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EPC - Einplatinencomputer

Einsatzmtglichkeiten

stand-alone System

Schaltungs—-Beschreibung

Der EPC stellt sdmtliche Funktionen fiir ein komplettes CP/M Plus
Computersystem zur Verfiigung. An Peripherie wird nur ein handels-
iibliches Terminal und mindestens ein Floppy Laufwerk ben&tigt.

CPU
EPROM

RAM

ECB-8US

Floppy

seriell

Centronics

RS-232-8

RS-232-A

Master Baugruppe

Dank der ECB-BUS Schnittstelle kann der EPC aus einer reichhalti-
gen Palette von Zusatzkarten erweitert werden. Zusdtzlich notwen-
dig wird dann eine ECB-BUS Riickwandverdrahtung und ein Einschub-
gehduse. Es kann wahlweise ein Terminal iliber RS-232 oder iiber den
ECB-BUS eine Video-Karte mit seperatem Monitor und Tastatur ange-

schlossen werden.

ECB-BUS

ErC

Einplatinen-
computer

Floppy

senell

Centronics  {

RS-252-B [

RS-232-A [

ECB-BUS

1l
ECB-BUS

RGB
Farbgrafik
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EPC - Einplatinencomputer Schaltungs—-Beschreibung

1/0 Baugruppe

Sdmtliche auf dem EPC befindlichen Funktionseinheiten wie RAM,
Floppy und I/0 kénnen auch von einer externen CPU angesprochen
werden. Der EPC 148t sich so in ein bereits bestehendes ECB-
System einstecken und als I/O und RAM Karte ansprechen. Dies
ermdglicht einen gezielten Test der Baugruppe beim Aufbau. Ebenso
kann auf diese Weise spezielle Software fiir den EPC in einem
bestehenden System entwickelt und getestet werden.

Schaltungsiibersicht

I 4x Floppy Disk 5,25 or 8 Zoll I

| 4 1|

Takt_ Write Dnve -
2/4 Keyte 547128 KByte Memory l PLL |Premp.| iSe!ectJ Treiber
EPROM dyn RAM Select t

< » Fa 1"~

Floppy Disk Controller

Bank
_J—[> -
Daten 2-80-B

IMuhpiexer I

3
':_, :] Adressen :
S CcPU
£
] SteverBus
@
’  Reset
L .J S Takt
BLS o == DART/SIO-0 s 8B-Port -
T | Steverung Select | = Kanal A | Kanal B 4x Timer Is‘,',",eu | 8ait 10
L S
A [Voyd A YY) RS232 e
DC Akky
I
ras 2324 | |R3232 B ] Sevell Centronics

1 M-Byte Adressbereich

Eine Banking-Schaltung erzeugt vier zus&dtzliche Adressen Al6-Al9
und vergrdB8ert somit den maximalen Adressbereich auf 1 M-Byte.
iber einfache I/0O-Befehle kann zwischen 16 verschiedenen 64K
Pages umgeschaltet werden.

Der Speicher

Der EPC ver fiigt iiber getrennte ROM- und RAM-Bereiche. Der RAM-
Speicher 1&8t sich in zwei Schritten zu 64 K-Byte auf maximal 128
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EPC - Einplatinencomputer Schaltungs-Beschreibung

K-Byte ausbauen. Er belegt standardmdBig die untersten beiden
Pages im 1 M-Byte Adressbereich. Eine 24 polige Fassung nach
JEDEC kann wahlweise mit einem 2 bzw. 4 K-Byte groBSen Festwert-
speicherbestiickt werden und belegt normalerweise die untersten
Adressen. Der verfiigbare Speicher 148t sich in Bldcken zu 16 K-
Byte beliebig im 1 M-Byte Bereich anordnen.

Die Disketten Steuerung

Der EPC ist in der Lage maximal 4 Laufwerke gemischt zwischen 3
und 8 Zoll zu verwalten. Alle gdngigen Formate wie FM/MFM, SS/DS
sowie GrdB8e und Anzahl der Sektoren kdnnen softwaremiBig einge-
stellt werden. Am vorderen Kartenrand wird eine Shugart kom-
patible Schnittstelle bereitgestellt, die den direkten Anschlus
der Laufwerke iiber ein Flachbandkabel gestattet.

Besonderer Wert wurde auf die sichere Umwandlung des Datenstroms
von und zur Diskette gelegt. Beim Lesen gewdhrleistet eine inte-
grierte PLL-Schaltung, beim Schreiben eine Precompensation-Schal-
tung den sicheren Datentransport . Eine Motor ein/aus Schaltung
sorgt fir eine lange Lebensdauer der Disketten und einen ge-
rauscharmen Betrieb.

I/0 Schnittstellen _

Alle Schnittstellen sind am vorderen Kartenrand der Baugruppe auf
2-reihigen Postensteckern herausgefiihrt. Die Belegung wurde dabei
sO gewdhlt, daB Normstecker iber Flachbandkabel in Schneidklemm-
technik direkt 1l:1 gequetscht werden k&nnen.

Eine parallele Schnittstelle nach der Centronics Norm erlaubt den
AnschluB eines Druckers.

Zwel serielle, nach RS-232/V24 gepufferte, Schnittstellen sind in
der Lage ein asynchrones Datenformat in Vollduplexbetrieb zu
liefern. Die Pufferung umfaBt neben dem Datenstrom auch die
Signale CTS und RTS. Die dafilir notwendige =12 Volt Spannung wird
auf der Karte iber einen DC-DC Wandler erzeugt. Die Baudrate l&Bt
sich fiir beide Kandle getrennt frei programmieren. Wahlweise ist
auch eine synchrone Dateniibertragung fiir die Formate IBM BiSynch,
HDLC oder SDLC m&glich.

Eine dritte serielle Schnittstelle mit TTL-Pegel eignet sich
ebenfalls fiir asynchrone vollduplex Dateniibertragung.

Die Echtzeituhr

Ein akku gepufferter Uhrenbaustein stellt dem System Echtzeit zur
Ver fligung. Diese kann unter CP/M Plus in Dateien eingebunden
werden. Folgende Angaben stehen zur Verfiigung: (Schalt-)Jahr,
Monat, Wochentag, Tag, Stunde, Minute und Sekunde.

Copyright (C) 1983 by Datentechnik oettle + reichler -6 -



EPC - Einplatinencomputer Schaltungs—-Beschreibung

Hardwarebeschreibung

Stromversorgung

Die Karte bendtigt zwei Betriebsspannungen: +5 und +12 Volt,
wobei die +12 Volt nur fiir die RS-232 Schnittstelle erforderlich
sind. -12 V werden von einem Spannungsinverter ICL 7660 (IC 33)
erzeugt. Dem RS-232 Treiber MC 1488 (IC 36) werden somit ca. +/-
9 Volt bereit gestellt.

Takt

Auf der Karte befinden sich zwei Quarzoszillatoren aufgebaut aus
einem LS 626 Baustein und zwei Quarzen.

Der Systemtakt (6 MHz) wird direkt aus dem Oszillator abgeleitet
und iliber eine Transistor-Treiberstufe aktiv auf High- Potential
gezogen. IC 05 (74 LS 194) teilt den Systemtakt durch den Faktor
zweli und versorgt damit den Timer Eingang TCLK des STI Bausteins
(ICc 26).

Der zweite Oszillator erzeugt den Takt (16 MHz) fiir den Floppy
Interface Baustein FDC 9229 (IC 23).

Reset

Ein Power-up Reset wird mittels eines RC Gliedes und zwei LS 14
Gatter (IC 19) erzeugt und iiber eine Open-Collector-Stufe auf
PWCLR (Pin 26c am BUS-Stecker) gefiihrt. Dieses Signal wird zum
Zuriicksetzen der CPU, STI, DART, FDC und dem LS 173 (Banking)
benutzt. Der Eingang RESET am BUS-Stecker (31c) kann zum AnschluB
eines Reset Schalters verwendet werden.

Wait

Die Wait Schaltung kann bei I/O- und Speicheroperationen einen
Wait-Stait einfiigen. Der Eingang (Pin 10) des 74 LS 194 (IC 05)
ist mit dem Wait-Request Signal des I/0- und des Memory-PROMs
beschaltet. Wird dieses aktiv, wechselt IC 05 vom Load- in den
Shift-Zustand iiber. Mit der nidchsten steigenden Flanke des Sys-
temtaktes wird ein Wait Stait ausgegeben.

Durch Programmieren des I/0O PROM's kann festgelegt werden bei
welchem der insgesamt 256 I/O AdreBen ein Wait-Zyklus generiert
wird. Der Memory PROM erlaubt es jedem 16 K-Byte Speicherblock
innerhalb des 1 M-Byte Speicherbereichs ein Wait zuzuordnen.
StandardmidBig wird bei jedem I/0-Zugriff (Ausnahme uPD 765) und
bei Speicherzugriffen auf den BOOT-EPROM jeweils ein Wait-Stait
eingefiigt. Speicherzugriffe auf externe Speicherbaugruppen und
den internen dynamischen RAM-Speicher verursachen keine Wait's.

Copyright (C) 1983 by Datentechnik oettle + reichler -7 -



EPC - Einplatinencomputer Schaltungs—-Beschreibung

Banking Speicher Verwaltung

Diese Schaltung erlaubt es der CPU 1 M-Byte Speicher direkt zu
adressieren. Ein 4 Bit Ausgabeport IC 14 (74 LS 173) erzeugt die
vier Adressen Al6-Al9 (Pageadressen). Uber I/0-Ausgabe-Befehle
(DO = Al16, D3 = A19) 148t sich der Inhalt dieses Ports und damit
die Bank-Adresse bestimmen.

Der Memory-PROM ist standardmidBig so ausgelegt, daB die obersten
16 K-Byte im 64 K-Byte Adrefraum der CPU unabhdngig von den
Adressen Al6-Al9 eingeblendet sind. Beim Wechsel auf eine andere
Page werden also nur die untersten 48 K-Byte ausgetauscht.

Nach einem Reset ist der LS 173 Baustein zuriickgesetzt und die
unterste 64 K-Byte Page wird angesprochen.

Memory Select

Zur AdrefB-Dekodierung des 24 poligen Byte-Wide Sockel und der 128
K-Byte RAM wird ein 256x4 PROM (IC 13) verwendet. Durch entspre-
chende Programmierung kann die AdreBlage der beiden Speicher
bestimmt werden. Die AdreBlage 1ldBt sich dabei in 16 K-Byte
Schritten frei im maximal mdglichen AdreSraum von 1 M-Byte be-
stimmen. Der BOOT Eingang am PROM erlaubt das Ein- und Aus-
schalten einzelner Speicherbereiche iiber die System-Software. Der
Memory PROM ist standardméBig so programmiert, daB8 der auf der
Karte befindliche RAM die untersten 128 K-Byte belegt. Der EPROM
ist den untersten 16 K-Byte liberlagert. Fiihrt der BOOT Eingang
High Pegel, ist der EPROM eingeblendet. Wird I7 des STI Bausteins
auf Low Pegel programmiert, wird der BOOT-EPROM abgeschaltet und
der adressgleiche 16 K-RAM Speicher aktiviert. Der uberhalb von
04000H liegende RAM ist unabhidngig von dem BOOT Eingang immer
aktiv.

In Abhidngigkeit der 8 Eingangssignale und der beiden CE Signale
werden die 4 Ausginge RAS1l, RAS2, MEM-SEL und CE-EPROM aktiv
(Low) geschaltet:

Zwei der Ausginge werden direkt als RAS Signale fiir die beiden 64
K-Byte RAM Blocke beniitzt. Diese sind aktiv, wenn ein Speicherzu-
griff auf die entsprechende Adresslage oder ein Refresh erfolgt.
Der Ausgang M-SEL fiihrt Low Pegel, wenn auf einen internen Spei-
cher des EPC zugegriffen wird und dient zur BUS-Steuerung. Dieses
Signal wird als Open Collector Ausgang auch an den BUS-Stecker
DESLCT (Pin 26a) gefiihrt. Das CAS Signal fiir den dynamischen
Speicher wird ebenfalls aus diesem Signal abgeleitet.

Das CE-Signal fiir den 24 poligen Sockel wird an die Wait Schal-
tung weitergleitet, welche einen Wait-Stait generiert.

Copyright (C) 1983 by Datentechnik oettle + reichler -8 -



EPC - Einplatinencomputer Schaltungs-Beschreibung

Signalbelegung des Memory PROMs IC 13 (24 SA 10):

A7 Pin 15 AlS5 D3 Pin 9 CE EPROM

A6 Pinl BOOT D2 Pin 10 RAS 1

A5 Pin 2 Al4 D1 Pin 11 Memory Select
A4 Pin 3 Al9 DO Pin 12 RAS O

A3 Pin 4 Al6

A2 Pin 7 RFSH

Al Pin 6 AlS8

A0 Pin 5 Al7

Der dynamische Speicher

Als Massenspeicher werden kostengiinsige dynamische 64K * 1 Spei-
cher eingesetzt. Wichtig ist, daB nur RAM's mit einem 7 Bit
Refresh (128 Refresh-zyklen) und bei 6 MHz Systemfrequenz 150ns
Typen verwendet werden. Wahlweise k&nnen 8 (64 K-Byte) oder 16
(128 K-Byte) Speicher bestiickt werden.

Um 128 K-Byte RAM auf diesem kleinen Raum zu realisieren, werden
jeweils zwei 64 K-Bit Speicher iibereinander montiert. Pin 4 (RAS)
des oberen Speichers ist nicht mit dem unteren verbunden, sondern
wird getrennt iiber den unbelegten Pin 1 herausgefiihrt. Der An-
schluB 1 darf dabei keine interene Verbindung haben. Alle anderen
Anschliisse werden direkt mit dem unteren IC verbunden.

Ansteuerung

Die dynamischen Speicher werden im 'early Write' Modus betrieben.
Das heiBt, bei einem Schreibzugriff ist das Write Signal bereits
mit der fallenden Flanke von CAS aktiv (Low). Dies hat den Vor-
teil, daB die Datentreiber (D out) beim Schreiben im Tri-State
Zustand bleiben. Din und Dout miissen deshalb nicht getrennt
gepuffert werden und lassen sich so einfach verbinden.

Die Adressen AO-Al5 werden iiber zwei invertierende Adressmulti-
plexer auf die Speicher geschaltet. Wichtig ist, daB8 hier unbe-
dingt Schottky Bausteine eingesetzt werden.

Precharge Schaltung

Um bei 6 MHz Systemfrequenz einen einwandfreien Betrieb mit den
dynamischen Speichern zu gewdhrleisten ist eine Precharge-Exten-
sion-Schaltung erforderlich. Diese hat zur Aufgabe den Precharge
beim M1 Zyklus zwischen Speicherzugriff (Opcode Fetch) und Re-
freshzugriff wihrend T3 aufzuweiten. Wird auf den dynamischen
Speicher zugegriffen, beendet IC 18 (74 LS 173) den Opcode Fetch
mit der steigenden Flanke von T3 vorzeitig.

Copyright (C) 1983 by Datentechnik oettle + reichler -9 -



EPC - Einplatinencomputer Schaltungs-Beschreibung

Festwertspeicher

Als Festwertspeicher kann wahlweise ein 2- bzw. 4-K-Byte EPROM
eingesetzt werden. Der 24 polige Sockel ist dabei nach der JEDEC
Norm ausgefiihrt. Pin 21 wird wahlweise mit +5V (2 K-Byte) oder
All (4 K-Byte) beschaltet (am Pin 21 auf der Lotseite). Standard-
mdBig ist Pin 21 mit +5V verbunden.

Die Floppy Steuerung
Der Controller

Als Floppy Controller wurde der uPD 765 von NEC ausgewdhlt. Er
ist in der Lage die unter CP/M 3.0 notwendigen Multi-Sector und
Multi-Track Operationen zu unterstiitzen. Seine hohe Intelliegenz
entlastet die Software erheblich. So ist er in der Lage selbst-
stindig Disketten zu formatieren und Informationen iiber den Zu-
stand von 4 Laufwerken zwischenzuspeichern. Das Einstellen von
irgendwelchen Trimmern entf&dllt vollstdndig.

Wihrend des Transfers von und zur Diskette wird der uPD 765 im
Polling Verfahren betrieben. Der Systemtakt von 6 MHz erlaubt es
8 Zoll Double Density Disketten mit diesem Verfahren einwandfrei
zu bearbeiten.

Der Interface Baustein

Den einwandfreien Datentransfer von und zur Diskette iibernimmt
der Baustein FDC 9229 (IC 23). Beim Lesen von Diskette sorgt eine
integrierte "Phase Lock Loop" Schaltung fiir die Aufbereitung des
seriellen Datenstroms. Beim Schreiben gewdhrleistet eine Write
Precompensations Schaltung die sichere Aufzeichnungen. Der Pre-
compensations Wert betrdgt bei MINI Laufwerken 250 ns und bei
Standard Drives 125 ns. Prinzipiell konnen iiber die Eingdnge PO -
P2 auch andere Werte eingestellt werden.

Der Eingang MINI am 9229 erlaubt es zwischen 5.25 und 8 Zoll
Laufwerken umzuschalten. Im wesentlichen wird dabei die Daten-
transferrate von 250 KBit/sec bei 5.25 Zoll auf 500 KBit bei 8
Zoll umgeschaltet. Der Zustand des MINI Eingangs l&8t sich iber
eine Lotbriicke (unter dem Akku auf der Lotseite) bestimmen und
iiber den Ausgang I5 des STI Bausteins von der Software schalten.

Copyright (C) 1983 by Datentechnik oettle + reichler - 10 -



EPC - Einplatinencomputer Schaltungs—-Beschreibung

Signalbelegung des 34 poligen Floppysteckers:

01 02 Head Load

03 04 Head Load

05 06 Drive Select 3
07 08 Index

09 10 Drive Select O
11 12 Drive Select 1
13 14 Drive Select 2
15 16 Motor on

N 17 18 Direction

b= o= b= G G o

@

D 19 20 Step
21 22 Write Data
| 23 24 Write Enable
| 25 26 Track 00
| 27 28 Write Protect
l 29 30 Read Data
| 31 32 Side Select
! 33 34 Ready
I/0 Select

Die Dekodierung der I/0 Bausteine iibernimmt ein 256x4 PROM (IC
08) und ein 74 LS 139 TTL Baustein (IC 22). Durch Programmierung
des PROM's lassen sich die I/0-Bausteine beliebig im maximalen
I/0-AdreBbereich (max. 256) anordnen.

Signalbelegung des I/O PROMs IC 08 (24 sA 10):

A7 Pin 15 M1 D3 Pin 9 CE Cent,DART,173,FDC
A6 Pin 1 Al D2 Pin 10 Wait Request

A5 Pin 2 A3 D1 Pin 11 CE STI

A4 Pin 3 A2 DO Pin 12 I/0 Select

A3 Pin 4 A7

A2 Pin 7 A4

Al Pin 6 A5

A0 Pin 5 A6

Copyright (C) 1983 by Datentechnik oettle + reichler -11 -



EPC - Einplatinencomputer Schaltungs~Beschreibung

In Abhidngigkeit der acht Eingangssignale M1 und Al - A7 werden
vier Ausgangssignale erzeugt:

Das Signal IO-SEL fithrt Low Pegel, wenn auf einen internern 1/0
Baustein zugegriffen wird und dient zur BUS-Steuerung.

Ein Wait-Request-Signal das an die Wait-Schaltung gefiihrt ist
gestattet jedem der 256 I/0 Adressen gezielt einen Wait-Stait
zuzuordnen.

Die beiden verbleibenden Ausgdnge dienen als Chip Enable Signale
fiir die I/O Bausteine.

Ein CE wird direkt an den STI Baustein gefiihrt der 16 I/O-Adres-
sen belegt. Die oberen vier AdreBbits A7-A4 kdnnen frei durch
Programmierung des PROMs bestimmt werden.

Die Z80-DART, der FDC, der Centronics Datenport und die Banking
Schaltung belegen ebenfalls 16 I/0 Adressen. Die oberen vier
Adressen dieses Blocks kdnnen iiber den PROM festgelegt werden.
Die Dekodierung der Adressen A2 und A3 ibernimmt IC 22 (74 LS
139). Innerhalb des 16 Byte Blocks haben die vier I/O-Baugruppen
folgende Adrefilage:

XXX 00xx Centronics Datenport
XXX Olxx Z-80 DART

XXX 10xx Banking Port (LS 173)
XXX 11xx FDC 765

Die I/0 Bausteine belegen standardmdBig folgende Adressen:
00-0OF Z-80 STI

10 Centronics Data-Output
14-17 Z-80 DART/SIO

18 Banking Output (LS 173)
1C,1D FDC Controller uPD 765
Schnittstellen

a, Centronics

Die Centronics Schnittstelle erlaubt es auf einfache Weise einen
Drucker anzuschlieBen. Der 8-Bit Datenstrom zum Printer wird Uber
8 D-Flip-Flops einem LS 374 Baustein (IC 34) erzeugt. Der Strobe
Ausgang wird von dem STI-Baustein erzeugt und iiber ein Gatter (74
LS 367) gepuffert. Die Eingdnge Paper empty und Acknowledge sind
ebenfalls mit der STI verbunden. Busy ist an den DART-Baustein
gefiihrt. Alle Signale kdnnen somit Interrupts auslSsen.
Sdmtliche Signale sind auf einen 26 poligen Stecker nach Centro-
nics Norm gefiihrt.

