erase and cursor home (top-left)

Erase 1o end of line and return cursor (to left)
Line feed (cursor down)

No operation®

Cursor left {ona position)

Erasure of cursor-line

Cursor up (one position)

Normal character. Write signal is generated
and cursor position is incremented

* In order to suppress non-displayed characters

- - T- L
-

~40Qausoo D
- ¥ - Py . Y €)

Composite
Sync

CSYN

Positive logic composita sync output. Horizontal sync is generated
during VSYNC and VS‘?N& time. A vertical sync output may be
generated by logically “ANDing” CSYN and DCE.

27

End of Page

m
ol

This output is used to increment an external page counter when
using more than one page of memory.

28

Power Supply

+ 5volt suppry.

87
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The CRT 96364A/B provides all of the control
functions required by a CRT display with a
minimum of external circuitry.

The cursor and erase commands may be de-
coded from the data bus by a low cost 256 % 4
PROM. The CRT 96364A/B then provides the
necessary cursor movement and gates the
memory for writing or erasing. Erase is con-
trolled by providing a write signal to RAM, and

The cursor location is indicated by an alter-
nating high on pin 15 {CRV) at row 7, and a low
on pin 15 with RA-R2 forced low at rows 0-6.
These alternate at a 2 Hz rate. it CRV is used to

Whaen a Normal Character code (C2,C1,C8=1,
1, 1) and a Data Strobe are received, the write
command will be generated during horizontal
retrace. i, at the end of the horizontal retrace,
the cursor is at the last position on a line, a car-

By using the fourth bit of the decoder PROM as
a write enable signal, and properly program-
ming the PROM, the additional commands of
Home Cursor, Return Cursor, and Rolt Screen
may be genarated. This is done by inhibiting the

Scrolling of the screen text will occur under
any of the following characteristics:

1. Inputting a line feed command when the

cursor is at the bottom line of the screen,

2. Inputting a character when the cursor is

at the bottom right hand side of the screen.

Scrolling will result in the entire top line of the

OPERATION

gating "zares” to the RAM input bus. Use of an
external PROM allows user selection of con-
trol words.

The RAM write command, “W", is generated
during horizontal retrace. At this time, the RAM
address is set to the cursor address. Immedi-
ately following the write command, the RAM
addresses revert to refresh addressing and
the cursor is shifted one character.

CURSOR

force the display on, the result will be a blink
of the cursor character position alternating with
an underline al a 2 Hz rate.

CHARACTER ENTRY

riage return and line feed will automatically
occur., When the cursor is at the last position
of the last line, a carriage return and up-scroll
will automatically occur.

EXTRA FUNCTIONS

W signal to the page memory and inputting the
control codes, respectively, of Page Erase and
Home Cursor, Erase to end of line and Return
Cursor, and Line Feed.

SCROLLING

screen being erased and all of the remaining
lines shifting up. Alternatively, a Roll {defined
as afl of the lines shifting up with the previ-
ous top line reappearing at the bottom of the
screen) may be performed by inhibiting the
write signal to the page memory as described
in “Extra Functions.”

VII.123
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MAXIMUM GUARANTEED RATINGS

Operatng Temperature Range - B T T 0°Clo + 70°C
Storage Temperature Range ... . . ..., . .. ... ... ..., oot -55°C1o +150°C
Lead Temperature (soldering. 10sec.) . ... B e R T h ke i +325°C
Posttive Voltage on any Pin. with respecttoground ... .........., ... .. e + 7.0V
Negative Voltage on any Pin, with respect to ground H R = = s s e e e e e e e e e e, -0.3v

Stresses above those lisled may cause permanent damage to the device. This is a stress raling only and functional
operabion of the device at these or at any other condition above those indicated in the
operational sections of this specification 1s not implied

ELECTRICAL CHARACTERISTICS (T4 =0 Cto 70'C. Vee = -5V =5%. unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit | Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS (except DCC)
Low-levet, V,, 0.65 \ excluding DCC
High-level, V,, 2.2 \Y excluding DCC
INPUT VOLTAGE LEVELS—DCC
Low-lavel, V, 0.65 \'s
High-level, V,, 3.5 v
OUTPUT VOLTAGE LEVELS (DCE Only)
Low-level, Vg 0.4 v lo,=1.9mA
High-level, Vg, 22 v lon=—100 xA =
OUTPUT VOLTAGE LEVELS {except DCE) =
Low-level, Vo 0.4 v lo, =0.36 mA (o]
High-level, Ve 22 v 1o =—100 uA 5
INPUT CURRENT w
Low-level, |« 10 Y 0=V, =< +5V
INPUT CAPACITANCE
Allinputs, C» {except DCE) S pF Vin=GND
C.y (DCC Qnly) 25 pF | Viy=GND
POWER SUPPLY CURRENT
lee 100 120 mA
AC CHARACTERISTICS
PARAMETERS SYMBOL | —Wp-——m_."“'-uss | uNIT
Frequency of control ¢lock DCC foce 1.6 MHz
Crystal Frequency CRT 96364 A 1y 1.008 MHz
CAT 963648 fy 1.018 MHz
DCC pulse width toce 200 ns
Rise and fall times :f 20 40 ns
{
Refresh memory address access time teos, 200 250 ns
Character memory address access time tero 200 250 ns
PS access time (read) tors 300 1000 ns
CRV access time tery 200 250 ns
DCE access time (high 1o low) toce 100 ns
SYNC period tog 64 Ls
SYNC pulse width twr 4 us
DCE access time (low to high level) tee 1 s
EOP access time (high to low level) iy 1 1.5 T
W access lime {low to high) tow 500 1000 ns
W pulse width tew 4 M
EOF pulse width [ 10 s
Address to rising edge of DCE delay tao 0 2.1 us
Falling edge of DCE to Address delay 1o 0 1 3
Row o rising edge of DCE delay ten 0 2.1 L3
Falling edge of DCE to row delay ™ 0 1 M
PS to rising edge of DCE delay thso 0 us

88
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LINE TIMING
DeC 0} W] . m Ll ) 182) e 7]
(DIBRLAY PORITION (N PARENTHESES) _.I bty
JL 7l
Lid "
—ad st -o{ ‘pand I — f— Ly
AB-AS @ B @ X : X X ) ST o X m
{CHARACTER ADDRESS)
ABAD i 4 o Y
{LINE ADDRE3S) L 77
o e ot et
CAV 7, - ryi
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DATA INPUT TIMING
Asynchronous QOperation

Value
PARAMETER SYMBOL | MIN | TYP | MAX UNIT
DS Pulse Width tow 0.5 fid
CB-C2 Set Up Time e 1 M3
C@-C2 Hold Time tose 90 M8
Minimurmn Strobe Period tos
(Operation Execution Time)
FUNCTION €2 C1 cd
Page Erase & Cursor Home 0 0 0 132 ms
Erase to End of Line & Return Cursor 0 0 1 4.2 ms
Line Feed {(Cursor Down) 0 1 1] 130" s
No Cperation 0 1 1 80 u3
Cursor Left 1 0 0 80 s
Erasure of Cursor Line 1 0 1 8.3 ms
Cursor Up 1 1 0 80 8
Normal Character 1 1 1 130* us
*Will increase to 8.3 ms when text scroll occurs. See “Scrolling™ for conditions.
Synchronous Operation
Value
PARAMETER SYMBOL | MIN TYP | MAX UNIT
DS Pulse Width trw 0.5 us
C0-C2 Set-Up Time teos 1 s
C0-C2 Hold Time tosc 16 MS
DS Set Up Time tsos 1 S
Minimum Strobe Period tos
(Operation Execution Time)
FUNGTION € ¢ cp
Page Erase & Cursor Home 0 o 0 132 ms
Erase to End of Line & Return Cursor 0 0 1 4.2 ms
Line Feed (Cursor Down) 0 1 0 64" M
No Operation 0 i 1 64 us
Cursor Left 1 0 0 64 us
Erasure of Cursor Line 1 0 1 8.3 ms
Cursor Up 1 1 0 64 s
Normal Character 1 1 1 64" s
"Willincrease to 8.3 ms when text scroll occurs. See “Scrolling” for conditions.
DATA INPUT TIMING
ASYNCHRONOUS OPERATION
tos
CE-C2 X X ) &
fosc
teos
SYNCHRONOUS OPERATION
—] b 1,
CSYN | | | l f | | I,
(o] I ‘ tos —'_I I | I
ce-c2 B 4 X ) @

Ly — fe— ———tmc—-l

2]
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MULTIPLE PAGE DISPLAY
When linking two or more pages, the
and RS signals may be used to
allow a “moving window" text display.
PS {Page Select) indicates the end of
page location. H a scroll has occurred,
PS will show the transition from the
end of line 15 of page P and the begin-
ningofline 0 of page P + 1.

Al

AN
1

4 PAGE DISPLAY

x1

2

QB B

Display Area

[

(LR <] +5

TALS193

ADVANCE PAGE
(NEGATIVE PULSE)

DECREMENT PAGE

| “NEGATIVE PULSE)

RS

line 14

line15 | PageP

line 0
line 1

Page P +1
line 2

t

To properly maintain the memory
address when displaying more than
two pages, EOP pulses low at the
point in time when page P is scrolled
completely off the screen. At this time,
RS will remain tow for the entire frame
since page P + 1is now the only
displayed page.

The circuit at the right will allow
scrolling through 4 pages of memory.

TO 4K RAM
A

ezl

83
82

Ve Clear
Load

—o+5

|GND

27

|
i
Il

aEOAY
G TG

TYPICAL SYSTEM APPLICATION

CHARAL TEN $5LECT

CUAACHER
POV GEeahaTOR

SRR
COMMAND CAT M ATD
‘?m m1
]
L~ idyui =0

DOT PATTERM OuT

FARALLEL DATA W

Pi3 MEQUITER
CLA SERAL OATA OUT)

92
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MC6850

1.0 MHz

1.5 MHz

2.0 MHz

MC68A50
MC68B50

ASYNCHRONOUS COMMUNICATIONS INTERFACE
ADAPTER (ACtA)

The MC6B50 Asynchronous Communications Interface Adapter
provides the data formatting and control to interface serral asyn-
chronous data communications irlormation to bus orghnized sys-
tems such a5 the MCEB00 Microprocessing Unit.

