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FDC - Floppy Controller Schaltungs~Beschreibung

Schaltungs—-Beschreibung

Die FDC-Baugruppe erlaubt den gemischten Betrieb von maximal vier
softsektorierten 3, 5.25 und 8 Zoll Laufwerken. Der Datenaus-
tausch mit dem Systemspeicher erfolgt per DMA. Die DMA kann im
1M-Byte AdreBbereich jede beliebige 64k-Seite ansprechen. Memory
to Memory Transfers zwischen verschiedenen Pages mit einer Uber-
tragungsrate von 1 M-Byte/sec sind ebenso mdglich. Die FDC-Bau-
gruppe eignet sich damit hervorragend zum Aufbau einer Halblei-
ter- RAM-Floppy. Dies erbringt eine bis zu 20-fache Geschwindig-
keitssteigerung gegeniiber herkémmlichen Laufwerken.

Besonderen Wert wurde auf einen sicheren Datentransport vom und
zum Diskettenlaufwerk gelegt. Beim Lesen sorgt ein integrierter
"Phase Locked Loop" Datenseperator fiir die einwandfreie Aufar-
beitung des seriellen Datenstroms von der Diskette. Beim Schrei-
ben garantiert eine "Dynamic write precompensation"-Schaltung die
sichere Aufzeichnung.

Adress-Extension Al6 - Al9

Der B-Port der Z-80 PIO definiert in den aktiven Phasen der DMA
eine 64 K-Byte Page, aus der die DMA liest und eine weitere, in
die sie schreibt. Schreib- und Lese-Bank kdnnen selbstverstind-
lich auch identisch sein. Bit 0-3 PIO-Port B bestimmen dabei die
Page aus der gelesen werden soll, Bit 4-7 die Page, in die ge-
schrieben werden soll. In der aktiven Phase der DMA werden die
Daten dieser beiden 4-Bit Ports abwechselnd zum Lesen oder
Schreiben auf den AdreBSbus Al6 - Al9 geschaltet.

PIO Port B: Bit 7 6 5 4 3 2 1l 0
Al9 Al8 Al7 Al6 Al9 Al8 Al7 Alé
! ! l !

DMA Write DMA Read

Der Hardwareaufbau dieser Schaltung erfordert es, das die DMA
sowohl bei Speicher- als auch bei I/0O-Operationen auf "early end"
programmiert wird. Bei identischer Read- und Write-Page ist dies
nicht unbedingt erforderlich.
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FDC - Floppy Controller Schaltungs-Beschreibung

Bussteuerung:

Die BUS-Steuerung erfolgt iiber einen 256 x 4 PROM (24 s 10, IC
09). In Abhidngigkeit der 8 Eingangssignale und der internen
Programmierung, werden 3 Ausgangssignale erzeugt.

Pinbelegung Bus-Prom IC 09:

a7 Pin 15 BAI D3 Pin © DMA inactive
A6 Pin 1 M1 D2 Pin 10 DIR DATA

A5 Pin 2 BAO D1 Pin 11 EN DATA

A4 Pin 3 RD DO Pin 12 NC

A3 Pin 4 IORQ

A2 Pin 7 I0-SEL

Al Pin © IEI

A0 Pin 5 IEO

Funktion der Bussteuerung:
1. Wadhrend der CPU-aktiven Zeit:

Die AdreB- und Steuersignale treiben vom Systembus ins
Innere der Karte. Der Datenbus treibt normalerweise auch
nach innen. Ausnahmen sind I/O-Lese- und Interupt-Acknowl-
edge-Zyklen, die die DMA, PIO oder den FDC ansprechen. In
diesen Fdllen treibt die Karte auf den Systembus.

2. Wdhrend der DMA-aktiven Zeit:
Die AdreB- und Steuersignale treiben nach auBen auf den
Systembus. Der Datenbus treibt normalerweise auch nach
auBen. Ausnahmen sind I/O-Lesezyklen, die nicht die PIO oder
den FDC ansprechen sowie Memory-Lesezyklen.

I/0 AdreSbelegung

Die FDC Karte belegt insgesamt 8 I/O-Adressen. Diese 8 Adressen

kbnnen in zwei 4-Byte BlScken beliebig in dem 256-Byte I/0 Adref-
raum angeordnet werden. Ein 4-Byte Block wird von der PIO belegt.
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FDC - Floppy Controller Schaltungs—Beschreibung

Der zweite 4-Byte Block teilt sich folgendermaBen auf:

XXXX XX00 = FDC upD 756
XXXX XX01 = FDC upd 756
XXXX XX10 = DMA

XXX XX11 = Motor on

Die oberen 6-Bit's (A7 - A2) werden durch Programmieren des I1/0
Prom's IC 02 (TBP 24 SA 10) bestimmt.

Standard-AdreBbelegung:
StandardmdBig belegt das FDC-Modul folgende 8 I/O-Adressen:

20h - 23h Z-80 PIO
20h Port A Data
21h Port B Data
22h Port A Control
23h Port B Control

24h - 25h uPD 765 FDC
24h FDC Command Port
25h FDC Data Port
26h Z-80 DMA
27h Motor on I und II

Pinbelegung IC 02 (24 SA 10):

A7 Pin 15 A5 D3 Pin 9 CE-PIO

A6 Pin 1 A7 D2 Pin 10 IO-SEL

A5 Pin 2 A6 D1 Pin 11 CE-FDC+765
A4 Pin 3 A0 DO Pin 12 MOT-ON

A3 Pin 4 A4

A2 Pin 7 A2

Al Pin 6 A3

A0 Pin 5 Al
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FDC ~ Floppy Controller Schaltungs—-Beschreibung

INTACK~DMA

Wird die DMA auf halber Systemfrequenz betrieben, so ist es nicht
mehr mdglich den DMA-Baustein in die Interrupt-Kette einzubinden.
Der Ml-Eingang der DMA wird deshalb auf High-Potential gefiihrt

um die DMA daran zu hindern, den Interrupt-Vektor wdhrend des
INTACK-Zyklus auf den BUS zu legen. Das INT-Signal der DMA wird
nicht mit dem BUS verbunden, sondern auf einen Eingang der Z-80
PIO gelegt, die stellvertretend fiir die DMA einen Vektor-Inter-
rupt auslOst. Gleichzeitig stellt dieses INT-Signal den Terminal-
Count-Puls (TC) fiir den FDC-Baustein dar. Das Riicksetzen des DMA-
Interrupts muB softwaremédBig geschehen (0C3h Reset DMA), da die
DMA einen RETI-Opcode (ED 4D) nicht mehr erkennen kann (halbe
Systemfrequenz).

Head-Load—-Schaltung

Um ein gleichzeitiges Absenken der Schreib/Lese Kopfe aller vier
Laufwerke zu verhindern, ist es mdglich, jedem Laufwerk ein ge-
trenntes Head-Load-Signal zur Verfiigung zu stellen. Welches der
vier Laufwerke ein aktives Head-Load-Signal bekommt, bestimmen
Bits 3 und 4 des A-Ports der PIO. Ein RS-Flip-Flop gewihrleistet,
daB die Kopfe aller angesprochenen Laufwerke nach einem Zugriff
eine bestimmte "Head Unload Time" (liber FDC oder Monoflop II pro-
grammierbar) abgesenkt bleiben und bei einem erneuten Zugriff
nicht wieder neu geladen werden miissen. Insbesondere bei Trans-
fers zwischen zwei Laufwerken ist dies durch schnelleren Zugriff
und geringes "Kopfklappern" von Vorteil.

PIO Parallel Input Output Controller

Die Beschaltung der 2 x 8 I/0-Leitungen des Z-80 PIO-Bausteins
ist folgendermaBen:

Channel A
PA O Pin 15 Input INT DMA High active
PA 1 Pin 14 Input Motor on 1 High active
PA 2 Pin 13 Output Enable Mot on 1 Low active
PA 3 Pin 12 Output Select Drive O High active
PA 4 Pin 10 Output Select Drive 1 High active
PA 5 Pin 9 Output MINI Drive Low active
PA 6 Pin 8 Input INT 765 High active
PA 7 Pin 7 Output Terminal Count 765 High active
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FDC - Floppy Controller Schaltungs—Beschreibung

Channel B
PB 0 Pin 27 Output Al6 DMA-Read Adress
PB 1 Pin 28 Output Al7 DMA-Read Adress
PB 2 Pin 29 Output Al8 DMA-Read Adress
PB 3 Pin 30 Output Al9 DMA-Read Adress
PB 4 Pin 31 Output Al6 DMA-Write Adress
PB 5 Pin 32 Output Al7 DMA-Write Adress
PB 6 Pin 33 Output Al8 DMA-Write Adress
PB 7 Pin 34 Output Al9 DMA-Write Adress

Steckbriicken

1. DMA Clock

Die 2-80 DMA 1&Bt sich wahlweise auf halber Systemfrequenz
betreiben. Da Z-80 DMA Bausteine derzeit nur in der A-
Version (4 MHz) gefertigt werden, ist dies immer dann erfor-
derlich, wenn die Systemfrequenz 4 MHz iiberschreitet.

2. Wait DMA

Ist diese Briicke gesteckt, werden bei jedem I/O-Zugriff auf
die DMA Wait's ausgegeben. Die Anzahl der Wait's bewegt
sich, in Abhdngigkeit von der Steckbriicke DMA-Clock, zwi-
schen 2 und 4 Wait-Stait's. Wird die DMA auf halber System-
frequenz betrieben, so muB diese Briicke gesteckt sein.

3. BAI from BUSAK

Die BUS-Aviable-In-Leitung (BAI) der DMA wird normalerweise
von einer BUS-Aviable—-Out (BAO) Leitung einer hdherpriori-
sierten DMA beschaltet. Soll die DMA auf der FDC-Karte
h6chste Prioritdt erhalten oder ist es der einzige DMA-
Baustein im System, so ist das BUS-Aviable-In-Signal (BAI)
vom BUS-Acknowledge (BUSAK) Signal der CPU abzuleiten
(Briicke gesteckt).

4. Pin 6 MINI

Pin Nr. 6 des 34-poligen MINI Steckers kann wahlweise mit
Ready bzw. Drive-Select 3 beschaltet werden. Bitte beachten
Sie die Angaben des angeschlossenen Laufwerks.
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FDC - Floppy Controller Schaltungs—-Beschreibung

5. Head Load

Die Head Load Leitung (Pin 2 bzw. 18) kann wahlweise mit dem
Head-Load des uPD 765 oder mit einem nur bei Laufwerk A
aktiven Head-Load O beschaltet werden.

6. Dynamic Write Precompensation
Auf diesem 18-poligen Pfostensteckerfeld kann der Precompen-

sation-Wert beim Schreiben auf Diskette eingestellt werden.
Je nach Steckweise ergeben sich folgende Werte:

Standard MINI

P2 Pl PO Precomp. P2 Pl PO Precomp.
0 0] 0 O ns o o 0 O ns

0 0 1 62,5 ns 0] 0 1 125 ns

0 1 0 125 ns 0 1 0 250 ns

0] 1 1 187,5 ns (0] 1 1 375 ns

1 0 0 250 ns 1 0 0 500 ns

1 0 1 250 ns 1 0 1 500 ns

1 1 0 312,5 ns 1 1 0 625 ns

1 1 1 312,5 ns 1 1 1 625 ns

Es muB je Reihe eine Briicke gesteckt sein, also insgesamt 3
Steckbriicken. Fiir jede der drei Reihen ergeben sich vier Steck-
Mdglichkeiten:

1, H=1
2, L=0
3, OUT = O bei inneren Spuren, 1 bei HuBeren Spuren
4, IN = 1 bei inneren Spuren, O bei HuBeren Spuren

Bei Steckweise 3 und 4 148t sich der Precompensation-Wert fiir die
inneren und &duBeren Spuren getrennt einstellen.