Copyright (C) 1983 by Datentechnik oettle + reichler - 12 -



EPC - Einplatinencomputer Schal tungs—-Beschreibung

Belegung des 26 poligen Centronics Steckers:

Strobe 0l 02 l
DO 03 04 !
D1 05 06 !
D2 07 08
D3 09 10 G
D4 11 12 N
D5 13 14 D
D6 15 16
D7 17 18 !
Acknowledge 19 20 !
Busy 21 22 l
Paper Empty 23 24
25 26

b, RS-232

Es stehen zwei serielle asynchrone vollduplex Kandle zur Ver-
fligung. Alternativ ist durch Austausch der Z80-DART durch eine
Z80-SI0-0 auch synchrone Dateniibertragung moglich. Die Baudrate
ist softwaremidBig getrennt fiir beide Kandle einstellbar. Channel
A der DART wird von Timer D (STI) und Channel B von Timer C mit
dem Baudrate Takt versorgt.

Receive- und Transmit-Data, Clear to Send und Request to Send
sind bei beiden Kandlen auf RS-232 Pegel gepuffert und getrennt
fiir jeden Kanal auf zwei 14 polige Pfostenstecker gefiihrt. Die
Belegung dieser Stecker entspricht der RS-232 Norm. Uber ein
Kabel in Schneid-Klemm-Technik lassen sie sich direkt mit einem
25 poligen D-Stecker verbinden.

Belegung der beiden 14 poligen RS-232 Stecker:

101 02

Receive Data 2 03 04
Transmit Data 2 05 06
Request to Send 4 07 08
Clear to Send S 09 10

b 11 12

GN\D +13 14
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c,seriell 5 Volt TTL

Eine weitere serielle asynchrone vollduplex Schittstelle mit TTL
Pegel wird auf einem 10 poligen Stecker bereit gestellt. Selbige
ldBt sich z. B. zum AnschluB einer Tastatur verwenden. Die Baud-
rate ist auch hier softwaremdBig einstellbar (Timer B, STI).

Die Belegung ist wie folgt:

! 01 02 Vee

G 03 04 NMI

N 05 06 GND

D 07 08 seriell in

! 09 10 seriell out
Echtzeituhr

Der Uhrenbaustein E 050-16 erlaubt die Angabe von Sekunden,
Minuten, Stunden, Tag, Wochentag, Monat und (Schalt-)Jahr. Ein
implementierter Akku ermdglicht den Betrieb auch bei ausgeschal-
tetem Geridt. Uber den Trimmer C27 1ldBt sich die Quarzfrequenz
exakt auf 32,768 kHz abgleichen. Die Steuersignale des Uhrenbau-
steins werden iiber die Z-80 DART und STI beschaltet. Der Daten-
austausch geschieht dabei seriell iiber die Leitung DATA O/P. Ein
Sekunden Takt ist an den Eingang I4 der STI gefiihrt. I4 dient
Timer A als Eingang im Event count mode. Entsprechend program-
miert erzeugt der Ausgang TA des Timers das Motor on/off Signal
fiir die Laufwerke, indem er den an I4 anliegenden Sekundenpuls
herabzdhlt und bei Time-Out den Motor ausschaltet.

Beschaltung MEM E 050-16

OUT STOP: Vece Inactiv Input
RESET: Vce Inactiv Input
OUTSEL: GND Activ Input
CHIP SELECT: DTRA Dart A Data Terminal Ready Input
SECONDS:: STI 14 Timer A erzeugt Motor on/off Output
DATA O/P: STI I0 Serieller Datenstrom In/Output
CLOCK: DTRB Dart B Data Terminal Ready Input
MIN,HRS: unbeschaltet Outputs
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Serial Timer Interrupt Controller STI

Der STI-Baustein stellt 8 parallel I/O-Kandle, 1 USART und 4
Timer-Zeitgeber zur Verfiigung.

Belegung der I/O Leitungen I0 - I7:

Echtzeituhr

I0 Pin 8 I/0 serieller Datenstrom

I4 Pin 14 Input Sekunden Puls fiir Timer A Input
Centronics

I1 Pin 9 Output Strobe, Low active

I3 Pin 11 Output Paper empty, High active

I6 Pin 14 Input Acknowledge, Low active

Floppy Controller
I2 Pin 10 Output Terminal Count 765, High active
15 Pin 13 Output MINI, High = MINI, Low = Std.

BOOT
I7 Pin 15 Output BOOT, High = EPROM ein, Low = EPROM aus

Timers

TA Pin 1 Output Motor on/off FDD's

TB Pin 2 Output  Baudrate for STI USART

TC Pin 3 Output Baudrate for DART Channel B
TD Pin 4 Output Baudrate for DART Channel A

Der STI Baustein ist derzeit nur in der A Version (4 MHz) erhdlt-
lich. Es ist deshalb bei Systemfrequenzen von 6 MHz nicht mdglich
die Vektor Interupt Féhigkeiten des Bausteins auszuniitzen.
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BUS Schnittstelle

GroBe Bedeutung wurde dem BUS-Anschlu88 zugemessen. So sind Daten,
Adressen und Steuersignale iiber 4 Treiber Bausteine (74 LS 245)
bidirektional gepuffert. Das heiBt es kdnnen externe Baugruppen
wie eine CPU oder eine DMA auf den interner Speicher bzw. I/0
Baugruppen zugreifen. Der DART und STI Baustein sind in der Lage
einen Vektor-Interrupt an eine externe CPU weiterzuleiten.

Die Steuerung des Daten- und AdreBS-bus wird von einem 256x4 PROM
(IC 06) durchgefiihrt. In Abhdngigkeit der acht Eingangssignale
werden vier Ausgangssignale erzeugt, welche die Richtung und den
Tri-State Zustand der Daten- und AdreB-treiber bestimmen.

Die Signalbelegung des BUS-Steuerproms IC 06 ist wie folgt:

A7 Pin 15 BUSAK D3 Pin 9 EN 173

A6 Pin 1 RD D2 Pin 10 DIR DATA
A5 Pin 2 IEI D1 Pin 11 EN BUS

A4 Pin 3 IO-SEL DO Pin 12 DIR Adress
A3 Pin 4 Ml

A2 Pin 7 IEO

Al Pin 6 Memory-SEL

AO Pin 5 IORQ

Die vier Treiber Bausteine sind grundsdtzlich ‘'enabled'. Wird die
Karte als Slave eingesetzt besteht die Moglichkeit die Treiber
auch in den Tri-State Zustand zu versetzen.

Das Signal BUSAK bestimmt die Richtung der Adress und Steuer-
leitungen. Ist BUSAK inaktiv (High) sind die Treiber nach auBen
auf den BUS geschaltet. Die oberen vier Adressen Al6-Al9 werden
getrennt angesprochen. Diese kOnnen bei aktiven BUSAK wahlweise
in den Tri-State Zustand versetzt werden oder nicht (standard-
mdBig Tri-State).

Um die Richtung des Datenstromes festzulegen sind eine Reihe von
Informationen notwendig. Hierbei mu8 unterschieden werden, ob die
interne CPU aktiv ist oder nicht, ob auf einen internen oder
externen Speicher oder I/0 Baugruppe zugegriffen wird und ob ein
Vektor Interrupt vorliegt.

Grundsidtzlich ist der Datenstrom nach auBien geschaltet. AuBnahmen
sind Lesebefehle, die auf externe Baugruppen zugreifen und Inter-
rupt Acknowlege Zyklen die von externen I/0 Baugruppen ausgelost
wurden.

Ist die interne CPU inaktiv geht der Datenstrom zum Karten-
inneren. AuBnahmen sind Lesebefehle von einer externen Einheit
auf Baugruppen im Karteninneren.
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Einsatz als I/0 Karte

Simtliche auf der CPU Karte befindlichen Baugruppen kdnnen auch
von einer externen CPU angesprochen werden. D. h. die EPC-Bau-
gruppe kann auch in einem bestehenden System als I/0 Karte einge-
setzt werden.

Zum Einsatz als I/O-Karte sind folgende Punkte zu beachten:

1, Der Systemtakt ist extern zuzufiihren. D.h. der interne Takt-
generator muB8 durch Entfernen des Widerstandes RO5 deak-
tiviert werden.

2, Der BUSAK Ausgang ist vom BUS abzutrennen.

3, Die CPU muB aus der Fassung genommen und durch eine Briicke
von GND (Pin 29) nach BUSAK (Pin 23) ersetzt werden.

4, Es ist zu iiberpriifen ob das PWRCLR Signal auf dem Systembus
als open Collector ausgefiihrt wurde. Wenn nicht, ist es vom
BUS abzutrennen.

Finsatz als Slave Prozessor

Ebenfalls ist die CPU Karte als Slave in einem Multiprozessor-
Multi-User System einsetzbar. Die Karte arbeitet dabei parallel
zu anderen Prozessoren in dem System ohne die Aktivité&dten des
Masters auf dem Systembus zu stdren. Der Datenaustausch zwischen
Slave und Master kann dabei mit der vollen Geschwindigkeit des
Systembuses erfolgen. Der Datenaustausch erfolgt iilber den RAM auf
der EPC Karte.

Folgende Anderungen sind vorzunehmen:

1, Pin 2 des Memory PROMs wird mit BUSAK beschaltet

, Ein spezieller Memory PROM ist eizusetzen

Ein spezieller BUS PROM ist einzusetzen

, Die Leitungen IEI, IEO, CLK , DESLCT, WAIT, INT, NMI sind
nicht auf des MASTER Bus zu schalten.

Die PWRCLR Leitung muB8 als open Collector ausgefiihrt sein
BUSREQ und BUSAK sind nicht auf den BUS zu legen, sondern uber
zwei parallele I/0 Leitungen mit dem Master zu verbinden.

Die BUSREQ Leitung dient dann als Slave Request Leitung,

die BUSAK Leitung als Slave Acknowledge Signal.

Des weiteren kann eine I/0 Leitung auf der EPC-Karte mit
einer 1/0 Leitung des Masters verbunden werden die als Master
Request Signal dient.

-

2
3
4

o
~ o~

Bei mehreren Slave Baugruppen in einem System empfielt es sich
eine spezielle Riickwandverdrahtung anzufertigen.
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Funktionsweise als Slave Baugruppe

Nach einem System Reset sind sédmtliche Leitungstreiber zum BUS
nach beiden Richtungen im Tri-State-Zustand. Sowohl Master als
auch Slave beginnen simultan und autonom zu arbeiten. Nun kann
z.B. der Slave iiber die Master-Request Leitung die einen Inter-
rupt im Master System ausldst Bearbeitung beantragen. Der Master
muB das Slave-Regest-Signal, das an BUSREQ der Slave CPU herange-
filhrt ist, aktivieren. Die Slave CPU antwortet mit BUSAK (Slave
Acknowledge), das gleichzeitig an den Memory PROM herangefiihrt
wird. Dies hat zur Folge, daB der auf der Slave Karte befindliche
Speicher in eine AdreBlage gebracht werden kann, die sich nicht
mit dem Speicher des Masters liberlagert. Ebenfalls werden sdmt-
liche Treiberbausteine aktiviert. Der Master kann nun ungehindert
auf den Speicher der Slave Karte zugreifen.

Nach Zuriicknehmen des-Slave-Request Signals und des daraus re-
sultierenden inaktiv werden des Slave Acknowledge Signals k&nnen
sowohl Master als auch Slave wieder autonom arbeiten.

Copyright (C) 1983 by Datentechnik oettle + reichler - 18 -



EPC - Einplatinencomputer Schaltungs-Beschreibung

Inbetriebnahme

TerminalanschluB8

Wahlweise kann an den EPC unsere RGB Grafikkarte oder iiber RS-232
ein handelsiibliches Terminal angeschlossen werden. Die Software
iberpriift beim Einschalten ob die RGB Baugruppe am BUS vorhanden
ist. Falls nicht erfolgt die Ausgabe iiber RS-232 Channel A.

Das Ubertragungsprotokoll ist standardmédfig folgendes:

Baudrate 9600, 1 Stoppbit, keine Paritét

TastaturanschlusB

Wird die RGB Grafikkarte als Ausgabeeinheit verwendet, erwartet
die Standardsoftware an der seriellen TTL Schnittstelle auf dem
EPC die Tastatureingabe.

Das Ubertragungsprotokoll ist standardmiBig folgendes:

Baudrate 9600, 1 Stoppbit, keine Paritit

Laufwerksanschlus

Head Load

Der EPC stellt ein Head-Load Signal auf Pin 2 und 4 der Floppy-
Steckerleiste zur Verfiigung. Dieses Signal kann zum Laden der
Kopfe herangezogen werden. Werden TEAC- Laufwerke eingesetzt, so
ist die Steckbriicke HL. und SM zu setzen.

Alternativ kann der Kopf der Laufwerke auch durch das Motor-On-
Signal des EPC-Computers geladen werden. Dadurch werden die Kopf-
Lade-Gerdusche stark herabgesetzt, der Kopf bleibt jedoch linger
auf der Diskette abgesenkt (trotzdem empfehlenswert !). Bei den
TEAC-Laufwerken sind hierzu die Steckbriicken HM und SM zu setzen.

Drive-Select

Je nach gewiinschter Laufwerksnummer sind die entsprechen den
Jumper auf den Laufwerken zu setzen (DSO - DS3). Laufwerk A (DSO)
mu8 auf jeden Fall vorhanden sein. Dabei ist zu beachten, daB der
Floppy-Controller uPD 765 beim 'Steppen' die Drive-Select-Leitung
des gewlinschten Lauf werks nur fiir die Zeit des 'Step'-Pulses
aktiviert, da nach werden nacheinander auch die restlichen drei
Drive- Select-Leitungen angesprochen, um den 'Ready-Zustand’
dieser Laufwerke abzufragen. Dies kann vereinzelt zu Problemen
bei Einsatz &dlterer 8 Zoll Laufwerke fiihren.
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Datenblatter DART

Pin
Description

B/A. Channel A Or B Select (input, High
selects Channel B). This input defines which
channel is accessed during a data iranster be-
tweeri the CPU and the Z-80 DART.

C/D. Control Or Data Select (input, High
selects Control). This input specilies the type
of information (control or data) transferred on
the data bus between the CPU and the Z-80
DART.

CE. Chip Enable (input, active Low). A Low at
this input enables the Z-80 DART to accept
command or data input from the CPU during a
write cycle, or to transmit data to the CPU
during a read cycle.

CLK. System Clock (input). The Z-80 DART
uses the standard Z-80 single-phase system
clock to synchronize internal signals.

CTSA. CTSB. Clear To Send (inpuls, active
Low). When programmed as Auto Enables, a
Low on these inputs enables the respective
transmitter. If not programmed as Auto
Enables, these inputs may be programmed as
general-purpose inputs. Both inputs are
Schmitt-trigger bulfered to accommodate slow-
risetime signals.

Dgy-D;. System Data Bus (bidirectional,
3-state) transfers data and commands between
the CPU and the Z-80 DART.

DCDA., DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if the Z-80 DART is programmed for
Auto Enables; otherwise they may be used as
general-purpose input pins. Both pins are
Schmitt-trigger buffered.

DTRA ., DTRB. Data Terminal Ready (outputs,

active Low). These outputs follow the state pro-
grammed into the DTR bit. They can also be
programmed as general-purpose outputs.

IEL. Interrupt Enable In (input, active High) is
used with IEO to form a priority daisy chain
when there is more than one interrupt-driven
device. A High on this line indicates that no
other device of higher priority is being ser-
viced by a CPU interrupt service routine.

1IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the
CPU is not servicing an interrupt from this
Z-80 DART. Thus, this signal blocks lower
priority devices from interrupting while a
higher priority device is being serviced by its
CPU interrupt service routine.

INT. Interrupt Request (output, open drain,
active Low). When the Z-80 DART is re-
questing an interrupt, it pulls INT Low.

MI. Machine Cycle One (input from Z-80
CPU, active Low). When M1 and RD are both
active, the Z-80 CPU is fetching an instruction
from memory; when Ml is active while IORQ is
active, the Z-80 DART accepts M1 and IORQ

as an interrupt acknowledge if the Z-80 DART
is the highest priority device that has inter-
rupted the Z-80 CPU.

IORQ. Input/Qutput Request (input from CPU,
active Low). I( IORQ s used in conjunction with
B/A, C/D, CE and RD to transfer commands
and data between the CPU and the Z-80
DART. When CE, RD and IORQ are all
active, the channel selected by B/A transfers
data to the CPU (a read operation). When CE
and IORQ are active, but RD is inactive, the
channel selected by B/A is written to by the
CPU with either data or control information as
specified by C/D.

RxCA, RxCB. Receiver Clocks (inputs).
Receive data is sampled on the rising edge of
RxC. The Receive Clocks may be 1, 16, 32 or
64 times the data rate.

RD. Read Cycle Status. (input from CPU, ac-
tive Low). If RD is active, a memory or /O
read operation is in progress.

RxDA. RxDB. Receive Data (inputs, active
High).

RESET. Reset (input, active Low). Disables
both receivers and transmitters, forces TxDA
and TxDB marking, forces the modem controls
High and disables all interrupts.

RIA, RIB. Ring Indicator {inputs, Active
Low). These inpuls are similar to CTS and
DCD. The Z-80 DART detects both logic level
transitions and interrupts the CPU. When not
used in switched-line applications, these inputs
can be used as general-purpose inputs.

RTSA. RTSB. Request to Send (outputs, __
active Low). When the RTS bit is set, the RTS
output goes Low. When the RTS bit is reset,
the output goes High after the transmitter
empties.

TxCA, TxCB. Transmitter Clocks (inputs). TxD
changes on the falling edge of TxC. The
Transmitter Clocks may be 1, 16, 32 or 64
times the data rate; however, the clock
multiplier for the transmitter and the receiver
must be the same. The Transmit Clock inputs
are Schmitt-trigger buffered. Both the Receiver
and Transmitter Clocks may be driven by the
Z-80 CTC Counter Time Circuit for program-
mable baud rate generation.

TxDA, TxDB.
High).
W/RDYA, W/RDYB. WailsReady (outputs,
open drain when programmed for Wait func-
tion, driven High and Low when programmed
for Ready function). These dual-purpose out-
puts may be programmed as Ready lines for a
DMA controller or as Wait lines that syn-
chronize the CPU to the Z-80 DART data rate.
The reset state is open drain.

Transmit Data (outputs, active
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Datenblidtter DART

Functional
Description

The lunctional capabilities of the Z-80 DART
can be described from two different points of
view: as a data communications device, it
transmits and receives serial data, and meets
the requirements of asynchronous data com-
munications protocols; as a Z-80 family
peripheral, it interacts with the Z-80 CPU and
other Z-80 peripheral circuits, and shares the
data, address and control buses, as well as
being a part of the Z-80 interrupt structure. As
a peripheral to other microprocessors, the Z-80
DART offers valuable features such as non-
vectored interrupts, polling and simple hand-
shake capability.

The first part of the following functional
description introduces Z-80 DART data com-
munications capabilities; the second part
describes the interaction between the CPU and
the Z-80 DART.

The Z-80 DART offers RS-232 serial com-
munications support by providing device
signals for external modem control. In addition
to dual-channel Request To Send, Clear To
Send, and Data Carrier Detect ports, the Z-80

. DART also features a dual channel Ring In-

dicator (RIA, RIB) input to facilitate
local/remote or station-to-station communica-
tion capability.

Communications Capabilities. The Z-80
DART provides two independent full-duplex
channels for use as an asynchronous
receiver/transmitter. The following is a short
description of receiver/transmitter capabilities.
For more details, refer to the Asynchronous
Mode section of the Z-80 SIO Technical
Manual. The Z-80 DART oflers transmission
and reception of five to eight bits per
character, plus optional even or odd parity.
The transmitter can supply one, one and a half
or two stop bits per character and can provide
a break output at any time. The receiver break
detection logic interrupts the CPU both at the
start and end of a received break. Reception is
protected from spikes by a transient spike re-
jection mechanism that checks the signal one-
half a bit time after a Low level is detected on
the Receive Data input. If the Low does not
persist—as in the case of a transient—the
character assembly process is not started.

Framing errors and overrun errors are
detected and buffered together with the
character on which they occurred. Vectored
interrupts allow fast servicing of interrupting
conditions using dedicated routines. Further-
more, a built-in checking process avoids inter-
preting a framing error as a new start bit: a
framing error results in the addition of one-half
a bit time to the point at which the search for
the next start bit is begun.

The Z-80 DART does not require symmetric
Transmit and Receive Clock signals—a feature
that allows it to be used with a Z-80 CTC or
any other clock source. The transmitter and
receiver can handle data at a rate of 1, 1/16,
1/32 or 1/64 of the clock rate supplied to the
Receive and Transmit Clock inputs. When
using Channel B, the bit rates for transmit and
receive operations must be the same because

RxC and TxC are bonded together (RxTxCB).

1/0 Interface Capabilities. The Z-80 DART
offers the choice of Polling, Interrupt (vectored
or non-vectored) and Block Transfer modes to
transfer data, status and control information to

and from the CPU. The Block Transfer mode
can be implemented under CPU or DMA
control.

—
o SERIAL DATA
CHANNELA  |o—
e—— CHANNEL cLOCKS
INTERNAL CHANNEL A [ WAIVREABY
CONTROL E
Locic REGISTERS
CHARNELA 1o . MODEM OR
DISCRETE | OTHER CONTROLS
CONTROLAKD [ o
o (2 e =
cPy
os o < INTERNAL BUS
CONTR
o ! CHANNEL B t——— MODEM OR
DISCRETE j——e~ OTHER CONTROLS
CONTROLAND o
STATUS -
INTERRUPT ~——] INTERRUPT CHANNEL 8
CONTROL =t CONTROL REACIWRITE
LNES <  LOGIC REGISTERS
—
SERIAL DATA
e
i__> CHANNELD | o CMANNEL CLOCK
[t WAIVIREADY
+5VGND CLK
Figure 3. Block Diagram
. .
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Datenbladtter DART

Functional
Description
(Continued)

POLLING. There are no interrupts in the
Polled mode. Status registers RRO and RR1 are
updated at appropriate times for each function
being performed. All the interrupt modes of
the Z-80 DART must be disabled to operate the
device in a polled environment.