The bus interface of the MCGB50 includes select. enable, read/
write, interrupt and bus interface logic 1o allow data- transfer over
an 8-bit bi-directional data bus. The paratiel data of the bus system
is serially wansmitied and received by the asynchronous data inger-
face, with proper formatting and error checking. The functional
configuration of the ACIA is programmed vis the data bus during
system initialization. A programmable Conitrol Register provides
varisble word lengths, clock division ratios, transmit control, receive
control, and interrupt control. For peripheral or modem operation
three control lines are provided. These lings allow the ACIA to
interface directly with the MC6860L 0-600 bps digital modem.

Eight and Nine-Bit Transmission

Optional Even and Odd Parity

Parity, Overrun and Framing Error Checking
Programmable Control Register

Optional +1, 16, and +64 Clock Modes

Up 1o 500 kbps Transmission

False Start Bit Defetion

Peripheral/Modem Contral Functions
Double Bufferad

One or Two Stop Bit Operation

MOS

INCHANNEL, SILICON-GATE)}

ADAPTER

ASYNCHRONOUS
COMMUNICATIONS INTERFACE

NGT SHOWN:

L SUFFIX

CERAMIC PACKAGE
CASE 7168

P SUFFIX

PLASTIC PACKAGE
CASE T2

MCEI50 ASYNCHRONOUS COMMUNICATIONS INTERFAGCE ADAPTER
BLOCK DIAGRAM

ORDERING INFORMATION

Temperatuce
Data Bus wg-—a 08.:: Tranwnitwr |—g [F30IMit Speed Device Ranga
Buiters Data 1.0 MH;z MCEBSOP. L 0 to +70°C
MCBB50CP.CL | -40 1o +85°C
MIL-STD 8838 | MCEBS0BICS |-5510 +125°C
P, Recerve MIL-STD-883C | MCEBSOCICS
De1a 1.5 MH:z MCG8A50P,L | 0o +70°C
MCBIASOCP,CL | -40 10 +85°C
P AP 2.0 MHz MC68850P,L | * 010 +70%C
o s
Interrupt Control Pariphecal/
- r——g=  Modem
Control
ugTomaa e 1w D3 9493 A}

1-244
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MAXIMUM RATINGS

Raung Symbol Velue Unit
SoouiviO e Yee 030279 vae This device containg Circuntry 1o orotect the
'npus Vaitage Vin 03w 70 Vde wnputs against damage due to high st
Operating Temperalure Aange Ta Oto+70 OS¢ voliages or slactric fields: however, it ot ad-
5torage Temperature Aange Tsy 5510 <150 °¢ ::::1 l:::lf-::::. D;:‘:::O:::I:g:.:.-:n‘.‘:
Thenmal Repistance Plastic [T 120 Scw than maximum rated voltages 1o this hgh-
Cetamuc 60 impedance Circuil.
ELECTRICAL CHARACTERISTICS (v =50V :5% Vg5: 0. Ta =010 70°C unless otherwise noted.)

Charactenigtic Symbol Min Typ Max Unit
1nput Hwh Voitage ViH Vss* 2.0 - Ve Vde
Input Low Voliage ViL Vgg -0.3 - Vgg ¢ 0B Vdc
Input Leahage Current R.W.C50,C51,C52.Enalle tin - 1.0 25 wAde

W, - 0to 5,26 Vdcl AS. Ax 0. AxC, CT5. DCD
Three-State <Otf State} Input Current D0-D? 1781 = 20 [+] rAde
(V,n 70410 2.4 Vde!
Output High Valiage Do-D? Vo Ve
1) gag ¥ ~209 wAdc, Enable Pulse Width .25 us} - Vgg + 2.4 - -
vpoad ® + 100 wAde, Enable Pulse Width ~ 25 us) Tx Data, RTS Vgg*+24 - -
Quipul Low Vollage Vo - = Vg + 04 Vde
i oad - 1 6 mAde, Enable Pulse Width < 25 us)
Quiput Leahage Current (OF State) iAa| i oM - 10 10 uhAdec
Wamn * 23 Vel
Power Dissipation P - 300 525 mw
tnput Capacitance Cin oF
W > 0. Ta =25°C, 1 = 1.0 MHz} ___ __bop? - 10 125
E, Tn Clk,  Rx Clk, R/W_ RS, RAx Dats, €50, CS1, C52, CTS, DCD - 7.0 75
Outout Capacitance RT5. TxData| Cout - - 0 pF
Wi = 0.Ta = 25°C. t = 1.0 MHZ) TRG - - 5.0
Amimum Clock Pulse Width, Low (Figure 1) 16, 64 Modes PWCL 600 - - ns
Mimimum Clock Pulse Width, High IF1igure 2} 16, 64 Modes| PWcy 600 - - ny
Clock Frequency 1 Mode fc - - 500 kHZ
16, ‘64 Modes - - BOO
Clouk-1o-Data Delay tor Transmitter (Figure 3) 1TDOD - = 1.0 I
Recewve Dota Setup Time {Figure 4) 1 Mode | \rpSU 500 - ns
Recewve Data Hotd Time (Figure 5) P Mode| trpow 500 - ns
interrupt Request Release Tume (Figure 6) nR - - 12 u
Aequest to-5end Delay Time (Figure 6} IRTS - 0 10 ps
Input Transition Times (Except Enablel ATAT] - - 10° s
*1 0 s o 10% of the pulse width, whichever 13 smaller
BUS TIMING CHARACTERISTICS
MCE850 MCEBAS0 MCE8850
Charpcteristic Symbol Min _l Man Min [ Max Min I Max Unit
AEAD (Figures 7 and 9
Erable Cycie Tume teyeE 10 = 0.666 = 0.500 = s
Enable Pulse Width, High Pwey 0as 25 0.28 25 0.22 25 us
Enable Pulse Widih, Low PWEL 0.43 - 0.28 - 0.2y - HS
Setup Time, Adoress aad R W valid 1o Enable positive 14antistion 1a§ 160 - 140 = 70 S ny
Data Deloy Time ‘DDR - 320 = 220 = 180 ns
Data Hold Time Ty 10 - 1a S 10 - 3
Acdiess Holg Tine LAH 10 - A\ 1+] - 10 - ns
Rise and Fal. Time for Enable input 1Er. 1E? = 2% - FL3 - 25 ns
WRITE (Figures 8 and 9)
Enable Cycle Time teyeE 10 - 0.666 = 500 = HS
Enable Pulse Width, High PWg 045 25 .28 25 0.22 % uE
Enabte Pulse Width, Low PWE L 043 - 0.28 - 0.1 - us
Setup Tune, Address and A/W valid 10 Enable positive transition tas 160 = 140 = 70 = ns
Data Setup Tume tosw 195 - a0 = 60 = ng
Data Holg Time [ 10 - 10 pa 10 = ns
Address Hold Tune taH 10 o 10 - 10 - ng
Rise and Fall Tyme lor €nable input tEe. 1ET - 25 - % - 25 ns

1-245
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FIGURE 1 ~ CLOCK PULSE WIDTH, LOW-STATE

FIGURE 2 — CLOCK PULSE WIDTH, HIGH STATE

e PWe ) —-|
Tx Cth

ar
Rx Cik 0.8 V

Tx Cix 20V
ar
Rax Cik
[e— PWcH

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY

FIGURE 4 - RECEIVE DATA SETUP TIME

(=1 Mode}
2av
Tx Chc Ax Data
eBvV 0.8 v
Tpo [ - tADSY
Ta Oms ELAY Ax Clock
04V a9 v

FIGURE S — RECEIVE DATA HOLD TIME
141 Mode}

FIGURE 8 -~ REQUEST-TO-SEND DELAY AND
INTERAUPT-REQUEST RELEASE TIMES

m
AxCik
f=— tRDH

20V
Ax Data
0.8 v

Enable \
o8V
- [ 'nTS
e 2.4V
ATS
o4V
uR

e / 2.4V
1RG

FIGURE 7 — BUS READ TIMING CHARACTERISTICS
LRead intormation from ACIA)

FIGURE & - BUS WRITE TIMING CHARACTERISTICS
{Write information into ACIA)

GycE
tas —of ot
Enabla
a8 v Y
AS.CS,A/W X
—af b tan

TAV i
Dats Bus 04V
1

e teyce ——=

TAS —a po-FWe L o
Enst:ie /
0.8v r
o tgy
AS5.CS AW ! K
— fe— tawn
ho— N
Dats Bus _X 3: :
Q.