Der Precompensation Wert ist abhingig vom verwendeten Floppy-
Laufwerk. Bitte beachten Sie die dort angegebenen Werte. Sind
keine genauen Angaben vorhanden empfiehlt sich folgende Steck-
weise: P2 =0, P1 =1, P2 =0 (125/250 ns).
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Steckerbeleqgung zu den Laufwerken

Standard MINI

2 Low Current 2 Head Load / Head Load O
4 Fault Reset 4 Head Load 1

6 Fault 6 Drive Select 3 / Ready
8 8 Index

10 Two Sided 10 Drive Select O

12 Motor on 1 12 Drive Select 1

14 Side Select 14 Drive Select 2

16 Motor on O 16 Motor on

18 Head Load / Head Load O 18 Direction

20 Index ' 20 Step

22  Ready 22 Write Data

24 Head Load 1 24 Write Enable

26 Drive Select O 26 Track 00

28 Drive Select 1 28 Write Protect
30 Drive Select 2 30 Read Data

32 Drive Select 3 32 Side Select
34 Direction 34 Ready

36 Step

38 Write Data

40 Write Enable
42 Track 00

44 Write Protect
46 Read Data

48 Head Load 2
50 Head Load 3

Kein Teil dieser VerSffentlichung darf reproduziert, vervielfidl-
tigt, gespeichert oder iibersetzt werden, ohne die ausdriickliche
schriftliche Zustimmung von DATENTECHNIK oettle & reichler. Wir
behalten uns das Recht vor, Anderungen, die einer Verbesserung
einer Schaltung oder unserer Produkte dienen, ohne besondere Hin-
weise vorzunehmen. Fiir die Richtigkeit der hier gegebenen Daten,

Schaltpldne, Programme und Beschreibungen wird keine Haftung
iibernommen.
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SYMBOL NAME OGESCRIPTION
N Number N stacuts for the number of data bytes
written i 2 Sector.
NCN New Cyinder Number | NCN tands for 2 new Cylnder number,
WhCh 13 gOINg 10 De reached a3 a result of the
Seek operation. Deswed pos:tion of Head.
NO Non-DMA Mode ND stands tor operation in the Non-DMA Moce.
PCN Present Cylinder PCN stands for the Cylinder aumber at the com-
Numbder pletion of SENSE INTERRUPT STATUS
Command. Potition of Head at oresent time.
A Record R stands for the Sector number, which will
e resd or written.
RAV ReadAvrite RAY sunds lor cither Read (R} or Write (W)
signal,
sC Sector SC indicates the number of Sectors per
Cylinder.
SK Skin SK stands for Skip Deleted Data Address Mark.
SRT Step Rate Time SRT stands for the Stepping Rate for the FOD,
11 10 18 msin 1 o increments.) Stepoing Rate
2pplies 10 alt Brives, {F = 1 ms, E = 2 m3, a1c.),
sTO Suws 0 ST 0-3 stand for ane ol tour registers which
sT1 States 1 store the status information after 8 command
sT2 Status 2 has been executed. This information it
T3 Sutus 3 available during the result phate sfter commend
execution. Thete registars thould not be cone
fused with the main status register {setected by
AQ = 0). ST 0-3 may be read onty after a come
mand has been executed and contain information
relevant 10 that particulsr command.
sTP During a Scan operation, it STP = 1, the dats in
£0ATiguOoUs ectors is compared byte by byte
with 0312 tent from the processor (or CMA);
and if STP = 2, then afternate sectors 3re resd
and compared.
USO, US1 | Umit Select US $1ands for 8 setected drive number D or 1.
MEMORIES
{ 080 3VSTEM BUS {
D8 Ag
MEMA o
= =
W -
ol a
< e
HRQ
RESET
ion e
WIROOW|
00257 orQ RO OATA
oma e WR DATA
CONTROLLER |DACK wro783 oRIvE
< Foc  KeuY cowTROL INTERFACE
TERMINAL "
Count OUTPUT CONTADL

POLLING FEATURE OF

THE pPD765

uPD765A

PROCESSOR INTERFACE Ouring Command or Result Phases the Main Status Register (described eartier) 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 D6 and D7 in the Main Status Register must
be in a 0 and 1 state, respectively, before each byte of the command word may be
written into the uPD765. Many of the commands require multiple bytes, and as a
result the Main Status Register must be read prior to each byte transfer to the xPO76S,
On the other hand, during the Result Phase, D6 and D7 in the Main Status Register
must both be 1's (D6 = 1 and D? = 1) belore reading each byte from the Data Register.
Note, this reading of the Main Status Register before each byte transfer to the uP0765
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 FOD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation
of a Read signal {(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
encugh (every 13 us) for MFM and 27 us for FM mode, then it may poil the Main
Status Register and then bit D7 (RQM} functions just like the Interrupt signal. If a
Write Command is in process then the WR signal performs the reset to the Interrupt
signal,
If the uPD765 is in the DMA Mode, no Interrupts are generated during the Execution
Phase, The gPD765 generates DRQ’s (DMA Requests) when each byte of data is avail-
able, The DMA C 1] ds to this req 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 reset (DRQ = 0). If aWrite 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 automatically reset {INT = 0).
It Is important to note that during the Result Phase 2ll 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 complete the
Read Data Command. The uPD766 will not accept a new command until 2ll seven
bytes have been read. Other commands may require fewer bytes to be read during the
Result Phase.
The uPD76S contains five Status Registers, The Main Status Register mentioned sbove
may be read by the processor at any time. The other four Status Registers (STOQ, ST1,
ST2, and ST3) are only availsble during the Result Phase, and may be read only after
completing a command, The particuler command which has been executed determines
how many of the Status Registers will be read,
The bytes of data which are sent to the zPD765 to form the Command Phase, and are
read out of the uPD765 in the Result Phase, must occur in the order shown in the
Command Table, That is, the Command Code must be sent first and the other bytes
sent in the prescribed sequence, No fareshortening of the Command or Result Phases
are sllowed. After the last byte of data in the Command Phase is sent to the uPD765,
the E: ion Phase ically starts, In a similar fashion, when the last byte of
data is read out in the Result Phase, the command is automatically ended and the
uPD786S is ready for a new command,
After the Specify command has been sent to the uPD765, the Unit Setect line USO and
US1 will sutomatically go into a polling mode. 1n b ds (and b
step pulses in the SEEK command) the uPD765 polls all four FDD's looking for 3

change in the Ready line from any of the drives. I¢ the Ready line changes state {ususlly

due to a door opening or closing) then the uPD76S will generate an interrupt, When
Status Register 0 (STO) is raad (after Sensa Interrupt Status is issued), Not Ready (NR)
will be indicated. The polling of the Ready line by the uPD765 occurs continuously
between commands, thus notifying the processor which drives are on or off line. Each
drive is polled every 1.024 ms except during the Read/Write commands.
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READ DATA

A st of nine (8) byte words ace required 10 place the FDC into the Read Data Mode. Atter the Read Data
command has been issued the FDC tozds the head (if it is in the unloaded state), waits the specified head
settding time (defined in the Specity Command), and beging reading (D Address Macks £nd 1D ficlds. When
the curent sector number (R*} stored in the 1D Register ($DR) compares with the sector number read o
the ditkette, then the FDC outputs data (from the data field} byte-to-byte 1o the main system vis the data
bus

Alter completion of the read Operation £10m the current sector, the Sector Number is incremented by one,
and the dats from the next sector i resd and output on the dsta bus. This continuous read function is catled
8 “Multi-Sector Read Operation.” The Rasd Dats Commend may be terminstied by the rece:pt of » Terminal
Count signal. TC should De itsued ot the same time that the DACK for the Lest byte of cata is sent. Upon
recopt of this signal, she FDC stops outputling data 1o the procewsor, but will CONTiNUe 10 reed dats from the
eurrent sector, chack CRC (Cyciie Recuncancy Count) bytes, and then at the end of the sector terminste

the Read Dats Command.

The amount of dats which can be hindied with 3 single command to the FOC depends upon MT (mutti-
track}, MF (MFM/FM), and N (Number of Bytet/Sector). Table 1 below shows the Transfer Capacity.

Multi-Track | MFM/FM | Bytes/Sector Maximum Transfer Capacity Final Sector Resd
MT MF N {Bytes/Sector) (Number of Sectors) from Disketts
0 [] 00 11281 (26) ~ 3328 26215060
9 [} (256) {26) = _6.656 of 26 at Side 1
1 ] 00 1128)(52) = 6,656
) 1 o 12561 (52) = 13312 atSide
0 ] o0 1256) (15) = 3.840 15215ide 0
0 1 02 1512) (15} = 7,680 o 15 21 Side 1
Y ] o ~ (25) (30) = 7,680
1 1 0 (512) (30) = 15360 1581 Side 1
) 0 02 5121 (8) = 4,09 SatSide 0
0 1 03 (10241 (8) = 8192 o 8 a1 Side 1
1 ] 02 512 (16) = 8192
) 1 03 (10241 (16) = 16384 8at Side 1

Table 1. Transfer Capacity

The “multi-wack™ function (MT) altows the FDC to read data from both sides of the diskette. For a
particular cylinder, Gats will be transferred starting at Sector 1, Side O snd completing st Sector L, Side t
(Sector L = last sector on the sidel. Note, this function pertaing to only one cytinder (the same track) on
each side of the diskette.

When N = 0, then DTL defines the data length which the FDC must treat as a sector. If DTL is smalter than
the actual data length in 3 Sector, the dita beyond DTL in the Sector, is not sent to the Data 8us. The FOC
reads {i ) the Sectof ing the CRC check, 3nd depentding upoa the manner of com-
maad termination, may perform a Multi-Sector Resd Operation. When N is non-zero, then DTL has no
meaning and should be set to FF Hexidecimal,

At the completion of the Resd Data Command, the head is ot unlosded until sfter Hoad Unload Time
Intervat ified in the Specify C: ) has elzprad. I the processor issues another command befors
the head unloads then the hesd settling time Mmay be ssved between subsequent reads. This time out is
particutarly vaiuzble when » diskette is copied from ane drive to snother,

1t the FDC detects the index Hole twice without finding the right sector, {indicated in “R™), then the FDC
sets the ND (No Data) ftag in Status Register 1t0 a 1 (high), snd s the Read Dsta C:

(Status Register O also has bits 7 and 6 set to 0 and 1 respectivety.)

After reading the (D and Bata Fietds in each sector, the FOC checks the CRC bytes. If a read error is
detected {incorrect CRC in 1D field), the FDC sets the DE (Data Error) flag in Status Register 1 to s 1 (high),
and if 2 CRC error occurs in the Osta Fietd the FOC #110 sets the DD (Dats Error in Data Field) tlag in
Status Register 210 3 1 (high), and terminates the Read Data Command. {States Register 0 3ts0 has bits 7
and S set to 02nd 1 sespectively.)

I the FOC raeds » Deleted Data Adcress Mark off the diskette, and the SK bit (bit DS in the firng Command
Word) is not set {SK = O), then the FDC sets the CM {Contsol Mark) flag in Status Register 2 to 8 1 {highl,
and terminates the Read Data Command, after reading sil che data in the Sector, 11 SK » 1, the FOC skips
the sctor with the Delated Data Address Mark and reads the next sector. The CRC bits in the deteted dzis
field are not checked when SK = 1,

Durng disk data transiars between the FOC and the peocessor, via the data bus, the FDC must be serviced
Dy the processor every 27 us in the FM Mode, snd svery 13 us in the MFM Mode, or the FOC wts the OR
(Over Run) fiag in Status Register 1 10 8 1 {high), snd the Read Dats

1 t1he Processor terminates & read (or write) operstion in the FDC, then the 1D Informetion in the Result
Phase s depencient uoan the state of the MT it snd EOT byte. Table 2 shows the values for C, M, R, and
N, when the the Ci

FUNCTIONAL
DESCRIPTION OF
COMMANDS

uPD765A

10 Information st Result Phase
MY RO Final Sector Treasferred to Processor < " . M
o Less than EOT NC NC R*+) NC
[ Equal 10 EOT Cet NC R=01 NC
0 1 Less than EOT NC NC R+ NC
1 Equal 1o EOT Ce+1 NC R«01 NC
0 Less than EOT NC NC R+ NC
o Equat 10 EOT NC LSB A=01 NC
! 1 Less than EOT NC NC Re+1 NC
1 Equsl to EOT C+1 LS8 A0 NC
Notes: 1 NC (No Change): The same vatue a1 the one at the begr of
2 LSB {Least Significant Bit): The teast signsficant bit of H s comptemented.
WRITE DATA

A set of nine (9} bytes ae reGuired 10 101 the FDC into the Write Dats mode. After the Wrrte Dats command
Aas been tssued the FOC loads the haad {it it is in the uniosded state), werts the spacified Hesd Settting Time
(Gefined in the Specity Command), and begwnt reading 1D Freids. Whan ail (our Dytes loaded during the com-
mand (C, M, R, N) maich the four Dytes of the (D leld from the diskette, the FOC 1akes dats from the
Processor byteDyOyte via the deta bus, and OUIDts it to the FDD.

After writing dats into the eurrent sector, the Sector Number stored in “R" is incremented by one, 303 the
next data fiedd ia written into. The FOC continues this “Multi-Sector Write Operation” until the itwance of
& Terminal Count signal. 1f 8 Terminal Count signat is sent to the FOC it continues writing int0 the current
sector to complete the data fietd. 11 the Termina! Count signal is received while a deta field is Deing written
then the remainder of the dats fieid is filled with 00 (zeros).
The FOC reads the 1D tield of each sector s0d checks the CAC bytes. If the FOC detects a cead error
lincorrect CRC) in one of the ID Fislds, it sets the DE (Data Error) dagof .Snun Register 1 t0 8 1 (high),
20d tesminates the Write Dats Command, (Status Register O also has bits 7 and G set to 0 and § respectively.)
The Write Command operates in much the ssme manaer o3 the Read Command, The following items are e
sane, 3nd 0ne should reter to the Read Dats Command for details:

o Trantter Capacity o Head Unload Time Interval

o EN (End of Cytinder) Flag e 10 it ion when the i d {see Table 2)

o ND (No Data) Flag o Detinition of OTL whenN e Oand whenN = O

In the Write Dats mode, data translers Detween the processor snd FOC, via the Dats Bus, must occur every
27 us in the FM mode, 30d every 13 3 o the MFM mode. If the time interve! Detween date transiers &
10nger than this then the FOC sets the OR {Over Aun) ltag in Status Aegater 1 10 8 § (high), end termnsies
the Wiite Data Command. IStatus Register O £110 has bit 7 andl 6 1et 10 0and § respectively.}

WRITE DELETED DATA
This command is the same 83 the Write Dats Command exceot » Deleted Data Address Mark is wrstten at the
heginning of the Data Field instezd of the normal Dats Address Mark.

READDELETED DATA

This comemand is the same a3 the Read Oats Command exceot that when the FOC detects 2 Data Address

Mark at the beginaung of 2 Data Fictd {and SK « O {tow), #t will read all the data 10 the sector ang set *ne
CM (1ag in Status Regeter 2 10 8 1 (high), and then terminate the command. It SK o 1, then the FDC skips
the tactor with the Data Address Mark and rezds the next sector.