While in its Polling sequence, the CPU
examines the status contained in RRO for each
channel; the RRO status bits serve as an
acknowledge to the Poll inquiry. The two RRO

status bits Dy and D, indicate that a data
transfer is needed. The status also indicates
Error or other special status conditions (see
“Z-80 DART Programming"). The Special
Receive Condition status contained in RR1
does not have to be read in a Polling sequence
because the status bits in RR] are accom-
panied by a Receive Character Available
status in RRO.

INTERRUPTS. The Z-80 DART offers an
elaborate interrupt scheme that provides fast
interrupt response in real-time applications. As
a member of the Z-80 family, the Z-80 DART
can be daisy-chained along with other Z-80
peripherals for peripheral interrupt-priority
resolution. In addition, the internal interrupts
of the Z-80 DART are nested to prioritize the
various interrupts generated by Channels A
and B. Channel B registers WR2 and RR2 con-
tain the interrupt vector that points to an inter-
rupt service routine in the memory. To
eliminate the necessity of writing a status
analysis routine, the Z-80 DART can modify the
interrupt vector in RR2 so it points directly to
one of eight interrupt service routines. This is
done under program control by setting a pro-
gram bit (WR1, D,) in Channel B called
“Status Affects Vector.” When this bit is set,
the interrupt vector in RR2 is modified accord-
ing to the assigned priority of the various
interrupting conditions.

Transmit interrupts, Receive interrupts and
External/Status interrupts are the main sources
of interrupts. Each interrupt source is enabled
under program control with Channel A having
a higher priority than Channel B, and with
Receiver, Transmit and External/Status inter-
rupts prioritized in that order within each
channel. When the Transmit interrupt is
enabled, the CPU is interrupted by the
transmit buffer becoming empty. (This implies
that the transmitter must have had a data
character written into it so it can become

empty.) When enabled, the receiver can inter-
rupt the CPU in one of three ways:

® Interrupt on the first received character
B Interrupt on all received characters
@ Interrupt on a Special Receive condition

Interrupt On First Character is typically
used with the Block Transfer mode. Interrupt
On All Receive Characters can optionally
modify the interrupt vector in the event of
a parity error. The Special Receive Condition
interrupt can occur on a character basis. The
Special Receive condition can cause an inter-
rupt only if the Interrupt On First Receive
Character or Interrupt On All Receive Char-
acters mode is selected. In Interrupt On First
Receive Character, an interrupt can occur
from Special Receive conditions (except Parity
Error) after the first receive character interrupt
(example: Receive Overrun interrupt).

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD and Rl pins; however, an
External/Status interrupt is also caused by the
detection of a Break sequence in the data
stream. The interrupt caused by the Break
sequence has a special feature that allows the
Z-80 DART to interrupt when the Break
sequence is detected or terminated. This
feature facilitates the proper termination of the
current message, correct initialization of the
next message, and the accurate timing of the
Break condition.

CPU/DMA BLOCK TRANSFER. The 2-80.
DART provides a Block Transfer mode to
accommodate CPU block transfer functions
and DMA block transfers (Z-80 DMA or other
designs). The Block Transfer mode uses the
W/RDY output in conjunction with the
Wait/Ready bits of Write Register 1. The
W/RDY output can be defined under software
control as a Wait line in the CPU Block

Transfer mode or as a Ready line in the DMA
Block Transfer mode.

To a DMA controller, the Z-80 DART Ready
output indicates that the Z-80 DART is ready to
transfer data to or from memory. To the CPU,
the Wait output indicates that the Z-80 DART is
not ready to transfer data, thereby requesting
the CPU to extend the 1/0O cycle.
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Datenbldtter DART

Internal.
Architecture

The device internal structure includes a Z-80
CPU interface, internal control and interrupt
logic, and two full-duplex channels. Each
channel contains read and write registers, and
discrete control and status logic that provides
the interface to modems or other external
devices.

The read and write register group includes
five 8-bit control registers and two status
registers. The interrupt vector is written into
an additional 8-bit register (Write Register 2)
in Channel B that may be read through Read
Register 2 in Channel B. The registers for both
channels are designated as follows:

WRO0-WRS5 — Write Registers 0 through 5§
RRO-RR2 — Read Registers 0 through 2

The bit assignment and functional grouping
of each register is configured to simplify and

organize the programming process.

The logic for both channels provides for-
mats, bit synchronization and validation for
data transferred to and from the channel inter-
face. The modem control inputs Clear to Send
(CTS), Data Carrier Detect (DCD) and Ring
Indicator (RT) are monitored by the control
logic under program control. All the modem
control signals are general purpose in nature
and can be used for functions other than
modem control.

For automatic interrupt vectoring, the inter-
rupt control logic determines which channel
and which device within the channel has the
highest priority. Priority is fixed with Channel
A assigned a higher priority than Channel B;
Receive, Transmit and External/Status inter-
rupts are prioritized in that order within each
channel.

Data Path. The transmit and receive data path
illustrated for Channel A in Figure 4 is iden-
tical for both channels. The receiver has three
8-bit buffer registers in a FIFO arrangement in
addition to the 8-bit receive shift register. This
scheme creates additional time for the CPU to

service a Receive Character Available inter-
rupt in a high-speed data transfer.

The transmitter has an 8-bit transmit data
register that is loaded from the internal data
bus, and a 9-bit transmit shift register that is
loaded from the transmit data register.

UO DATA BUFFER

TRANSMIT DATA

RECEIVE
RaCA —»-{ cLOCK
LogGic

aoit oELAY [~TA0A

SHIFT REGISTER | START

1T RECEIVE RECEIVE
—] oetiv T 208 (=} s REaSven Ao cloex toaic [+
i 1ttt
Figure 4. Data Path
Datentechnik oettle + reichler - 23 -
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Z2-80 DART

To program the Z-80 DART, the system pro-

Programming gram first issues a series of commands that

initialize the basic mode and then other com-
mands that qualify conditions within the select-
ed mode. For example, the character length,
clock rate, number of stop bits, even or odd
parity are first set, then the Interrupt mode
and, finally, receiver or transmitter enable.

Both channels contain command registers
that must be programmed via the system pro-
gram prior to operation. The Channel Select
input (B/A) and the Control/Data input (C/D)
are the command structure addressing con-
trols, and are normally controlled by the CPU
address bus.

Write Registers. The Z-80 DART contains six
registers (WRO-WRS) in each channel that are
programmed separately by the system program
to configure the functional personality of the
channels (Figure 4). With the exception of
WRO, programming the write registers requires
two bytes. The first byte contains three bits
(Dy-Dy) that point to the selected register; the
second byte is the actual control word that is
written into the register to configure the Z2-80
DART.

WRO is a special case in that all the basic
commands (CMDy-CMD,) can be accessed
with a single byte. Reset (internal or external)
initializes the pointer bits Dy-D; to point to
WRO. This means that a register cannot be

pointed to in the same operation as a channel
reset.

Write Register Functions

WRO Register pointers, initialization commands for
the various modes, etc.

WRI Transmit/Receive interrupt and data transfer
mode definition.

WR2 Interrupt vector (Channel B only)
WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters
and modes

WRS Transmit parameters and controls

Read Registers. The Z-80 DART contains
three registers (RRO-RR2) that can be read to
obtain the status information for each channel
(except for RR2, which applies to Channel B
only). The status information includes error
conditions, interrupt vector and standard
communications-interface signals.

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WRO in
exactly the same way as a write register opera-
tion. Then, by executing an input instruction,
the contents of the addressed read register can
be read by the CPU.

The status bits of RRO and RRI are carefully
grouped to simplify status monitoring. For
example, when the interrupt vector indicates
that a Special Receive Condition interrupt has
occurred, all the appropriate error bits can be
read from a single register (RR1).

Read Register Functions

RRO Transmit/Receive bufler status, interrupt
status and external status

RRl Special Receive Condition status
RR2 Modified interrupt vector (Channel B only)

Datentechnik oettle + reichler
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Z-80 DART READ REGISTER 0
Read and Write [5:10:]®; [0:]55]0; |51 5]
Registers I L u caracten avaiLasie
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY
oco
Rl
USED WITH “EXTERNAL/
crs STATUS INTERRUPT"
NOT USED | MODE
BREAK
READ REGISTER 1* READ REGISTER 2
[BrIo o [ou]s]o: [ou 00 [or]os]s0s s[04 [0, 0o |
| L avusenr I L v
NOT USED viee
PARITY ERROR . vase
Rx OVERRUN ERROR V3** \ INTERRUPT
FRAMING ERROR va [ VECTOR
NOT USED vs
*Used With Spec:al Receive Concition Modo vé
v
**Vanable Il “*Status Atlects
Vector” Is Programmed
WRITE BEGISTERO WRITE REGISTER 1

| EEEEERERE]

L—o o o neasieno I L extinr emaoie
0 0 1 REGISTER1 Tx INT ENABLE
0 1 0 REGISTER2 STATUS AFFECTS VECTOR
0 1 1 REGISTER] (CM. 8 ONLY)
1 0 0 REGISTER4
1 0 1 REGISTERS 0 AxINT CISABLE
1 RxINT ON FIRST CHARACTE ORON
O INTONALL e CRARACTERS PARITY | sPECIAL
AFFECTS VECTOR) RECEIVE
9 0 0 NULLCODE 11 INTONALL Rx CHARACTERS (PARITY | CONDITION
s 3 & Norusen DOES NOT AFFECT VECTOR)
10 ET EXTISTATUS INTERRUPTS
© 1 1  CHANNEL RESET e WAITIREADY ON RIT
T 0 0 EMABLEINT O NEXT A CHARACTER
1 0 1 RESETTANTPENDING WAITIREADY FUNCTION
1 1 0 ERRORRESET L WAIT/IREADY ENABLE
13 3 RETURN FROMINT {CH-A ONLY)
NOT USED
WRITE REGISTER 2 (CHANNEL B ONLY) WRITE REGISTER 3
ODDRDDRRN] GCREEEEER]
| Lo | L pxenasee
i NOT USED (MUST BE PROGRAMMED 0)
vz AUTO ENABLES
0 0 RxSBITS/ICHARACTER
w INTERRUPT 0 1 Rx7BITS/ICHARACTER
v 1 0 RxGBITS/CHARACTER
vs 1 1 RxSCITSCHARACTER
ve
v
WRITE REGISTER 4 VQ\ITE BEGI

[o:Toe]os o Jos[oa [0 06 ] Llo.lo.ln. n.lu.lo.lml

| L pariry enaste L ot useo
PARITY EVEN/ODD . nr s
NOT USED NOT USED
1 STOP BITICHARACTER
1% STOP BITSICHARACTER TxENABLE !
SEND BREAK

[
o 1
1 0
1 1 2STOP BITSICHARACTER
NOT useo o o n s aus (OR Lessycuamrza
0 1 ITSICHARACT!
0 0 X1 CLOCKMODE T o me sws:cmmctta
0 1 X16CLOCK MODE 1 1. Tx8BITSICHARACTER §
1 0 X32CLOCK MODE oTR
1 1 X84 CLOCK MODE
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SIGNAL NAME DESCRIPTION

VSS Ground

Vee +5 volts (+ 5 percent)

(1% Chip Enabtle (Input, active low)

RD Read Enable (Input, active low)

WR Write Enable (Input, active low)

Ag-Ag Address Inputs. Used to address one of the internal registers during a read or write
operation

Do-D; Data Bus (bi-directional)

RESET Device Reset {negative true). When activated, all internal registers (except for Timer or
USART Data registers) will be cleared, all timers stopped, USART turned off, all
interrupts disabled and all pending interrupts cleared, and all |70 lines placed in
tri-state input mode.

Ig-} General purpose 170 and interrupt lines

I'l'il_‘i‘z Interrupt Request (Output, active low, open drain)

fORQ Input/Output Request from Z80-CPU (input, active low). The IORQ signal is used in
conjunction with M1 to signal the MK3801 that the CPU is acknowledging its interrupt.

13] Interrupt Enable In, active High

IEO Interrupt Enable Out, active High

SO Serial Output

Sl Serial Input

RC Receiver Clock Input

TC Transmit Clock Input

TAO-TDO Timer Outputs

TCLK Timer Clock Input

M1 Z80 Machine Cycle One (negative true)

PIN DESCRIPTION

Figure 1 illustrates the pinout of the MK3801. The functions
of these individual pins are described above.

INTERNAL ORGANIZATION

Figure 2 illustrates the MK3801 internal organization,
which supports the full set of timing, communications,
parallel 170, and interrupt processing functions available in
the device.

CPUBUS 170

The CPU BUS 170 provides the means of communications
between the system and the MK3801. Data, Status, and
Control Registers in the MK3801 are accessed by the busin
order to establish device parameters, assert control, and
transfer status and data between the system and the
MK3801.

Each register in the MK3801 is addressed over the address
bus in conjunction with Chip Enable (CE), while data is
transferred over the eight bit Data bus under control of Read
(RD) and Write (WR) signals.

REGISTER ACCESSES
All register accesses are independent of any system clock.

To read a register, both CE and RD must be active. The
internal read control signal is essentially the combination of

Datentechnik oettle + reichler

both CE and RD active; thus the read operation will begin
when the later of these two signals goes active and will end
when the first signal goes inactive. The address bus mustbe
stable prior to the start of the operation and must remain
stable until the end of the operation. Unless a read operation
or an interrupt acknowledge cycle is in progress, the data
bus (Dg-D5) will remain in the tri-state condition.

To write a register, both CE and WR must be active. The
address must be stable prior to the start of the operation and
must remain stable until the end of the operation. The data
must be stable prior to the end of the operation and must
remain stable until the end of the operation. The data
presented on the bus willbe latched into the register shortly
after either WR or CE goes inactive.

INTERNAL REGISTERS

There are 24 internal registers usedto control the operation
of the STI. Sixteen of these registers are directly
addressable and accessible. Eight registers are indirectly
addressable via the Pointer/Vector Register and accessible
via the Indirect Data Register.

DIRECTLY ADDRESSABLE REGISTERS
The birectly Addressable Registers are accessed by placing
the address of the desired register on the address lines

{Ag-Az) during a write or read cycle. Figure 3 lists the
Directly Addressable Registers.

_Ab—
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INTERNAL ORGANIZATION
Figure 2 RESET
l TCLK
INTERNAL CONTROL
LOGIC 1co0
T TIMERS
cep — TDO
'
DATA (8) <a—p»] f——a— TAO
TIMERS
» A&B
ADDR (3) ——p] g —> T80
u
— B l¢—SI
CE —>] g -
) l4—————RC
6 —»| USART
RD—> > SO
- TC
WR ——p>
GENERAL
PURPOSE [e— lg-1;
1/0 - INTRPT
INTERRUPT
CONTROL
1 ] i
™ 10R0 IEI IEO INT
DIRECTLY ACCESSIBLE REGISTERS
Figure 3
ADDRESS ABBREVIATION REGISTER NAME
0 IDR Indirect Data Register
1 GPIP General Purpose |/0O-Interrupt
2 IPRB Interrupt Pending Register B
3 IPRA Interrupt Pending Register A
4 ISRB Interrupt in-Service Register B
5 ISRA Interrupt in-Service Register A
6 IMRB Interrupt Mask Register B
7 IMRA Interrupt Mask Register A
8 PVR Pointer/Vector Register
9 TABCR Timers A and B Control Register

Datentechnik oettle + reichler
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DIRECTLY ACCESSIBLE REGISTERS (Continued)
Figure 3

ADDRESS ABBREVIATION | REGISTER NAME
A TBDR Timer B Data Register
B TADR Timer A Data Register
Cc UCR USART Control Register
D RSR Receiver Status Register
E TSR Transmitter Status Register
F UDR USART Data Register

INDIRECTLY ADDRESSABLE REGISTERS
Figure 4

INDIRECT ADDRESS ABBREVIATION REGISTER NAME
o SCR Sync Character Register
1 TDDR Timer D Data Register
2 TCDR Timer C Data Register
3 AER Active Edge Register
4 IERB Interrupt Enable Register B
5 IERA Interrupt Enable Register A
6 DDR Data Direction Register
7 TCDCR Timers C and D Control Register

INDIRECTLY ADDRESSABLE REGISTERS

Indirectly Addressable Registers are addressed by placing
the indirect address in bits IAO-IA2 of the Pointer/Vector
Register, as defined in Figure 5. Data may be written to or
read from the register indicated by these Indirect Register
Address bits by a write or read access of the Indirect Data
Register (selected when Ag-A3 are all zero). The indirect
address bits of the Pointer/Vector Register will remain
unchanged after an indirect access. Repeated accesses of
the Indirect Data Register will access the same indirect
register as long as the indirect address in the
Pointer/Vector Register remains unchanged. The Indirectly
Addressable Registers are listed in Figure 4.

INTERRUPT VECTOR DEFINITION

Each individual function in the MK3801 is provided with a
unique interrupt vector that is presented to the system
during the interrupt acknowledge cycle. The interrupt vector
returned during interrupt acknowledge is formed as shown
in Figure 6. There are 16 vector addresses generated
internatly by the MK3801, one for each of the 16 interrupt
channels. The three most significant bits of these vector
addresses correspond to the three most significant bits of
the Pointer/Vector Register shown in Figure 5. The least
significant bit of each vector address is always O, thus
producing even vector addresses. The remaining 4 bits (IV,
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through 1V,4) identify each of the 16 interrupt channels
individually. The lowest priority channel responds with
0000 for IV,4-IV, respectively. The next higher priority
channel responds with 0001, and so on in binary order, with
the highest priority channel responding with 1111. Figure 7
lists each of the 16 interrupt channels in order of
descending priority.

INTERRUPT CONTROL REGISTERS

The Interrupt Control Registers provide control of interrupt
processing for all 170 facilities of the MK3801. These
registers allow the programmer to enable or disable any or
all of the 16 interrupts, provide masking for any interrupts,
and access to the pending or in-service status of the
interrupts. Optional End-of-Interrupt modes are available
under software control. The format of each of the Interrupt
Control Registers is presented in Figure 8.

INTERRUPT OPERATION

The Interrupt Enable Registers enable or disable the setting
of an interrupt in the Interrupt Pending Registers. A O ina
bit of the Interrupt Enable Registers disables the interrupt
for the associated channel while a 1 enables the interrupt.

Once an interrupt is enabled, the occurrence of an
interrupting condition on that channel will cause the
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POINTER/VECTOR REGISTER (PVR) Port 08
Figure 5

V, Vg Vg VR, S 1A, 1A, 1A,

“emmttnsttmm—— ] ] ———m——

Address of register

1A, - 1A,:
° 2 to be accessed via the IDR.

S: In-Service Register
Enable.

VR,:  Vector register bit can
be used as a control bit.
It can be written to as a
user status flag. When the
VR is read, itis read as
the value that was last
written to it by the user..

7 Upper three bits of
interrupt vector.
Wiritten into the VR by
the user.

INTERRUPT VECTOR
Figure 6

V, Vg Ve IV, v, IV, IV, 0

[

IVy:  Always zero

Vector bits 1 through 4.

Supplied by the STi based
upon the interrupting channel.

3 most significant bits.

Copied from the Pointer/Vector
Register (PVR). (See Figure 5).

corresponding bitin the Interrupt Pending Register to be set.
This indicates that an interrupt is pending in the MK3801.

Pending interrupts are presented to the Z80 CPU in order of
priority (see Figure 1) unless they have been masked off.
This is done by clearing the bit in the Interrupt Mask
Register corresponding to the channel whose interruptis to
be masked. The channel’s interrupt will remain pending
until the mask bit for that channel is set, at which time the
interrupt for that channel will be processsed in order of
priority.

When an interrupt vector is generated for a pending
interruptand passed to the Z80 CPU, the bit in the Interrupt
Pending Register, associated with the channel generating
the interrupt, will be cleared. At this time, no history of the
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interrupt remains in the MK3801.

In order to retain historical evidence of an interrupt being
serviced by the Z80, the In-Service Register may be enabled
by setting the S-bit in the Pointer/Vector Register (see
Figure 5). If the In-Service Register is enabled, the bit of the
In-Service Register corresponding to the interrupting
channel will be set when the interrupt vector is passed to
the Z80. At the same time, the Interrupt Pending bit will be
cleared since the interrupt is nowin service. The In-Service
bit will be cleared on execution of a Return-from-Interrupt
(H'ED4D’) instruction. The In-Service Registers are directly
addressable, and the In-Service bit for any interrupt may be
cleared by writing to the In-Service Register if the Return-
from-Interrupt instruction is not used.