__________.<::> MO TOROLA Semiconductor Products Inc.
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MCeg50

FIGURE 9 - BUS TIMING TEST LOADS

Load A
DO D7 ATS. Tu Datad

SQwv
R =28k
Texs Pauny MMOR15C
C ]
MMD JO00
ar Egun

€= 1300uF |51201
= J0uF tor ATS ena Te Data

Loat B
ARG Cnlyl

Sov

Tunt Point

]: 100 i-F

R = 11.7 k§} for DO-D7
= 24 k4! ftor ATS ano Ta Dats

EXPANDED BLOCK DIAGRAM

WSO SLG I Ctock . Paniy
Enabie 14 ——‘ Gen Gan
AeadWene 13 —8  cpyp i
Chip Select 0 8 —@mt  Satect Teranumit Transmon
Chag Select 1 10— and Crata j Shife —————————&= 6 Transmit Data
Chig Gelect 2 9 —fe| A020/Wrae Ruegister Register
Aegrstar Seiact 11 ——ipl Control ’
Transmit
Contral M—T—— 24 Tlear 10 Send
00 22 -l
Statws
01 27 =i < Register i
02 20 -5 m':;::' ——®= 7 interrupt Requet
0319 -t Data
Bus ‘ 23
0418 -8 aulfers Tara Carcler Datect
05 17 =g I
D6 16 =~ ﬁ - 6 f 0-Send
D7 15 i Cantrol
Asgittar
Recave Parity
Cantrol '._‘ Check
¥ )
Vpp = P 12 | i gAective Receive
Vgg * Pin Dats Shift 2 Receive Data
ss 1 . .
Rapister Asgister
Clock Sync
fost— o=
Recave Clock 3 Gen Logic
DEVICE OPERATION

At the bus interface, the ACIA appears as two address-
able memory locations. Internally, there are four registers:
two read-only and two write-only reégisters. The read-only

@ MOTOROLA Semiconductor Products Inc.

registers are Status and Receive Data; the write-only
registers are Control and Transmit Data. The serial inter-
face consists of serial input and output lines with inde-
pendent clocks, and three peripheral/modem control lines.
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POWER ON/MASTER RESET

The master reset {CRO, CR1} should be set during
system initiahizaton 1o insuie the reset condition and
prepare for programming the ACIA tunctional configu
ranon when the communicitions channel 15 reguired.
Conwrol bits CR5 and CAS should also be programmed to
define the state of RTS whenever master reset s utihzed.
The ACIA also contans internal power on resct logic to
detect the powet hine turn-on transition and hold the chip
N a reset stale 1o prevent erronecus ouLput Tiams tons
prior to wmtralizanon. This circuitiy depends on clean
‘power turn-on transimions. The power on reset 15 released
by means of the bus-programmed mastar reset which rn'ust
be applied prior to operaung the ACHA  After master
resetting the ACIA, the programmable Control Register
can be set for a number of options such as variable clock
divider ranios, variable word length, one or two stop bits,
parity {even, odd. or none), etc.

TRANSMIT

A typical transmitung sequence consisis of reading
the ACIA Siatus Register either as a resuit of an interrupt
or in the ACIA’s turn in a polling sequence. A character
may be writfen into the Transmit Data Requster if the
status read operation has indicated that the Transmit
Data Register is empty. This character is transferred 10 3
Shift Register where it is serialized and transmitted from
the Transmit Data output preceded by a start bit and
followed by one or two stop bits. Internal parity {odd or
even) can be optionally added to the character and will
occur between the last data bit and the first stop bit.
After the first character is written 1n the Data Register,
the Status Register can be read sgan 1o check for a
Transmit Data Register Empty condition and currant per.
ipheral status. If the register 15 empty, another character
can be loaded for transmission even though the first
character is in the process of being transmitted (hecanse
of double buffering). The second character will be auto-
maticalty transferred into the Shift Register when the first
character transmission 15 completed  This sequence con-
tinues until all the characters have been transmitted.

RECEIVE

Data is received from a peripheral by means of the
Receive Data input. A divide-by-one clock ratio is pro-
vided for an externally synchronized clock {10 115 data)
while the divide-by-16 and 64 ratios are provided tor
internal synchromization.  Bit synchromzation in the
divide-by-16 and 64 modes s initiated by the detection of
the leading mark-to-space transition of the start bit.
False start bit deletion capability insures that a full half
bit of a start it has been received before the internal
clock is synchronized to the bit time. As a character s
being received, parity (odd or even) will be checked and
the error indication will be available in the Status Register
along with framing error, overrun error, and Receive Data
Register full. In a typical receiving sequence, the Status
Register is read to determine if a character has been re-

@ MO TOROLA Semiconductor Products Inc.

ceived from a peripheral. 1f the Receiver Data Register ss
full, the character is placed on the 8-bit ACIA bus when a
Read Data command is recesved from the MPLU. When
parity has been selected for an 8-bit word {7 bris plus
parity}, the recewver stnps the parity it {D7 = 0} 3o that
data alone is transterred to the MPU. Thys feature rectuces
MPU programming. The Status Register can continue 1o
be read again to determine when another character
avallable 1n the Recewve Data Register. The recever 15
also double buffered so that a character can be read trom
the data register as another chargcter 15 bewng recewved
n the shuft reqster. The above sequence continues untsl
all characters have been recewed.

INPUT/OUTPUT FUNCTIONS

ACIA INTERFACE SIGNALS FOR MPU

The ACIA interfaces lo the MCEBO0 MPU with an B bit
bidwectional data bus, three chip select Lines, a register
select hne, an interrupt request tine, readswrite line, and
enable hne. These signals, mn conjunchion with the
MC6800 VMA output, permst the MPU to have complete
control over the ACIA,

ACIA Bi-Directional Data (D0-D7) — The bi-directional
data hines (D0-D7) allow for data transfer between the
ACIA and the MPU. The data bus output drivers are
three-state devices that remnain an the high-impedance
{off) state except when the MPU perfoims an ACIA
read operation,

ACIA Enable (E} - The Enable signal, €, is a high
impedance TTL compatible input that enables the bus
nput output data buffers and clocks data 10 arnd from
the ACIA,  This signal wall normally be a denivative of
the MC6800 02 Clock.

Read/Write (R/W} — The Read Write fine 15 a high
impedance mput that »s TTL compatble and 15 used 1o
control the direction of data flow through the ACIA™s
mput/output data bus interface,  When Read/Wnite 13
tugh {MPU Read cycle}, ACIA output drivers are turned
on and 3 selected register is read. When it 15 low, the
ACIA output drivers are turned off and the MPU writes
into a satected register. Therefore, the Read Write
signal is used to select read-only or write-only registers
within the ACIA,

Chip Select [CSD, CS1, T82) — These three high im-
pedancp TTL companble mput hnes are used to addiess
the ACIA, The ACIA s selected when CS0 and CS1 are
high and T52 is low. Transters of data to and from the
ACIA are then pertormed under the control of the Enable
signal, Read/Write, and Regrter Select.

Register Select (RS} — The Register Select hine is a
hgh impedance »nput that 1s TTL companble. A high
level is used 10 select the Transmit/Receive Data Registers
and a low level the Control/Status Registers. The Read!
Write signal line s used n conjunction with Register
Select 1o select the read only or write-only'register m each
register pair

Tnterrupt Request (IRQ) — interrupt Requestisa TTL

compatible, open-diain {no internal pullup), active low
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output that is used to interrupt the MPU, The TRQ output
remains 1ow as long as the cause of the interrupt is present
and the appropriate interrupt enable within the ACIA is
set. The IRQ status bit, when high, indicates the [RQ
output is in the active state.

interrupts result from conditions in both the trans
mitter and receiver sections of the ACIA. The transmitter
section causes an interrupt when the Transmitter Interrupt
Enabled condition is selected (CRS - CRB), and the
Transmit Data Register Empty (TDRE) status bit is high.
The TDRE status bit indicates the current status of the
Transmitter Data Register except when inhibited by
Clear-to-5end (CYS} being high or the ACIA being
maintained in the Reset condition. The interrupt is cleared
by writing data into the Transmit Data Register, The
interrupt is masked by disabling the Transmitter interrupt
via CR5 or CR6 or by the loss of TT5 which inhibits the
TDRE status bit. The Receiver section causes an interrypt
when the Receiver interrupt Enable is set and the Receive
Data Register Full (RDRF} status bit is high, an Overrun
has occurred, or Data Carrier Detect {DCD) has gone high.
An interrupt resulting from the RDRF status bit can be
cleared by reading data or resetting the ACIA, Interrupts
caused by Overrun or loss of OCD are cteared by reading
the status register after the error condition has occurred
and then reading the Receive Data Register or resetiing
the ACIA. The receiver interrupt is masked by resetting
the Receiver Interrupt Enable.

CLOCK INPUTS

Separate high impedance TTL compatible inputs are
prowded for clocking of transmitted and received data.
Clock frequencies of 1, 16 or 64 times the data rate may
be selected.

Trangmit Clock {Tx Clk} — The Transmit Clock input
is used for the ciocking of transrmitted data. The trans-
mitter initiates data on the negative transition of the
clock. *

Receive Clock {Rx Clk) — The Recewe Clock input is
used for synchronization of received data {In the + 1
mode, the clock and data must be synchronized exter:
nally.) The receiver samples the data on the positive
transiton of the clock.

SERIAL INPUT/OUTPUT LINES

Receive Data (Rx Data) — The Receive Data line is a
mgh impedance TTL compatible input through which data
is received 1n 3 serial format.  Synchronization with a
clock for detection of data is accomphshed internatly
when clock rates of 16 or 64 times the bit rate are used.
Data rates are in the range of O to 500 kbps when external
synchronization s utilized,

Transmit Data (Tx Data) — The Transmit Data ocutput
line transters seral data to a modem or other peripheral,
Data rates are in the rarge of 0 to 500 kbps when external
synchromzation is utilized.

PERIPHERA L/MODEM CONTROL
The ACIA includes several functions that permit limited
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ceontrol of a peripheral or modem. The functions included
are Clear-to-Send. Request-10-Send and Data Carrier De:
fect.

Claar-to-Send (CTS) - This high impedance TTL com-
patible input prowides automanc control of the trans-
mitting end of a communications hnk via the modem
Tlear-to-3end active low oulput by wnhibiting the Trans:
mit Data Register Empty (TORE) status bit,

Request-io-Send (RTS) - The Request-to-Send output
enables the MPU to control a peripheral or modem via
the data bus. The RT3 output corresponds to the state
of the Control Register buts CR5 and CR6. When CR6 =
0 or both CRS and CRE = 1, the RT3 output 15 low {the
active state). This output can also be used for Data
Terminal Ready (DTR).

Data Carrier Detect (DCD) — This high impedance
TTL compatible input provides automatic control, such
a3 in the receiving end of a communications link by means
of a modem Data Carrier Detect outpuf. The DCD input
inhibits and initializes the recewver section of the ACIA
when high, A low to high transition of the Daia Carner
Detect initiates an interrupt 1o the MPU to indicate the
occurrence of a loss of carrier when the Receive interrupt
Enable tut is set.