READ A TRACK

Thes command 15 umedar 10 AEAD DATA Command except 1hat this 13 3 CORtINUOUL READ operation
whete the entire 0312 fretd hom each of the sectars are read Immediately after encounterning the

INDEX HOLE, the FOC starts reading ait data feeics On the track, 81 contnuous blocks of dats. I she
£OC hnds an a0t 10 the 1D or DATA CRC ¢chech byias, it continues (o 1900 G313 from the track The
FOC compares the 1D 1nformatson read trom each tector with the vaiue s10ved in the I0R, snd sats the
ND t12g of Status Register 110 3 1 {high} of there 11 00 " h Of SHID are not
aitowed with this command

This command terminates whan numbar of sectors read is squal to EOT. It the FOC does not find
on 1D Address Mark on the diskette sfter it encounters the INDEX HOLE for the second time,
then it sets the MA (missing address mark) flag in Status Register 1 to a 1 {high), snd terminates
the command. {Status Register O has bits 7 and G serto O and ¥ respectively.)
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FUNCTIONAL
DESCRIPTION OF
READ ID COMMANDS (CONT.)
Tre READ 10 Command 1 used 10 Grve the present POLtION Of Ine recording head The KOG sto
values lrom the tist D Freld it 13 able 10 read, £t no Dropee tD Aadress Mark 15 found on the aukette,
©etore the INDEX HKOLE 13 encountered for the secand 1vne ihen the MA (Mising Address Mark) Hag n
Status Regster 1 430110 8 1 (NGM), and o no 9313 13 found then the ND (No Data) 1139 1t 250 381  Status
Regater 1 10 2 1 inugh). The €OMmand i3 then tesminated with Bas 7 and 8 in S121us Register O et 10 O
::'G'I'::zntl-nlv Duing this command theve 1 no data transter between FOC ang the CPU €25eD1 during
FORMAT A TRACK
The Foemat Command allows an entire track to be formatted After the INDEX HOLE is detected, Data is
waitten on the Oiskette; Gaps, Address Marks, 1D Fields and Data Fields, 3l per the IBM System 34 (Double
Dentity) o System 3740 {Single Density) Format are recorded. The particutar format which will be written
* controiled by the values programmed into N (number of bytes/: ). SC ¢ kvii . GPL {Gso
MI. and D (Data Pattemn) which are supplied by the Orocetsor during the Command Phase. The Data
F..tq i3 tilled weih the Byte of data stored in D, The 1D Field tor each sector is supplied by the processor;
that is, four data requests per sector are made by the FOC for C {Cytinder Number), M (Head Number),
R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette 10 be formatted with non-
sequential sector numbers, if desired.
The o0ce1sor mutt 1end new watues for €. M, R, and N 10 the uPDJES for each sector on the
. H. R, tach. i F
18 361 1or DMA mode, 1t witl itsue 4 DMA FOQUESTS Per Sectov. If 1t ot et for interruDt mode, it -nl.l‘um l::
INTEIUDLS Der 14CTOr 2nd the Procesior must supply C. M. R and N load for each sector. The contents of
he R register i incremented by one after each sector o formaiteg, thus, the R 1egrsier contang » vatue of
R when it 1 reaa during the Result Phase. This 9 and F ) for the whote track
untit the FOC encounters the INDEX KOLE for the second time, " the 8
1t a FAULT 31000 15 recered from the FOD at the end of 2 write operazion, then the F
. OC sers the EC
flag of Status Reguster O to o | [ighd, and terminates the commang alter sxtting bits 7 and s‘:l Sl:lul
Regiter O to Oang 1 fesoectively, Also the boss of 3 READY gnal 31 the beginning of a commang
EXECULION Phate Cautes bils 7 and 6 of Status Register O to be set to O and ) respectively.
Taole 3 thows the relatonthip between N, 5C. and GPL lor varsous sector sizes:
8” STANDARD FLOPPY 5% MINI FLOPPY
FORMAT | SECTORSIZE | N | sc | eru(®| apL @] secrorsize | n|sc|erL Gl G @
128 bytes/Sector | 00 1A 07 18 128 bytes/Sector | 00 12 07 09
FMMode | 256 (] OF OE 2A 128 00| 10 10 19
512 02 ] 18 3a 256 01f c8 18 30
1024 bytes/Sector | 03 04 a7 8A 512 02] 04 a5 87
2048 04 02 cs FF 1024 03] 02 cs8 FF
4096 05 )] cs FF 2048 04] 01 cs8 FF
256 01 1A CE 36 256 o1 12 0A oc
512 02] oF 18 54 258 01| 10 20 32
MEM 1024 03 08 35 74 5§12 02/ 08 2A S0
2048 04 04 9 FF 1024 03] 08 80 Fo
4096 (1] 02 cs8 FF 2048 04| 02 c8 FF
8192 05 o1 c8 FF 4096 05) 01 €8 FF
Table 3
Note: (D Suggetted vatuas of GPL in Read or Write Commands 10 avoid splice point between data flstd
and 1D field of contiguous sections.
@ Suggested veluss of GPL in format command.
@ tn MFM mode FOC can not perform s read/write/format with 128 bytes/, . IN = 00)
@ Al the vatues are hexidecimal,
SCAN COMMANDS

m ‘SI:AN Commands silow dats which i being read from the diskette to be COMAsred egainst dsta which
is being suoplied from the main tvstem, The FDC compares the dats on » byte-by-byte basis, snd looks for
& 10¢t0r of dats which meets the conditions of OF DD * Dprocessor- OF DD < Oprocessor. o Depp >
Oprocessor. The heasdocemisl byta of FF either 110m memory o from FOD can be uted o & mask byte
mum-mumwnmumw.fh- g ic i3 used for

{FF = 1argest number, 00 = smaltest oumbder). Alter » whole sector of date 15 compsred, if the conchtions
8% RO1 met, the sector number is incremental (R + STP — R), and he S5O 0erstIon i continued, The scan
Ooerstion continues until one of the foitowing conditiont oecur: the conditions for scen oo met (squat,

fow, or Righ), the 1831 30¢tor on the track is reached (EOT), or the terminal count signal is received. ’

uPD765A

Ut the condstions for scan are met then the FOC sats the SH {Scan Hat) flag of Status Regrster 2t0a 1
{hgh), and the Scan C: i the 1o 3C2n are NOT Met between 1he starting
sector {as specitied by R) and the 123t sector on the cylinder {EOT), then the FDC sets the SN {Scan Not
Satisfied) flag of Status Register 2 10 a 1 {high), and terminates the Scan Command. The recept of 3
TERMINAL COUNT signal from the Processor or DMA Cantrolles during the 1can o0eration will cause the
FOC 0 the of the byte which & in process, and then ta terminate the com-
mand. Table 4 shows the status of bits SH and SN under vacious conditions of SCAN.

COMMAND STATEREGISTER 2 s
A 8IT2 = SN 81T 3 = SH
0 1 OFDD * Oprocessor
Sezn Equal 1 o DFDD_* DProcessor
[} 1 OFDD = DProcessor
Scan Low or Equat [} ° DFpD < DProcessor
1 0 OfFpD > Oprocessor
L] 1 OFDD * OProcessor
Scan High or Equal 0 [ OFDD > Dprocestor
1 0 OFDD < Dprocessor

Table 4

It the FDC encaunters 3 Oeteted Data Address Mark on one of the sectors {and SK = §), then it regaeds the
sactor as the last sector on the cylinder, sets CM {Conirot Mark) flag of St2tus Register 2 to a 1 {high) and
terminates the command. If SK @ 1, the FOC skips the tector with the Deleted Address Mark, and reads
the next sector. In the second case {(SK = 1), the FDC sets the CM {Control Mark) flag of Status Register 2
0 2 1 {high) in order to show that a Deleted Sector had besn encountered.

‘When either the STP (contiguous sectors = 01, o slternate sectors = 02 sectors are read) or the MT (Multi-
Track) are iris v to that the last sector on the track must be read. For
example, if STP = 02, MT = O, the sectors are numbered sequentially 1 through 26, and we start the Scan
Command at sector 21; the following will hsppen. Sectors 21, 23, and 25 wilt be read, then the next sectos
(26} will be skipped 2nd the tndex Hote will be encountered before the EQT vatue of 26 can be read. This
will resultin an of the 1t the EOT fad been set at 25 or the scanning
started at sector 20, then the Scan Command would be completed in a normal manner.

During the Scan Command data is supplied by cither the or DMA C for
aginst the dats read from the diskette. In order to svoid having the OR (Over Run) flag set in Status
Register 1, it is necesizry to have the data avaiable in less than 27 us (FM Mode} or 13 us (MFM Mode). 1t
a0 Overrun occurs the FOC ends the command with bits 7 and 8 of S1atus Register Oset toOand I,
respectively. .
SEEK
The read/write head within the FOD is moved from cylinder to cylinder under control of the Seek Com.
rnd. FOC has fouwr independent Present Cylinder Registees (or esch drive, They ere ciear only after
i The FDC the PCN (Present Cylinder Numbder) which is the current head
©osition with the NCN [New Cylinder Number), snd if there is a Gifference perforens the following
ration:
°°"PQ:N < NCN: Direction signal to FDD set 10 # 1 (Righ], and Step Pulses are issued, (Step In}
PCN > NCN: Divection signal to FOD set to 8 O (fowl, and Step Pulses are issued. {Step Out,}
The rate at which Step Pulses ars issued Is controlied by SRT {Steoping Rate Time) in the SPECIFY Com.
mand, After each Step Pulse is issued NCN is compared againat PCN, and when NCN = PCN, then the SE
(Sesk End) (lag is set in Status Register 0 to 8 1 (high, and the command s terminated, At this point
FDC interrupt goes high. Bits DBo-DB3 In Msin Status Register sre set during seek operstion sad
are clezred by Sense Interrupt Status command,
Quring the Command Phase of the Seok operstion the FDC is in the FDC BUSY state, but during the
Exvcution Phase it is in the NON BUSY state, While the FDC it in the NON BUSY state, snather Seek
Command may be issued, 3nd in this manner Deralie! 1eek ODErsTIONS may De Gone on up to 4 Drives at
once. No other command coukd be issued (or 83 long 8¢ FDC « in process of sending Step Pulies to sny
Grive,
1t on FOD is in 8 NOT READY s1ate 81 the begianing of the commaend execution phise or durmg the teek
operation, then the NR (NOT READY) fiag i3 set in Status Regester 0 to 8 1 thigh), and the command is
terminated after bits 7 and 6 of Status Regiter O are sot 10 0 8nd | respect-vely
1f the time 10 write 3 Oytes of seek commaend exceeds 150 us, the Timing between firs1 two Step Pulses
may be shorter than sat in the Specify commend by 81 much a3 1 ms,

IaTT0ox3u0) Addotd - Dad

I933RTqUITIEQ



ISTYDTSI + STIIS0 YTUYDI3IUajeq

- ¥I

uPD765A

RECALIBRATE

The tunction of this command is 16 retract the readAwrite head within the FDD tw the Track 0 position.
The FOC clears the contents of the PCN counter, and checks the status of the Track O signal trom the
FOD. As long s the Track O signad is low, the Dicection signal remaing O {tow) and Step Pulses are issved,
When the Track 0 signal goes high, the SE {SEEK END) tlag in Ststus Register Ois set ta a 1 {high) and the
command is terminated. I the Track O signal is still low sfter 77 Step Pulse have been issued, the FDC sets
the SE (SEEK END) and EC (EQUIPMENT CKECK) f13gs of Status Register O to both 15 (highs), and
termingtes the commend after bits 7 and 8 of Status Register Ois et to O and 1 respectively.

The ability to do overlap RECALIBRATE Commands to multiple FODs snd the loss of the READY signal,
8 described in the SEEK Command, also 2ppiies to the RECALIBRATE Command.

SENSE INTERRUPT STATUS
An Interrupt sipnal is generated by the FOC for one of the following ressons:
1. Upon entering the Result Phase of:

2. Read Data Command e Write OData Command

b Read a Track Command . Format 3 Cylinder Command
< Read (D Command g Write Deteted Dats Command
d. Read Deleted Data C: d b Scaa C

2. Resdy Line of FOD changes state
3. Endof Seek or Recatibrate Command
4. During Execution Phase in the NON.OMA Mode

tnterrupts cauted by ressons 1 end 4 &bove occur during normal command operations #nd sre easdy dis.
cemibie by the processor, Duting sn execution phase in NON.DMA Mode, DBS in Main Status Register
is high. Upon entering Result Phase this bit gets clesr. Resson § and & does not require Sense Interrupt
Sunumuu.mmmmdcmw ing/writing data 10 FOC, Causedd by restons
2and 3 sbove may be uniquely identified with the aid of the Serse lnterrupt Status Command, This
command when issued resets the intermupt signal and via bits 5, 6, 8ad 7 of Status Regitter 0 identifies
the caute of the interruot.