_As_
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INTERRUPT CONTROL REGISTER DEFINITIONS

Figure 7

There are sixteen interrupt channels on the STl arranged in
the following priority:

PRIORITY CHANNEL DESCRIPTION ALTERNATE USAGE
HIGHEST 111 General Purpose Interrupt 7 (I5)
1110 General Purpose Interrupt 6 (lg)
1101 Timer A
1100 Receive Buffer Full
1011 Receive Error
1010 Transmit Buffer Empty
1001 Transmit Error
1000 Timer B
o111 General Purpose Interrupt 5 (I5)
0110 General Purpose Interrupt 4 (l;) TA (PW-Event)
0101 Timer C
0100 Timer D
0011 General Purpose Interrupt 3 (I3) TB (PW-Event)
0010 General Purpose Interrupt 2 {I,)
0001 General Purpose Interrupt 1 (1) DMA (TR)TX
LOWEST 0000 General Purpose Interrupt O {lp) DMA (RR)IREC
INTERRUPT CONTROL REGISTERS
Figure 8
INTERRUPT ENABLE REGISTERS
ADDRESS
7 ) 5 4 3 2 1 1]
Indirect A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER
Port§ (IERA) 7 6 A Buffer Error Buffer Error B
Full Empty
Indirect B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP
Port4 (IERB) 5 4 (o D 3 2 1 (i}
INTERRUPT MASK REGISTERS
7 6 5 4 3 2 1 (1]
Port 7 A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER
{IMRA) 7 6 A Buftar Error Bufter Error B
Full Empty
Port 6 B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP
{(IMRB) 3 4 c D 3 2 1 0
1 = UNMASKED, 0 = MASKED
INTERRUPT PENDING REGISTERS
7 6 6 4 3 2 1 0
Port 3 A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER
(IPRA) 7 6 A Butfer Error Buffer Error (-]
Full Empty
Port 2 8 GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP
(IPRB) 5 4 c D 3 2 1 0
WRITING 0 = CLEAR
WRITING 1 = UNCHANGED
Datentechnik oettle + reichler - 306 -
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INTERRUPT CONTROL REGISTERS (Continued)
- Figure 8

INTERRUPT SERVICE REGISTERS

ADDRESS 7 6 5 4 3 2 1 0
Port & A GPIP GPIP TIMER RCV RCV XMIT XMIT TIMER
{ISRA) 7 6 A Buffer Error Buffer Error B8
Full Empty
Port 4 B GPIP GPIP TIMER TIMER GPIP GPIP GPIP GPIP
(ISRB) 5 4 [+ D 3 2 1 0

TIMER A and BCONTROL REGISTER (TABCR) Port 9
Figure 9

TABCR, TABCR,

ac,| Ac, | Ac, | Ac, | 8C, | BC, | BC, | BC,

v hd

AC, - AC,: Timer A BC, - BC,: Timer B
Control Bits Contro! Bits

The four control bits are used to select the timer mode and
prescale value, as follows:

CONTROL BIT DEFINITION

0
w
0
N
o
0
o

Timer Stopped

Delay Mode, <4 Prescale

Delay Mode, +10 Prescale

Delay Mode, <16 Prescale

Delay Mode, <50 Prescale

Delay Mode, +-64 Prescale

Delay Mode, =100 Prescale

Delay Mode, 200 Prescale

Event Count Mode

Pulse Width Mode, +4 Prescale
Pulse Width Mode, <10 Prescale
Pulse Width Mode, <16 Prescale
Pulse Width Mode, +50 Prescale
Pulse Width Mode, +64 Prescale
Pulse Width Mode, <100 Prescale
Puise Width Mode, +200 Prescale

TIMER A DATA REGISTER AND TIMER B DATA
REGISTER (TADR, TBDR) Port B & Port A

Lo, [ oo fo.fos[os] o0 ]o |

S4 s aa.ss-200000000
.42 2000022220000

-0=0-=0=-=0-20~20=0=0

TIMER C and D CONTROL REGISTER (TCDCR)
Indirect Port 7

Figure 10
TCDCR, TCDCR,
TIMERA | CcC, [cc, |cC, | TIMERB | DC, | DC, | OC,
RCSET RESET
—_— e
CC, - CCy: Timer C DC, - DCy;: Timer D
Control Bits Control Bits

Three control bits are used to control each timer, as defined
below:

CONTROL BIT DEFINITION

C, C Cp
(o] Timer Stopped

Delay Mode, +4 Prescale
Delay Mode, =10 Prescale
Delay Mode, =16 Prescale
Delay Mode, +50 Prescale
Delay Mode, +64 Prescale
Delay Mode, +100 Prescale

0
(o}
0
1
1
1
1 Delay Mode, +200 Prescale

- 0=0-0=0

TIMER C DATA REGISTER and TIMER D DATA
REGISTER (TCDR, TDDR) Indirect,
Port 2 and Indirect Port 1

D, | og[Ds{D,| D;| D, | D, | D,

TIMERS

Four timers are available on the MK3801. Two provide full
service features including delay timer operation, event
counter operation, pulse width measurement operation,
and pulse generation. The two other timers provide delay
timer features only, and may be used for baud rate
generators for use with the USART.

All timers are prescaler/counter timers, with a common
independent clock input, and are not required to be operated
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from the system clock. In addition, all timers have a time-out
output function that toggles each time the timer times out.

TIMER CONTROL REGISTERS

The 4 timers (A,B,C, and D) are programmed via 2 control
registers and 4 timer data registers. Timers A and B are
controlled by a single register (TABCR) and two timer data
registers (TADR,TBDR). Timers C and D are controlled by a
second contro! register (TCDCR) and two timer data
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registers (TCOR, TODR). Bits in the control registers allow
the selection of operational mode, prescale, and control,
while the data registers are used to read the timer or write
the time constant register. General Purpose 170 Interrupt
pins 3 (TB) and 4 (TA) are used for timer B and A inputs in
event and pulse width modes. Figure 9 illustrates the
Control and Data Register for timers A and B, while Figure
10illustrates the Control and Data registers for timers Cand
D.

USART

Serial Communication is provided by the USART, which is
capable of either asynchronous or synchronous operation.
Variable word width and start/stop bit configurations are
available under software control for asynchronous
operation. For synchronous operation, a Sync Word is
provided to establish synchronization during receive
operations. The Sync Word will also be repeatedly
transmitted when no other data is available for
transmission. Operational modes exist to allow stripping of
all Sync Words received in synchronous operation, and to
allow the operation of DMA control handshake lines by the
USART through General Purpose 1/0 Port lines O and 1.
Separate receive and transmit clocks are available, and

Datenblitter STI

separate receive and transmit status and data bytes allow
independent operation of the transmit and receive sections.

USART CONTROL REGISTERS

The USART is provided with 3 control/status registers and
a data register. The programmer may specify operational
parameters for the USART via the Control Register, as
shown in Figure 11. Status of both the Receiver and
Transmitter sections is accessed by means of the 2 Status
Registers, as shown in Figure 12. Data written to the Data
Register is passed to the transmitter, while reading the data
register will access data received by the USART. The
USART Data Register form is illustrated in Figure 13.

ERROR CONDITIONS

Error conditions in the USART are determined by
monitoring the Receive Status Register (Port D) and the
Transmitter Status Register (Port E). These error conditions
are only valid for each word boundary and are not latched.
When executing block transfers of data, it is necessary to
save any errors so that they can be checked at the end of a
block. In order to save error conditions during data transfer,
the STl interrupt controller may be used by enabling error

USART CONTROL REGISTER (UCR) Port C
Figure 11

UCR, UCR,,
- PARITY = DMA
0 ;_':_116 wL, | wi, ST, | ST, | ENABLED :, = %VDES CONTROL
ON1 ENABLE
Enables output signals
Recsiver Ready (Bit 0)
== and Transmitter Ready
(Bit 1) on the general

170 Port. {See Figure 14)

Start/Stop bit contro! (format control)

ST, 8T, Start  Stop  Formats
Bits Bits
0 (1] o 0 Sync
1] 1 1 1 Async
1 (4] 1 1% Async
1 1 1 2 Async
*NOTE: + 16 only
Word Length Control
WL, Word Length
o' o 8 bits
1] 1 7 bits
1 (/] 6 bits
1 1 6 bits

Datentechnik oettle + reichler
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RECEIVER STATUS REGISTER (RSR) Port D
Figure 12

RSR, RSR,
BUFFER OVERRUN PARITY FRAME FOUND/SEARCH MATCH/CHARACTER SYNC STRIP RECEIVER
FULL ERROR ERROR ERROR | OR BREAK DETECT IN PROGRESS ENABLE ENABLE
TRANSMITTER STATUS REGISTER (TSR) Port E
TSR, TSR,
BUFFER UNDERRUN | AUTO END OF TRANSMITTER
EMPTY ERROR TURNAROUND { TRANSMISSION BREAK | HIGH | Low ENABLE
H L Serial Output State
(V] [¢] Hi-
o 1 Low (“0")
1 (o] High
1 1 Loop®
*Connects transmitter
output to receiver input.
In loopback mode, trans-
mitter goes high when
disabled. Also connects
clocks with TC given
pricrity.
USART DATA REGISTER (UDR) Port F
Figure 13
Do, D, Dg 0, D, D, D, Do
GENERAL PURPOSE 170 CONTROL REGISTERS
Figure 14
ACTIVE EDGE CONTROL REGISTER (AER) Indirect Port 3
1 = RISING GPIP GPIP GPIP GPIP GPIP GPIP GPIP GPIP
0 = FALLING 7 6 5 4 3 2 1 [}
DATA DIRECTION REGISTER (DDR) Indirect Port 6
oot | emp | erp | e | erp | ere | ePp | ePp | aPi
7 6 5 4 3 2 1 (1]
GENERAL PURPOSE 1/0 DATA REGISTER {(GPIP) Port 1
GPIP GPIP GPIP GPIP GPIP GPIP GPIP GPIP
7 6 ) 4 3 2 1 0
(TR} (RR)
TIMERA | TIMER B
INPUT INPUT

interrupts (Port 5, Indirect) for the desired channel (Receive
error or Transmit error) and by masking these bits off (Port
7). Once the transfer is complete, the Interrupt Pending
Register (Port 3) can be polled to determine the presence of
a pending error interrupt, and therefore an error.

GENERAL PURPOSE I/0 - INTERRUPT PORT

The General Purpose 170 - Interrupt Port provides eight {/0
lines that may be operated either as inputs or outputs under
software control. In addition, each line may generate an
interrupt on either a positive going edge or a negative going
edge of the input signal.

Two of the lines in this port provide auxiliary input functions
for the timers in the pulse width measurement mode and
the event counter mode. Two others serve as auxiliary
output lines for the USART, one indicating the Receive
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Buffer Full condition (RR) and the other indicating the
Transmitter Buffer Empty condition (TR). These may be used
as handshake signals for a DMA controller or other external
control circuitry.

GENERAL PURPOSE I/0 CONTROL REGISTERS

The General Purpose 170 and Interrupt Port has 2 control
registers. One allows the programmer to specify the Active
Edge for each bit that will trigger the interrupt associated
with that bit. The other register specifies the Data Direction
(input and output) associated with each bit. The third
register is the actual data I/0 register used to input or
output data to the port. When the USART is programmed to
use DMA signals, this overrides the GPIP data and the DDR.
The General Purpose 1/0 Contro! and Data Registers are
illustrated in Figure 14.
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COMMAND SYMBOL
DESCRIPTION SYMBOL NAME DESCRIPTION
Ay Address Line 0 Ag controls selection of Main Status Register {Ag = 0)or Date
Register (Ag = 1)
[ Cylinger Number | C stancs for the current/seiected Cylinder (track) aumber 0

through 76 of the medium.

D 100t (or the dsta Dattern which & QoW 10 be written into s

atter tinahing ReadWiite operation on 1i0e 0 FOC witl suto-
maticatly 1tart sesrching 107 sector 1 on soe ¥,

o Dats
Sector.

07:00 Oates Bus 8-0it Dats Bus, whare D7 s1ands for 8 most significant bit, snd

. Dy stancs for 3 leant signiticant bit,

oL Data Lengih Wenea N 1s Oehord 51 00 DT 51ancs 10+ the Gata length which
uters sre QOINg £O read Oul OF write INTO the Sector.

EOT End of Teack EOT s1anch for the Jinal Sector aumber on 8 Cytinder, During
Resd o Write aoeration FDC will $100 date ransfer slter 3 sector
& equal 10 EOT.

GPL Gap Lengtn GPL stands 10r the length of Gao 3, Duning Read/Write commands
this value determmes the number of Dytes that VCO1 will stay low
aftet two CRC bytes. During Forme: commend ¢ determinet the
s7e ot Goo 3.

L Head Addrets H stands 101 head number O or 1, 53 specitied wn 1D tield.

HD Head HD s18n0% 101 8 setected head number O or 1 nd cONLFOT the
Solarity of pin 27. (H * HD in st commsna words.)

e

HLT Head Load Time HLT stencs for the hesd load time in the FOD (2 10 254 ms in
2 m increments).

HUT Hesd Untosd Time | KUT stends (or the head uniced tume ster & read Of witte 0Pers-
100 hat occurred 116 10 260 ma in 16 M increments).

MF €M ot MFM Mode | 1t ME is low, FM mooe s sciected, #nd it «t « high, MFM mode I
telecwd.

MY Mult-Track 1t MT it Pagh. 8 Mutti-track OPETENON & to De performed. Mt

ao3ndwoodusutietdutd - D44
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SYMBOL !WE DESCAIPTION
N Number N stands for the number of data bytes
weitten on 8 Sector.
NCN New Cyhinger Number | NCN stands for 3 new Cylinder number,
which is going to be reached 33 a resuit of the
Seek operation. Desired poutwon of Hesd.
ND Non-DMA Mode ND s1andds tor operation in the Noa-DMA Mods.
PCN Present Cyhnder PCN stands for the Cylinder aumber 3t the com-
Numbder pletion of SENSE INTERRUPT STATUS
Command. Poution of Head o1 present time.
R Record R 1t5nds for the Sector number, which will
e re3d or written.
R™ ReaoWeite RAY stnds tor sither Read (R) or Weite (W)
signal.
SC Sector SC ndicates the numbsr of Sectors per
Cylinder.
$X Skip SK s1and tor Skip Delersd Cata Address Mark.
SAT Sup Rate Time SRT stands for the Stepping Rate for the FOD.
{1 10 18 ms in 1 ms increments.} Stepping Rete
applies to !l drives, (F = 1 ms, € = 2 ms, otc.).
sto Status 0 ST 0-3 stand for oae Of four registers which
ST Status 1 store the suatus information sfur 8 command
§T2 Status 2 has been exacuted. This information is
sT3 Sutus I svailable during the resutt phate after command
execution. These registers should not be con-
tuted with the main status register (sefected by
Ag = 0). ST 0-3 may be resd only sfter a com-
mand has been executed and contsin informatiorn
eolavant 1o that particutsr command.
sTP During 8 Scan operation, if STP » 1, the data in
CONTigUOUS LECTOrs is compired byte by byte
with data sent from the processor (or DMA);
and it STP ® 2, then alternate sectors are resd
and compared.
USD, USY | Unit Setect US stands tor 8 selected drive oumber OQor ).
MEMORIES
0000 SYSTEM BUS ]
O8o.7 Ao
WEMA ooy
o’ )
W =
oW &
o -
RESET  READ
HLDA OATA
) (X8
Jre oo ] rooaTa
oMa o
Len | OACK SO pROATS onve
e e K rut contaoL ITERACE
TERMINAL __——__.:
COUNT OUTPUT CONTROL

PROCESSOR INTERFACE

POLLING FEATURE OF
THE uPD765

uPD765A

During Command or Result Phases the Main Status Register (described earfier) must be
read by the processor before each byte of information is written into or read from the
Data Register, After each byte of data read or written to Data Register, CPU should
wait for 12 us before reading MSR. Bits DG and D7 in the Main Status Register must
be in 8 0 and 1 state, respectively, before each byte of the commiand word may be
written into the uPD765, Many of the ds requi Itiple bytes, and as a
sesult the Main Status Register must be read prior 1o each byte transfer to the pPD765,
On the other hand, during the Result Phase, D6 and D7 in the Main Status Register
must both be 1°s (D6 = 1 and D7 = 1) before reading each byte from the Data Register.
Note, this reading of the Main Status Register before each byte transfer to the uPD765 .
is required in only the Command and Result Phases, and NOT during the Execution
Phase.

During the Execution Phase, the Main Status Register need not be read, If the uPD765
is in the NON-DMA Mode, then the receipt of each data byte {if uPD765 is reading
data from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1), The generation
of a Read signa! (RD = 0} or Write signal (WR = 0) will reset the Interrupt as well as
output the Data onto the Data Bus, If the processor cannot handle Interrupts fast
enough (every 13 us) for MFM and 27 s for FM mode, then it may poll the Main
Status Register and then bit D7 (RQM} functions just like the {nterrupt signal, If a
Write Command is in process then the WR signal performs the resst to the Interrupt
signal,

1f the uPD76S is in the DMA Mode, no interrupts are generatod during the Execution
Phase, The xPD765 generates DRQ’s (DMA Reguests) when each byte of data is avail- -
able. The DMA Controller responds to this request with both a DACK = 0 {(DMA
Acknowledge) and a RD = 0 (Read signal), When the DMA Acknowledge signal goes
low {DACK = 0) then the DMA Request is resat (DRQ = 0), |f a Write Command has
been programmed then a WR signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has occurred) or EOT sector was read/
written, then an Interrupt will occur (INT = 1). This signifies the beginning of the
Result Phase, When the first byte of data is read during the Result Phase, the Interrupt
is automaticeily reset {INT = 0).

It Is important 16 note that during the Result Phase il bytes shown in the Command
Table must be read. The Read Data Command, for example has seven bytes of data in
the Result Phase. All seven bytes must be read in order to successfully completa the
Read Data Command, The zPD765 will not accept a new command until all seven
bytes have been read, Other commands may require fewer bytes to be read during the
Result Phase,

The uPD765 ins five Status Reg| The Main Status Register mentioned above
may be read by the processor at any time. The other four Status Registers (STO, ST,
ST2, and ST3) are only available during the Result Phase, and may be read only after
completing a command, The particular command which has been executed determines
how many of the Status Registers will be read.

The bytes of data which are sent to the uPDY6S to form the Command Phase, snd are
read out of the uPD76S5 in the Result Phase, must occur in the order shown in the
Command Tzble, That is, the Command Code must be sent first and the other bytes
sent in the prescribed sequence, No foreshortening of the Command or Result Phases
are allowed, After the last byte of dsta in the Command Phase is sent to the gPD765,
the € ton Phase ically starts. In a similer fashion, when the last byte of
deta is read out in the Result Phase, the command is sutomaticatly ended 2nd the
#PD765 is ready for 3 new command,

After the Specify command has been sent to the uPD76S, the Unit Setect tine USO and
US1 will automatically go into a polling mode, inb ds (and b

step pulses in the SEEK command) the uPD76S polls ail tour FDD's looking for
change in the Ready line from any of the drives, If the Ready line changes state {ususlly
due to a door opening of closing) then the uPD765 will generate 2n interrupt, When
Status Register 0 (STO) is read (after Sense Interrupt Status is issued), Not Ready (NR)
will be indicated. The polling of the Ready line by the uPD765 occurs continyousty
between commands, thus notilying the processor which drives sre on of oft tine. Each
drive is polied every 1,024 ms except during the Read/Write commands.

)
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READ DATA

Aset of ning (8) byte words are required to place the FOC Into the Read Dsta Mode. Aftar the Read Data
comemand has been isued the FOC loeds the hesd (if it is in the unloaded state), waits the specified hesd
settting time (defined in the Soecify Commandl, and begins resding 1D Address Marks and 1D tielcs. When
the current sectoe number {”R*) stored in the (D Register (IDR) compares with the sactor number read off
the ditketts, then the FOC outputs dats (from the data field) byta-to-byte 10 the main system vis the data
bus.

Alter completion of the r0ad 0PEMBion (rom the Current sector, the Sector Number is incremented Dy one,
8nd the dsts from the next 36Ctor is teed 8nd Output O the data bul. This continuous resd function i catied
» “Multi-Sect1or Resd Operation.” The Reed Dats Command may be terminated by the receipt of 8 Terminet
Count signsl. TC should be itaued at the same tene that the DACK for the last byte of cats i sent. Upon
receipt of this segnsl, the FOC stops data to the but wikl L 10 road data from the
current sactor, check CRC [Cycixc Redundancy Count) bytes, Snd then st the end of the sector termmnste

the Read Dats Command.

The amount of data which can be handied with 8 single comenand to the FDC depends upon MT {multh-
wackl, MF (MFM/EM), sad N (Number of Bytes/Sector]. Table 1 below shows the Transter Capacity.

Multi Teack | MFM/FM | Bytes/Sector Mexiowen Transfer Capecity Finel Sector Read

T MF N (Bytes/Sector) (Number of Sectors) from Diskstts
o [ 11281 (26) = 3,328 26 21 Site 0

0 1 [ (256) (26) = 6,658 or 26 2t Side 1
1 [ 00 1128) (52) ~ 6,656
' 1 01 (2561 (52) = 13,312 26 a1 Side 1
) ° 01 (256) (15) = 3,840 1551 5¢ 0
0 [} 02 (512) (15) = 2,680 or 15at Sice 1
1 0 o1 1256) (30) = 7,680 ]
1 ' 02 (512) (30) = 15360 1581 Side 1
0 ) 02 B121(8) = 4,096 BatSice 0
0 1 ] (1024)(8) = 8192 or 8 a1 Side 1
1 ] 02 (512)(16) = 8,182
) 1 0 (1024) 118) = 16,384 Bt Sice

Table 1. Teansfer Capecity

The “multi-track” function (MT] allows the FOC to read dats from both sides of the disketts. For a
perticular Cylinder, dats will be transtecred starting a1 Sector 1, Side O and comoteting at Sector L, Side
{Sector L = last sector on the side). Note, this function pertsing 1o only one cylinder (the same track) on
each side of the diskette.
When N = 0, then DTL defines the data length which the FOC must treat 83 8 sector. If DTL is smatier then
the actusl dats length ina m.u&nmonhmm.ammwmw-mmFoc
reads (i ) th Sector ing the CRC check, and depending upon the manner of com-
mand termination, may perform a Multi-Sector Resd Operation. When N is non-zero, then DTL has no
meaning and thould be set 10 FF Hexidecimal.
At the completion of the Read Dats C: the head it not unt untd sfter Head Unlosd Teme
tntervat lspecified in the Specifty Command) has elapied. 11 the processor istues another command before
the head unioads then the head settling time may be saved between subsequent rezds. This time outis
particutarly valusble when » diskette is copied from one drive 1o snother.