ACIA REGISTERS

The expanded block diagram for the ACIA indicates
the internal regqisters on the chip that are used tor the
slatus, control, receving, and transmmitting of data  The

content ol each of the registers 15 summarized in Table 1

TRANSMIT DATA REGISTER (TDR)

Data 15 written in the Transrit Data Register during
the negative transition of the enable (E) when the ACIA
has been addressed and RS - A/W 15 selected. Writing
data i1nto the register causes the Transmit Data Register
Empty bit in the Status Register to go low, Data can then
be transmutted. If the transmitter 15 wihing and no chnar-
acter 15 being transmitted, then the transfer, will take
place within one it ume of the trailing edge of the
Write command. H a character 15 being transmitted, the
new data character witl commence as soon as the previous
character 15 complete. The transfer of data causes the
Tranymit Data Register Empry (TDRE) bit to indicate
empty.

RECEIV* DATA REGISTER (RDR)

Data is automatically transferred’to the empty Receive
Data Register (RDR] from the receiver deserializer {a
stift register) upon receiving a complete character. Thas
event causes the Receive Data Register Full bit {RDRF)
in the status buffer to go high [full). Data may then be
read through the bus by addressing the ACIA and selecting
the Receive Data Register with RS and R/W high when
the ACIA is enabled. The non-destructive read cycle
causes the RDRF bit 1o be cleared 1o empty although
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TABLE ¥ — DEFINITION OF ACIA REGISTER CONTENTS

Butier Addrens
Data RS « ATW RS s R/W RS« ATW ASs R
Bus Transewt Recarva .
Line Data Das Cantrol Statug
Nuymber Reguter Regriter Regates Aegmter
Weite Oniy) (Raasd Oaly} 1Write Only) {Read Qnly)
o Oaa g 0° Caa B0 Counter Divuig RAsceve Data Reguter
Selact ¥ (CRADI Full IRDAFY
1 Data @it 1 Data Ber 1 Counter Divica Transmut Dats Regriter
Swiecr 2 ICR 1) Empiy 1«TDAE)
2 Dats Bu 2 DastaBit 2 Worn Select ) Data Carrrwr Dareet
iCR2 {3400
3 Daa Bt 3 Oata 81 3 Word Selegt 2 CTear 1o Sana
(R TS
4 Dasts But 4 DataBit 4 Word Satect 3 Framing Error
LCA4) iFE}
5 Davas Bir 5 Qats Bir 5 Transarmst Conrrod 1 Paceivar Ovecryn
(CRS) 10VANE
] Data @11 8 DataBn 6 Transemr Contrgd 2 Parity Errge {PE}
JCRE)
T DaaBut 177" Data B 7°° Aecive interrupt interrupt Faquest
Enable {ICRY) 11Rak

*Leadingbit < LEB = A1t O
** Data bit will be 3470 i 7 BIT plus parity modes.
Tt Data et don’t care’ in 7 Dat DIUS parityY MOGES

the data 15 retained in the RDR. The status 15 maintained
by RDAF as 10 whether or not the data s current. When
the Recesve Data Register 13 full, the automatnic ransfer
ot data from the Recewer Shift Register to the Data
Register »s nhibited and the RDR contents remasn vahd
with its current status stored i1n the Status Register.

CONTROL REGISTER

The ACIA Contral Register consists of eght brs of
write-only buffer that are selected when RS and R/W are
low. This register controls the function of the receiver,
transmitter, interrupt enables. and the Request-to-Send
peripheral/modem control output.

Counter Divide Select Bits (CRO and CR1) - The
Counter Divide Select 8its (CRO and CR1) determing the
dwide ratos unlized in both the transmitter and receiver
sections of the ACIA. Additionally, these bits are used 1o
provide a master reset for the ACIA which clears the
Status Regster (except for external conditions on CTS
and BCD) and imnalizes both the receiver and transmatter.
Master reset does not affect other Control Register bas.
Note that after power-on or a power fal/restart, these
bits must be set high to reset the ACIA. After resenng, the
clock divide ratio may be selected. These counter select
bits peovide for the followang clock divide ratios:

CR1 CRO Function
[+] s ] Tt
o 1 16
1 o + 64
1 1 Master Renet

Word Select Bits (CR2, CR3, and CR4) — The Word
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Select bits are used to select word length, panity, and the
number of stop bits. The encoding format is as follows:

CR4 | CA3 | CR2 Funetion

] o 0 7 8its » Evan Parity + 2 Stop Bt
Q o 1 7 Sits » QA Parity + 2 Stop Bits
o 1 1] 7 Brta + Even Paraty ¢ 1 Stop Bt
[+] 1 1 7 Bits + Odd Parity + 1 Stop Bt
1 010 B 8rrs + 2 St0p Bine

] 1] 1 B 8ty + 1 5top Bat

1 1 Q 8 8its + Even Parity » 1 Stop Bit
1 1 1 @ 8its + Odd Panity + 1 Stop Bt

Word length, Parity Sefect, and Stop Bit changes are
not buffered and therefore become effective immediately.

Transmitter Control Bits {CRS and CR6) - Two
Transmitter Control bits provide for the control of the
interrupt from the Transmit Data Register Empty con-
dition, the Request-to-Send (ATS} output, and the
transmission of a Break level (space]. The following
encoding format is used:

CR6 | CRS Function
a2 [+] ATE « 1ow, Trantmitting Intertupt Disabled
-] 1 ATE = low, Transmitting Interrupt Ensbled.
t 0 ATS » hugh, Transmitting Intarrupt Disabled,
1 1 BTS = 1ow, Transmis a Break level on the

Transmit Dats Qutput, Tramsmatting
interrupt Disabled,

Receive Interrupt Enable Bit {CR7) — The foliowing
interrupts will be enabled by a high level in bit position 7
of the Control Register {CR7): Receive Data Register Fult,
Overrun, or a low to high transistion on the Data Carrier
Detect (DTD) signal line.
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STATUS REGISTER

Information on the status of the ACIA is available to
the MPU by reading the ACIA Status Register. This
read-only register is selected when RS is low and R/W
is high. Information stored in this register indicates the
status of the Transmit Data Register, the Receive Data
Register angd error logic, and the peripheral/modem status
inputs of the ACIA,

Raceive Data Register Full [RDRF), Bit 0 - Receive
Data Register Full indicates that received data has been
transferced to the Receive Data Register. RDRF is cleared
after an MPU read of the Receive Data Register or by 3
master reset. The cleared or empty state indicates that
the contents of the Receive Data Register are not cor-
rent  Data Carrier Detect being high also causes RORF
to indicate empty.

Transmit Dats Register Empty (TDRE), Bit 1 = The
Transmit Data Register Empty bit being set high indicates
that the Transmit Data Register contents have been trans-
ferred and that new data may be entered. The low state
indicates that the register s full and that transmission of
a new character has not begun since the 133t write data
command.

Data Carrier Datect (DCDJ, Bit 2 — The Data Carrier
Detect bit will be high when the DCD input from a modem
has gone high to indicate that a carrier is not present.
This bit going high causes an Interrupt Reguest 10 be
generated when the Receive interrupt Enable is set, It
remains high after the DCD input is returned low umil
cleared by first reading the Status Register and then the
Data Register or until 3 master reset cecurs. |f the DCD
input remains high after read status and read data or
master reset has occurred, the interrupt is cleared, the
DD status bit remains high and will follow the DCD input.

ClssrtoSend (CTS), Bit 3 — The Tiear-toSend bit
indicates the state of the Clear-to-Send input from a
modem. A low TTT indicates that there is a Clear-1o-3end
from the modem. In the high state, the Transmit Data
Register Empty bit is inhibited and the Clear-to-Send
status bit will be high. Master reset does not affect the

Tlear-to-Send Status bit.

Framing Error [FE}, Bit 4 — Framing error indicates
that the received character is improperly framed by a
start and a stop bit and is detected by the absence of the
15t stop bit. This error indicates a synchronization error,
faulty transmission, or a break condition. The framing
error flag is set or reset during the receive data transfer
tme. Therefore, this error indicator 13 present through-
out the time that the associated character is available.

Receiver Overrun {OVRN), Bit 5 — Overrun is an
error flag that indicates that one or more characters in
the data stream were lost. That is, a character or a
number of characters were received but not read from the
Receive Data Register (RDR) prior to subseguent char-
acters being received. The overrun condition begins at
the midpoint of the last bit of the second character re-
ceived 1n succession without a read of the RDR having
occurred.  The Overrun does not occur in the Status
Register until the valid character prior to Overrun has
been read. The RDRF bit remains set until the Qverrun
15 reset.  Character synchronization is maintained during
the Overrun condition. The Overrun indication is reset
atter the reading of data from the Receive Data Register
or by a Master Reset,

Parity Error (PE), Bit 6 ~ The parity error flag indi-
cates that the number of highs [ones) in the character
does not agree with the preselected odd of even parity.
Odd parity is defined to be when the totat number of ones
is odd. The parity error indication will be present as long
as the data character is in the RDR. If no parity is
selected, then both the transmitter parity generator out-
put and the receiver parity check results are inhibited.

interrupt Requast (IRQ}, Bit 7 — The IRQ bit indi-
cates the state of the TRQ output. Any interrupt condi-
ton with its applicable enable will be indicated in this
status bit.  Anytime the TRG output is low the IRQ bit
will be high to indicate the interrupt or service request
status. tRQ is cleared by » read operation to the Receive
Data Register or a write operation to the Transmit
Data Register,

PIN ASSIGNMENT & W7~ PACKAGE DIMENSIONS
- CASE 716-02
1[]vss TY5(] 24 )] ([CERAMIC)
2(x oo BTBP2 : 5 l o S TR
adAxcn ooi] 22 | A 2997 [3093
afjreen o]z |— A - T " ?;
s [|ATS o] 20 j —F . ';' ?; K ﬁ
& {]Tx Deta o3fjae ¢ 25485
I afJre i - 078 .18
q o _.]I / Iy ] I 6] 030
= {|cso oy di SEATING J/ | ; K K | 2541 313
I ] —-p  PLANE G— 4 . n:l LT
1w st TAIRLY *NOTE: Nl 051] 152
1 {JRs E[l1a 1. LEADS TRUE POSITIONED WITHIN
. 0.25mm {0.010) DIA {AT SEATING
12 veo Riw [113 PLANE} AT MAXIMUM MATERIAL