SEEX END INTERRUPT CODE
CAUSE
8ITS 8IT6 BIT7

) 1 1 Ready Line changed state, sither polarity

\ [] [) Normal Termination of Seek or Recalibrats Command

1 1 0 Abnormat Termination of Seek or Recalibrate Command

Table 5
Neither the Seek or Recatidrate Command have ¢ Rettt Phase, Therefore, it it mandatory to use the Sense
Sustus atter these 0 otf them and to provide verification of

where the hasd is potitioned (PCNI,

tssuing Sense tnterrupt Status Command without intervupt pending Is treated &3 an invalid command,
SPECIFY

The Specify Command sats the Initis! values for sach of the three internel timers. The KUT (Hesd Untosd Time}
Gofines the time from the end of the Execution Phase of one of the Read/Writs Commands to the hesd uniosd
state. This timer is programmable trom 16 to 240 ms i lncrements of 16 ms (01 =16ms.02232ms...,OF »
240 mal. The SAT (Ste0 Rete Time) detines the time intervel Detween sdiscent step oulses, This timer is peo-
Gramemabils from 1 10 18 ms in incremvents Of 1 ma (F = 1 ms, € = 2ms, D = 3 ma. e1c.). The KLT (Hesd Losd
Time) defines the time between when the Head Load signal goes high snd when the Read/MWrite operstion starts.
This timer is progremeable from 2 to 254 ms in increments of 2 ms (01 *2m,02=4ms, 03 Gems... IF »
254 om).
mmmmmmuvmw»aolmauncmoamm.rmwm
are for an 8 MHz clock, if the clock wes reduced 10 4 MH3 (mink-tlopoy sopfication) then all time intervets sre
incrassed by o factor of 2,

The choice of DMA or NON-DMA operstion is mede by the ND (NON-OMA) bit. When this bt is high (ND = 1)
the KON-DMA mode is selectad, end when ND © 0 the DMA mode is selected.

SENSE DRIVE STATUS
This commend may be u1ed by the Processor whenever It wishes to obtsin the status of the FDDs. Status
Register 3 contains the Drive Status informetion stored Iinternglly in FDC registers,

INVALID
nulm«amhmwmFocuammnnmmmx.mmmc-mwmauuwom
mend sfter bits 7 end 6 of Statws Register 0 are set 19 1 and 0 No interrunt s by the

»PD765 during this condition, Bit 8 end bit 7 (DIO and RGM) In the Main Statue Register sre both high {1")
indiceting to the processor thet the xPO?ES is In the Result Phass snd tha contents of Ststus Aegister O (STO)
Must DO read. When the Droceesor reeds Status Register 0 it witl find & BO hex indicating an invelid comenend
was receivedt,

A Sense interruot Status Commend must be sent efter o Seek or Aecalibrate Interrupt, otherwise the FOC wiit
COnuder the next 10 be ¢n tnveiid C

in some spolications the user may wish (0 use this commend 83 8 No-Op command, 10 place the FOC in &
$1andDY Of MO OPErEtION State.

uPD765A

BIT

NO. NAME

SYMBOL |

DESCRIPTION

STATUS REGISTER 0

D7

Og

interrupt
Code

D7=0andDg=0
Normal Termination of Command, (NT). Com-
mand was compteted and properly executed.

D7=0and Dg=1

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

D7=1andDg=0
Invatid C d issue, {IC). C: d which
was issued was never started.

D7=13ndDg=1

Ab: ! T ination b during
execution the ready signal from FDD changed
stato.

D5

Seek End

SE

When the FDC completes the SEEK Command,
this flag is set to 1 {high).

Dg

quipment
ICheck

EC

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

D3

Not Ready

NR

When the FDD is in the not-ready state and 3
read or write command is issued, this flag is set.
If a read or write command is issued to Side 1 of
2 single sided drive, then this flag is set.

D2

Head
[Address

HD

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

D1

Unit Select 1

ust

These flags are used to indicate a Drive Unit.

Oo

Unit Setect 0]

'us o

Number at Interrupt.

STATUS REGISTER 1

Dy

End of
Cylinder

EN

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

D¢

Not used, This bit is always 0 (low).

D5

Data Error

DE

When the FOC detects 3 CRC error in either the
1D field or the data field, this flag is set.

Dg

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.

Not used. This bit always 0 (low).

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.

Ouring executing the READ 1D Command, if
the FOC cannot read the 1D field without an
error, then this flag is set,

Buring the execution of the READ A Cylinder
Command, if the starting sector cannot be
found, then this flag is set.
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BIT
NO. |  NAME | SYMBOL DESCRIPTION
STATUS REGISTER 1 {(CONT.)
Dy | Not Nw Ouring 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 flag is set.
Do | Missing MA 1t the FOC cannot detect the 1D Address Mark
Address after encountering the index hole twice, then
Mark this flag is set.
It the FOC 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
D7 Not used. This bit is always 0 (low).
0g | Control [o0] During executing the READ DATA or SCAN
Mark C d, if the FOC a Sector which
contains a Deleted Data Address Mark, this
flag is set.
Ds | Oata Errorin| 0D If the FDC detects a CRC error in the data field
Data Field then this flag is set.
Ds | Wrong wC This bit is related with the ND bit, and when the
Cylinder contents of C on the medium is dilferent from
that stored in the IDR, this flag is set.
D3 | Sczn Equal SH Duning execustion, the SCAN Command, if the
Hit condition of ““equat” is satisfied, this flag is set.
D2 | Scan Not SN During executing the SCAN Command, if the
Satisfied FOC cannot find a Sector on the cylinder which
meets the condition, then this flag is set.
Dy | Bad BC This bit is related with the ND bit, and when the
Cylinder content of C on the medium is different from
that stored in the IDR 2nd the content of C is
FF, then this fiag is set.
Do | Missing MD When data is read from the medium, if the FOC
Address Mark cannot find 3 Data Address Mark or Deteted
in Data Field Data Address Mark, then this fiag is set.
STATUS REGISTER 3
D7 | Fauhh FT This bit 1s used to indicate the status of the
Fault signal trom the FDD.
Dg | write wp This bit is used to indicate the status of the
Protected Write Protected signa! from the FDD.
D5 | Ready RY This bit is used to indicate the status of the
Ready signal from the FDD.
D4 | TrackO TO This bit is used to indicate the status of the
Track 0 signal trom the FDD.
03 | Two Side TS This bit s used to indicate the status of the
Two Swde signal from the FOD.
D2 | Head Address;y HD This bit is used 10 ndicate the status of Side
Select signa! to the FOD,
D1 | Unit Select 1 us1t This bit is used to :ndicate the status of the Unst
Select 1 signal to the FDO.
1 Dg | Unit Select 0 uso This bit is used to indicate the status of the Unit
Select 0 signa! to the FDD.

PIN IDENTIFICATION
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FDC - Floppy Controller

Datenblatter

General
Doscription
(Continued)

The Z-80 DMA contains direct interfacing to
and independent control of system buses, as
well as sophisticated bus and interrupt con-
trols. Many programmable features, including
variable cycle timing and auto-restart,
minimize CPU software overhead. They are
especially useful in adapting this special-

purpose transler processor to a broad variety
of memory, 1/O and CPU environments.

The Z-80 DMA is an n-channel silicon-gate
depletion-load device packaged in a 40-pin
plastic or ceramic DIP. It uses a single +5 V
power supply and the standard Z-80 Family
single-phase clock.

Functional
Description

Classes of Operation. The Z-80 DMA has
three basic classes of operation:

8 Transfers of data between two ports (memory
or I/O peripheral)

B Searches for a particular 8-bit maskable
byte at a single port in memory or an I/O
peripheral

8 Combined transfers with simultaneous
search between two ports

Figure 4 illustrates the basic functions
served by these classes of operation.

‘During a transfer, the DMA assumes control
of the system address and data buses. Data is
read from one addressable port and written to
the other addressable port, byte by byte. The
porls may be programmed to be either system
main memory or peripheral /O devices. Thus,
a block of data may be written from one
peripheral to another, from one area of main
memory to another, or from a peripheral to
main memory and vice versa.

SYSTEM
BUSES

)

CcPU DMA

+5V

1]
oy
cre
{EQ
— (EL_ )
RxCA INT 1 INT
TiCA €O {3}
RzCB
TsC8
WIRDYA
WIRoYs RDY
sio OMA

Figure 3. Typlcal Z-80 Environment

During a search-only operatjon, data is read
from the source port and compared byte by
byte with a DMA-internal register containing a
programmable match byte. This match byte
may optionally be masked so that only certain
bits within the match byte are compared.
Search rales up to 1.25M bytes per second can
be obtained with the 2.5 MHz Z-80 DMA or 2M
bytes per second with the 4 MHz Z-80A DMA.

In combined searches and translers, data
is transferred between two ports while
simultaneously searching for a bit-maskable
byte match.

Data transfers or searches can be pro-
grammed to stop or interrupt under various
conditions. In addition, CPU-readable status
bits can be programmed to reflect the
condition.

Modes of Operation. The Z-80 DMA can be
programmed to operate in one of three-transfer
and/or search modes:

B Byte-at-a-Time: data operations are per-
formed one byte at a time. Between each
byte operation the system buses are released
to the CPU. The buses are requested again
for each succeeding byte operation.

B Burst: data operations continue until a
port's Ready line to the DMA goes inactive.
The DMA then stops and releases the system
buses after completing its current byte
operation.

W Continuous: data operations continue until
the end of the programmed block of data is
reached before the system buses are
released. If a port's Ready line goes inactive
before this occurs, the DMA simply pauses
until the Ready line comes active again.

z.80 DMA
- C _lel‘?il.lul.
MEMORY ~
TO1 [ PERIPHERAL
30
1. Sesrch memory

2. Transter memary-10-memory (opticaal search)
3. Transtes mamory-to-U0 (optional search)

4, Search VO

S. Teanster UO-to-UO (optional search)

Figure 4. Basic Functions of the Z-80 DMA
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Datenblatter

Functional In all modes, once a byte of data is read into

Description  the DMA, the operation on the byte will be

(Continued)  completed in an orderly fashion, regardless of
the state of other signals (including a port's
Ready line).

Due to the DMA'’s high-speed buffered
method of reading data, operations on one
byte are not completed until the next byte is
read in. This means that total transfer or
search block lengths must be two or more
bytes, and that block lengths programmed into
the DMA must be one byte less than the
desired block length (count is N-1 where N is
the block length).

Commands and Status. The Z-80 DMA has
several writable control registers and readable
status registers available to the CPU. Control
bytes can be written to the DMA whenever the
DMA is not controlling the system buses, but
the act of writing a control byte to the DMA
disables the DMA until it is again enabled by a
specific command. Status bytes can also be
read at any such time, but writing the Read
Status Byte command or the Initiate Read
Sequence command disables the DMA.

Control bytes to the DMA include those
which effect immediate command actions such
as enable, disable, reset, load starting-address
buffers, continue, clear counters, clear status
bits and the like. In addition, many mode-
setting control bytes can be written, including
mode and class of operation, port configura-
tion, starting addresses, block length, address
counting rule, match and match-mask byte,
interrupt conditions, interrupt vector, status-
affects-vector condition, pulse counting, auto
restart, Ready-line and Wait-line rules, and
read mask.

Readable status registers include a general
status byte reflecting Ready-line, end-of-block,
byte-match and interrupt conditions, as well as
2-byte registers for the current byte count,
Port A address and Port B address.

Varlable Cycle. The Z-80 DMA has the
unique feature of programmable operation-
cycle length. This is valuable in tailoring the
DMA to the particular requirements of other
system components (fast or slow) and max-
imizes the data-transfer rate. It also eliminates
external logic for signal conditioning.

There are two aspects to the variable cycle
feature. First, the entire read and write cycles
(periods) associated with the source and
destination ports can be independently pro-
grammed as 2, 3 or 4 T-cycles long (more if
Wait cycles are used), thereby increasing or

decreasing the speed with which all DMA
signals change (Figure 5).

Second, the four signals in each port
specifically associated with transfers of data
(1/0 Request, Memory Request, Read, and
Write) can each have its active trailing edge
terminated one-half T-cycle early. This adds a
further dimension of flexibility and speed,
allowing such things as shorter-than-normal
Read or Write signals that go inactive before
data starts to change.

Address Generation. Two 16-bit addresses are
generated by the Z-80 DMA for every transfer
operation, one address for the source port and
another for the destination port. Each address
can be either variable or fixed. Variable
addresses can increment or decrement from
the programmed starting address. The fixed-
address capability eliminates the need for
separate enabling wires to I/O ports.

Port addresses are multiplexed onto the
system address bus, depending on whether the
DMA is reading the source port or writing to
the destination port. Two readable address
counters (2 bytes each) keep the current
address of each port.

Auto Restart. The starting addresses of either

port can be reloaded automatically at the end

of a block. This option is selected by the Auto

Restart control bit. The byte counter is cleared
when the addresses are reloaded.

The Auto Restart feature relieves the CPU of
software overhead for repetitive operations
such as CRT refresh and many others. More-
over, when the CPU has access to the buses
during byte-at-a-time or burst transfers, dif-
ferent starting addresses can be written into
buffer registers during transfers, causing the
Auto Restart to begin at a new location.

Interrupts. The Z-80 DMA can be programmed
to interrupt the CPU on three conditions:

B Interrupt on Ready (before requesting bus)
B Interrupt on Maich
N Interrupt on End of Block

Ty Ts T3 \0
oK
2cvCLE EARLY EXDING
le—scycre : | FoR slaNALS
LCYCLE. 1
[ P |

Figure 5. Varlable Cycle Length
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Functional
Description
(Continued)

Any of these interrupts cause an interrupt-
pending status bit to be set, and each of them
can optionally alter the DMA’s interrupt vec-
tor. Due to the buffered constraint mentioned
under “"Modes of Operation,” interrupts on
Match at End of Block are caused by matches
to the byte just prior to the last byte in the
block.