It the FOC getects the Index Hole twice without inding the right sector, lindicated in “R™), then the FOC
sats the ND (No Data) flag in Status Register 1 102 § {hegh), and terminates the Read Dats Command.
{Status Register 0 atso has bits 7 snd 654t t0 O 20d 1 respectively.)

After rescing the ID and Data Fietds in each sector, the FOC checks the CRC bytes. i a read error is
derected (incorrect CRC in (D fieid), the FDC sets the DE (Data Esror) flag in Status Register § 108 1 {high),
and if a CRC error occurs in the Data Fiesd the FOC 230 sets the DD {Dats Error in Data Fusid) flagin
Statea Regester 210 8 1 (hughl, snd terminates the Read Dsta Command. (Status Register 0 also has tets 7
#nd S 110 0 8nd 1 respactively.}

It the FOC reads s Deteted Data Address Mark off the aiskette, and the SK it {dit D5 in the tirst Commend
Word) 1 not set {SK = 0), then the FOC sets the CM {Control Mark) f1ag in Status Regrter 2 1o a § (high),
nd the Resd Dats C , otter raading all the data in the Sector. 11 SK © 1, the FOC thips
the 3ector with the Deleted Data Address Mack and reads the nent sector. The CRC tets in the Geteted dsts
Hieid sre not checked when SK » V.

Dwring disk date transters between the FDC and the procesior, via the data bus, the FOC muit be serviced
By the Drocessor every 27 ws 1n the FM Mode, and every 13 ut in the MFM Mode, or the FOC sets the OR
tOver Runl flag 1n Status Registes 1 to 8 1 (high), and the Resd Dats C:

§f she ProCessOr tevminstes 8 read (Or write) 0peration in the FOC, then the 1D Information i the Result
Phate 15 dependent upon the state of 1hve MT bit and EOT byte. Table 2 ows the values tor C, K, R, and
N, when the the C

FUNCTIONAL
DESCRIPTION OF
COMMANDS

uPD765A

1D tnformation at Result Phese
MY HD Fingd Sector Tracuferred to Procemor < - y M
[ Less than EOT NC NC Ret NC
1] Equal to EOT Cet NC AR=01 NC
° 1 Less than EOT NC NC Aet NC
1 Equal to EOT Ce+1 NC R =01 NC
0 Less then EOT NC NC R+ NC
[ Equal 10 EOT NC LSB Re=01 NC
! 1 Less than EOT NC NC Ret NC
1 Equal to EOT Ce+1 Lse A0 NC
Notes: 1 NC (No Changel: The same vatue 33 the one st the beg ot
2 LSB (Least Significant Bit): The least significant bit of M s ed
WRITE DATA

A set of nine (9] bytes ¢ reGuired 10 34t the FDC into the Write Data mode. After the Write Dats command
has been itsued the FOC loac the head (if it is in the uniosded s13te), weits the soecitied Head Settlng Time
(etined i the Specity Commaend), and bagios reading (D Fueids. Wien all (our Dytss I08ded Gureng the Com-
mand (C, M, R, N) match the four bytes of the 1D fwid trom (he dunatte, the FDC takes 0sts from the
Processor byte-by-byte vis the datas but, $nd Sutputs 1t to the FDD.

After writing dats into the current sctor, the Sector Number stored in"R* is incremented by one, and the
ext data tield is written Into. The FOC contnues this “Multi-Sector Write Operation” until the issuance of
2 Terminal Count signal. 1f 8 Terminat Court signal is sent to the FOC it continues writing into the current
wector 1o complete the data fietd. 1 the Terminal Count signs! is caceived while a dats tield is being writun
then the remainder of the data fistd is fitled with 00 (zecot).
The FDC eeads the 1D field of each tactor snd checks the CRC bytes. 1t the FDC detacts 3 reed efror
{incorrect CRC] in one of the [D Fietch, it sets the DE (Daua Error) cing of §nm Register 110 8 1 {high),
thmmmommucm(snmnwomhuun‘lu-dsmwom 1 rewpectivety.)
The Write Command operstes in much the same manne? 83 the Resd Command. The following items sre the
saene, and one shou!d refer to the Read Data Command for Jetaits:
o Teontler Capacity o Head Unload Tiee tnterva!
o EN (End of Cylinder) Flag e 1D ion when the L d lsee Tadie 2)
o ND {No Dsu) Flsg . wmm«onmu-owmnu-o

tn the Write Dats mode, Cats transfers Detween the Procwsor and FOC, vis the Deta Bus, must OCCwr ewevy
27 43 1 the EM mode, and every 13 w3 10 the MFM mode. If the time mterval Detween dats transiers is
tonger than this then the FDC sets the OR {Over Run} ttag in Status Regrater 1 to 8 3 (heghl, ond terminates
the Wrae Dats Command. (Status Regiater 0 80 has bit 7 and G st to Qend 1 respectively.)

WRITE DELETED DATA
This command iy the same 21 the Write Dats Command exceot a Deletes Dats Address Mark 1§ writien at the
neginning of the Data Field irstead of the normat Dava Address Matk

READ DELETED DATA

Thws command 1s the same as the Read Data Command excent at when the FOC oetects 2 Dats Aodeess
Mark a1 the beginning of a Data Field tand SK = 0 {lowl, 1t will read 3! the data 10 the $0C107 anu et e
CM Tieg tn Status Aegiter 210 8 3 (Mght, and then termenate the command. $1 SK = 1, then the FOC sups
the sector with the Dats Address Mark and reads the next sector.

RAEAD A TRACK

Thi command 1 umider to READ DATA Command eacept thay thes 4 & continuout READ operation
wheee the entire dats seid leom each OF the wectors are fead tmmediately after encountening the

INDEX KOLE, the FDC starts ceading 3 data tarids On the track. 83 £ORTAUOUL iocks o data 1Y ihe
FDC 1inos an eeror 10 the 1D or DATA CRC chech bytes, ot CON1NUes L0 resd Cats trom the teace The
FDC compares the 1D InfOIMa1iON 1280 trom €5Ch KeCTOr with Ihe value s107ed 1 whe IDR, and sets the
ND ftag of Status Regisier 110 3 1 theght «f there 13 O M A Of 3P are nol
tower with tha command

This command terminates when number of $eC1Ors read is equa! 10 EOT. It the FDC does not find
an 1D Address Mark on the diskette after it encounters the INDEX HOLE for the second time,
then it sets the MA (mussing aodress mark) fiag 1n Status Register 110 3 1 {migh), and terminates
the command. {Status Register O hes Dits 7 and 6 se1 10 0 and 1 respectively.)
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READ ID

Tne READ 1D Command « uted to 9rve the present POILION Of the recordwng head The FDC stores the
vatues 1rom (he tist 1D Furid 1t 18 20l t0 1080, I N0 proper 1D Aadress Mark " 1ound 0n the Jithette,
Detore the INDEX KOLE % encountered 1or tne 16cONd tme then the MA (Maseng Address Mara ) G199 i
Status Regrter 113101108 1 thigh, and 1 A0 a1 13 10und then the ND [N 0a12) 1229 4 210 tet « Statwn
ﬂqn:u- V1021 tngn). Tne command it then terminated with Bits 7 40 6 o Status Aegriter Oserto 0
490 1 respectively. Durang th command there 1 no data Lansier beeween FOC and the CP

e CPU eacept during
FORMAT A TRACK

Tne Format Command allows an entire track to be formatted. After the INDEX HOLE n detected, Data is
weaiten on the Diskette, Gaps, Address Marks, 1D Fretds and Data Fietds, all per the 1M System 34 {Double
Density) or System 3740 (Single Denity) Format are recorded. The particular format which will be written
" by the values prog 010 N {aumber of by SC A GPL (G
Lengin), and D (Data Pattem) which are by the dunng the C Phase. The Data
Fietd 13 t2led with the Byte of cata stored on D. The ID Field for €ach 3eCtor i supplied by the processor;
that is, four data requests per sector are made by the FDC for C (Cylnder Number), H (Head Number),

R (Sector Number) and N (Number of Bytes/Sector). Thes atlows the diskette 1o be formatied with non-
sequentisl sector numbers, if desired.

The pocessor mutt 5ena new values 1o €, M, R, and N to the uPDIES for each sector on the track. 11 FOC

" set 1or BMA mode. 1t wiit risve 4 DMA requests per 1ector 1 ot 1s sat 00 sntersuDt moce, ot will risue four
Der sector and the Mutt woply C, M, R and N 1oad 1o¢ each sector. The contents ot

the R register 11 sncremented by one after #dch sector i5 10rmatted, thys, the R +egister contains » vatue of

R when it 18 resd Gureng the Resutt Phase. This ang ] 10r the whole track

untd she FOC encounters the INDEX HOLE 1or the second teme, upon 1t the

1 2 FAULT 520l 1 recewed lrom the FOD a1 the end of a wirte Operation, then the FOC tats the EC

139 of S1atvs Regater Do a | {hghL, and terminates the command alter settng bits 7 snd 6 of Status

Regnter Oto Oana 1 resReclively. Also the lots of 2 READY nignal at the beginning of » command

SRECULION Dhase cavtes bits 7 and 6 of Siatus Register 010 be set 10 0 ang | re1peciovely,

Taole 3 thows the tetatonthd between N, SC. and GPL for Vateous sector sizes

FUNCTIONAL
DESCRIPTION OF
COMMANDS (CONT.)

8" STANDARD FLOPPY 5%™ MINI FLOPPY
FORMAT | SECTORSIZE | N ¢ | 6P| arL@| secrorsize | v sc| L @) crL@)
128 byres/Sector | 00 1A 07 18 128 bytes/Sector | 00] 12 o7 ]
FMMooe | 256 01| oF 13 2A 128 ool w| 110 19
512 02 [+ 18 3a 258 o1} o8 18 30
1024 bytes/Sector | 03 04 47 8a 512 02| o4 46 87
2048 o4 02 cs FF 1024 03} 02 cs FF
4096 05 01 c8 FF 2048 04} 01 c8 FF
256 ot 1A OE 36 256 0] 12 0A oc
512 02 OF 18 54 256 01} 10 20 32
MEM 1024 03 [+::] 35 74 512 02] ¢8 2A 50
2048 04 04 29 FF 1024 03] 04 80 FoO
4086 05 02 <8 FF 2048 04 02 c8 FF
8192 056 o1 cs FF 4096 051 0V c8 FF
Table 3
Note: (D Supgested vatues of GPL in Read or Write Commands to avoid splice point between data field
and (D field of contiguous sections.
@ Sugoested vatues of GPL in formet commsnd,
@ n MFM mode FOC can not perform & read/write/format ion with 128 by . (N = 00)

@ Al the values are hexidecimal,
SCAN COMMANDS

4 %Ct0r of Cate which meets the cond+tions of DEDOD = Dprocessar OFDD < Oprocessor. o Ofpp >
Dprocessor: The hexidicermial byte of FF either from memory or from FDD can be used a5 8 maik byte
Decause it always meet the condition of the compere. Ones i s vsed lor

{FF » Lorgest number, 00 » smaliesy fumisr). After o whole sector of data i3 COMOPred, if the conchtions
B1€ RO ML, the 16510 number 1t incrementet (R ¢ STP — R). 9nd the scan 0oerston is continued. The scan
00N S1ON contnues until one of the {, ] occur; the for scon sre me1 toquat

10w, Or haghl, the 1ast sector on the track is resched (EOT), or the terminal count tignal is received. :

J)
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11 the conditions for scan 2re met then the FDC sets the SH (Scan Hitd flag of Stetus Regriter 2t0a Y
(hgh), sns tha Scan C 1t the for 16an 2re Not Met between the starting
sector (as soecitied by R) and the last sector on the cylinder (EOT], then the FDC sets the SN (Scan Not
Satsteec) tlag of Status Register 220 & 1 (high), and terminates the Scan Commaend. The recept of »
TERMINAL COUNT signal trom the Processor or DMA C. Auting the Kcan will caste the
FOC the ison of the byte which 15 11 process, $nd then to tecminste the com-
mand, Table 4 shows the status of bits SH and SN under various condstions of SCAN.

STATUS REGISTER 2 s
BiT2 = SN B8IT3 = SH
0 ] DFDD * Dprocemor
Sean Equat 1 ] Of0D ¢ OProcensor
[ 1 DEDD = Oprocessor
Scen Low or Equat 0 o OFpD < DProcessor
1 0 O£ DD > Dprocesor
[ 1 OFDD * DProcessor
Scan Hgh or Equal 0 ] DFOD > Dprocessor
1 L] DFOD < Dprocessor

Tabie s

It the FDC encounters » Deteted Data Address Merk on one of the sectors (and SK = 0), then it regards the
$4CT0r 33 the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to 8 1 thigh) and
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and teads
the next sector. In the second case (SK = 1), the FDC sets the CM {Control Mark) flag of Status Register 2
10 3 1 (high in order 10 thow thst 3 Deleted Sector had been encountered.

When either the STP {contiguous sectors = 01, or alternate sectors = 02 sectors sre read) or the MT (Multi
Track) are progr itis to that the last sector on the track must be read. For
example, it STP = 02, MT = 0, the sectors sre numbered sequentially 1 theough 25, and we start the Scan
Command at sector 21; the following will happen, Sectors 21, 23, snd 25 will be read, then the next seeton
(26) wit be skipped and the tndex Hole will be encountered before the EOT value of 26 can be read. This
will result in an instion of the d. 11 the EOT had been set 3t 25 or the scanning
surted al sector 20, then the Scan Command would be completed in 8 normal maaner,

During the Scan Command cats i supdlied by either the ar DMA C. for
ageinst the data read from the diskette. 1a order to avoid having the OR {Over Run) flag set in Status
Register 1, it is necessary 10 Have the data svailadle in less than 27 us (FM Mode) or 13 s (IMFM Model. I
an Overrun occurs the FOC ends the command with bits 7 snd 6 of Status Register Osetto O ond 1,
fespectively.

SEEK

The read/write head within the FDD is moved trom cylinder 10 cylinder under contro! of the Seek Com-
mand. FOC has tour independent Present Cylinder Registers lor each drive, They sre clesr onty after

R The FDC tne PCN {Present Cyhnder Number] which is the current head
Patition with the NCN (New Cytinder Number), and it there i3 8 diiterence performs the following
0peration:

PCN < NCN: Direction signal to FDD set 10 8 1 Ihighl, and Step Pulses are is3ued. (Step In )
PCN > NCN: Drection signat to FDD set to 8 O tow}, and Step Puises ave szued, iStep Out,)

The rete at which Step Pulses are issued is controlied by SRT {Stepping Rate Time) in the SPECIFY Com.
mand, Atter each Step Putie o iszued NCN s compared against PCN,_ and wnen NCN = PCN_ then the SE
(Seek End) tiag 13 set in Status Regester 0 10 8 1 (highl, 8nd the cOmmIng 13 terminated. At ths POINT
FDC interrupt goes high, Bits DBg-DB3 in Main Status Register are set during seek operstion and
tre clesred by Sense Interrupt Status command,

Ouring the Command Phase of the Seek operation the FOC is in the FDC BUSY state, but duning the
Execution Phase it 13 in the NON BUSY state, White the FDC 18 1n the NON BUSY state, another Seek
Command may be issued, 8nd in this manner Oersliel stek ODETS10ns May De AONE 0N LD 10 4 Drrves 81
once, No other command could be itssued for &3 long as FOC u in oroctss of sending Step Putses to any
drve,

1tan FDD it in o NOT READY ciate st the beginning of the command execution phase of dureng the seek
operstion, then the NA INOT READY) ftag 18 set 1n Stetus Reguter 010 8 1 thegh!, and the command 18
terminated atter txts 7 and 6 of Ststus Regster O sre set t0 O 870 § respectvely,

1 the ime 10 write 3 bytes OF serh COMMAND eacoecs 150 us, the Lming between first two Step Pulses
may be shortet than set in the Specity command by &5 much a3 1 my

)

ao3ndwoodusutierdutrd - odd
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RECALIBRATE

The tunction of this i to retract the Puvite head within the FOD ¢o the Track 0 position.
The FDC clears the contents of the PCN @unter, and checks the status of the Track 0 signal from the
FOD. As tong as the Track O signal is low, the Direction signal remaing 0 (low) snd Step Putses ace issued,
When the Track O signal goes high, the SE (SEEK END) flag in Status Register O isset 10 1 {high) and the
Command is terminated. If the Track 0 signal is still low sfter 77 Step Pulse have been issued, the FDC sets
e SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register O to both 15 thighs), snd
teminates the command atter bits 7 and 6 of Status Register 0is set t0 Oand 1 repactively,

The abulity 0 do overlap RECALIBRATE Commands tomultiple FODs snd the tows of the READY signal,
21 dexctided in the SEEK Command, elso 2pplies to the RECALIBRATE Command,

SENSE INTERRUPT STATUS
An Interrupt signal is generated by the FDC for one of the following reatons:

1. Upon enteving the Result Phase of;
8 Rezd Osts Command

e. Write Data Command
b Rezda Track Commang f. Format s Cylinder Commend
< Read tD Command 8 Write Deleted Data Commang
@ Resd Deleted Dita C: h Scan C

2. Ready Line of FDD changes state

3. Endof Seek or Recatibrate Command

4, During Execution Phase in the NON-DMA Mode

interruots caused by reasons 1 end 4 sbove oceur duri and ace easily dis-
cernible by the processor. During an execution phase in NON-DMA Mode, DBS in Main Status Register
hnm.umnmwwlmmamwudcu. Rexon 1 and 4 does not require Sense Interrupy
Statug The i s eteared by ing/writing data to FOC. J Coused by ressons
2200 3 sbove may be uniquely identified with the 2id of the Sense tnterrupt Status Command. This
Command when iisued resets the interrupt signal end via dits 5, 6, and 7 of Status Register O identities
the cause of the interrupt,

SEEK END INTERRUPT CODE
CAUSE
ITs BIT6 BIT? us
[} 1 1 Ready Line chinged state, either polarity
1 [ [] Normal Termination of Seek or Recalt C
1 1 [] Abnarmal Termination of Seek or Recalibrats Command
Tatte 5

mmmtmannmuwwoammwm.hhmm:vwwwsum

tnterrupt Status Co aftor thess o sffectively thern and to provide verificstion of
whars the hesad is positioned [PCNI,

tzsuing Sense Interrupt Status Command without interrupt pending Is treated a3 an invalid commandt.
SPECIFY
ms«:-uc«m-omwwﬁummmwmmwuhw:mmum(u-cuumrau)
ddimunulm'mmmo'mEmm'melmslmammm:ommm
cmc.nmmum-muulmlemehmnnllemulm-‘sm.oz-um....oru
240 ). The SAT Step Rate Time! defines the time interval etween adjscent step pulses. This timer is pro-
ammabie from 1 to 18 ms in increments of 1 ms (F « 1 ms, £ =2ms, D =3 my, e1c.). The KL T (Head Losd
Tm)mlimmmammmwwﬁwmhmmmmnmmﬁumhm.
This timer hWMZnQthmudzmtoi *2m,02-4m,00=6ms... 7F »
254 mab,

The time intervels mentioned sbove are 8 direct function of the clock (CLK on pin 19). Times indiceted sbove
70 for en B MKz clock, if the clock wae reduced to 4 MH2 tmini-flopoy spplication) then all tine intervels sre
increesed by & lactor of 2,
mmawnuummmmuhmwmnnmou-omlm.wmmummiwmo-n
mmnmnm.mmnnb-omwamhwum
SENSE DRIVE STATUS
muwmuumwmmmmmhwmmmmmsmwoilm FODs, Status
Register 3 contans the Drive Status information stored internally in FDC registers,

(NVALID
n.nimwhmmmlocuwnsavmm),mmsoc-mmmmm
Ma’mb&n‘l-\dstnsmamommwlmo No i L] by the

#POTES auring th conditron, Bit 6 end bit 7 lDlOmRW)thSmﬁtﬁuvm&mw it dot ]
wutwmmmm:mwmmnmummw he contents of Status Register 0 (STO)
ST Do read. When the processor roacs Scatus Register O it will find o BO haxn indicating an invalid commend
Wet racerved,

A Senaa taterruot Stetus Commend must be sent fter s Seek o Recatibrate taterruct, otherwise the FDC witl
©ONuder Che Next commend to be an favetid Commaend,
cnmw-eﬂouvammnwuwnwuomm.wmmFu ns
19000y O 1O 0DNrSI0N State,
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BIT

NO. NAME

SYMBOL

DESCRIPTION

STATUS REGISTER O

D7

Dg

Code

Interrupt

07=0andDg>0

N | Termination of C. d, {NT). Com-
mand was completed snd properly executed.
Dy=0andDg=1

Abnormal Termination of Command, (AT).
Execution of Command was started, but was not
successfully completed.

Dy=12ndDg=0

Invalid C d issue, {IC). C d which
was issued was never started.

D7=1andDg= 1

Al ! Termination b during a
execution the ready signal from FDD changed
state,

Ds

04

k End

SE

When the FDC letes the SEEK C: d,
this flag is set to 1 (high).

Check

Equipment

1 a fault Signal is received from the FOD, or if
the Track 0 Signal fails to occur after 77 Step
Pulses (Recalibrate Command) then this flag is
set.

D3

Not Ready

NR

When the FDD is in the not-ready state and a
read or write command Is issued, this flag is set.
1f a read or write command is issued to Side 1 of
2 single sided drive, then this flag is set.

D2

Head
Address

HOD

This flag is used to indicate the state of the head
at Interrupt.

D4

Unit Select 1

Us1

These flags are used to indicate a Drive Unit.

Unit Select O

'Uso | Number at Interrupt.

STATUS REGISTER 1

Dy

tmﬂ of
ylinder

EN

When the FDC tries to access a Sector beyond
the fina! Sector of a Cylinder, this flag is set.