CONOITION.
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ficient for construction purposes may not be fully ilfustrated. Although the information harein has bean carafully cheched snd is believed
M J sponsibility for insccurscies. Information hersin does not convey 1o the purchaser any ficanse ynder
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Advance Information oS
MICROPROCESSOR WITH CLOC;( (N-CHANNEL, SILICON GATE,
DEPLETION LOAD)
The MC_6808 is a monolithic 8-bit microprocessor that containg MICROPROCESSOR
all the registers and accumulators of the present MC6800 plus an
. B R . WITH CLOCK
internal clock oscillator and driver on the same chip.
The M‘CBSOG is completely sottware-compatible with the MC6800
s well as the entire M6800 family of parts. Hence the MC6808
is expandable to 65K words.
This very costetfective MPU allows the designer to use the
MC6808 in consumer as wetl as industrial applications without
sacrificing industrial specifications.
® On-Chip Clock Circuit
® Software-Compatible with the MC6800 1" L SUFFIX
CERAMIC PACKAGE
® Expandable to 65K words CASE 715
& Standard TTL-Compatible Inputs and Outputs
& 8-Bit Word Size
® 16-Bit Memory Addressing
® [nterrupt Capability
P SUFFRIX
PLASTIC PACKAGE
CASE 711
FIGURE 1 — TYPICAL MICROPROCESSOR INTERFACE PIN ASSIGNMENT
Vee Yee Ve
ke Ik I“
1 g 3k
LT} .
R Am
= VMA Halt fa— I O
B e S— =
= AW
mceaoa M [
Data MPU  pa e
Bus Do-D? 2T pF
X1al 1—«1
Address < o 2?95
Bus AD-A15 EXod
4 MH2z =

This v advance information and 1pacilications are sub)ect to change without notice
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage veo -03w+70 vdc
Input Voltage Vi D370 Vde
Operating Temperature Range Ta 010+70 oc
Storage Temperature Range Tstg -55 1o +150 ¢
Thermal Resistance [LATY Sciw
Plastic 00
Ceramig 50

ELECTRICAL CHARACTERISTICS ivee 50V -

This device Containg crrcustey 10 protect the
Npyts against damage due 1o high statk volt
ages or electric fields, however, it «s advised thar
normal precautions be taken 1o averd apphca.
tion of any voltage higher than maxsmum rated
voliages to this high impedance Cirguit

5%. Vgg 0.Ta Oto 70°C unies atherwise notea

Charactensue Symbol Min Tyvp Max Unat
Input High Voltage togw EXtal ViH Vgg + 20 Vee Ve
Reset Vgg + 40 Vee
Input Low Voltage Logi, EXal Vil Vgs 03 Vgg+ 08 Vo
Fesel Vg5 -03 Vgg + 23
Input Leakage Current Logue® [ 3 10 25 wldc
Vyn* 010525V, Vg © maal
CQuiput High Volrage VOoH Vg
ULpag =205 uAdc, Voo - munl 00-07 _ Vgg 24
Higad -145uAde Voo min AQALS AW VMA E vgg » 24
Uiogad -100pAdc, Voo Mt BAa Vg + 24
Quiput Low Voltage VoL Vgg+ 04 Vilc
fLoad 16 mAaoc Voo miml
Power Dissipation P~ 0600 12 w
Cavacitance = Cin nF
W 0.Ta: 259 f: 1.0MH DoD7 10 125
Logc inputs € X1tal 65 10
40415 R W. VMA Cout 12 nF
Frequency of Operanon [|ngyr Clock  4) 1 Q1 10 MM
ICrystal Frequency) i ral 10 a0
Clock Timing
Cycle Tume leye 10 10 us
Cloch Pulse Width {measured at 2.4V} PW g 450 4500 ns
(measures at .4V) Py 450 4500
Falk Time ta % fs
IMeasured between Vgg + 04V and Vgg » 24 VI

*Except IRQ and NMI_ which require 3 ki pullup load resistors for wire OR capatshity ot opivmum operat,on Does nal inchite E X 1al ang

Xtal, whech aie ¢ry$1al npuls.

“Capacstances are periodically sampled rather than 100% tested

READ/WRITE TIMING (F gures Z through 6 Laact Crrcuit of Figuie 4 1

Characteristic Symbol Min Typ Max Unit

Address Delay 14D 270 ns
Peripheral Aead Access Time Yace - 530 ns

Tacc * tut — (tAD + 1OSEY e ® loye — 1o
Cata Setup Time (Read}t DSR 100 - - ns
tnput Data Hold Time tH 10 - ns
Quiput Data Haid Twime H 30 . - ns
Address Hold Time [Address, AW, VMA) AR 20 5 5 ns
Data Delay Time (Writel Dow - 165 225 s
Processor Controls

Processor Control Setua Time Pes 200 - ns

Progessor Cantrol Rise and Fall Time PCr. Y - - 100 ns

[(Measured between 0B V and 20 V)

Bus Avalabie Delay Time tBA - 250 "

@ MOTOROLA Sermiconductor Products Inc.
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FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS
\. / 24V
4
04V 0.4V
taD
2.4V -
RN WY
4~ b—tan
Addrem E P
Erom MPU 0.4 v 2
— ]
24V AD X
b bt
taD tacc TOSRA ~
Dats 20V
From Memory Data Valid \S>-—
ar Peripharsis o8 v
\\\\\\\\‘ Dats Not Vatig
FIGURE 3 — WRITE DATA IN MEMORY OR PERIPHERALS
\. 24V
E oav k. 7 X‘ 0.4V
o VA D ]
/W N 4
04y \ <\\‘\§
_ = tan
Aoarss 2.4 v
FromMPU 0.8 v_hN
——
e § 4, ) eremiind
24 v
VMA
I_._IAD_... o Y0 DW= —in L%
Dats FERY " 1
From MPU o ‘v@ Dats Vatio
& s S
R Oste Mot Vatia
FIGURE 4 - BUS TIMING TEST LOAD
478 v
R= 2.2k
Tent Paint MMDS 150
C = 130pF for 0007, E _ er Eaulv.
& S0 pF for AD-A15, A/W, snd VMA . A
= 30 pF for BA
A = 11.7kilfor DO-D?.E _ MMO7000
= 16,5 kil for AD-A15, AW, and VMA or Equiv.
= 24 kf2 tor BA
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FIGURE & - TYPICAL DATA BUS OUTPUT DELAY FIGURE & — TYPICAL READ/WAITE, VMA, AND
versus CAPACITIVE LOADING ADDAESS OUTPUT DELAY versus CAPACITIVE LOADING
80— 1T T T 1
Bl -205 pA max B 24V L 1gH = -15 pA max P24V
sw-lm_llim\mn‘l'llv gL " 16mAmaidOAY
vep=Sav SOFyeg s50v
F Ta=25C L Ta=5C
7 0 2w
¥ ot Addeass, VMA
w
2 =
- = 100
I e - — AW
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MPU REGISTERS

A general block disgram of the MCG808 is shown in
Figure 7. As shown, the number and configuration of the
registers are the same as for the MC&800.

The MPU has three 18-bit registers and three 8-bit
registers availsble for use by the programmer (Figure 8.

Program Counter — The program counter is » two byte
{1G-bits} register that points to the current program
asddress.

Stack Pointer — The stack pointer is a two byte register
that contains the address of the next available location in
an external push-down/pop-up stack. This stack is nor-
mally a random access Read/Write memory that may have
any location {address) that is convenient, In those applica-
tions that require storage of information in the stack
when power is lost, the stack must be non-volatile.

Index Register — The index register is 4 two byte regis-
ter that is used to store data or a sixtesn bit memory
address for the indexed mode of memory addressing,

Accumulstors — The MPU contains two B-bit accumu-
lators that are used to hold operands and results from an
arithmetic logic unit (ALU).

. Condition Code Register — The condition code register
indicates the results of an Arithmetic Logic Unit
operation: Negative (N}, Zero {Z), Qverflow {V), Camry
from bit 7 (C), and half carry from bit 3 {H). These bits of
the Condition Code Register are used as testable condi-
tions for the conditional branch instructions. Bit 4 is the
interrupt mask bit (1). The used bits of the Condition
Code Register {b6 and b7) are ones.

Figure § shows the order of saving the microprocassor
status within the stack.

FIGURE 8 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT
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FIGURE 9 — SAVING THE STATUS OF THE MICROPROCESSOR N THE STACK
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MC6808 MPU SIGNAL DESCRIPTSON

Proper operation of the MPYJ requires that certain con-
trol and timing signals be provided to accomplish specitic
functions and that other signal lines be monitored to
determine the state of the processor. These control and
timing signals for the MCB808 are similar to those of the
MCE800 except that TSC, DBE, ¢1. ¢2 input, and two
unused pins have been eliminated, and the tollowing signal
and timing lines have been added:

Crystal Connections EXtal and Xtal

Memory Ready (MR)

Enable ¢2 Output (E)

The ftollowing is a summary of the MCG808 MPU
signals:

Address Bus {A0-A15) — Sixteen pins are used for the

Taddress bus. The outputs are capable of drving one
standard TTL load and 90 pF.

Data Bus (DO-D7) — Eight pins are used for the data
bus. It is bidirectional, transferring data to and from the
memary and peripheral devices. It also has three-state out-
put buffers capable of driving one standard TTL load and
130 pF.

Halt ~ When this input is in the low state, all activity
in the machine will be halted. This input is level sensitive.

In the halt mode, the machine will stop at the end of an
instruction, Bus Available will be at a high state, Valid
Memory Address will be at a low state, and all other
three-state lines will be in the three-state mode. The
address bus will display the address of the next
instruction.

To insure single instruction operation, transition of the
Halt line must not occur during the last 200 ns of E and
the Halt line must go high tor one Clock cycle.