The DMA shares the Z-80 Family's elaborate
interrupt scheme, which provides fast inter-
rupt service in real-time applications. In a
2-80 CPU environment, the DMA passes its
internally modifiable 8-bit interrupt vector to
the CPU, which adds an additional eight bits
to form the memory address of the interrupt-
routine table. This table contains the address
of the beginning of the interrupt routine itself.

In this process, CPU control is transferred
directly to the interrupt routine, so that the
next instruction executed after an interrupt
acknowledge is the first instruction of the inter-
rupt routine itself.

Pulse Generation. External devices can keep

“track of how many bytes have been transferred

by using the DMA's pulse output, which pro-
vides a signal at 256-byte intervals. The inter-
val sequence may be offset at the beginning by
1 to 255 bytes.

The Interrupt line outputs the pulse signal in
a manner that prevents misinterpretation by
the CPU as an interrupt request, since it only
appears when the Bus Request and Bus
Acknowledge lines are both active.

Pin
Description

BAg-A)s. System Address Bus (output, 3-state).
Addresses generated by the DMA are sent to
both source and destination ports (main
memory or I/O peripherals) on these lines.

BAI. Bus Acknowledge In (input, active Low).
Signals that the system buses have been
released for DMA control. In multiple-DMA
configurations, the BAI pin of the highest
priority DMA is normally connected to the Bus
Acknowledge pin of the CPU. Lower-priority
DMAs have their BAI connected to the BAO of
a higher-priority DMA.

BAO. Bus Acknowledge Out (output, active
Low). In a multiple-DMA configuration, this
pin signals that no other higher-priority DMA
has requested the system buses. BAI and BAO
form a daisy chain for multiple-DMA priority
resolution over bus control.

BUSREQ. Bus Request (bidirectional, active
Low, open drain). As an output, it sends
requests for control of the system address bus,
data bus and control bus to the CPU. As an
input, when multiple DMAs are strun

together in a priority daisy chain via BAI and
BAQO, it senses when another DMA has
requested the buses and causes this DMA to
refrain from bus requesting until the other
DMA is finished. Because it is a bidirectional
pin, there cannot be any buffers between this
DMA and any other DMA, It can, however,
have a buffer between it and the CPU because
it is unidirectional into the CPU. A pull-up
resistor is connected to this pin.

CE/WAIT. Chip Enable and Wait (input,
active Low). Normally this functions only as a
CE line, but it can also be programmed to
serve a WAIT function. As a CE line from the
CPU, it becomes active when WR and IORQ
are active and the I/O port address on the

system address bus is the DMA's address,
thereby allowing a transfer of control or com-
mand bytes from the CPU to the DMA. As a

line from memory or I/O devices, after
the DMA has received a bus-request ack-
nowledge from the CPU, it causes wait states
to be inserted in the DMA's operation cycles
thereby slowing the DMA to a speed that
matches the memory or I/0 device.

CLK. System Clock (input). Standard Z-80
single-phase clock at 2.5 MHz (Z-80 DMA) or
4.0 MHz (Z-80A DMA). For slower system
clocks, a TTL gate with a pullup resistor may
be adequate to meet the timing and voltage
level specification. For higher-speed systems,
use a clock driver with an active pullup to
meet the Vi specification and risetime
requirements. In all cases there should be a
resistive pullup to the power supply of 10K

ohms (max) to ensure proper power when the
DMA is reset.

Do-D7. System Data Bus (bidirectional,
3-state). Commands from the CPU, DMA
status, and data from memory or I/O
peripherals are transferred on these lines.

IEL. Interrupt Enable In (input, active High).
This 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
serviced by a CPU interrupt service routine.

IEO. Interrupt Enable QOut (output, active
High). IEO is High only if IEI is High and the
CPU is not servicing an interrupt from this
DMA. Thus, this signal blocks lower-priority
devices from interrupting while a higher-
priority device is being serviced by its CPU
interrupt service routine.
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Pin INT/PULSE. Interrupt Request (output, active

Description  Low, open drain). This requests a CPU inter-

(Continued)  rupt. The CPU acknowledges the interrupt by
pulling its IORQ output Low during an M Ml
cycle. It is typically connected to the INT pin
of the CPU with a pullup resistor and tied to
all other INT pins in the system. This pin can
also be used to generate periodic pulses to an
external device. It can be used this way only
when the DMA is bus master (i.e., the CPU's
BUSREQ and BUSACK lines are both Low
and the CPU cannot see interrupts).

IORQ. Inpu#/Ouiput Request (bidirectional,
active Low, 3-state). As an input, this indicates
that the lower half of the address bus holds a
valid I/O port address for transfer of control or
status bytes from or to the CPU, respectively;
this DMA is the addressed port if its CE pin
and its WR or RD pins are simultaneously
active. As an output, after the DMA has taken
control of the system buses, it indicates that
the 8-bit or 16-bit address bus holds a valid
port address for another I/O device involved in
a DMA transfer of data. When IORQ and M1
are both active simultaneously, an interrupt
acknowledge is indicated.

MI. Mochine Cycle One (input, active Low).
Indicates that the current CPU machine cycle
is an instruction fetch. It is used by the DMA
to decode the return-from-interrupt instruction
(RETI) (ED-4D) sent by the CPU. During two-
byte instruction fetches, M1 is active as each

opcode byte is fetched. An interrupt ack-
nowledge is indicated when both MT and
IORQ are active.

MREQ. Memory Request (output, active Low,
3-state). This indicates that the address bus
holds a valid address for a memory read or
write operation. After the DMA has taken con-
trol of the system buses, it indicates a DMA
transfer request from or to memory.

RD. Read (bidirectional, active Low, 3-state).
As an input, this indicates that the CPU wants
to read status bytes from the DMA's read
registers. As an output, after the DMA has

- taken control of the system buses, it indicates a

DMA-controlled read from a memory or /O
port address.

RDY. Ready (input, programmable active Low
or High). This is monitored by the DMA to
determine when a peripheral device associated
with a DMA port is ready for a read or write
operation. Depending on the mode of DMA
operation (Byte, Burst or Continuous), the RDY
line indirectly controls DMA activity by caus-
ing the BUSREQ line to go Low or High.

WR. Write (bidirectional, active Low, 3-state).
As an input, this indicates that the CPU wants
to write control or command bytes to the DMA

*‘write registers. As an output, after the DMA

has taken control of the system buses, it
indicates a DMA-controlled write to a memory
or I/0 port address.

Internal The internal structure of the Z-80 DMA

Structure includes driver and receiver circuitry for inter-
facing with an 8-bit system data bus, a 16-bit
system address bus, and system control lines
(Figure 6). In a Z-80 CPU environment, the
DMA can be tied directly to the analogous pins
on the CPU (Figure 7) with no additional buf-
fering, except for the CE/WAIT line.

The DMA's internal data bus interfaces with
the system data bus and services all internal
logic and registers. Addresses generated from
this logic for Ports A and B (source and des-
tination) of the DMA's single transfer channel
are multiplexed onto the system address bus.

Specialized logic circuits in the DMA are
dedicated to the various functions of external
bus interfacing, internal bus control, byte
matching, byte counting, periodic pulse
generation, CPU interrupts, bus requests, and
address generation. A set of twenty-one
writable control registers and seven readable
status registers provides the means by which
the CPU governs and monitors the activities of
these logic circuits. All registers are eight bits
wide, with double-byte information stored in
adjacent registers. The two address ¢ounters
(two bytes each) for Ports A and B are buffered
by the two. starting addresses.

) INTERRUPT
AND BUS PULSE
PRIGRITY 10GIC
LogIC

BYTE
COUNTER PORT A

ADDRESS

SYSTEM 4 \ ﬁ I | SYSTEM
DATA

ADDRESS
BUs (‘ INTERNAL BUS MU Ypus
(o BIT) 1 4 ! ! (18 8IT)
CONTROL PORT B
:: _L_J\V BUs oYIE
CONTROL CONTROL stas MATCH AoDRESS
toaic REGISTERS

Loaic

Figure 8. Block Diagram
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Internal
Structure
(Continued)

The 21 writable control registers are
organized into seven base-register groups,
most of which have multiple registers. The
base registers in each writable group contain
both control/command bits and pointer bits
that can be set to address other registers within
the group. The seven readable status registers
have no analogous second-level registers.

The registers are designated as follows,
according to their base-register groups:

WRO-WR6 — Write Register groups 0
through 6 (7 base registers plus 14 associ-
ated registers)

RRO-RR6 — Read Registers 0 through 6

Writing to a register within a write-register
group involves first writing to the base
register, with the appropriate pointer bits set,
then writing to one or more of the other
registers within the group. All seven of the
readable status registers are accessed sequen-
tially according to a programmable mask con-
tained in one of the writable registers. The sec-
tion entitled “Programming” explains this in
more detail.

A pipelining scheme is used for reading data

system bus, however, may not be pre-empted.
Any DMA that gains access to the system bus
keeps the bus until it is finished.

Write Registers

WRO Base register byte
Port A starting address (low byte)
Port A starting address (high byte)
Block length (low byte)
Block length (high byte)

Base register byte
Port A variable-timing byte

Base register byte
Port B variable-timing byte

Base register byte
Mask byte
Match byte

Base register byte
Port B starting address (low byte)
Port B starting address (high byte)
Interrupt control byte
Pulse control byte
Interrupt vector

Base register byte
Base register byte

WRI1
WR2

WR3

WR4

WRS
WR6

Read k
in. The programmed block length is the mas
number of bytes compared to the byte counter, Read Registers
which increments at the end of each cycle. In
searches, data byte comparisons with the RRO  Status byte
match byte are made during the read cycle of RR1  Byte counter (low byte)
the next byte. Matches are, therefore, dis- RR2  Byte counter (high byte)
covered only after the next byte is r:ead in. RR3  Port A address counter (low byte)
In multiple-DMA configurations, interrupt- RR4  Port A add hich byt
request daisy chains are prioritized by the ort A address counter (high byte)
order in which their IEIl and IEO lines are con- RRS  Port B address counter (low byte)
nected (Zilog Application Note 03-0041-01, The RR6  Port B address counter (high byte)
Z-80 Family Program Interrupt Structure). The
common: WY
!
SUSKER  CPU W
]
RIS
)]
WR
COMMON f::m
1 Oo-r
( SYSTEM BUSES ))
N 1 Y
= e B
s 12 mm o L1 cewan 8XD f-e= TO NEXT DMA
DMA
o m O | Iotommemon
FRLM FROM
vo 4o
DEVICE DEvVICE

Figure 7. Multiple-DMA Interconnection to the 2-80 CPU
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Datenbldtter

Programming

The Z-80 DMA has two programmable fun-
damental states: (1) an enabled state, in which
it can gain control of the system buses and
direct the transfer of data between ports, and
(2) a disabled state, in which it can initiate
neither bus requests nor data transfers. When
the DMA is powered up or resel by any means,
it is automatically placed into the disabled
state. Program commands can be written to it
by the CPU in either state, but this auto-
matically puts the DMA in the disabled state,
which is maintained until an enable command
is issued by the CPU. The CPU must program
the DMA in advance of any data search or
transfer by addressing it as an I/O port and
sending a sequence of control bytes using an
OCutput instruction (such as OTIR for the
Z-80 CPU).

Writing. Control or command bytes are writ-
ten into one or more of the Write Register
groups (WR0-WR6) by first writing to the base
register byte in that group. All groups have
base registers and most groups have additional
associated registers. The associated registers
in a group are sequentially accessed by first
writing a byte to the base register containing
register-group identification and pointer bits
(1's) to one or more of that base register's
associated registers.

This is, illustrated in Figure 8b. In this
figure, the sequence in which associated
registers within a group can be written to is
shown by the vertical position of the associated
registers. For example, if a byte written to the
DMA contains the bits that identify WRO (bits
DO, D1 and D7), and also contains 1's in the
bit positions that point to the associated “Port
A Starting Address (low byte)” and “Port A
Starting Address (high byte),” then the next
two bytes written to the DMA will be stored in
these two registers, in that order.

Reading. The Read Registers (RRO-RR6) are
read by the CPU by addressing the DMA as an
170 port using an Input instruction (such as
INIR for the Z-80 CPU). The readable bytes
contain DMA status, byte-counter values, and
port addresses since the last DMA reset. The

Read Register 0
0, D, O, O, D, D; Oy D,
[xTxT T T Ix] T ] svarusevie

| | L y.oma TRANSFER HAS OCCURRED

0 = AEADY ACTIV

0= IN T PENDING
Q = MATCH FOUND
0 = END OF BLOCK

Road Register 1

[ ] erre counrter puign BY1E)

registers are always read in a fixed sequence
beginning with RRO and ending with RR6.
However, the register read in this sequence is
determined by programming the Read Mask in
WR6. The sequence of reading is initialized by
writing an Initiate Read Sequence or Set Read
Status command to WR6. Alter a Reset DMA,
the sequence must be initialized with the
Initiate Read Sequence command or a Read
Status command. The sequence of reading all
registers that are not excluded by the Read
Mask register must be completed before a new
Initiate Read Sequence or Read Status
command.

Fixed-Address Programming. A special cir-
cumstance arises when programming a desti-
nation port to have a fixed address. The load
command in WR6 only loads a fixed address to
a port selected as the source, not to a port
selected as the destination. Therefore, a fixed
destination address must be loaded by tem-
porarily declaring it a fixed-source address
and subsequently declaring the true source as
such, thereby implicitly making the other a
destination.