Os

Not used. This bit is elways 0 (low).

Ds

Data Error

OE

When the FDC detects a CRC error in either the
1D field or the data field, this flag is set.

Dy

Over Run

OR

If the FOC is not serviced by the main-systems
during data transfers, within a certain time
interval, this flag is set.

03

Not used. This bit always 0 (low).

D2

No Data

ND

During execution of READ DATA, WRITE
DELETED DATA or SCAN Command, if the
FDC cannot find the Sector specified in the IDR
Register, this flag is set.

Duting executing the READ 1D Command, if
the FDC cannot read the ID field without an
error, then this flag is set.

During the execution of the READ A Cylinder
Command, if the starting sector cannot be
found, then this flag is set.

xo3ndwodusutieTdutry - Ddd
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BIT
No. |  NamE | svmBoL DESCRIPTION
STATUS REGISTER 1 (CONT.)
1Y Not NW During execution of WRITE DATA, WRITE
Writable DELETED DATA or Format A Cylinder Com-
mand, if the FDC detects a write protect signal
from the FDD, then this tlag is set.
Dg | Missing MA 11 the FOC cannot detect the 10 Address Mark
Address after encountering the index hole twice, then
Mark this flag is set.
11 the FDC cannot detect the Data Address Mark
or Deleted Data Address Mark, this flag is set.
Also at the same time, the MD (Missing Address
Mark in Data Fietd) of Status Register 2 is set.
STATUS REGISTER 2
07 Not used. This bit is always O (low).
Dg | Control CcM During exccuting the READ DATA or SCAN
Mark C: d, if the FDC a Sector which
contains a Deleted Data Address Mark, this
flag is set.
Dg | DawaErrorin] DD 1 the FOC detects a CRC error in the data fietd
Data Field then this flag is set.
D4 | Wrong wC This bit is related with the ND bit, and when the
Cytinder contents of C on the medium is different from
that stored in the 1DR, this flag is set.
D3 | ScanEqual | SH During execution, the SCAN Command. if the
Hit condition of “‘equal” is satisfied, this flag is set.
02 | Scan Not SN Duting executing the SCAN Command, if the
Satisfied FOC cannot {ind 3 Sector on the cylinder which
meets the condition, then this flag is set.
Dy | Bad 8c This bit is related with the ND bit, end when the
Cylinder content of C on the medium is different from
that stored in the 1DR and the content of C is
FF, then this tlag is set
Dp | Missing ™MD When data is read trom the medium, if the FDC
Address Mark cannot ind a Data Address Mark or Deleted
in Data Field Data Address Mark, then this flag s set.
STATUS REGISTER 3
07 | Faunt FT Thes bit 13 used 10 indicate the status of the
Fault signal from the FOD,
Dg | Write wP This brt is used 10 indicate the status of the
Protected Write Protected signal from the FDD.
Os | Ready RY This bit 13 used 10 indicate the status of the
Ready signa! trom the FDD.
Dg | Teck O T0 This bit 15 used to indicate the status of the
Teack 0 signal trom the FDD.
03 | TwoSide T8 Thus bit 15 used 10 indicate the status of the
Two Sude signal feom the FDO.
D2 | Head Address; HD This bit 13 used 10 indicate the status of Side
Select signsl 10 the FDD.
D1 | Unit Select 1 us1 This bit is used 10 indicate the staus of the Unit
Select 1 signal to the FDD.
Dp | Unit Select 0 uso This et 15 used 10 indhicate the status of the Unit
N Setect 0 signal to the FCD.

)

PIN IDENTIFICATION

CAPACITANCE
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L] teur/ suncTiON
O SYMBOL NAME OUTFUT T
1 RSY LY Inowt [ Prosm FOC in 1ile 1om. Resvw vt
e 98 #DO ¢ 0" Sow). Do nut
ottact SRY, MUT or NLT  Seucity
commend. it ROY pin b huld Al Aatg
Raset, FOC mil gororom inrnant
1-28 me lowr. To Goor Sois intornapt um
2] M 2] teouc(3) | Procemer Concral sgnet for troruter of duca trom
— #OC te Dots S shen “T" Bom).
] win wori(1) | Precemor Contrel signal for worter of dote 0 FOC
vio Outs Bun. whron “~ Bewl.
«| 8 Owp Setect o Progemor bcw'“'v'l‘-!.n-.l
on WR tu e onenios.
s OucasSeorve Moy Setect M:) Precesar Setects Dure Rog (Ag=1] o Bretes flag tAG=C)
o ~ o of P FOC to be sent W Duts Bt
13| osyony | Ometue w Proceuor 04-Otractionsl 8-ty Onts i,
" oro Dets DMA Fogmet Ovnn oMa mu-,—-mu.nm-n-
s | Gack DA Achasateop ow OuA DMA ey % 6CTee whon ~0~ How! sa8
Contsolier @ Perterminy OMA tramster
" ™ Torminet Covmt L [ 7Y TR CRtes Ao Tormenaon OF 8 DIA wow
Sor e *1" DNgh), 14 cormenetes dote
transter during Resd/Mvite/Scan commens
- o QU4 o
” 10X ngee gt 00 INChcates %0 Diguneng o4 § Sk track .
[N I Tocarreet Oviovt_| Procmmer Tocarruon Rewest Gomersted bv FOC.
19 oK Oech 2] $ingle Phaew B M¥s Squerswews Clach_
0 OND Ground 0.C. Power Rewern,
a wee Wriw Closh. bout Wrtte Gets cww to FDO, FM = 500 tH2,
MEM @ 1 Miz, with o Bt widw of
290 rn for bovh FIM ond MFML,
n ROW Reed Dets Wingow L Proms Lock L3ee | Generven by PLL o w08 0 somate
frovres dow trom OO,
a ROO Ased Duts L [ Aot gou frem FOO, suntaining clesh
nd owa i,
» Voo VCO Byrne. Ovtont Prase Lock Laep | Innidics VCO in PLL when T~ tom),
snwblos VCO whem %1
% Writs Ensble Ovmwt FOO Rnanies wiiw date inte POO.
26 | wrm MFM Mode Ovowt | P Lock Loap | MF it mode when =1, Pl mode shen 0"
n [ Moo Setect Oviowt FOO Head 1 sutocend when “1° Bughl,
Haned O ssies g whea "0 Dowl.
2028 ] U USY | Unit Setert Dvpwt FOO FDO0 Unit Suterwd,
0 WDA Wrie Dot Dwwwt #00 Bariel Clech and Suce W 09 FOO.
nn| o Dvowt [ Wiriew precemoenstion suTue Guring MM
ot} m.mm.m-:w—
t] FLITAG | Foit/Trach O oot DD Serase FOO foult eondition, In Fumct/
Vet made; end Trace O condition s Shed M.
M | wrs Yot Prosect/ ot 00 Savase Wortw Prowst stus In Rass/Wovn
mmmu-&—.
|38 ROV Rosty nut 700 Irgicawe FOO & reudy 1o sond or ruid Gns.
» HOL oot Loes Ovennt ¥00 Commard which cosss it fest
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OPERATION
BI-DIRECTIONAL DATA-TRANSFER (13)

Data-transfer to and from the chip is accomplished through a
single 1/0 datadine (13), using external clock-pulses. (15)
After the chipselect-input {9) has been activated (to a low
level), a serial 3 bit address-word will first be accepted by the
chip to select particular timing-information. A fourth bit
selects read or write-mode, thus specifying whether the
selected timing-information should be written into the circuit
or read from it at pin 13 . Using the following clock-pulses,
data-transfer with the chip at pin 13 may be accomplished.

Wr]en chip select is high the 1/0 line is high impedance,
neither accepting nor giving out data.

Addressing the data

For serial data-transfer into or out of the chip, the address-
and data-line must first be activated by putting chip select to a
low level. '

When chip-select goes low the first 3 bits clocked into the chip
by external clock-pulses will be interpreted as an address. This

= determines which time information is selected.

address-| bit configuration | selected counting
word MSB LSB | time-information capability
0 0 0 0 second 00...59
1 0 0 1 minute 00...59
2 0 1 0 hour 00...23
3 0 1 1 date 01...28/29.30/31
4 1 0 V] month 01...12
5 1 0 1 day of the week 01...07
6 1 1 0 year 00...99
7 1 1 1 continous data-transfer
in the following sequence:
hours, minutes, date, month, year,
day of the week, seconds.
rtead/Write - select

The fourth bit clocked into the chip by external clock will
decide whether the time information has to be read or written:

XXX 1

XX X 0 writes time information into the chip to set the
time.

Outsel (6)

If this input is set to logic 0" and if the “READ’ mode is
selected, the first bit of data will be sent onto the 1/0 PAD
(13) at the negative edge of the 5 th clock pulse. When this
input is left open or set to logic **1°* the first bit of data is
sent onto the |/O PAD (13) at the negative edge of the 4 th
pulse.

{See timing diagrams)

Read-out mode

reads time information from the chip

a) Selective data read-out {addresses O...6)

If the 1/P data at the positive edge of the 4th clock-pulses is
1" (for read), the selected time-data is sent from the
internal time-counter into the output-shift-registers. The
following 8 external negative edges will clock out 8 bit time

Datentechnik oettle + reichler
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data at pin 13 organized in two 4-bit BCD-format-words
starting with the least-significant bit of the selected time-
information. The time information is clocked out serially in
synchronism with the negative edge of the external clock.
All further clock-pulses are then ignored.

b

~—

Continuous data read-out (address 7)

If the I/P data at the positive edge of the 4th clock-pulses is
1" {for read) and the address 7 was selected, all available
time-information (from second to year) will be sent out
with the following 56 external negative edges of the clock,
i.e. in synchronism with the negative edge of the external
clock. Data-transfer is then available in an 8 bit by 7 word
serial format. The first bit of each time-data is again the
least-significant bit.

If chip-select is kept at a low level (activated), the time data
will be available every second, i.e. new timing-information -
is available once a second.

Interruption of dataflow is accomplished by returning chip-
select to a high level state.

Write-in mode

a) Selective data write-in (addresses 0...6)

If the |/P data at the positive edge of the 4th clock-pulses is
“0" (for write), time-information can be clocked into the
chip via pin 13 by means of external clock-pulses at the
clock I/P pin 15.

The following 8 external clock-pulses will ciock the new
timing information into the internal 1/O shift register;
all further clock-pulses are then ignored until chip-select
goes high and then low again.

The first bit clocked into the chip, should be the most
significant bit. The time-information is transfered from the
internal /O shift-register into the time-counting circuit
with the rising edge of the chip-select signal; this defines the
exact time at which the time information is updated.

b) Continuous data write-in {address 7) '

This mode is similar to addresses 0...6, except that all 8 bit
by 7 word time information is clocked into the chip in a
predefined sequence; thus 60 clock-pulses are required for a
complete cycle after chip-select goes low. Every 8 bit-word
should be available in the format that the most significant
bit is clocked in first. In this mode it is not necessary to
return chip-select to a high level in order to write the
information into the chip. This information is written into
the chip only once for each low going chip-select-signal.

Chip-select (9).
Normally chip-select is high.-

~ Chip-select going low enables the data 1/0 line, and allows all

data to be clocked in synchronism with the external clock.

In the selective data write-in mode, the high going chip-select
edge transfers the data from the internal 1/0 shift register into
the time-counting network, thus specifying the exact time at
which the time information is updated.

WHENEVER CHIP SELECT GOES HIGH THE 1/0 LINE
(13) GOES INTO A HIGH IMPEDANCE STATE NEITHER
ACCEPTING NOR GIVING OUT DATA.

Clock-In {15)

The positive going edye of the clock-signal controls address
and data input. The negative going edge controls data output.
The clock is internally gated by the chip-selectsignal (9).
Clock-pulses may be continuously connected to the chip-
without shifting any data in or out- when chip-select is at a
high level.
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~
DESCRIPTION PACKAGE
This C-MOS circuit may be used as a real time clock or as an 16 Pin Dual in Line
absolute time-counter with battery back up and an external 1510 3V
32 KHz quartz as time-refence, The information transfer takes : v Battery
place serially on a 1-bit bi-directional 1/0 data line in syn- — |-
chronism with an external clock. Data-exchange is controlled v
by the chip-select-signal. The internal time-counting circuit |Voo, | +s5vv
operates at a minimum voltage of 1.5 V. When a second supply e g1 16p D02
of 5 V is connected to another input terminal, all outputs are :E_Q‘sNic 2 15 Clock Input
then available. All of the outputs are capable of driving one osC
T.T.L. unit load. The data 1/0 line is tri-state to enable it to E‘—‘COUT 3 m 140 Xal OUT 32 kHz
work in microprocessor type environments. s§torg 4 2 13 Data O/P
The data are in BCD format words. RESET 0 5 © 12p SEC K
ouUTSELC6 @ 11p MIN
FEATURES DAY 017 10 HRS
— internal time-counter requires one external battery-cell Vss 8 9p ¢©s
only. Time is still running, even when supply-voltage is GND
removed from circuit
— All of the outputs lines can drive one T.T.L. unit load with ) . .
5 V supply connected Pin Connections and functions
— all input/time setting and output/time reading is performed
through a single 1/O-line for minimum wiring costs 1. VpDj1 (Battery back up negative terminal)
- acce.pts low |mpedant.:e 32 KHz-xtals as time reference 2 0SC IN
— choice of: a) read/write
b) selected time information 3. 0SsC OouT
¢) continuous reading of all time-data —— i ) _ )
— may be used in all uP-controlled or conventional electronic 4. STOP (negative going I/P stop internal counting)
equipment, such as office calculators, electronic type- =EEEST . .
writers, industrial machinecontrol and TV-equipment or 5. RESET (negative going I/P to reset)
others 6. OUTSEL (negative going |/P to read)
— counts seconds, minutes, hours, date of the month, day of —_— .
the week, month and year 7. DAY (negative pulse every day) -
every 4th year, February has 29 days 8 VSS ‘
. . . . - . (GND) -
— available in a single 16 pin dual in-line package
— to write or read time-information, an external clock fre- 0. CHIP SELECT (negative going /P 1o start READ or
quency of up to 150 KHz may be used.
. . . WRITE FUNCTION)
— independent stop-input for external control of 1ime-
counting, for use as relative time-counter. 10. HRS (negative pulse every hour)
— may also be used as a preset time-counter, 24 hours by use 11. MIN (negative pulse every minute)
of the time pulse outputs. —_ .
12. SEC (negative pulse every second)
- easy connection to serial-in LCD-drivers to read out all
time-data 13. DATA IN/OUT
— independent output-pins for second/minute/hour/day time- 14. XTAL OUT 32 kHz
pulses
15. CLOCK {external frequency input)
~ Xtal frequency may be used to clock the data 1/0 and )
external circuits. 16. VDD2 (positive supply + 5V)
~

Datentechnik oettle + reichler -
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Address information will be clocked into the chip via pin 13
by the first 3 clock-pulses after chip-select goes low. At the
fourth clock-pulses a decision is made whether the selected
time-information should be read or written. The fifth and
following clock-pulses will then clock-in or clock-out the time
data. During selective read-write modes, the thirteenth and
following clock-pulses are ignored until the next chip-select
high-low excursion. During continuous read-write modes
the 61st and following clock -pulses are also ignored until the
next chip-select high-low excursion.

Power-on-reset

Upon connection of a battery between pins 1 and 16, an inter-
nal power-on-reset signal resets all counters to a specified
condition. The O/P at the 1/O pin {13) remains at a logic' “"1”
until the chipselect pin {9) is taken low and then high again;
after which the next chip-select can be used in the normal
manner. This continuous logic “1’* at the 1/O pin indicates
battery voltage has been removed at some time and that since
this time the chip has never been accessed. This condition is
3 non-realistic time read out and can easily be detected by a
1P as a power turn off signal.

Time counting commences as soon as the xtal starts oscillating.

Battery Operation (1,16)

A single cell battery must be connected between pins 1 and 16
of the package. This voltage keeps the internal time-counter
running even when the 5 V supply is removed. The battery
may be replaced by a chargeable cell and appropriate current
limiting circuitry and charging of the battery can be accom-
plished by the 5 V supply.

Stop input (4)

The circuit E 050/16 may also be used as a time-counter with
start/stop operation.

When pin {4) is connected to logic 1" or left open circuit,
the circuit will count time. When pin 4 is connected to logic
0" the circuit will stop counting time but will retain the
most recent timing information.

Reset-Input (5)

Reset of the internal time-counting is performed by a nega-
tive-going pulse at pin 5. When this pin is left open an internal

Datenbldtter MEM EO50

01 month
01 day of the week
00 year

The WIDTH of the reset pulse should be not less than 14 uS.
Time counting will remain static WHILST the reset input is
low.

Time-Pulses Output (7, 10, 11, 12)

When Stop-input (4) is left open or connected to a logic “1"
continuous output timing-pulses are typically 32 us wide and
may be used to clock external circuitry every second, minute,
hour or day, depending on the output-pin.

When address 7 is selected (continuous data), the pulse-length
is automatically changed, it then becomes 56 clock-pulses
long. The timepulse may then be used to gate or strobe the
data from pin 13 into other external circuitry, i.e. display-
drivers with serial data input. Timing-pulses will not be availa-
ble, when Stop (4) is at a low level. In order to return to 32 us
wide cutput pulses one of the selective data readouts must be
performed.

32 KHz Output (14)

This output is connected via an internal driver directly from
the xtal-oscillator,

This squareware may be used to clock external C.M.O.S.
circuitry, i.e. serial-input 'display-drivers connected to the
data-output pin. Pin 14 may be connected to clock-in (15} in
order to clock the internal address and data 1/0. Pin 14 may
also be used to measure the xtal-frequency without loading the
oscillator.

Supply-Voltage (16)

A supply-voltage of 5 V may be supplied at pin 16, in order to
input or output time information. If this voltage is removed
the internal time-counting still goes on when pin 16 has a
battery-cell connected and when using the xtal time-base.

When this voltage is removed, all input- and output-levels
(except the data /O line) remain at the level of the +Ve line
through internal pull-up resistors. Thus, no zero going time
output-pulses are generated. The data |/O line is in a high
impedance state without the 5 V supply connected.

pull-up resistor keeps the circuit in the counting mode ~ Reset Xtal (2+3) Quartz: f = 32768 Hz
to the individual registers is as shown: Rquartz = 40 kS typ, 60 k2 max.
00 second Co = 1.5pF
00 minute Cl = 1.7fF
00 hour
01 date Frequency adjustment = + 10 ppm Trimmer: CT : 3 to 12 pF
'Cle;-o - - = e 'CL-K R | tc.Lt‘_ fn -
[ ' )
RN ! LTI T e
CLOCK ({15) so% =~ =N / ‘ A= — — 505
| FC_ | ._ A | :
READ MODE L 1 i
DATA 1/0 (13) ! )<} : >< :
I T
I =y |
WRITE MODE S ! S ! \
\ X N\ '
X X | X
DATA 1/0 (13) \\\ ) §\\>< ><\\ : N ;
|
__..1| (DA t=e—- : . tIDA  ——
CLOCK AND DATA 1/O TIMING . 'DE - 1/0 TIMING DIAGRAM 1

Datentechnik oettle + reichler
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. WRITE DATA IS SET
OUT SEL 16) 14 [JS l(M:n AT 1.5\/) INTO CLOCK-CIRCUIT ,

o/Cc - ™ wrg:E BF'I:ETI:‘ISING
L CLOCK PULSES WILL ED —
CHIP SELECT (9) I BE ACCEPTED CHIP SELECT SIGNAL
I |1ST READ O/P LAST READ O/P {
CLOCK I/P (15) I I 1 Iz I I I 5 Is I 7 Ia I 9 |1o In |12 13 4] ETC.

| I | I I I I | | THIS EDGE AND ALL
| FURTHER CLOCK

|
| -
A -—l DECISION | oo nara 8 BIT DATA | \or bATA CLOCK Bﬂ'%?ﬁ%ﬁ;‘pgé%%’-‘rm
| , ADDRESS |READ/WRITE} ¢ ock EDGE DURING ~ EDGE DURING ‘ GOES HIGH THEN LOW
L WRITE-IN MODE WRITE -IN MODE AGAIN
|

WRITE DATA I/P (13) \\\\XWESX A;?j SEQ%X 558 X X X X f f J ﬁ\\“
, DATA FLOW

READ DATA O/P (13) * xLS x x K ;X x x XMSB

SINGLE READ-OUT/WRITE-IN MODE - 1/0 TIMING DIAGRAM 2

14 ‘ﬁ"‘(‘.‘l" AT 1.5V) WHEN IN CONTINUOUS
R WRITE MODE NOWRITE ~ ——=f

[ CLOCK PULSES WILL PULSE IS GENERATED HERE .