Read/Write (R/W)}—-This TTL compauble output
signals the peripherals and memory devices whether
the MPU 15 in a3 Read [high} or Wnite {low] state.
The normal standby state of this signal 1s Read (hgh).
When the processor 15 halted, ot will be n the logical
one state. This output 1s capable of driving one standard
TTL load and 90 pF.

Valid Memory Address (VMA) — This output indicates
to peripheral devices that there i3 a valid address on the
address bus. In normal aperation, this signal should be
utilized for enabling peripheral interfaces such as the PIA
and ACIA. This signal is not three-state. One standard
TTL load and 90 pF may be directly driven by this active
high signal.
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Bus Available {BA} — The Bus Available signal will
normally be in the low state; when activated, it will go to
the high state indicating that the microprocessor has
stopped and that the address bus is available but not in
three-state. This will occur if the Halt line is in the low
state or the processor is in the WAIT state as a result of
the execution of a WAIT instruction. At such time, all
three-state output drivers will go to their off state and
other outputs to their normally inactive level. The pro-
cessor is removed from the WAIT state by the occurrence
of a maskable (mask bit | = 0} or nonmaskable interrupt,
This output is capabile of driving one standard TTL load
and 30 pF.

Intsrrupt Request (IRQ) — This level sensitive input
requests that an interrupt sequence be generated within
the machine. The processor will wait until it completes the
current instruction that is being executed before it recog-
nizes the request. At that time, if the interrupt rmask bit
in the Condition Code Register is not set, the machine will
begin an interrupt sequence. The Index Register, Program
Counter, Accumulators, and Condition Code Register are
stored away on the stack. Next the MPU will respond to
the interrupt request by setting the interrupt mask bit high
so that no further interrupts may occur. At the end of the
cycle, a 16-bit address will be loaded that points to a
vectoring address which is located in memory locations

FFFB and FFF9. An address loaded at these locations
causes the* MPU to branch to an interrupt routine
in memory.

The Halt line must be in the high state for interrupts to
be serviced. interrupts will be latched internally while
Hait is low.

The TAQO has & high impedance puliup device internal
to the chip; however a 3 kil external resistor to Voo
should be used for wire-OR and optimum conwol
of interrupts.

Resst — This input is used to reset and start the MPU
from a powsr down condition, resulting from a power
failure or an initisl start-up of the processor. When this
line is low, the MPU is inactive and the information in the
registers will be lost, If a high level is detected on the
input, this will signal the MPU to begin the restart sequence.,
This witl start execution of a routine to initialize the
processor from its reset condition. All the higher order
address lines will be forced high. For the restart, the last
two [FFFE, FFFF)} locations in memory will be used to
load the program that is addressed by the program counter.
During the restart routine, the interrupt mask bit is set
and _must be reset before the MPU can be interrupted
by IRQ. Power-up and reset timing sequences ars shown
in Figure 10.

FIGURE 10 — POWER-UP AND RESET TIMING
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EXtal snd Xtai — The MC 6808 has an intemal oscilla-
tor that may be crystal controlled. These connections are
for a parallel resonant fundamental crystal. (AT cut.}
A divide-by-four circuit has been added to the MC6808
so that & 4 MHz crystal may be used in lieu of 8 1 MHz
crystal for a more cost-effective systom. Pin 39 of the
MCG808 may be driven externally by » TTL input signal
if a separate clock is required. Pin 38 is to be laft open
in this mode, Crystal parameters to be specified are in
Figure 11.

FIGURE 11-CRYSTAL PARAMETERS

Crynal Parametery:

el L1 & Rg el
Co
IL
LAY
AT — Cut Persilel Resonence Cryetal
= 7 pF Man.

FAEQ = 4.0 MH: @ C|_ = 24pF

Rg = 60 ohms Max.

Fraquency Tolevance - ¢ 5% to t 0.02%
The best E cutput “"Worst Case Design*
twolarance i ¢ 0.06% (500 ppM} using
At 0.02% cryatal.

Non-Maskable Interrupt (NMI) = A low-going edge on
this input requests that a non-mask-interrupt sequence be
generated within the processor. As with the [nterrupt
Hequest signal, the processor will complets the current
instruction that is being executed before it recognizes the
NMI signal. The interrupt mask bit in the Condition Code
Register has no effect on NMI.

The index Register, Program Counter, Accumulators,
and Condition Code Register are stored away on the
stack. At the end of the cycle, a 18-bit address will be
loaded that points to a vectoring address which is located
in memory locstions FFFC and FFFD. An address loaded
at these locations caused the MPU to branch to a non-
maskable interrupt routine in memory,

M1 has a high impedance pullup resistor internal to
the chip; however 3 3 ki2 external resistor to Ve should
be used for wire-OR and optimum control of interrupts.

Inputs IRQ and Nt are hardware interrupt lines that
are sampled when E it high anc will start the interrupt
routine on a low E following the completion of an
instruction.

Figure 12 is a flow chart describing the major decision
paths and interrupt vectors of the microprocessor. Table 1
gives the memory map for interrupt vectors.

Memory Ready (MR} — MR is a TTL compatible input
control signal which allows stretching of E. When MR is
high, E will be in normal operation, When MR is fow, E
may be stretched integral multiples of half pericds, thus
allowing interface 10 slow memories, Memory Ready
timing is shown in Figure 13.

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Vectror
MS LS

Duscription

FFFE EFFF

Restary

FEEC  FFFD

Non-maskable Interrupt

FFEA  FFFB

Softwere Interrupt

FFFB FFFR

Interrupt Request
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FIGURE 12 — MPU FLOW CHART
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MPU INSTRUCTION SET

The MCGBOB has a set of 72 different instructions,
Included are binary and decimal arithmetic, logical, shift,
rotate, load, store, conditional or unconditional branch,
interrupt and stack manipulation instructions (Tables 2
thru 6). This instruction set is the same as that for the
MCB800.

MPU ADDRESSING MODES

The MCG808 eight-bit microprocessing unit has seven
address modes that can be used by a programmer, with the
addressingmode a function of both the type of instruction
and the cading within the instruction, A summary of the
addressing modes for a particular instruction can be found
in Tabte 7 along with the associated instruction execution
time that is given in machine cycles. With a clock fre-
quency of 1 MHz, these times would be microsecands.

Accumulator {(ACCX} Addressing — In accumulator
only addressing, either accumulator A or accumulator B is
specified. These are ane-byte instructions.

tmmediate Addressing — |n immediate addressing, the
operand is contained in the second byte of the instruction
except LDS and LD X which have the operand in the second
and third bytes of the instruction. The MPL addresses
this location when it fetches the immediate instruction
for execution. These are two or three-byte instructions.

Direct Addressing — In direct addressing, the address of
the operand 15 contained in the second byte of the
instruction. Direct addressing atlows the user 1o directly
address the lowest 256 bytes in the machine 1.2, locations
2810 through 255. Enhanced execution times are achieved
by storing data in these locations |n most configurations,
it should be a random access memory. These are two-byte
INSTruCtions.

Extended Addressing — In extended addressing, the
address contained in the second byte of the instruction s
used as the higher sight-bits of the address of the operand.
The third byte of the instruction is used as the lower
eight buts of the address for the operand. This s an abso-
lute address in memory. These are three-byte instructions.

Indexed Addressing — In indexed addressing, the address
contained 1n the second byte of the instruction 1s added
to the index register's lowest eight bits in the MPL), The
carry 15 then added to the higher order eight bits of the
index register  This result 15 then used to address memory.
The modified address is held in a temporary address regis-
ter so there 15 no change 1o the index register, These are
two-byte (nstructions,

Implied Addressing — In the implied addressing mode
the instruction gives the address {i.e., stack pointer, index
register, e1c.). These are one-byte instructions.

Relative Addressing — In relative addressing, the address
contained 1n the second byte of the instruction s added
to the program counter’s lowest eight bits plus two. The
carry or borrow Is then added 10 the high eight bits, This
allows the user to address data within a range of -125to
+129 bytes of the present instruction. These are two-
byte instructions.

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABE TIC SEQUENCE

ABA Add Accumulators CLR Clear PUL Pull Data
ADC Add with Carry v Clear Qvarflow ROL Rotate Left
% Add And CMP  Compare ROR  Fotate Aixght
Logical And COM  Complement AT Return trom Intesmupt

ASL Arithmetic Shilt Lekt CPX Compare index Register RTS Relun from S \ne
ASR Asithretic Shift Right YT Oecimal Adiust ubsou

. Ady SBA Subtract Accumulalors
BCC Branch if Carry Clear DEC Decrement S8C Subtract wih Carry
BCS Branch i Carry Set DES Decrement Stack Pomter SEC Set Carry
BEQ Branch i Equal to Zero DEX Decremant index Register SE Set Interrupt Mask
8GE Branch it Greater or Equal Zero o p Excl

usve OR SEV Set Overflow

BGT Branch # Qeat« than Zaro STA Store Accumulator
BHY Branch d Higher INC Incrament a1s Store Stack Regsier
L) el INS Incremant Stack Powter STX Store Index Register
BLE Branch f Less or Equal INX Increment Index Ragrsier SUB Subtract
BLS Branch f Lower or Same NP J ptvi Softw