The following example illustrates the steps in
this procedure, assuming that transfers are to
occur from a variable-address source (Port A)
to a fixed-address destination (Port B):

1. Temporarily declare Port B as source in
WRO.

2. Load Port B address in WR6.

3. Declare Port A as source in WRO.
4. Load Port A address in WR6.

5. Enable DMA in WR6.

Figure 9 illustrates a program to transler
data from memory (Port A) to a peripheral
device (Port B). In this example, the Port A
memory starting address is 1050y and the Port
B peripheral fixed address is 05y. Note that
the data flow is 1001y bytes—one more than
specified by the block length. The table of
DMA commands may be stored in consecutive
memory locations and transferred to the DMA
with an output instruction such as the Z-80
CPU'’s OTIR instruction.

Read Register 2

FTTT T T 1 | |ovecountennowevia

Read Register 3

[T T T T I T 1 |rosraaoonesscountenitow evrey
Read Register 4

[T T T T 1 1 [ |ronraaocoresscounrenan syt
Read Regtster §

[TTTT 1T [ 1 [ ]roaroaooresscountenaow ayre
Read Register 6

FTTT I T T [ ]eronreacoress counten piicH pyre)

Figure 8a. Read Registers
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Datenblidtter

Programming Write Reglster 0 Group Write Register § Group
(Con“nued) O Dy Oy D, Oy O, Dy Oy Or Oy Dy D, O, D, O, D,
o BASE ovie [0 +] oase neatsren ovre
0 O DONOTUSE
0 1 = TRANSFER
1 0 = SEARCH
1 1 = SEARCHITRANSFER
0 = PORT B --PORT A
¥ = PORTA -~ PORT 8 PORT B STARTING ADDRESS
PORT A AOW BYTE)
a.0w oY1)
PORT B
PORT A (HiGH BYTE
{HIGH 8YTE)
v sr1e
BLOCK LENOTH
LOW 8YTR
' ® INTERRUPT ON MATCH
SLOCK LENOTH INTERRUPT ON RDY = { = (NTERRUPT AY EXD OF BLOCK
(HiGH BYTE) STATUS AFFECTS VECTOR « 1 - m.u QENERATED
Wreite Register | Group PULSE CONTROL SYTE
7 Oy Dy O, 03 O; Dy Oy
[o] ] | 1] o]0 | sase recisren avre T VECTOR
| 15 em Ao TS s ek 1. T e
© O = POAT A ADBRESS DECREMENTS .. 1.
O 1 = PORT A ADDRESS INCREMENTS AFFECTS VeSS {: Hi o o O BLock
H "’ | = PORT A ADDRESS FIXED AND EKD OF BLOCK

CYCLELENOTH = 4
CYCLE LENOTH = 3

-.ﬂn.-.- PORY A VARIAGLE TIKING DYTE
l i o 0
09
1 0= CYCLELENQTH = 2
1 1a0ON

0T USE
0 = [ORD ENDS % CYCLE EARLY

WA agns % CYCLE EARLY » o
€ENDS % CYCLE EARLY
ENDS % cvcu EARLY »

Write Reglster 2 Group
0, Dy Dy Dy Dy O; D, D,

u----nnn DASE REQISTER BYTE

I 'Oll' l IS MEMORV
1 = PORY
= PORT B lﬂﬂﬂﬁl’ DECREMENTS
= PORT B ACDRESS INCREMENTS

} » ponr & avoress Fixeo

[ 3]
01
10
11

[T T T T T T T Jronrsvaniasre nuwa avre

WR ENOS % CYCLE EARLY = 0
HD ENDS % CYCLE EARLY =
RNED EXDS % CYCL

= CYCLE LENGTH = 4

= CYCLE LENOTH = 3

« CYCLELEKGTH = 2
00 NOT USE

ENDS ¥ CYCLE EARLY

00
o1
10

R

Write Register 3 Group

| {010 ]easerearsver syre

DMA ENABLE = 1 | | = STOP ON MATCH

INTERRUPT ENASLE = 1

MASK BYTE (0 = COMPARE)

MATCH 8YTE

Figure 8b. Write Registers

Write Reglster$ Group
Or Oy By 0, D, 0y D, Oy
lln ﬂnﬂ BASE REGISTER BYTE

- "OP

l = READY ACTIVE
1 » READY ACTIVE
OKLV

Low
HIGH

-o

mm

I

BSLOCK
1 = AUTO Ruflll‘ Oll END OF sLOCK

‘Write Register 6 Group
Dy Dy Dy 04 0; Oy Oy Oy
BASE REGISTER BYTE

I KEX COMMAND NAME

O = C3 @ RESET

1 = C7 » RESET PORT A TIMING
0 = CB = RESET PORT 8 TIMING

1 = CFaLOAD
0 @ 03 = CONTINUE

-t —
-0 —

“0 000 =

AF = DISABLE INTERRUPTS

AB = ENABLE INTERRUPTS

A) = RESET AND DISABLE INTERRUPTS
7 = ENABLE AFTER RETY

1 = BF @ READ STATUS BYTE
0 = §8 = REINITIALIZE STATUS BYTE

1 @ A7 = (NITIATE READ SEQUENCE
0 = 83 » FORCE READY

1 = 87 w ENABLE OMA
O ® 83 = DISABLE CMA

0 = 88 = READ MASK FOLLOWS
READ MASK (1 = ENABLE)

- Ow wwwwe 0O OO0 —~=
“ O Ow =000
e OOwew

1
1
[
Q
[
[
Q
[}
°
[
0
(]
(]

- 00
-
- 00 © ©

| — STATUS BYTE
BYTE COUNTER (LOW BYTE)
BYTE COUNTER (NIGH BYTE)
PORT A ADDRESS (LOW SYTE)
PORT A (RIOK BYTE)
PORT B Low ayTe)
PORT B (HIGH BYTD
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Programm Beispiel:

Programm-Beispiel

Die im Folgendem aufgefiihrten Programmbeispiele sollen die prinzipielle

Programmierung des FDC-Moduls verdeutlichen. Das Beispiel zeigt die

Ansteuerung eines Mini-Laufwerks vom Typ Teac FD-55B mit der Laufwerks-

nummer A. Der Interrupt der DMA wird zur Erzeugung des Terminal-Count-

Pulses beim Lese- oder Schreib Transfer genutzt.

0100

0020
0024
0026
0027

0024
0025

020
0022
0021
0023

0100
0104
0108

0l0cC
0110

nmwann

3EFFD322
3E43D322
3EO3D322

3EOFD323
3EO00D320

ORG 100H

MACLIB 780

H CHIP BASE
PSFDCSPIO EQU
PSFDC$765 BQU
PSFDCSDMA EQU
PSFDCSMOT BQU

20H
24H
26H
27H

PORTADRESS EQUATES

~e “e

PSFDC$765$CMD
PSFDC$765$DAT

PSFDCSCTRSDAT
PSFDCSCTRSMODE
PSFDC$BANKSDAT
PSFDCSBANK$SMODE

~e wo

BANKPORT (DMA )

EQU PSFDC$765+0H
EQU PSFDC$765+1H

EQU PSFDC$PIOHOH
EQU PSFDC$PIO+2H
EQU PSFDCSPIO+1H
EQU P$SFDCSPIO+3H

PBO-PB3
PB4-PB7

~e “o

e wo wo ~o

765 COMMAND PORT
765 DATA PORT

PIO PORTA-DATA
PIO PORTA-CTR
BANK PIO PORTB-DATA
BANK PIO PORTB-CTR

BANKADRESS FOR RAED
BANKADRESS FOR WRITE (Al16-A19)

;**************** INIT FDC *k¥kkkdkkkdkkddoddkidkkkkkk
: Jede g K e deJedodo ke Kk ke K b de ke do Kok e de K ke e e de ok Ko K K ke e de de o do ke e ke de K de de do ke keke

INITFDC:

: PORT A Z-80 PIO

MVI A,OFFH | OUT P$SFDCSCTR$MODE
OUT PSFDCSCTRSMODE
MVI A,O3H | OUT PSFDCSCTRSMODE

MVI A,43H

; PORT B Z-80 PIO

MVI A, OFH

MVI A,OH

OUT P$SFDCSBANKSMODE
OUT PSFDCS$SCTR$DAT

~y w8 o

~. ~o

MODE CTR. WORD, MODE 3
I/0 CTR. WORD
INTERRUPT DISABLE WORD

SELECT DRIVE A, MOTOR ON,
MINIDRIVE 250/125 kHz
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; INIT UPD 765

INI765:
0114 0600 MVI B,0O

DINZ INI765+2 ; DELAY
0116+10FE DB 10H, INI765+2-$-1 ,
0118 DB24FES0 IN PSFDCS$S765$CMD ! CPI 8CH ; REQUEST FOR MASTER ?

JRZ SPECIFY ; NO -> SKIP
011C+2804 DB 28H, SPECIFY-$-1
Ol1lE DB25 IN PSFDC$765SDAT ; ELSE READ DATA

JR INI765 ; AND TRY IT AGAIN
0120+18F2 DB 18H, INI765-$-1

SPECIFY:
0122 214401 IXI H,SPECS5-1 ; SPECIFY PARAMETER FDS55-B DRIVE
0125 010303 LXI B,0303H ; SPECIFY CMD. 3 BYTES
0128 CD7¢col CALL, CMDFD1 ; SEND COMMAND

; RECALIBRATE DRIVE TO TRACK ZERO

RECAL: ‘
012B 010702 IXI B,0207H ; RECAL.CMD =07 - 2 BYTES
012E CDGEOL CALL MOTO

; SENSE DRIVE INTERUPT STATUS
0131 010801 SENSE: LXI B,0108H

COMMAND SENSED.= 08 ~ 1 BYTE

0134 CD7901 CALL CMDFED
0137 CD8cOo1 CALL NEXT ;s FETCH RESULT
013Aa 47 MOV B,A : SAVE IT
013B FES0 CPI 80H ; INVALID OMD.?
013D C48C01 CNZ NEXT : NO -=> NEXT RESULT
BIT 5,B ; SEEK FINISHED ?
0140+CB68 DB OCBH, 5*8+B+40H
JRZ SENSE ; NO -> ILOOP RACK
0142+28ED DB 28H, SENSE-$-1
0144 C9 RET ; YES -> ALL, DONE

. % %k %%k
j¥*kxdkkkdkkk SPECTFY PARAMETER FOR TEAC FD-55B **¥#idiixk
H Fedede Jododo de Je de K de Je Je Jodo e de de deJede de ke ke kK de de I de de de Jo Fe Je e e de Fe de de Je de de de g e Ko de e e K K g de de e ko ke ke ke

0145 DF SPEC5 DB 1101$1111B

0146 12 DB 0001$0010B :SPECIFY PARAM. 5 1/4 TEAC
;HLT = 36 MS
;HUT = 480 MS
iSRT = 6 MS

:********** COMMAND TABLE FOR UPD 765 *%*%kkkkkkkkkkkk
: Fede de Je Fo Jo e e e e de Ko e e e de e e e o T ke e e e o e K e deFe do de e o de e Yo e Je dodode Ko do dededodede ke ok

0147 46 QMDTAB: DB 046H ; MFM READ COMMAND
0148 00 UNIT: DB 0 ; HEADO/UNIT A
0149 00 TRACK: DB 0] ; TRACK O

014A 00 HEAD: DB (0] ; HEAD O

014B Ol SECTOR: DB 1 ; SECTOR 1

014C 02 N: DB 2 ; N=2 S512BYTES
014D 0OA EOT': DB 10 ; EOT

014E 10 GPL: DB 10H ; GPL

0l14F FF DTL: DB OFFH ; DIL
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0150
0151

0152

0154
0156
0157
0158
0159
015A
015B
015C
015D
015E

O15F
0160
Olel
0le62
0163

Ole4
0167
OleA
0leD

OleE

Oler
0171

Cc3
79

0030

FFOL

010402
CD7901
CD8CO1
co

Cc5

DB27
CDe401

0174+CB6F

0176+28F7

0178

cl

;********** COMMAND TABLE FOR DMA % K de ke ko ke dedek ek ok ke
,.*************************************************

DMACMDT':

DB OC3H ; WR6  RESET DMA

DB 79H ; WRO  TRANSFER B->A

ZDMAMDMA :

DW 3000H ; DESTINATION / SOURCE

DMALEN:

DW 512-1 ; LENGTH

DB 14H ; WRL  A=MEM ADR. INCR

DB OC7H ; WR6  RESET PORT A TIMING

DB 28H ; WR2 B=I/O ADR. FIXED

DB OCBH ; WR6  RESET PORT B TIMING

DB 95H ; WR4  BYTE, START & INT FOLLOWS

DB PSFDC$S765SDAT  ; PORTADR

DB 12H ; INTERRUPT AT END OF BLOCK

DB 00 ; LOW INT.-VECTOR

DB 8AH ; WRS5 RDY ACTIV H ,CE ONLY, STOP
: AT END OF BLOCK

DB OCFH :+ WR6 LOAD

DB OABH ; ENABLE INT

DB OABH

DB OABH

DB 87H ; ENABLE DMA

;*********** SENSE DRIVE STATUS *kkkkkkkkkhkkkki
skhkkkhkkkhkhkhkkhkhkkhkhkhkhkhkhkkhkkhkhkhkhhkhkhkhkkhhkhkkhkhkkhkhkkkhkkkik
'

SDRS:

IXT B, 0204H ; SDRS.CMD = 04 - 2 BYTES
CALL MDED

CALL NEXT

RET

s Kk dkdkdokkdkkkkokdkkkkk MOTOR QN *r % dk ko dedddedede ek e e o e e o
;WAIT UNTIL DISK READY, THEN TRANSMIT (MD. IN BC TO FDD *

s kkkkhkkhkkkhkhkhkhkkhkhkhkhhkkhkhkkhhhkhkhhhkhkhkhkhkhkhkhhkhhkkhkhkhkhkhkkhkhkhhkdhk

~

MOTO:

PUSH B SAVE CMD.