CHIP SELECT (9) BE ACCEPTED

|
|
L'y 2 3 4 12 20 28 36 44 52 60 61

waccw oo T L LTI
L_.J b4 ‘I ‘I II ‘I ]I lI L _this eoce ano

ALL FURTHER CLOCK

3BIT WRITE WRITE WRITE WRITE WRITE WRITE WRITE PULSES ARE IGNORED
UNTIL CHIP SELECT
AP1D1R1E§S HRS MIN DATE MONTH YEAR DAY SEC GOES HIGH THEN
. LOW AGAIN, OR
DECISION —e={ | |=u— UNTIL A SEC LOW
READ/WRITE ‘ SIGNAL IS
GENERATED
READ READ READ READ READ READ READ
cr‘jﬂNuous HRS, - MIN DATE MONTH YEAR DAY SEC |
R.AD-OUT / WRITE-IN MODE 18T ) 1STBIT1STBIT1STBITISTBIT }IT 1STBIT I/0 TIMING DIAGRAM! )

xo3ndwoousutyerdutd - Odd
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Programm Beispiel:

Die im Folgendem aufgefiihrten Programmbeispiele sollen die prinzipielle
Programmierung des EPC-Moduls verdeutlichen. Besondere Beachtung sind dabei
den Initialisierungsroutinen, die die prinzipielle Programmierung der I/0-

Bausteine zeigt, gzu schenken:

CP/M MACRO ASSEM 2.0 £001 EPC-Modul utility subroutines

MACLIB 780
0100 ORG 100H
0011 = XON EQU 11H

PORTADRESS EQUATES EPC-MODUL

e wo wo So o

CHIP RASE

0000 = PSSTI BEQU OOH ; STI OOH - OFH
0010 = PSCENT EQU 10H
0014 = PSSIO EQU 14H
0018 = PSBANK EQU 18H
001C = P$765SCMD EQU 1CH
001D = PS$765SDAT EQU 1DH

H DART CHANNELS:
0014 = PSSIOASDAT EQU P$SIO+HOH ;DART A DATA
0015 = PSSIOBSDAT EQU PS$SIO+1H ;DART B DATA
0016 = PSSIOASCTR EQU PSSIO+2H ;DART A CTR.
0017 = PSSIOBSCTR EQU PS$SIO+3H :DART B CTR.

: STI CHANNELS:
0000 = PSIDR EQU PSSTI+0 ; INDIRECT DATA REG
0001 = PSGPIP EQU PSSTI+1 ;GENERAL PURPOSE 1/0 LINES
0002 = PSIPRB EQU PSSTI+2 ; INT PENDING REG B
0003 = PSIPRA EQU PSSTI+3 ; INT PENDING REG A
0004 = PSISRB EQU PSSTI+4 ; INT SERVICE REG B
0005 = PSISRA EQU PSSTI+5 :INT SERVICE REG A
0006 = PSIMRB EQU PSSTI+6 + INT MASK REG B
0007 = PSIMRA EQU PSSTI+7 : INT MASK REG A
0008 = PSPVR EQU PSSTI+S8 ; POINTER/VECTOR REG
0009 = PSTABCR EQU PSSTI+9 ;TIMER A&B CTR REG
000A = PSTBDR EQU PSSTI+10 ;TIMER B DATA
O00B = PSTADR EQU PSSTI+11 ;TIMER A DATA
000C = PSUCR EQU PSSTI+12 ;USART CTR
000D = PSRSR EQU PSSTI+13 ;RECEIVER STATUS
OOOE = PSTSR EQU PSSTI+14 s TRANSMITTER STATUS
COOF = PSUDR EQU PSSTI+15 ;USART DATA

Copyright (C) 1983 by Datentechnik oettle + reichler - by -
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Programm-Beispiel

)
:************************************
s ¥ INIT TABLE DART *
7************************************
: * INIT DART'S *
; DART A
INIDART':
0100 OElé6 MVI C,PS$SIOASCTR
0102 0607 MVI B,7
0104 211001 LXI H,V24ATAB
OUTIR
0107+EDB3 DB OEDH, OB3H
; DARTB
0109 OE17 MVI C,PS$SSIOBSCTR
010B 0607 MVI B,7
OUTIR
010D+EDBR3 DB - OEDH,OB3H
O010F C9 RET
N
V24ATAB:
0110 18 DB 18H ; CHANNEL RESET
0111 03Cl DB 3,0Cl1H ; WR3: RXENABLE, 8 BITS
0113 0444 DB 4,44H ; WR4: X16 CIOCK MODE, 1 STOP, NO PARITY
‘0115 05 DB 5
0116 6A AWRS5: DB 06AH ; WRS: 8 BITS, TXENABLE, RTS
; DIR = 0 => OQUTPUT=1 -> WATCH CS =1
' V24BTAB:
0117 18 DB 18H
0118 0341 DB 3,041H : WR3: RXENABLE, 7 BITS
011A 044F DB 4,04FH : WR4: X16 CLOCK MODE, 2 STOP, PARITY EVEN
0l11c 05 DB 5
011D AA BWRS: DB OAAH ; WR5: RTS, 7 BITS, TXENABLE
; DTIR = 1 => OUTP. = 0 => WATCH CLOCK = LOW
;*************** RS 232 A % %I e e e ke g de ek kk ke k ok kk
; INPUT/OUTPUT A CHARACTER VIA DART
: kkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkk
V24A$0UST:
Ol1E DB16 IN PSSIOASCTR ; TEST OUTPUT STATE ™
0120 E604CSF6FF ANT O4H ! RZ ! ORI -1 ! RET ; RET Z=1 IF NOT READY
V24AS$INST:
0126 DBl6 IN PSSIOASCTR ; TEST INPUT STATE
0128 E601C8F6FF ANI 1 ! RZ ! ORI -1 ! RET : RET Z=1 IF NOT READY
V24ASIN:
012E CD2601 CALIL, V24ASINST ; TEST INPUT STATA
JRZ V24AS$IN ; LOOP BACK IF NOT RDY
0131+28FB DB 28H,V24ASIN-$-1 :
0133 DB140000 IN PSSIOASDAT ! NOP ! NOP ; ROOM TO CLEAR PARITY
0137 C9 RET
V24ASOUT:
0138 CD1EO1 CALL V24A$OUST : TEST OUTPUT STATE
JRZ V24AS$SOUT : WAIT IF BUSY
013B+28FB DB 28H, V24ASOUT-$-1

013D 79D314C9 MOV A,C ! OUT PSSIOASDAT ! RET

~e

OUTPUT CHARACTER IN <C> /=

Copyright (C) 1983 by Datentechnik oettle + reichler - 45 -
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0141 216101
0144 OEO1C60F

0148 7E
0149+ED79
014B 230C

014D+10F9
014F 0608

0151 DBOSE6FS8
0155 05B004
0158 D308
015A 7ED300
015D 23
O15E+10F1
0160 C9

0léel 73
0162 0000
0164 0CCO
0le6 0000
0168 08
0169 02
OléA O1
0leB OA
0leC 88
0leD Ol
OléE 05
Ol6F 11

0170 A2
0171 87
0172 60
0173 02
0174 00
0175 08
0176 01
0177 AA

0178 DBO3

Programm-Beispiel

;¥¥k%k% TNIT SERIAL TIMER INTERRUPT CONTROLER STI *¥*¥ikiiik
;***********************************************************

STIINIT:

ILXI H,STITAB ;POINTER TO TABLE

MVI C,P$GPIP ! MVI B,15 ;15 DIRECT REGISTERS
STIDIR:

MOV A,M | OUTP A ;OUT DATA

DB OEDH, A*8+41H

INX H! INR C ;NEXT DATA

DINZ STIDIR

DB 10H, STIDIR-$-1

MVI B,8 ;8 INDIRECT REGISTERS

STIINDR:

IN P$PVR ! ANI OF8H
DCR B ! ORA B ! INR B

OUT PS$PVR : INDIRECT ADDRESS TO PVR
MOV A,M ! OUT PSIDR ;CONSTANT IN INDIRECT REG
INX H ! DINZ STIINDR ;NEXT INDIRECT REGISTER
DB 10H, STIINDR-$-1

RET

;************** INIT T

T Jekkkded ok kRk Kk

7**********************************************

STITAB:

; 15 DIRECT ADRESSABLE REGISTER STARTING WITH GPIP

DB 0111$0011B
DB 0,0

DB 0,0

DB 0,0

DB 08

DB 0000$0010B
DB 1

10
DB 1000$1000B

01
DB 0000$0101B
DB Ol1H

;GPIB BOOT AUS, RESET, TC = 0, WATCH DATA = 1
:IPRB, IPRA CLEAR PENDING INTERRUPTS

;ISRB, ISRA

;IMRB, IMRA

;PVR, SOFTWARE END OF INT

; TABCR-TA STOP, TB DELAY PRESC./10

s TBDR->TC= 3.0 MHZ / (2X10X16X9600)

+TADR -> INPUT = 1 HZ -> MOTO = 10 S

;UCR /16; 8 BITS; 1 STOP; NO PARITY ; NON DMA
;RCR RECEIVER ENABLE

;TSR TRANSMITTER ENARLE

;UDR -> XON

; 8 INDIRECT ADR. REGISTERS STARTING WITH TCDR

DB 1010$0010B
DB 1000$0111B
DB 0110$0000B
DB 0000$0010B
DB 0000$0000B
DB 8

DB 1

DB OAAH

*kkkkk% TEST KEYBOARD

Kkdodde gk Kk kdkkkkhkkhkkkk

~e wo o

CSTS:
IN PSIPRA
BIT 5,A

s TCDCR- DELAY MODE,PRESCALE /10, TA RES.
;DDR - IN = BIT 6,5,4,3

:IERA TIMER A, ACKN. CENTR.

; IERB

;s AER-ACTIVE EDGE REGISTER ALL FALLING
;TCDR -> TC= 3.0 MHZ / (2X16X10X1200)
:TDDR -> TC= 3.0 MHZ / (2X16X10X9600)

s SCR-SYNCH CHARACTER

STATUS dekkk kkkkkk

SWITCH MOTOR FDC OFF IF INT FROM TIMER

kkdkkkkkkkkkdkkkk

; TIME OUT FROM TIMER A ?

Copyright (C) 1983 by Datentechnik oettle + reichler - Lt -
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017A+CB6F
017C+280A

O17E+CBAF
0180 D303
0182 DBO9
0184 E60FD309

.o N wo ~o

DB OCBH, 5*8+A+40H
JRZ KEYSSTAT
DB 28H,KEYSSTAT-$-1

RES 5,A

DB OCBH, 5*8+A+80H
OUT PSIPRA

IN PSTABCR

ANI OFH | OUT PSTABCR

- wo

dek Jedok dek ke kk KEYROARD dede & dede K ke ek ke ke

INPUT/OUTPUT CHARACTERS TO KEY

USE REVERSE XON-PROTOCOLL
Fkkkhkkkhkkkkhkkkhkkkkkhkhkkikikiik

IN PSRSR | ANI 80H ! RZ
ORI -1 ! RET

IN PSRSR ! ANI OFCH

A KEYSSTAT:
0188 DBODE680CS
018D F6FFC9
KEYINP:
0120 DBODE6FO
0194+28FA
0196+CB7F
0198+200B

019A 3EO1D30D
O19E OE11CDAFOl

JRZ KEYINP

DB 28H,KEYINP-$-1
BIT 7,A

DB OCBH, 7*8+A+40H
JRNZ KEYREC

DB 20H, KEYREC-$-1

MVI A,0lH ! OUT PSRSR
MVI C,XON ! CALL KEYOUTP
JR KEYINP

01A3+18EB DB 18H, KEYINP-$-1
OlA5 DBOF47 KEYREC: IN PSUDR ! MOV B,A
01A8 OE11CDAFO1 MVI C,XON ! CALL KEYOUTP
OlAD 78C9 MOV A,B | RET
KEYSOUTP:

OlAF DBOE IN PSTSR ! BIT 7,A
O1Bl1+CB7F DB OCBH, 7*8+A+40H

JRZ KEYSOUTP
01B3+28FA DB 28H, KEYSOUTP-$—1

O01B5 79D30FC9

“e w8 “e

01B9 3E10D316
O1BD CDDDO1
01CO+28F7
01C2 79D310
01C5 DBO1
01C7+CBSF
01C9 CDD601
0lCC D301

O1CE+CBCF
01DO CDD601D301
01D5 C9

MOV A,C ! OUT PSUDR ! RET

MVI A,10H ! OUT P$SIOASCTR
CALL CENTS$STAT ! JRZ CENTSOUT

DB 28H, CENTSOUT-$-1
MOV A,C! OUT PSCENT

IN PSGPIP ! RES 1,A

DB OCBH, 1*8+A+80H
CALL CENTSDELAY

OUT PSGPIP

SETB 1,A

DB OCBH, 1*8+A+0COH

Programm-Beispiel

RESET PENDING INTERRUPT
IF TIME OUT STOP TIMER

~e ~e ~o wo -~ weo ~e

e N8 ~o

- “e e “e N

~e

-e

~e ~eo

~e

~e

CALI, CENTDELAY ! OUT PSGPIP H

RET

Copyright (C) 1983 by Datentechnik oettle + reichler

TEST RECEIVER STATE

RET WITH Z=1 IF NO CHAR. AVIAL

ELSE RET Z=0

INPUT A CHARACTER FORM KEYBOAL
RECEIVER STATUS. CHARACTER AV]

NO -> LOOP BACK
BUFFER FULL ?

SKIP IF SO

ELSE ERRORS, RESET IT

OUTPUT XON TO KEYBOARD
NEW RETRY

SAVE CHARACTER
SEND XON TO KEY

RET WITH INPUT CHARACTER IN <«?
OUTPUT CHARACTER IN <C> TO KE)

TRANSMITTER EMPTY 2
NOT EMPTY ? —> LOOP BACK
EMPTY - OUTPUT CHARACTER

% dode e de ke de dedo ke ke de ke ek ok CENTRONICS *%*%kkkkdkkkkkdkhihkkk

OUTPUT A CHARACTER IN A TO CENTRONICS P
dekkkhdddkdkdddhkddokhdkkikkhdddddkkhkhkkikkhkhhkikd

RESET EXT. STATUS CHANGE INT.

CENTRCNICS READY ?
SEND CHAR

GIVE STROBE

RESET STROBE
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01D6 C5060A

O01D9+10FE
0l1DB CI1C9

01DD DB16E608
OlEl C8
OlE2 F6FFC9

O1E5 CD3802
O1E8 CD4B02

Ol1EB DBOSEGF8
OlEF F606D308
O1F3 DBOO
O1F5+CB87
O1F7 D300
O1F9 CD4B02
QlFC 0607
O1FE 213102

0201 OEO11600

0205 DBOl
02074+CB47

0209+2803
020B 7AB157
020E CD4B02
0211+CBO1
0213+30F0

0215 77
0216 23

0217+10E8

0219 DBOO
021B+CBC7

CENTSDELAY :

PUSH B! MVI B, 10
DINZ CENTDELAY+3

DB 10H, CENTDELAY+3-$-1
POP B! RET

CENT$STAT :
IN PSSIOASCTR ! ANI 1C00B
ORT -1 1| RET

Fedede ke de g dedede ke kedokek ok ok de ke ok kdkkdokdkdekkkk

READ/WRITE TIME ENTRY POINTS

INTERFACE TO MEM E 050 - 16
dededkdededdedokde ke dd ko ke dede ke kdede ok ek ke k

~o wo wo ~o

g
5

CALL CONTCMD
CALL CLKTIME

; MAKE DATA PIN = INPUT
IN PSPVR ! ANI OFS8H
ORI O6H ! OUT PS$SPVR

IN PSIDR ! RES O,A

DB OCBH, 0*8+A+80H
OUT PSIDR

CALL CILKTIME

; NOW SET UP COUNTERS
MVI B,7
IXTI H,DATE
RDTIMO:
MVI C,1 ! MVI D,0

RDTIM]:

IN P$GPIP ! BIT O,A

DB OCBH, 0*8+A-+40H
JRZ RDTIM2

DB 28H, RDTIM2-$-1
MOV A,D ! ORAC | MOV D,A:

RDTIM2:
CALL CLKTIME
RICR C
DB OCBH, OCH + C
JRNC RDTIML
DB 30H, RDTIM1-$-1

MOV M,A

INX H

DINZ RDTIMO

DB 10H, RDTIMO-$-1

: MAKE DATA PIN TO OUTPUT
IN P$IDR ! SETB O,A
DB OCBH, 0*8+A+0COH

Copyright (C) 1983 by Datentechnik oettle + reichler

~e

~e

~e ~o

~e ~o

~e ~e ~e -~ ~e

~e ~eo

~e

e we

~e

Programm-Beispiel

CENTRONICS BUSY ? -> IXD = KK

READY IF DCD = 1 -> /DCD = BUS

GIVE CONT. CMD WORD
ONE MORE CLOCK => READ DATA

SELECT IDR 6 => DDR
BIT O DDR = O -> INPUT

ONE MORE CLOCK 5

7 BYTES TO READ

BYTE PATTERN YET ZERO, START V
TEST FOR ZERO

SKIP OUT IF SO

ELSE SET BIT POSITION

NEXT BIT

NEXT POSITION

LOOP BACK IF MORE POSITIONS

SAVE BYTE
NEXT POSITION

BIT O DDR = 1 => OUTPUT

- 48 -
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021D D300 OUT PSIDR
: RESET CS
021F 3EO5D316 PREMEM: MVI A,5 ! OUT PSSIOASCTR
0223 3a1601 IDA AWRS5 ; GET WR 5 SIO A
RES 7,A
0226+CBBF DB OCBH, 7*8+A+80H
0228 D316 OUT PSSICASCTR ; RESET CS
; MAKE DATA PIN = 1
022A DBO1 IN PSGPIP ! SETB O,A
022C+CBC7 DB OCBH, 0*8+A+0COH
022E D301 OUT PSGPIP
0230 C9 RET
0231 DATE: DS 7
CONTCMD: : GIVE CONTINUOUS COMMAND TO MEM
; ACTIVATE CS FORM MEM
0238 3E05D316 MVI A,5 | OUT PSSIOASCTR ; SELECT WRS5 SICA
023C 3al1601 LDA AWRS : GET WR5 SICA
SETB 7,A ; ACTIVATE DIR -> CS
023F+CRFF DB OCBH, 7*8+A+0CCH
0241 D316 OUT P$SIOASCTR ; ACTIVATE IT
0243 0603 MVI B,3
CONTLOP:
0245 CD4B02 CALL CLKTIME : 3 TIMES CLOCKS WHEN DATA = 1
DINZ CONTLOP ; —> CONTINUCUS COMMAND
0248+10FB DB 10H, CONTLOP-S$-1
024A Co RET
CIKTIME: ; GIVE ONE POSITIVE GOING CLOCK PULSE
024B F5C5 PUSH PSW ! PUSH B
024D 0607 MVI B,7 ; DELAY
CLKTIM1:DINZ CILKTIM1
024F+10FE DB 10H,CILKTIM1-$-1
0251 3EO0S5D317 MVI A,5 | OUT PS$SIOBSCTR : SELECT WR5
0255 3A1D01 IDA BWR5 ! RES 7,A
0258+CBRF DB OCBH, 7*8+A+80H
J25A D317 COUT PSSIOBSCTR ; CLOCK = HIGH
025C 0607 MVI B,7 ; DELAY
CIKTIM2:DINZ CLKTIM2
025E+10FE DB 10H,CILKTIM2~-S$-1
0260 3E05D317 MVI A,5 | OUT P$SSIOBSCTR ; SELECT WR5
0264 3A1DO1 LDA BWRS5 | SETB 7,A
0267+CBFF DB OCBH, 7*8+A+0COH
0269 D317 OUT PS$SSIOBSCTR : CLOCK = LOW
026B Cl1F1C9 POP B | POP PSW ! RET
026E CD3802 WRTIME: CALI, CONTCGMD
0271 DBO1 IN PSGPIP | RES 0,A ; SELECT WRITE
0273+CB87 DB OCBH, 0*8+A+8CH
0275 D301CD4B02 OUT PSGPIP ! CALL CLKTIME
; SET UP COUNTERS
027A 0607213102 MVI B,7 ! ILXI H,DATE ; 7 BYTES
WRTIMO:

027F C50608
0282 7E

PUSH B | MVI B,8
MOV A,M

~e

Copyright (C) 1983 by Datentechnik oettle + reichler

Programm-Beispiel

8 BITS, GET BYTE
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0283 O7F5 WRTIMl: RIC ! PUSH PSW ; MSB INTO CARRY, SAVE PATT.
0285 DBO1 IN PSGPIP | RES O,A ; ASSUME BIT IS ZERO
0287+CB87 DB OCBH, 0*8+A+80H

JRNC WRTIM2 ; SKIP IF SO
0289+3002 DB 30H, WRTIM2-$-1

SETB 0,A ; ELSE SET BIT
028B+CBC7 DB OCBH, 0*8+A+0COH
028D D301CD4BOZWRTIM2: OUT PSGPIP ! CALL CIKTIME ! POP PSW

DINZ WRTIM1 ; NEXT BIT
0293+10EE DB 10H,WRTIM1-$-1
0295 C123 POP B | INX H . ; NEXT BYTE

DINZ WRTIMO
0297+10E6 DB 10H, WRTIMO-$-1
0299 C31F02 JMP PREMEM

: oo e e Jo e de e de e Fo e Fe T etk 3 v e o e e g K g e g o e e g e e ok e e de g e de o de g dedede e dedede ke

;FLOPPY DISK INTERFACE ROUTINES USING UPD 765 CTRL.
T e e

;INIT UPD 765

INI765:
029C 0600 ' MVI B,0
DINZ INI765+2 ; DELAY
02%E+10FE DB 10H, INI765+2-$-1
02A0 DB1CFESO IN P$7655CMD ! CPI 80H s REQUEST FOR MASTER ?
JRZ SPECIFY ; NO => SKIP
02A4+2804 DB 28H, SPECIFY-$-1
02a6 DB1D IN P$7658DAT ; ELSE READ DATA
JR INI765 ; AND TRY IT AGAIN
02A8+18F2 DB 18H, INI765-$~1
SPECIFY:
02AA 21CC02 IXI H,SPEC5~-1 ; SPECIFY PARAMETER TEAC FD55-B
02AD 010303 IXI B,0303H : SPECIFY CMD. 3 BYTES
02BO CD2a03 CALL, QMDFD1 ;s SEND COMMAND
: RECALIBRATE DRIVE TO TRACK ZERO
RECAL:
02B3 010702 IXI B,0207H : RECAL.CMD =07 - 2 BYTES
02B6 CDF802 CALI, MOTO