# ump are Intermupt
BLT Branch # Less than Zero
BM Branch ¢ Minus JSR Jump to Subroutine TAB Transler Accumulators
BNE Branch # Not Equal to Zero LOA Load Accumulator TAP Transter Accumuliators to Conditon Code Reg.
BPL Branch d Plus LDS Load Stack Pointer TBA Transter Accumulaitrs
BRA Branch Always LDX Load index Ragester TPA Transter Conditon Code Reg. 10 Accumulator
BSR Branch to Subrouting LSA Logical Shdt Fght T57 Teost
BVC Branch # Overflow Clear NEG fiy TSX Transter Stack Pointer to Index Registar
BYS  Branch f Overfiow Set price ::95 stion TXS  Transler Index Register o Stack Pownter
caACLC g:':”e A s ORA Inclusive OR Accumuiator WLl et etupt
cu Clear Interrupl Mask PSH Push Data
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS
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TABLE 4 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS
COND. LODE REG,
MMED QIRECT INDEX EXTND IMPLIED |4 Il’ 1{s
POINTEN GPERATIONS MNMEMOMIC | 0P |~ | = [OP | ~| =for{~]| =for| ~ | =| 0P| ~ | = | BOOLEAN/ARITHMETIC OPERATION |H|1| %N Z;V c
Camosrs Ingex Reg o ac|3| siacf{a]2fac{s|zlec|s |3 Xy - MR -t 1) DOGRCE
Decrement Inges Ay DEX [ R ] XK-1-X ale|e o|e
Detremnt Stack Pyt DES M, P | =5 s(o)elaiele
Incramant index Rog 1NN ol Kel=X s(eellials
Ingrgment Stach Prir INS Npe el AL RILIRIR]
Losd Indes Rey Lox cel3] rjoe| o] 2]ee|6|2]refsf2 "SI LY o|ol@|1|n]e
Load Stack Puar 08 BE [ 3| %4 2|a€|6|2|0E]S |2 M SPy, M+ 1 SRy DU O HLIY
Stord index Aoy 5Tx OF | ST 2JEF{ Y | 2|FF{E[2 K= X (M) L I|Ale
Store Sk Pans 5T sls|2(af|r]2]eF]|5 |2 SPH =M SP —~IM < ) ool :|a|e:
inds Noy = Stach Mnir ™S | Bl X-1-5p o|nfe(s|ofe,
Stath Prte - Inde Reg T8X _l Mmia ] 1 -X slojelele -I
TABLE 5§ = JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.
RELATIVE INDEN EXTND 1NPLIED I EEARRESRNL
OPENATIONS MNEMONIC OF|~f=|0Ff~| =|0OP)~}=|0OP|~|= GRANCH TESY LY Tjvie
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Beanch 1 Heghar [ ] 22{a |1 C+Zvp sleje|e|e|le
Branch H < Zare BLE wla2 Z+indvien IR ARIN R AN
Besnch It Lomar O Samm ”ns sz C+Z slo|aleo|e]e
Brarmh It < Eowe nr W42 NPVl o|ofes|e|ele
Braach 1l Mhnas i w42 LER] UEIEIEIRE RN
Branch 1 Mot Eqmt Zwre BNE Wie |2 Z=0 R IEIR IR AR
Bsanch 1 Qvariow Clear Ve mia|2 Vel elo|alo|a|e
Bearch H Qwirilow Sot BVS a2 V=1 IR IE IR AR
Beanch 1l P L 4" mlayq2 L L2 | sje|e]le]jele
Beaach Ta Subroutime #5n s|n|2 o|loloja|ele
lump EL GE| o] 2[]{3]|3 Soe Sowcinl Optvations sjlejaleo|lele
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BSR, BRANCH TO SUBROUTINE:
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MC&808

SUMMARY OF CYCLE BY

Tabile 8 provides a detailed description of the infarmas-
tion present on the Address Bus, Data Bus, Valid Memory
Address line [VMA), and the Read/Write line [R/W) dur-
ing each cycle for each instrucejon.

This information is usaful in comparing actual with ax-

CYCLE OPERATION

ware as the control program is executed. The information
is categorized in groups according to Addressing Mode and
Numbar of Cycles per instruction, (In general, instructions
with the same Addressing Mode and Number of Cycles
executs in the same manner; exceptions are indicated in

pected results during debug of both software and hard-

the table.)

TABLE 8 - OPERATION SUMMARY

Addres Mode Cyele | VMA AW
and Instructions Cycleg # | Line Addrem Bus Line Dats Bus
IMMEDIATE
ADC EOR 1 L] Op Code Addrens 1 Op Code
ol 2 | 2| 1 | opcodeaddress+1 1| Operand Dets
BIT SBC
CMP 5uB
CPX ] 1 | Op Code Address 1 | OpCode
tgi ) 2 ¥ | Op Code Address + 1 t | Oparand Data {High Ordar Byte)
3 1 Op Code Addrass + 2 1 Operand Data (Low Order Byte)
DIRECT
ADRDC EOR 1 1 Op Code Address 1 Op Code
:33 "52: 3 2 1 Op Code Address + 1 1 Address of Operand
BIT SBC 3 1 Addrass of Operand 1 Operand Data
CMP SUB
cPX 1 1 Op Code Addrens 1 Op Code
Ton . 2z | 1 | OpCode Address +1 1| Address of Opersnd
3 1 Address of Operand 1 Operand Data {High Order Byte)
4 1 Operand Address + 1 1 Operand Dats (Low Order Byte)
STA 1 1 | Op Code Address 1 | OpCode
P 2 ¥ | OpCods Address +1 1 | Destination Address
3 o Destination Address 1 Irraievant Data (Note 1)
4 1 Dastination Address ] Data from Accumulator
5TS 1 1 Op Code Addrasa 1 Op Code
sTx 2 1 Op Code Address + 1 1 Address of Operand
5 3 o Address of Operand 1 Irealevant Data {Note 1)
4 1 Address of Operand 0 Register Data (High Order Byte)
5 t Address of Operang + 1 0 Register Data {Low Order Byte}
INDEXED
JMP 1 1 Qp Code Address 1 Op Coda
4 2 t Op Code Aduress + 1 1 Offsar
3 [+] Index Register 1 trratevant Dats (Note 1)
4 1] Index Register Plys Oftset (wio Carry) 1 Irralavant Data {Note 1)
ADC EOR 1 t Op Code Address 1 Op Code
D on 2 | 1 | opCode Address +1 1| Ottsm
BT  SBC & 2 0 Index Registar 1 Irrglevant Data {Note 1)
CMP - suB 4 4] ladex Register Plus Otfset iw/o Carry) 1 Irrglevant Date {Note 1)
5 1 Index Register Plus Offset 1 Operand Data
oPX 1 1 Op Code Address 1 Op Code
oy 2 | 1 | OpCode Address +1 ™
5 3 0 Indax Register 1 irrelevant Cata (Note 1)
4 4] fndex Register Plus Offsat iw/o Carey) ] trrglevant Data iNate 1)
5 1 Index Reguster Plus Otfser 1 Operand Oata (High Order 8yrel
6 1 Index Register Plus Otfser + 1 1 Operand Data (Low Order Byre)
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MC6808
TABLE 8 — OPERATION SUMMARY (Continusd)
Addram Mode Cycls |VMA R/w
and | nstructions Cycles o | Line Address Bus Line Data Bus
INDEXED {Continued)
STA 1 1 Op Code Addrem. 1 Op Code
2 1 Op Code Addrens + 1 1 Difest
P 3 0 Index Register 1 Irrelevent Data (Nota 1}
4 0 index Reglster Plus Offaat {w/o Corryl 1 Ireglevant Data (Note 11
5 0 index Repister Pius Oftert t Irretavant Daw (Note 1}
8 1 Index Register Pius Otfset 0 Operand Date
ASL LSR 1 1 Op Code Addreta 1 Op Code
) Y 2 | v | OpCode Address+1 1 | ottee
COM ROR 7 3 0 index Registar 1 Itrslgvant Dats (Note 1)
&Eg s 4 | 0 | index Registar Plus Ottst iwfo Carey)l | 1 | ierelevent Dats [Nete 1)
5 1 Index Regitter Plus Otfset 1 Current Operend Dats
] [} Index Register Plus Offset 1 Irralgvant Data (Nots 1)
7 ":IG Index Register Plus Otfset [} New Operand Oata (Note 3)
o
5TS 1 1 Op Code Address 1 Op Code
bt 2 | 1 | OpcCode Address +1 1 | otts
7 3 14 Inclex Reginter ] Irratevent Dot (Note 1)
4 0 Index Asgister Plus Offsat (w/o Carry) L] Irraigvent Oats (Note 1)
5 0 Index Register Plus Offset 1 Irrelevent Date {Note 1}
6 1 Index Regirter Plus Offset ] Operand Data (High Crder Byte)
7 1 Index Register Plys Offsat + 1 o Cperend Dats (Low Order Byte}
ISR 1 ] Op Code Addreny 1 Op Code
2 1 Op Code Addrens + 1 1 Otfam
3 0 Index Rogister 1 Irrgievant Data (Now 1}
8 4 1 Stack Pointer © | Raeturn Address (Low Order Byte)
5 1 Stack Pointer — 1] Return Address (High Order Byte)
8 0 Stack Pointer — 2 1 Irrslevant Data (Note 1)
7 [+] tndex Reginter 1 Irrelevant Deta (Note 1)
-] 0 Index Regitter Plus Otfsst (w/o Carry) 1 Irralevent Deta (Note 1)
EXTENDED
JMP ] 1 Op Code Address 1 Op Code
3 2 1 Op Code Addrens + 1 t Jump Address (High Order Byte)
3 1 Op Code Address + 2 1 Jurnp Addresa [Low Order Byte)
ADC EOR ] 1 Op Code Address 1 Op Code
AnD oA . 21 1 | OpCode Address +1 1 | Address of Operend tHigh Order Byte)
81T S8C 3 t Op Code Addrens + 2 1 Addrems of Opacand (Low Qrder Byts)
Cmp sus 4 | 1 | Addres ot Operana v | Operand Deta
CPX ] 1 | OpCode Addrens t Op Code
o 2 | 1 | OpCodeAddrens 1 1 | Address of Operand {High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byta)
4 1 Address of Opsrand 1 Qperand Dats (High Order Byte)
5 1 Addrass of Oparsnd + 1 1 Opevand Dats (Low Order Gye)
STA A 1 1 Op Code Addren 1 Op Cadle
5Tag 2| t | OpCodeAddress+1 1 | Deminstion Address tHigh Order Bytel
5 3 1 Op Code Address + 2 1 Destinstion Address (Low Crder Byta)
& 0 Operand Destination Addrem 1 Irrglavant Dats (Nots 1)
S 1 Qperand Dattination Address 0 Dets trom Actumulstor
ASL LSR 1 1 Op Code Addrass 1 Op Code
il 2| t | OpcCode Address + 1 1 | Addves of Operand [Migh Order Byte)
COM ROR P 3 1 Qp Code Addras + 2 1 Address of Operand (Low Order Byte)
&Eé: TST 4 1 Addrets of Operand ] Current Operand Dats
5 1] Address of Operand 1 teratevent Data (Nate 1)
1 ":J'Ol Address of Operand [} Navwr Operand Dats (Note 3}
ate
3
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Steck Pginter + 1