-

MOTO1 :
IN PSFDCSMOT
CALL SDRS
BIT 5,A
DB OCBH, 5*8+A+40H
JRZ MOTO1
DB 28H,MOTO1-5-1
POP B

FORCE MOTOR ON

~

DRIVE READY ? S

-~

NO->WAIT

~e
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0179 214701

017C DB24
017E E6COFES0

0182+20F8
0184 79D325
0187 234E
0189+10F1
018B C9

018C DB24
O18E E6COFECO

0192+420F8
0194 DB25
01% C9

0197+08
0198 3BC3D326

0leCc+08
019D FBC9

O19F 0606
0lA1 CD8CO1
0la4 213302
01a7 77
01A8 E6CO
01AA CD9701
0laD 4F
OlAE CD8CO1
01Bl 2377

O1B3+10F9
O1B5 79B7C9

Copyright (C) 1983 by Datentechnik oettle + reichler

s kkkkkkkkkkkkkk COMMAND TO UPD 765 e ke e e dede de de ke de ke ke ke dede ke ke dek

TRANSMITT COMAND IN BC TO FLOPPY DISK CONTROLER *

OF BYTES TO TRANSMITT, C =
dokkkddodkkddddedokdhhdkkdikdhkhkkkkhkkhkkkhhhhhhhhkkikkkhkk

e wp “o

MDFD:
IXT H,CMDTAB

CMDFD1 :

IN PSFDC$765$CMD

ANI OCOH ! CPI 80H

JRNZ QVDFD1

DB 20H, CMDFD1-$-1

MOV A,C | OUT PSFDC$765$DAT
INX H | MOV C,M | DINZ QMDFD1
DB 10H, QMDFD1-$-1

RET

REQUEST FOR MASTER ?
NO -> WAIT

~e wo

SEND COMMAND

‘g"
:

dede Jede ke ke ok ok kek ok kkokk NEXT RESULT ***%kkkkkkkdkkkhhkkkikhkik

READ NEXT RESULT BYTE FROM FDC
Fedededede dededodke dodedodededodededodo dede e dodede dode dede e do e de dode dede e e dedede e dedede dede e de e

~e “o wo

NEXT:

IN PSFDC$765SCMD
ANTI OCOH ! CPI OCOH

JRNZ NEXT : REQUEST FOR MASTER ?
DB 20H, NEXT-$-1

IN PSFDC$765$DAT ; GET RESULT IN A

RET

3 **¥kkkkkk INTERRUPT SERVICE ROUTINE FOR DMA *¥kkidx
: ek e dede de e e ke de e K e de de ke ek de K de Jede e e de e K de e K g de ko do e ke ke e ke K Fede de de de de e de ke ke ke K

TERMINI :

EXAF

DB 08H

MVI A,OC3H! OUT PSFDCSDMA ; RESET DMA
EXAF

DB O8H

EI | RET

Jek ko kkokkkokkkk FETCH RESULTS FROM FDC e JeJe K de e Jo e de e dedede ke ke

CHECK FOR R/W ERRORS, IF ANY Z=1
Fkkkdd e dedkkdkkddhdhkkddddodddohddoddokhdhkhdokdodhhdhhrkkkkkk

.o w0 “o

RESULT:
MVI B,6 ; 7 RESULTS
CALL NEXT ; FETCH FIRST
LXT H,RESLTB
MOV M,A SAVE IT
ANY ERROR IN STATUS O

ABORT OPERATION

8
=

MoV C,A SAVE STATUS O
RESLOP: CALL NEXT

INX H | MOV M,A ; SAVE RESULT

DINZ RESLOP

DB 10H, RESLOP-$-1

MOV A,C | ORA A | RET ; RET WITH ERROR IN A
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01B8 324901
O1BB OlQF03
OlBE CD6EOl
01Cl1 C33101

01C4 216001
01C7 360523
0lCA 3eCF

Programm-Beispiel
g ddckddokkkk ko QEEK *kkdiokidkhkkkkkik
:+ SEEK TO TRACK IN A, DRIVE IN UNIT
: e e e de Jo ke Je Jo ke Je Tk Fe Je ok do do ke do ek dede K Fo ke ke ek ke hekok ek
SEEK:
STA TRACK
ILXI B,030FH ; COMMAND SEEK = OF — 2 BYTES
CALL, MOTO '
JMP SENSE

Jede e do gk do kg dek ok READ & WRITE ENTRY POINTS Jede e de K do % de Kk k de ok
R/W ONE SECTOR IN <SECTOR>, LENGTH IN <N> AND <DMALEN>
R/W TRACK IN <TRACK>, SEEK-COMMAND GIVEN

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

R/W DRIVE IN <UNIT>, SELECT IT TO PIO-PORT

DESTINATION/SOURCE IN <ZDMADMA>
khkkkkhhhkhkhkhkkhhhhhkikdkkhhhhkddhhhhhhhhkdkdkkhhrhhhkkdhkhrhhik

s e N Se we Ne “e

; ¥kkkkkkkkk WRITE SELECTED SECTOR TO FDD **¥kskikksikx
: Fede e do do de e de Je de dede R e ke K oK K K de do do e ok Kk de g do ke e e de e de de Fe de dedo dedo o ke K dede ke de ko ke ook

WRITEIT:
LXI H,DMACMDT+10H
MVI M,5 | INX H
MVI M, OCFH

CODE: A -> B
CODE: LOAD

~e ~o

01CC 3A4701F605 LDA QMDTAB ! ORI 5

01D1+180D

01D3 216001
01D6 36AB23
0l1DS 36AB

JR RWIT
DB 18H, RWIT-$-1

COMMCN CODE FOLLOWS

-

'.********** RECORD FROM FDD **%*kkkkkikiik
: e de ke g de e ke ke de K e e de de Jo g K K e de K de de do do ke ke K Yo de K de de do e K e Fe e ke K gk e e ke ke ke e ke kK

READIT:
ILXI H,DMACMDT+10H
MVI M,0ABH ! INX H

O1DB 3A4701F606 LDA CMDTAB ! ORI 6

O1EO 323A02
OlE3 060A

OlE5 C5
OlE6 AF
OlE7 D321
O1E9 012614
OlEC 215001

Ol1EF+EDB3
O1F1 0609
O1lF3 3A3A02
O1F6 4F
OlF7 CD6EOl
OlFA CDSFOl
OlFD Cl
OlFE C8

Ol1FF+10E4
0201 Co

Copyright (C) 1983 by Datentechnik cettle + reichler

MVI M, OABH

RWIT:

STA MDCODE ; COMAND CODE FOR READ/WRITE
MVI B,10 ¢ RETRY-COUNTER
RWOP:

PUSH B

XRA A

OUT PSFDCSBANKSDAT

READ/WRITE BANK O
IXI B,14H*256+PSFDCSDMA

~,

IXT H, DMACMDT

OUTIR ; PUT QMD TO DMA
DB OEDH, OB3H

MVI B,9 : 9 COMMANDS

LDA CMDCODE

MoV C,A . ; COMMAND IN C
CALL MOTO

CALL, RESULT

POP B

RZ ; NO ERRORS -> RET
DINZ RWOP ; ERROR-> TRY IT AGAIN
DB 10H, RWOP-$-1

RET ; RET WITH Z=0
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0202 D321
0204 222102

0207+ED53
0209+2a02

020B

020C+ED43
020E+2302

0210 012614
0213 211F02
0216+EDB3

0218 DB20
021A+CB47
021C+28FA

O21E

021F
0220

0221

0223
0225
0226
0227
0228
0229

022A
022C
022D
022E
022F
0230
0231
0232

0233
023A
023B

OB

Cco

54
02
50
02
BD

12
82
B3

87

dkkkkkhkkhkhkkhkikk TNTERBANK MOVE % e e de de de Je Je e e Je ke Ko de ke K ke ke ke

PERFORMED BY Z80-DMA

SOURCEBANK IN LOWBYTE, DESTINATIONBANK IN HIGHBYTE OF <A>
DESTINATION ADRESS IN <HL>

SOURCE ADRESS IN <DE>

LENGTH IN <BC>
Fedede de e e dode e e de e o e de e e e e e e s e e e e e e e e o ek ke ok ok e ok e o ok ok ke ok o ok e e ok

e mE Np Ne wg Ny N

INTERSMOVE:

OUT P$FDCSBANKS$DAT ; SELECT BANKS
SHLD MOVESDEST

SDED MOVESSRC

DB OEDH, 53H

Dw MOVES$SRC

DCX B

SBCD MOVESLEN

DB OEDH, 43H

oW MOVESLEN

: PERFORM MOVE

LXI B, 1400H+PSFDCSDMA ; C=DMA PORT , B = LENGTH
LXI H,DMAT2

OUTIR ; MOVE COMMANDS TO DMA
DB OEDH, OB3H

; WAIT TILL TRANSFER FINISHED
DMARDY: IN P$FDC$SCTRSDAT

BIT O,A ; INTERRUPT FROM DMA ?
DB OCBH, 0*8+A+40H

JRZ DMARDY ; NO -=> WAIT

DB 28H, DMARDY-$-1

RET

s ¥kxkkkkkkkdkk DM — INTERMOVE COMMAND TABLE %k

; TRANSFER CHANNEL B (SOURCE) TO A (DEST)
3 ek dedok gk dokk ok ddkdok ek kkk kA ke kdek gk ddeokdeok Rk Rk ko dok Rk ded ok

DMAT2: DB OC3H : RESET
DB 79H ; WRO TRANSFER B->A
MOVEDEST:
DS 2 ; A STARTING ADRESS = DESTINATION
MOVELEN:
DS 2 ; BLOCK LENGTH -1
DB 54H ; WRL A IS MEM ADR INC , TIMING FOLLOWS
DB 2 ; EARLY END ON IORQ,MREQ,RD,WR, 2T
DB gOH ; WR2 B IS MEM ADR INC , TIMING FOLLOWS
DB
DB OBDH ; WR4 CONTINUOUS
MOVESRC:
DS 2 ; B STARTING ADDRESS = SOURCE
DB 12H ; INT AT END OF BLOCK
DB 0 ; INTERRUPT VECTOR L
DB 82H ; STOP AT END OF BLOCK,CE-ONLY,RDY ACT LOW
DB OB3H ; FORCE READY
DB OCFH ; LOAD
DB OABH ; ENABLE INT
DB 87H ; ENABLE DMA
RESLTB: DS 7 ; RESULT TABLE FOR FDC
CMDCODE: DS 1
END
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FDC - Floppy Controller

FDCl - Bestiickungsliste

IC's

IC
IcC
IC
IC
IC
IC
IC
IC
Ic
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

Widerstidnde

00,01
03
03,04
05
06,07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

R 00

MmO o™
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01
02
03,04
09-15
16
17-20
21-24
25
26,27

74 LS 245
TBP 24SAl10
74 LS 245
74 241

74 Ls 74
74 Ls 08
TBP 24S10
74 LS 74
74 Ls 04
74 38

Z-80 A DMA
74 Ls 257
74 LS 123
Z2-80 B PIO
upd 765

74 Ls 02
74 LS 139
74 S 163
74 LS 240
74 07

74 LS 139
74 07

74 Ls 14
74 06

FDC 9229 B
74 s 04

74 1S 279

10 KOhm
47 KOhm
330 Ohm
4,7 KOhm
150 Ohm
entfdllt
4,7 KOhm
680 Ohm
330 Ohm
150 Ohm

Bestiickungsliste
Kondensatoren
C 00-04 4,7 uF
C 05,06 470 uF
c 07,08 4,7 uF
Cc 09 100 nF
C 10 4,7 uF
C 11 100 nF
C 12 4,7 uF
C 13 120 pF
C 14 entfdllt
Quarze
Q1 32 MHz
Netzwerke
SIL O 7 x 4,7 K
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Bestiickungsplan

FDC - Floppy Controller
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FDC - Floppy Controller Stromlaufpldne
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FDC - Floppy Controller Stromlaufplidne
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FDC - Floppy Controller Stromlaufplane
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RAM - 256K Speicherbaugruppe Schaltungs—-Beschreibung

Ubersicht:

Die dynamische RAM1 Baugruppe l&dB8t sich in vier Stufen zu 64 K-
Byte auf maximal 256 K~-Byte ausbauen. Als Speicher werden 4164
Bausteine verwendet. Es konnen dabei wahlweise Chip's mit und
ohne automatischem Refresh eingesetzt werden.

Zum Refresh des dynamischen Speichermediums ist ein RFSH Signal
vom Systembus erforderlich. Ebenfalls mufBl bei Verwendung von
Speichern ochne automatischen Refesh auf den Adressen AO-A6 eine
Refresh-adresse bereit gestellt werden.

Auf einem von einem Z-80 gesteuerten Systembus sind beide Voraus-
setzungen erfiillt.