; SENSE DRIVE INTERUPT STATUS

02B9 010801 SENSE: LXI B,0108H COMMAND SENSED.=08 - 1 BYTE

~e

02BC CD2703 CALL CMDFD
O02BF CD3A03 CALL NEXT ; FETCH RESULT
02c2 47 MoV B,A ; SAVE IT
02C3 FES80 CpPl 80H ; INVALID CMD.?
02C5 C43A03 CNZ NEXT : NO —> NEXT RESULT
BIT 5,B ; SEEK FINISHED ?
02C8+CB68 DB OCBH, 5*8+B+40H
JRZ SENSE ; NO -> LOOP BACK
02CA+28ED DB 28H, SENSE-$-1
02cc c9 RET ; YES -> ALL DONE
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.*********** SPECIFY PARAMEIER FOR TEAC FD_55B s de e e de K de de e de de K do ke e de ke
.***************************************************************
02CD DF SPEC5 DB 11018$1111B
02CE 13 DB 0001$0011B ;SPECIFY PARAM. 5 1/4 TEAC B
sHLT = 36 MS
sHUT = 480 MS
;SRT = 6 MS
s NON-DMA MODE

;********** COMMAND TARILE FOR UPD 765 *%%kkkkkkkikkkkkk
;****************************************************

02CF 46 CMDTAB: DB 046H ; MFM READ COMMAND
02D0 00 UNIT: DB 0 : HEADO/UNIT A
02D1 00 TRACK: DB (0] ; TRACK O
02D2 00 HEAD: DB 0 ; HEAD O
02D3 01 SECTOR: DB 1 ; SECTOR 1
02D4 02 N: DB 2 ; N=2 512BYTES
02D5 OA EOT: DB 10 ; BOT, 10 SECTORS PER TRACK
02D6 10 GPL: DB 10H ; GPL GAP LENGTH
02D7 FF DTL: DB -1 : DIL DATA TERMINAL LENGTH
0208 RESLTB: DS 7 ; RESULT TABLE FOR FDC
02DF CMDCODE:DS 1 ; COMMAND CODE FOR 765
02EO0 ZDMA: DS 2 ; CURRENT DMA ADRESS
;*********** SENSE DRIVE STATUS dededo ke k ke ok dede ke ek ok k
;**********************************************
SDRS:
02E2 010402 LXI B, 0204H ; SDRS.CMD = 04 - 2 BYTES
02E5 CD2703 CALL QYDFD
O02E8 CD3A03 CALL NEXT
02EB C9 RET
;************* SEEK Fodedok de kg dede kK kK kok
; SEEK TO TRACK IN A, DRIVE IN UNIT
3 **********************************
SEEK:
02EC 32D102 STA TRACK
O2EF 010F03 IXI B,030FH : COMAND SEEK = OF - 2 BYTES
02F2 CDF802 CALL MOTO
02F5 C3B902 JMP SENSE
:****************** NKHOR QN dkdkhkkkhkdkhhkdhkhkhkkhkhkdkkhkhkikkkk
; WAIT UNTIL DISK READY, THEN TRANSMIT CMD. IN BC TO FDD
;*******************************************************
02F8 C5 MOTO: PUSH B ; SAVE CMD.
MOTO1 :
; STOP TIMER A
02F9 DBO09 IN PSTABCR ; GET TIMER AB CTR
02FB E60F ANI OFH ; STOP TIMER A
02FD D309 OUT PSTABCR

: RESET TIMER A
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O2FF DB08 IN PSPVR
0301 F607D308 ORI O7H ! OUT PSPVR ; ACCESS IDR NR. 7
0305 DBCO IN PSIDR ; GET TCDCTR
SETB 7,A
0307+CBFF DB OCBH, 7*8+A+0COH
0309 D300 auT $$IDR ; RESET TIMER A -> MOTOR GOES ON
RES 7,A
030B+CBBF DB OCBH, 7*8+A+80H
030D D300 OUT PSIDR ; RUN TIMER A
; SET TIMER A
O030F 3EOA MVI A,10 ; 10 SECONDS FOR MOTOR ON
0311 D30B OUT PSTADR

; ENABLE TIMER A

0313 DBO9 IN P$TABCR ; GET TIMER AB CTR. REGISTER
0315 F680 ORI 8CH ; SET TIMER A TO EVENT COUNT MODE
0317 D309 OUT PSTABCR

; RESET PENDING INTERRUPT FROM TIMER A

0319 DBO3 IN PgIPRA ; PENDING INT. REG A
RES 5,A '

031B+CBAF . DB OCBH, 5*8+A+80H

031D D303 OUT PSIPRA

031F CDE202 CALL SDRS ! BIT 5,A : DRIVE READY ?

0322+CB6F DB OCBH, 5*8+A+40H
JRZ MOTO1 ; NO->WAIT

0324+28D3 DB 28H,MOTO1-$-1

0326 Cl POP B

kkkkkkkkkkkk COMMAND TO UPD 765 ek dedkkkdokkkkkk

TRANSMITT COMAND IN BC TO FLOPPY DISK CONTROLER

OF BYTES TO TRANSMITT, C = COMMAND
Fedodededededede e doded ook e dedede ke e dede dedededede dedede e e e dededode g e de e dede

. Ne N8 o

CMDFD:
0327 21CF02 IXI H,OMDTAB
CMDFD1 :
032A DBIC IN P$765SCMD
032C E6COFES0 ANI OCOH! CPI 80H
JRNZ OMDFD1 :REQUEST FOR MASTER °?
0330+20Fr8 DB 20H, CMDFD1-$-1
0332 79D31D MOV A,C! OUT P$765SDAT ;SEND COMMAND
0335 234E INX H! MOV C,M
DINZ CMDFD1 ;NEXT COMMAND
0337+10F1 DB 10H, CMDFD1-$-1
0339 C9 RET

*kkkkkkkkk NFXT RESULT e e Je e e de Je ke ke do ke ke

READ NEXT RESULT BYTE FROM FDC
B Tl i s it e T 2

~e No wo

NEXT':
033Aa DBI1C IN P$765SCMD
033C E6COFECO ANI OCOH! CPI OCOH
JRNZ NEXT ; REQUEST FOR MASTER ?
0340+20F8 DB 20H, NEXT-$-1
0342 DB1D IN P$765SDAT
0344 C° RET
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e e Je de Je de e de e FETCH RESULTS FROM FDC Yo % % % Je de & & ke do ke ke
CHECK FOR R/W ERRORS, IF ANY Z=0

e Je e e e e e e e de o e e e e e e e e de e do d e o de e e e o e e e de e de e e e de K ke e K

~s we we

RESULT:
0345 0606 MVI B,6 ; 7 RESULTS
0347 CD3A03 CALL NEXT ; FEICH IT
034A 21D802 IXT H, RESLTB
034D 77 MOV M,A ; STORE IT
034E EeCO ANT 0COH ; ANY ERROR IN STATUS O
0350 4F MOV cC.,A

RESIOP:
0351 CD3a03 CALL NEXT
0354 23 INX H
0355 77 MOV M,A

DINZ RESLOP

0356+10F9 DB 10H, RESLOP-$-1
0358 79 MOV A,C ; ERROR REPORT STATUS O
0359 B7 ORA A
035A C©9 RET ¢+ RET WITH ERROR IN A

Je e de sk e e o o e e e e e o o e e e e e s Je e e e e e de o e o o e g e e e ke ke e Kok e o ke ke ek ok

*kkkk* STMPLE READ & WRITE ENTRY POINTS *****kk#%
R/W IN NON DMA MODE A 512 BYTE SECTOR

R/W ONE SECTOR IN <SECTOR>,

R/W TRACK IN <TRACK>, SEEK-COMMAND GIVEN

R/W HEAD IN <HEAD> AND <UNIT>

R/W DRIVE NUMBER IN <UNIT>

DESTINATION/SOURCE IN <ZDMA>
Fkdkedekdededededededededededodekdededed ke dodededode dedodede ded dedede e ook e o e e e de e e dede e e dedede ek ok

MO NE Ne Ne Ng ng N Ng ~p

s ¥¥kdkk* WRITE SELECTED SECTOR TO FDD **¥#k%

: Fedede s e o o do e e e Je e o e e de e de o e de e e e e e Je Jo e de e e e g o g v e g de e K

WRITEIT:
035B 11 DB 11H
OUTT ; WRITE DATA
035C+EDA3 DB OEDH, OA3H
35E 3E05 MVI A,O05H ; 765 WRITE COMMAND IN A
JR RWIT
0360+1805 DB 18H, RWIT-$~1

; ¥%*%%*% READ SELECTED RECORD FROM FDD *kii#
H Fe e o do Je de o de o e e de e de Ko e de e e e e o de o e e e e e e e ke e e e o g e de K de e de

READIT:
0362 11 DB 11H
INI ; READ DATA
0363+EDA2 DB OEDH, OA2H
0365 3E06 MVI A,6 ; 765 READ COMMAND IN A
RWIT:
0367 32DF02 STA CMDCODE ; COMAND CODE FOR READ/WRITE
SDED INIMFM1 ; SET INI / OUTI OP-CODES
036A+ED53 DB OEDH, 53H
036C+C003 DW INIMFM1
SDED INIMFM2
036E+ED53 DB OEDH, 53H
0370+CD03 Dw INIMFM2
1983 by Datentechnik ocettle + reichler - 83 -
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RWLOP:
0372 060A
0374 C5
0375 F3
0376 1192E03DS

RWOP:

037A+DD21
037C+B603

037E+FD21
0380+2703

0382 0609

0384 3ADF02
0387 4F

0388 3ACFO2Bl4F
038D CDF802

0390 2AE002
0393 OE1D

0395+DDE9

ENDRW:
0397 DBOl1Fe04
039B D301
039D D1

TERMI:
O039E DBO1F604
03a2 D301

03A4+CB97
03a6 000000
03A9 D301
O3AB FB

03AC CD4503
O3AF C1C8

03B1+10C1
03B3 3EO1CO

~8 wo “o

MVI B, 10

PUSH B

DI

IXT D, TERMI ! PUSH D
LXTX RW765M

DB ODDH, 21H
DW RW765M
ILXTY ENDRW

DB OFDH, 21H
DW ENDRW
MVI B,9

LDA OMDCCDE

MOV C,A

IDA QMDTAB | ORA C | MOV C,A

CALL MOTO

IHID ZDMA
MVI C,P$765S$DAT

PCIX
DB ODDH, OESH

IN PSGPIP ! ORI 0100B
OUT P$GPIP

POP D

IN PSGPIP ! ORI 0l00B
OUT P$GPIP

RES 2,A

DB OCBH, 2*8+A+80H
NOP! NOP! NOP

OUT P$GPIP

EI

CALL RESULT
POP B | RZ

DJINZ RWOP
DB 10H, RWOP-$-1
MVI A,1 ! RET

~e we

~e

-,

.
I’

.
,

~-e

~e wo ~e w8 wo ~e = e weo

e

~e

Programm-Beispiel

RETRY~COUNTER

SET TERMI ONTO STACK
START ADRESS

RETURN ADRESS

9 COMMANDS
COMMAND IN C
TRANSFER COMMAND
DMA ADRESS IN <HL>

JUMP TO READ/WRITE 765

TERMINATE COUNT

RESET STACK ADRESS IF NOT USED

ENTRY POINT TO ABORT R/W

GIVE TERMINATE COUNT

DELAY
RESET TC
ENABLE INT.

ENTER RESULT PHASE
NO ERRORS -> RET

TRY IT AGAIN IF ERRORS
UNRECOVERABLE ERROR

Je Je Je Je Je e e e e e e e e Je Je do do g g de e o e de o do dode ke dede ke ke dede ko e de ke k ok

PHYSICAL READ/WRITE
% Je % % % T % e K v ek %k gk ek e ke Kk K ek g ke e ke ke ke ke v de ke ke ke ke ok ok

NON-DMA MODE

.********************************************

RW765M° ; HL = DESTINATION, C = PORT,
.********************************************

; COMMAND READ/WRITE IN C

03B6 0600 MVI B,0 ; 256 BYTES
RWMEFM:
03B8 DBIC IN P$765SCMD
03BA 07 RLC ;s BIT 7 IN CARRY
JRNC RWMFM ; REQUEST FOR MASTER ?
O3BB+30FB DB 30H, RWMFM-S-1
03BD 0707 RIC ! RLC
O3BF DO RNC ; EXECUTION MODE ?
INIMFM1:

INI ; INI IF READ DATA, OUTI IF WRITE DATA
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03CO+EDA2 DB OEDH, OA2H
03C2 C2B803 JNZ RWMFM ; REPEAT TIL DONE
RWMFM2 :
03C5 DB1C IN P$765SCMD : NEXT 256 BYTES, REG B IS ZERO
03c7 07 RLC s BIT 7 IN CARRY
JRNC RWMFM2 ; REQUEST FOR MASTER ?
03C8+30FB DB 30H, RWMFM2-5-1
03ca 0707 RIC ! RIC
03cc DO RNC : EXECUTION MODE ?
INIMFM2:
INI
O3CD+EDA2 DB OEDH, OA2H
03CF C2C503 JNZ RWMFM2 : REPEAT TIL DONE
PCIY ; JUMP TO ENDRW
03D2+FDE9 DB OFDH, OESH
o34 END
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IC's
IC 00,01
IC 02
IC 03,04
IC 05
IC 06
IC 07
IC 08
IC 09
IC 10,11
IC 12
IC 13
IC 14
IC 15
IC 16
1c 17
IC 18
IC 19
IC 20
IC 21
IC 22
IC 23
IC 24
IC 25
IC 26
IC 27-32
IC 33
IC 34
IC 35
IC 36
IC 37
IC 38

Dioden
D 00-02
D 03
D 04
D 05
D 06
D 07

Netzwerke
SIL O
SIL 1

Copyright (C) 1983 by Datentechnik oettle + reichler

74 LS 245
2716/32

74 LS 245

74 LS 194

24 s 10 (BU/O)
Z80 B CPU
24 sa 10 (1I0/0)
74 S 158
4164, 150 ns
74 s 158

24 sA 10 (ME/O)
74 LS 173

74 LS 367
4929

74 LS 626

74 LS 173

74 LS 14
MEM E050-16
74 LS 158

74 LS 139
FDC 9229 BT
upD 765

Z80 B DART
Z280 A STI
4164, 150 ns
ICL 7660

74 LS 374
MC 1489

MC 1488

74 06

74 07

AA 143
1 N 4148
AA 143
1 N 4148
2 2,7
1 N 4148

7x4,7K
7 x 680

Widerstinde
00

01

02

03

04

05

06
07-10
11-15
16,17

e s B IR R

C

C

C 02,03
C 04,05
C 06

Cc 07

C 08

C 09,10
Cc 11

C 12

C 13

C 14-20
C 21-23
C 24

C 25,26
Cc 27

C 28

C 29,30
C

C

NICD

Stiickliste

2,2 K
680
2,2 K
82 K
47 K
22
680
4,7 K
330
4,7 K
1,2 K
4,7 K

2 N 2907 A

4,7 uF, 10V
47 nF

4,7 uF, 10V
47 nF

4,7 uF, 10V
47 nF

470 pF
entfaellt
4,7 uF, 10V
10 uF, 6,3V
12 pF

47 nF

10 uF, 1lév
4,7 uF, 10V
47 nF

3-12 pF Trimmer
47 nF

12 pF

4,7 uF, 10V
470 pF

16 MHz
6 MHz
32,768 KHz

2x 20 DK-F
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ADRESS

!

AFSH 282

—— DATA ———

SiLo

2

"DZ

L L Ll L Ll

5

IR N =0

O |© [ |~ jo | |
o |o o |0

nijolNnjele|o|v]e

IC 03

LS 245

8c

Stromlaufpldne

RESET
y/

PWRCL
| —

D4

(2]
g
A

DESLCT

DIR

IEI

N [©

30a

18¢c
10
ny

IC 06

TBP24 S10

N\

m
(e}

|

=
by

|

I

~ N[O W

b £

24c

Va
N

2 G ol (2

WR 22¢

A16 10c

12¢

wiac

|
F=]

Ll

A19 143

IC00

LS 245

2c
1 14c

EN-367

24c
342
452

522
633

o [0 |® W[l NN

IC 05

Ls194

Ic19

b | 4 ..I..
IN (JI& g
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Stromlaufpléne

N =4
20

o
e

—————— ADRESS — —— DATA —

.93
31316
(LC

o

(ELE

T 3
2 g
o x

N
e

|

NN DWN=O

15 SEL
EN

IC12

S 158 it

10 Din.outP

AS
Al

¢ CECLTTe

OCONOOONDWN 4O
€D 102 [ [

&
(=]

T

(///[///
)

A1S

SEL

b 12 Slao

IC 09

=N S 158

.9 12{ 5

A2

«

v oY T

13 2 Blae

\

(W

N
o

N

DATA

IC 02

2716/32

p—— ADRESS

A11\Vpp

~NBAUBHWN 4O

ECCCCTTT RECEECtT

DONOWNWHEWN=O

i

aEja20

L 3Ngd 5[N\g6_ 15
Scio 119 ,

5. 14 1211314115
Ic16 ~ Tcos

3

IC 10,11, 27-32 s&xates

2

NG
ic1s| V7

(]

RFSH
A4

[_

&

15

ot

16

800T

SiL1

17

o [in | Jon [N

18

(////I

A19_ 3

\MREG 13a

CE-EPROM

M-SEL

WAIT

IC13

n"

TBP24 SA10

Do

(]
o [w |& (o

IC14

LS 173

A16

18
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N\

NMI

0 ;‘°
[ 1
22
< 3
=
g 438
M E
[ |32
4
< 7
S
g aof3l
@ a1 l32
Ll
fORG
gl
WATCH 2 =32
CLOGK DTRB RD|
RESET -
INT 765 22lncoB NT
—-—ﬁima
gt 1025
o )
8 91BN 23| rse
o &3t 2o
3 1IN3 28} o o8
on P L
Tp]
0% 82| axrxcs
{8
Qg &8
l% TC 0
) I- 1
MOTOR Nra 2
—2l1g g a
@-STI TCLK 3 a
5
3N e l_ 6
® = 7
SO
ul 8 » 38lg, AO
x| 2
2_ o . 1
& 2
[=]
A3
2]
800T 154, D)
WR
WATCH 12| Wi
{ORG
TC-765 10}, iNT|
RESET
MINI 35
CE 30
WATCH 8
DATA ©°  IC26
23 PE 1), Z80-STI
IC15
1_SWR_ 7.6 | 9],
19 j 14 16
o6 IC340 enle—p
o—{ 10 LS 374 Ju
[7;]
é 5 2
gl 7 5
§| 9 16
1 18
B 6
15 9
L 7 12
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o

N OB WN=SO

Stromlaufpldne
L ]
L Jint-768
161.¢ TC-765
143 hra
O—ﬁ DACK
8 \nT
510
71, 'l
: 2
3 2
0, &
1
12]>
2 |
7
] IC 24
765
; RD
—IWR
SNl UprEseT
ic16
CE
ol |IC22
o |LS139
3 -
2plo i6-173
oz
’C 4 SA10
9
12 {O-SEL
10 WAIT
1
o
\MREQG__15 le R IC 18
NCA— s ™73
m D>
N\NME__ 10, c
—o,|&
1
EN
'll 2.1&
.
— ——
i n PRE
14| | .
CHARGE
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N

1DX 2:4 Tndex
35 120113 Feady
Rov IC 37%9 eady
wel2s et 1106 **|Write Enabie
HD 27 1>:2 2 Side Select
ol 1812 AL
IC38
IC22 41 .4 ] N 1
-0'% 0
st e ks AT R— < PP
usol22 2|, ,he 1IN2 14 2&[;‘5
us1 28 g apl L 9{>L 8|3
|:>||=Tng 150 10| 5irection
wAeex 22 ! lsEL 5915281 1c37
qyﬁﬁhen
3 L
4
2 <N A
- 2 IC 38
sTP S 7 11D1o __&° Step
13
24 ° et
'; ﬁ Write Protect
9. | :1 Track 00
: CLK FDCSEL
CLKOUT TEST
Z SEPCLK
Isero
s DSKD Read Data
DENS
I2WoIN woouTl: SN Fwrte Deta
18}, ate 1ca
13)E ARLY IC23
FOC 9229
3| 1
MINI PO l—u
; L] L S—
1 XTAL P2 ..19_*|o C38
13 12 016 Motor on
U
W Ines sECH2
htig 131 pata ofF [ L
| 80 GUTSEL .;EQMZO ARs |12
E£050-16
gt " 151cLoCK INPUT Bav|-
E o——E:t‘sroF “
RESET XTAL OUT
=
3 F) 0 % Jf
DRAHHE =
02 €26 | Nico
D7
e
WATCH
SEC
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Betreff Einsatz von Eproms Typ 2732 4 kByte:

Der letzte Update des CP/M-Plus Betriebssystems machte den
Einsatz von 32k Eproms des Typs 2732 fiir den Boot-Ladevorgang
erforderlich. Der EPC-Einplatinencomputer ist Jjedoch
standardmiBig fiir den Betrieb von Eproms 2716 eingestellt. Bitte
beachten Sie hierzu daB Adresse All an Pin 21 des 24 poligen
ROM-Sockel herangefiihrt werden mu8 (s. EPC-Handbuch Seite 59).
Auf der Ldtseite der Platine sind an Pin 21 die Adresse All und
5 V herangefiihrt. Die 5V Leitung ist vom Pin 21 zu unterbrechen
(scharfes Messer), stattdessen ist die dem Pin gegeniiberliegende
Adresse All zu briicken (Ldtpunkt).

Ansicht von der Lotseite PIN 21 IC 02:
A 1l PIN 21 + 5V
el  ————- 1—==1}
==== ! 1 o 1| 1 |=====
l=—=1  ———— 1——-1

Verbindung Verbindung
herstellen 16sen
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