Stack Pointer + 2

MC6808
TABLE 8 - OPERATION SUMMARY [Continued)
Addrew Mods Cycle [VMA R
and Instructions Cyeles = | Line Address Bus Line Dats Bus
EXTENDED {Continued)
§TS 1 1 Op Code Address 1 Op Code
Lt 2 | 1 | ©pCode Addren+1 1| Addrens of Operand tHigh Orger Bytel
e 3 1 Op Code Addren + 2 1 Addrass of Operand (Low Order Bytel
4 0 Address of Opersnd ] Ieralevant Dats (Note 1)
s t Addrens of Operand 0 Operand Dats {High Order Bytal
8 1 Addrens of Operand + 1 +] QOparand Dots (Low Order Byte)
A 1 L] Op Code Addrass 1 Op Code
2 1 Op Code Addrass + 1 1 Addrets of Subroutine (High Order Bytel
k<] 1 Op Code Addras + 2 1 Address of Subrouting (Low Order Bytel
4 1 Subroutine Starting Addrem 1 Op Code of Next Instruction
9 5 1 Stack Pointer 0 Return Addrets {Low Order Bytel
-] ] Stack Pointer ~ 1 0 Return Address (High Order Byte}
7 [} Sveck Pointer - 2 1 Ircsdevant Data (Note 1)
B 0 Op Code Address + 2 1 Itralevant Data (Note 1)
k4 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
INHERENT
ABA DAA SEC 1 1 Op Code Addram 1 Op Code
ASL DEC SEJ 2 .
ASR INC SEV 2 1 Op Code Addres + 1 1 Op Code of Neat instruction
CBA LSRR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES ] 1 Qp Coda Address L] Op Code
gfsx a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 o Pravious Register Contents 1 Irrslavant Data (Note 1)
4 0 New Register Contants t Ircslovant Data {(Note 1)
PSH 1 t Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code ot Next Instruction
3 1 Stack Pointer 0 Accumulator Deta
4 0 Stack Pointer = 1 1 Accumulstor Dats
PUL 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 [} Stack Pointer 1 lerelevant Dats (Note T}
4 1 Steck Pointer + 1, 1 Operand Cata from Stack
sx 1 1 Op Code Addrens 1 Op Code
& 2 1 Op Code Adgress + 1 1 Op Code of Next tnrruction
3 0 Steck Pointer 1 Irralavent Osta (Note 1)
4 o Now Index Register 1 Irrelevant Data (Note 1)
™S ] 1 Op Code Addrass 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 o Index Raegister 1 Irralevent Detn
4 ] Nevwe Stack Pointer 1 irrelevent Deta
ATS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + | t irratevent Data INote 2)
5 3 [} Stack Pginter 1 Irrglevant Dats (Note 1)
4 1 1

Addrets of Next Instruction (High
Order Byte)

Addrets of Next Instruction {Low
Order Byte)
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MCE808
) TABLE 8 - OPERATION SUMMARY {Continued)
Address Mods Cycle | VMA R/W
and Instructions Cycles = | Lina Address Bus Lins Data Bus
INHERENT (Continued}
WAI 1 t |Op Code Addrass 1 {Cp Code
2 1 {Op Code Addrass + 1 1 | Op Code of Next Instruction
3 1 iSteck Pointer 0O | Raturn Address (Low Order Byte)
4 1 |Stack Pointer — 1 0 | Return Addrets (High Order Byte)
9 5 1 [Steck Pointer — 2 0 | Index Repister {Low Order Byte)
] 1 |Stack Pointer — 3 QO | Index Register (High Ordar Byte}
7 1 [Stack Pointer — 4 G | Contents of Accumuistor A
: | 1 |Stack Pointer — 5 0 | Contents of Accumulstor B
9 1 |Stack Pointer — 6 iNaotw 4} 1 | Contents of Cond. Code Register
AT 1 1 |Op Code Addrems 1 | Op Code
2 1 |Op Cods Addrass + 1 1 | Irratavant Dats {Note 2}
3 0 |Stack Pointer 1 | lereigvant Deta {Note 1}
4 1 |Stack Pointer + 1 1 | Contants af Cond. Code Register from
Stack
9 5 1 |Stack Pointer + 2 1 | Contants of Accumulator 8 fram Stack
8 1 |Stack Pointer + 3 1 | Contents of Accumulstar A from Stack
7 1 |Stack Pointer + 4 1 | Index Register fram Stack (High Order
Byie)
8 1 |Steck Pointer + 5 1 | Index Register from Steck (Low Order
Byte)
9 1 |Stack Pointar + 6 1 | Next tmstruction Address from Stack
(High Order Byte}
10 1 |Stack Pointer + 7 Next Ingtruction Address from Steck
{Low Order Bytel
s 1 1 |Op Code Address 1 |Op Code
2 1 |Cp Code Addrass + 1 1 | berelavant Data {Nore 1)
3 1 | Stack Pointer 0 | Return Addrass (Low Ordar Sytel
4 1 |Stack Pointer — 1 0 | Return Address {High Ordaer Bytel
5 ] 1 [Steck Pointer — 2 0 | Index Register {Low Order Bvte}
12 & 1 |Stack Pointer — 3 0 | Indax Register {High Orcer Bytal
? 1 | Steck Pointer — 4 0 | Contencs of Accumulator A
8 1 |Stack Pointer — 5 0 | Contents of Accumulator B
9 1 |Stack Pointer — & 0 | Contants of Cond. Code Ragister
10 0 | Stack Pointer — 7 1 | teralavant Dats iNote 3}
" t | Vector Address FFFA {Hex) 1 Qdd',." of Subrauting (High Ordar
vte
12 1 | Vector Address FFFB (Hex) 1 .;ddr,lu of Subroutine {Low Order
vie
AELATIVE
8CC 8HI BNE 1 1 jOp Code Address 1 {Op Code
HFY S R . 2 | 1 JOp Code Address + 1 1 | Branch Ottsmn
BGE BLT BVC 3 0 ]Op Code Address + 2 1 | lerelevant Date (Nota 1}
g LD ERE 4 0 | Branch Address 1 }lerelevant Data (Note 1)}
BSR 1 1 (Op Code Addrens 1 | Op Code
2 1 [Op Cooe Address + 1 1 [ Branch Offset
3 0 | Return Address of Main Program 1 | leralevant Data (Noe 1)
8 4 1 [ Stack Pointer 0O | Return Address (Low Crder Byte}
5 1 [ Stack Pointer — | O | Return Address (High Crder Byte)
6 0 |Stack Pointer - 2 1 | trratevant Data (Note 1)
? 0O | Asturn Address of Main Program 1 [ trrelevant Dote iNote 1}
8 0 [Subroutine Address 1 [ trretevant Data {Note 1, Note 5}
Now 1. I device which is addrestad during this cycie uiet VMA, then the Date Bus will 9o to the high impedance thres-state condition.
Depending on bus capscitance, dats from the previous cycle may be retained on the Oeta Bus.
Note 2. Oasta ic ignared by the MPU.
Now 3. For TST, VMA = O andt Operand data does not change.
Note 4.  Whils the MPU s wasting for the interrupt, Bus Availsbis will go high. VMA is low.
NowS. MS Byte = MS Byte of BSA instruction address, LS Byte s LS Byte of subroutine addresy
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P SUFFIX
PLASTIC FACKAGE

CASE 711.03

NOTES:
. POSITIONAL TOLERANCE OF LEADS (D),
. SHALL BE WITHIN 0.25 mm {0.010) AT
MAXIMUM MATERIAL CONDITION. IN
RELATION TO SEATING PLANE AND
8 EACH OTHEAR.

O'MENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL,

~

3, DIMERSION B DOES NOT INELUDE
L MOLD FLASH.
. 4. 711-02 0BSCLETE, NEW STANDARD 711.03,
¢
MILLIMETERS] _ INCHES
DIM[WIN | MAX | MR ] WMAX
[ A | 5169 6745 7.035] 2.085
8 [ 1372 | ie23 | 0.540 | 0.560
~ . 2 L | 394 ] 508 ] 0.155] 0.200°
Sla —lar F =0 SEATING. ~ =M o 1 036 1 0.56 | 0.014 [ 0.022
PLANE 02 | 1.57 | 0.040 | 0.060
5 | 25 B5C 0,100 BSC
A | 165] 216 | 0065 ] 0.085
F] 20 38 | 0.008 [ 0015 |
X 297 343 [ 0.15] 0136
L | 1524B5C | osoossc |
M o9 [ 158 [ g9 [ i
N | 081 | 1076070 0.040
2 . == M T
> 8 L SUFFIx
| CERAMIC PACKAGE
CASE 715.02
: d 4
. |
~—F

| i

i

L.i A SEATING PLAN 3 _J |2 1, ] \,

MIN | MAX | MIN

MILLIMETERS INCHES

5029 [ 5131 | 1580 ] 2030
1436 | 1567 | 0585 | 615
5 1000 165
; 0015 [ 9021
L0 NOTE
85| 140 | 0030 ] 0055 1 LEADS, TAUE POSITIONED WITHIN

0.25 mm (0.010) DIA (AT SEATING ™

020} 03 008

"Z"xﬂ‘ﬂﬂﬂbg
™
S

PLANE), AT MAX_MAT'L

70
{0013 |
e CONDITION.
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SCHEMAS LOGIQUES DE FONCTIONNEMENT DES CARTES
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