AdreBbereich

Der auf der RAM Karte bestiickte Speicherbereich kann beliebig in
einem 1 M-Byte grofBien AdreBbereich verschoben werden. Die AdrefB-
lage wird dabei ausschlieBlich {iber Programmierung des PROM's IC
06 festgelegt. Dieser ist in der Lage 4 K-Byte grofle Speicher-
bldcke zu dekodieren und in Abhdngigkeit seiner Programmierung
einem der vier Speicherreihen ein RAS Signal zur Verfligung zu
stellen.

Precharge Schaltung

Das Timingverhalten des Z80 macht es erforderlich w&hrend des M1
Zyklus den Precharge zwischen Speicherzugriff und Refresh aufzu-
weiten um die minimale Prechage Zeit der Speicher nicht zu unter-
schreiten. Mit IC Ol (LS 74) wird dazu der Opcode Fetch vorzeitig
beendet, wodurch den Speichern eine gr&B8ere Precharge Zeit bis
zum Beginn des Refresh Zugriffs verbleibt.

Dynamische RAM Driver

Um eine optimale Ansteuerung der Speicher zu erzielen kdnnen
alternativ fiir IC 09 und IC 10 spezielle dynamische RAM Driver
eingesetzt werden.
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RAM - 256K Speicherbaugruppe Schaltungs-Beschreibung

Steckbriicken
Speicher Timing RAS - MUX

Die Zeitspanne zwischen fallender RAS Flanke und Umschalten der
Adressen kann iiber die Briicken E,F,G,H und J in Schritten zu 6 ns
exakt eingestellt werden. Diese Zeitspanne ist in Abhidngigkeit
der verwendeten Speicher einzustellen. In Datenbldttern ist diese
Zeit mit der Bezeichnung tRAH (Row Adress Hold Time) zu finden.
Diese minimal angegebene Zeit ist mit einem Sicherheitsfaktor
1,75 zu multiplizieren und auf den Steckbriicken einzustellen. J
entspricht dabei einer typischen Zeit von 26 ns, H - 32ns, G -
38ns, F - 44ns, E - 50ns.

Speicher Timing MUX - CAS

Ebenfalls kann die Zeitspanne zwischen Umschalten der Adressen
und fallender Flanke von CAS iber die Briicken A,B,C und D einge-
stellt werden. Diese mit tASC (Column Adress Setup Time) bezeich-
nete Zeit wird in den meisten Datenbldttern mit minimal O ns
angegeben. Dieser Zeit ist der gleiche Sicherheitsfaktor wie oben
(0,75 x tRAH) zuzuschlagen und auf den entsprechenden Steck-
briicken einzustellen. Steckweise D entspricht 12 ns, C - 18ns, B
- 24ns, A - 30ns.
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RAM - 256K Speicherbaugruppe Hardware-Beschreibung

Hardware Beschreibung

Datentreiber

Die Daten vom und zum BUS werden von zwei uPD 8226 (IC 13 und IC
14) getrieben. Diese treiben grundsdtzlich zum Karteninneren. Ist
RD (24c) und CAS aktiv wird die Richtung gewechselt und die
Speicherkarte treibt auf den BUS. Fiihrt der Eingang DESLCT (26a)
Low Pegel wird ein Treiben auf den BUS verhindert. Dies ist zum
Beispiel sinnvoll wdhrend des BOOT Vorgangs bei dem der RAM
Speicher zeitweise ausgeblendet werden muS.

Adrefmultiplexing

Die 16 AdreBleitungen AO bis Al5 werden iiber die beiden
Muliplexer 74 S 158 (IC 11 und IC 12) auf 8 AdreBleitungen re-
duziert und an die Speicher gefiihrt. Standardméfig werden
zwischen Speicher und Multiplexer acht 33 Ohm Widerst&dnde ge-
schaltet. Diese haben zur Aufgabe gefdhrliches Uber- und Unter-
schwingen der AdreBleitungen zu unterdriicken. Optional k&nnen
auch spezielle RAM Driver wie z. B. AmZ 8165 eingesetzt werden.

AdreBdekodierung

Die AdreBdekodierung iibernimmt ein 256x4 PROM (IC 06). Die 8
Eingdnge sind mit Al12 - Al9 beschaltet. In Abhdngigkeit dieser
Signale und der internen Programmierung wird einer der vier
Ausgdnge auf High Potential gelegt.

Ein nachgeschaltetes Latch 74 LS 75 (IC 07) 'friert' diese vier
Signale wdhrend der MREQ aktiven Zeit ein.

Aus der UND Verkniipfung (74 S 00, IC 08) der vier Signale mit
MREQ werden die RAS Signale abgeleitet.

Grundsdtzlich ist immer nur ein RAS Signal aktiv. Eine Ausnahme
bildet der Refresh Zyklus bei dem alle RAS Leitungen aktiviert
werden. Das RFSH Signal an den CE Eingdngen des PROM's (IC 06)
deaktiviert den PROM wdhrend der Refresh Phase. Demzufolge fithren
alle Ausgidnge High Pegel (Pull-up SIL 0) und die vier RAS Signale
werden wdhrend MREQ aktiviert.
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RAM - 256K Speicherbaugruppe Hardware—-Beschreibung

Precharge Extension

Bei hoheren Systemfrequenzen wird beim M1 Opcode Fetch die Zeit
zwischen Speicherzugriff und Refesh zu knapp. Die minimale Pre-
chagezeit wird unterschritten und der Speicher verliert Daten.
Abhilfe schafft eine Precharge Extension Schaltung. Diese, be-
stehend aus IC 01 (74 LS 74), beendet den Opcode Speicherzugriff
vorzeitig mit der steigenden Flanke von T3.

Multiplex Timing

Das Multipex Timing kann iliber Steckbriicken in Schritten zu 6ns
exakt auf den verwendeten Speicher abgestimmt werden.

Zeit zwischen fallender RAS Flanke und AdreBumschaltung:

Die vier RAS Leitungen werden iiber eine ODER Verkniipfung (IC 02,
74 LS 21) und eine UND Verkniipfung (IC 03, 74 S 02) mit RFSH auf
eine Verzdgerungskette gefiihrt (IC 00, 74 LS 241). Auf einer der
Briicken J,H,G,F oder E wird das Signal zur Umschaltung der
Adressen abgegriffen.

Zeit zwischen AdreBumschaltung und fallender CAS Flanke:

Uber eine zweite Verzdgerungskette (D,C,B oder A) wird das CAS

Signal abgeleitet. IC 04 (74 LS 08) bewirkt eine UND Verkniipfung
mit dem MREQ Signal.

Auto Refresh Speicher

Mit den beiden Steckbriicken MN und LK kann das Signaltiming genau
auf die verwendeten Speicher abgestimmt werden.

Steckbriicke LK:
Steckweise L bewirkt, daB8 wdhrend des Refresh Vorgangs RAS nicht
aktiviert wird.

Steckweise K bewirkt ein aktiv werden des RAS Signals, wenn MREQ
aktiv ist.

Steckbriicke MN:

Mit dieser Briicke wird das Timingverhalten des RFSH Signals (Pin
1) an den Speichern bestimmt.

Steckweise M deaktiviert das RFSH Signal (Pin 1) vollstdndig
unabhdngig von anderen Signalen. :
Steckweise N bewirkt eine UND Verkniipfung der beiden BUS Signale
MREQ (30c) und RFSH (28a).

Ist weder M noch N gesteckt wird das BUS Signal RFSH direkt an
die Speicher gefiihrt.
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RAM - 256K Speicherbaugruppe

ECB-BUS Belegqung

+5V
D5
D6
D3
D4
A2
A4
AS
A6
WAIT
BUSRQ
* BAI
+12V
* Al°
-5V
2x0@
BAO
Al4
+15V
* M1l

* % ¥ * ¥ * X * % *

PFL
VCMOS

*  DESLCT
1{0):00)
RFSH
Al3

*

01
02
03
04
05
o6
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

+5V

* ¥ %k ¥ % F A ¥ ¥ * ¥ ¥ * %

* ¥ * *

ECB-BUS Belegung

= Signale sind auf der Speicherbaugruppe verdrahtet
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RAM - 256K Speicherbaugruppe Bestiickungsliste

RAM1 - Bestiickung

Speicher

M 00-37 4164

IC's

IC 00 74 1S 241

IC 01 74 LS 74

IC 02 74 1S 21

IC 03 "74 s 02

IC 04 74 LS 08

IC 05 74 LS 14

IC 06 TBP 24 SA 10
IC 07 74 LS 75

IC 08 74 S 00

IC 09 74 LS 240 (AmZ8165)
IC 10 8 x 33 Ohm (AmZ8165)
IC 11,12 74 S 158

IC 13,14 8226
Widerstdnde

R O,1 4,7 K Chm

R 2-6 33 Ohm
Netzwerke

SIL O 5 x 680 Ohm
Kondensatoren

Cc 0,1 4,7 uF, 16 V
C 2 entfdllt

C sonst. 100 nF
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Bestiickungsplan

RAM - 256K Speicherbaugruppe
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Stromlaufplan

RAM - 256K Speicherbaugruppe
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BUS - Riickwandverdrahtung

Signalbelegung

+5V
D5
D6
D3
D4
A2
A4
A5
A6
WAIT
BUSRQ
BAI
+12v
* Al9
-5V
2xQ
BAO
* Al4
+15V
* M1

* ¥ % % % ¥ * *

PFL
VCMOS

DESLCT
I0RQ
RFSH
Al3

* % ¥ *

01
02
03
04
05
o6
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

+5V
DO
D7
D2
A0
A3
Al
A8
A7
Alé
IEI
Al7
Al8
D1
-15v
IEO
All
AlO

PWRCL
Al2

* ¥ * ¥ ¥ ¥ * * *

*

* = iber 390 Ohm an 2,9 Volt abgeschlossen

PFL = Power Fail
DESLCT = DESELECT

ECB-BUS Signalbelegung
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BUS -~ Riickwandverdrahtung Schaltungs—-Beschreibung

IEI-IEO / BAI-BAO Kette

Diese vier Signale der Interrupt- und DMA-Kette sind im Gegensatz
zu den anderen Signalleitungen nicht parallel durchverdrahtet.
Der IEO-Ausgang ist mit dem IEI-Eingang des n&dchsten Steckplatzes
und BAO mit BAI verbunden. Der Ausgang des Steckplatzes mit der
hSheren Priorit&t geht jeweils auf den Eingang des nichst niedri-
geren.

ECB-BUS-Europakarten, die diese Signale nicht beniitzen, miissen
auf der Platine IEI mit IEO und BAI mit BAO verbinden. Sowohl die
Interrupt—-, als auch die DMA-Kette wird somit unterbrechungsfrei
an die jeweils ndchst niedrigere Einheit weitergegeben.

Montage Hinweise
VG Steckverbinder

Die insgesamt acht 64-poligen VG-Messerleisten sind auf der Seite
mit der Massefldche einzulSten. Auf Seitenrichtigkeit (Verpo-
lungsschutz-Aussparungen) ist unbedingt zu achten.

Terminierung

Die Terminierung hat die Aufgabe durch Erniedrigung der Impedanz
Reflexionen und Ubersprech-Stdrungen zu unterdriicken. Die termi-
nierten Leitungen sind auf Seite 3 (Signalbelegung) durch einen
Stern gekennzeichnet.

Werden Baugruppen anderer Hersteller auf dem System-Bus be-
trieben, ist zu iiberpriifen, ob die terminierten Bus-Signale aus-
reichend gepuffert sind.

Die Bauteile der Terminierung sind ebenfalls auf der Masseseite
einzuldten.

Bei dem Kondensator C 1 sowie den vier Widerstandsnetzwerken ist
auf die Polarisation zu achten.

Der Spannungsregler LM 317 ist liegend auf der Seite mit dem
Bestiickungsdruck einzul&ten.
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BUS - Riickwandverdrahtung Montage Hinweise

Power-Stecker

Zehn der insgesamt 14 Kontakte dienen zur Heranfiihrung der Span-
nungen -5V, +5V und +12V. Die beiden Spannungen +5V und +12V sind
mit einem Sense AnschluB8 (+S und -S) versehen. Die verbleibenden
vier Kontakte dienen zur Versorgung eines Laufwerks oder &hnli-
cher Einheiten mit den Spannungen +5V und +12V.

Signalbelegung Power-Stecker

-5V -5V
GND

+5V -S
GND
+58
+S

+12V =S
GND
+12V
+S

DISK +12V
GND
GND
+5v

Der l4-polige Power-Stecker ist auf der Positionsdruckseite ein-
zubauen. Die Enden des 90 Grad Winkelsteckers zeigen dabei zur
Kartenmitte. Um ein einwandfreies Stecken zu erm&glichen, ist der
90 Grad Winkel durch leicht schrédgen Einbau zu vergréSern.

Akku Schaltung

Die drei Akkus sind auf der Positionsdruck-seite stehend einzu-
bauen.

Die vier Bauteile DO - D2 und RO sind auf der Seite mit der
Massefldche kurzbeinig einzul&ten.
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BUS - Riickwandverdrahtung Montage Hinweise

BUS1 - Bestiickung

1l.Terminierung

Widerstidnde
R1 150
R 2 120

Widerstandsnetzwerke
SIL 0-3 9 x 390 Ohm

Kondensatoren
c1 100 uPF
Cc 2,3 100 nF

Spannungsregler
317 LM 317

2. Akku-Schaltung

Widerstidnde

RO 33
Dioden

DO 1 N 4148
D1 1 N 4001
D 2 AA 143
Akkus

NICD 0-2 Varta 60 DK-F
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Bestiickungsplan

BUS - Riickwandverdrahtung
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BUS - Riickwandverdrahtung Stromlaufplan
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