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Abstract

ThisdocumentdescribeswhatI have foundoutaboutthehardwareof theAm-
stradPCW, in thecourseof writing JOYCE.Someof thishasbeendeducedby me;
a lot hascomefrom othersources.
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1 General principles

ThePCW’s I/O is (for themostpart)conductedusingtheZ80’s IN andOUT instruc-
tions,ratherthanmemory-mappedI/O. In nearlyall cases,only thebottom8 bitsof the
port numberaredecoded,andso portsarespecifiedwith 2-digit identifiers(eg: port
F0h,not port00F0h).

2 Memory

ThePCWmemoryis dividedinto blocksof 16k. A PCW8256has16 blocks,while a
fully-upgraded2Mb PCWhas128. Theprocessorcanonly address64k at a time; the
I/O portsF0h-F3hareusedto selectwhich blocksit seeswhere.

F0h controlswhattheprocessorseesat 0000h-3FFFh.

F1h controlswhattheprocessorseesat 4000h-7FFFh.

F2h controlswhattheprocessorseesat 8000h-BFFFh.

F3h controlswhattheprocessorseesat C000h-FFFFh.

2.1 PCW (“extended”) pagingmode

Usually, valueswritten to thememorymanagementportshavebit 7 setandtheother7
bits setto theblock number:

Bits
7 6 5 4 3 2 1 0
1 block number

- for example,block4 couldbeselectedintomemoryat8000hbyanOUT(0F2h),84h.
If theblock numberis out of rangethenthetop bits will beignored- soattemptingto
selectblock24 on a256kcomputerwould actuallyselectblock8.

2.2 CPC (“standard”) pagingmode

This pagingmodeis not usedby any CP/M or LocoScriptsoftwareexcept perhaps
thememorytester(RAMTEST.COM). It is presentbecausethePCWwasbasedon a
never-built designfor ANT1, asuccessorto theCPCrange.

If CPCpagingmodeis used,thentwo blockscanbe in oneslot at once;memory
writesgo to one,andreadsto theother.

Bits
7 6 5 4 3 2 1 0
0 block to read unused block to write

Thismethodonly allowsaccessto thefirst 128kof memory, which is anothergood
reasonwhy no PCWprogramsuseit.

There is an additionalport usedin CPC paging: port F4h (output). The value
written to this is interpretedasfollows:

1Arnold NumberTwo
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Bits
7 6 5 4 3 2 1 0

lock C000..FFFF lock 8000..BFFF lock 4000..7FFF lock 0..3FFF unused

If a memoryrangeis setas “locked”, then the “block to read” bits are ignored;
memoryis readfrom the“block to write”.

3 The screen

The screenis a 720x256arrayof pixels, eachpixel twice ashigh as it is wide. The
videocontrollercanfetchthescreendatafrom anywherein thebottom128kof RAM
- seeport F5hbelow.

3.1 I/O ports

Thefollowing portsareusedby thevideocontroller:

F5h (output)setstheaddressof the“Roller-RAM” within thebottom128kof memory.
The“Roller-RAM” is a512-bytetablewhoseformatis givenin section3.2.The
valuewritten to this port canbeinterpretedasfollows:

Bits
7 6 5 4 3 2 1 0

block offset/ 512

- e.g, to move the Roller-RAM to offset 3200hin memoryblock 4, write the
value10011001binary(99h)to portF5h.

F6h (output) setsthe vertical origin of the screen. The valuewritten to it specifies
which line of theRoller-RAM correspondsto thetop line of thescreen.SoOUT
0F6h,8 meansthatthevideocontrollerwill displaypixel line 8 at thetop of the
screen- essentially, scrollingupby 8 pixels.

F7h (output)Bits 6 and7 of this port areused. If bit 7 is set, then the screenwill
displayin inversevideo(blackon green/white).If bit 6 is set,thenthescreenis
displayed;otherwiseit will beblank.

F8h (output) This port is usedfor variouspurposes,but the two which are video-
relatedare:

OUT F8h, 8 Disablethevideocontroller. Externalhardware(aTV modulator?)
mustdrive thescreen.

OUT F8h, 7 Enablethevideocontroller.

F8h (input) Thebits thatconcernthevideocontrollerhereare:

bit 6 Frameflyback;this is setwhile thescreenis notbeingdrawn.

bit 4 60HzPCW; only thetop 200linesof thescreenwill bevisible.
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3.2 The Roller-RAM

TheRoller-RAM is treatedasanarrayof 256little-endianwords.Eachwordis acoded
pointerto thescreenbitmapfor this line, formed:

Bits

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
block offset/ 16 offset

Thetop 3 bits give thememoryblock number. Bits 0-12give theoffsetof theline
within the block. However, it would take 14 bits to spana 16k block, andthereare
only 13 left. Soto convertbits 0-12into theaddressof a screenline, youhave to usea
formulasuchas

address = (offset & 7) + 2 * (offset & 0x1FF8) ;

Onceyou have theaddressof a screenline, it consistsof 90 bytes,at intervals8 apart
(soaline wouldbestoredin bytes0,8,16,24,32...).Thisallows8 linesto beinterleaved
for easeof printing text.

4 Interrupts

Variousperipheralscangenerateinterrupts.Whencheckingthesourceof aninterrupt,
PCWCP/Mchecksin theorderFDC,timer, otherperipherals.

4.1 Timer interrupts

Thetimer interrupts300timesasecond.It alsoincrementsacounterwhichcanberead
from thebottom4 bitsof portF4h.Thecountergoesfrom 0-15,andstaysat15having
got there.Readingthecounterresetsit.

This allows PCWsystemsoftwareto compensatefor missedtimer interrupts.On
interrupt, it readsthe counter, andif it is morethan1 thenit knows someinterrupts
havebeenmissed.If it is 0, thenthetimerdid not interrupt;theinterruptmustbefrom
a differentsource.

4.2 Floppy controller interrupts

Thefloppy controllercanbeprogrammedto sendanormalinterruptor anon-maskable
interrupt(NMI) on completinga command.SeeSection7.1.

If thefloppy controllerhastried to interrupt(regardlessof whetherit is setto pro-
ducean NMI, a normalinterrupt,or nothingat all) thenbit 5 of the valuereadfrom
port F8hwill be1. Otherwiseit will be0.

4.3 Serial port interrupts

TheCPS8256interface(seesection6.1)canbeprogrammedto generateinterrupts.

4.4 Daisywheelinterrupts

The daisywheelprinter (seesection5.2) canbe programmedto interruptwhenit has
finishedacommand.
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5 Printer ports

5.1 PCW8256/8512/9256/10printer controller

5.1.1 I/O ports

ThePCWusestwo I/O portsto communicatewith theprintercontroller- ports0FCh
and0FDh.0FChappearsto beusedto initialise thecontroller, while 0FDhcontrolsthe
printeritself.

FCh (input) returnsacontrollererrornumber. ThePCWXBIOS only readsthiswhen
thecontrollerreportsanerror(seebit 0 of portFDh)..Valuesthatcanbereturned
are:

0 Underrun

1 PrinterRAM fault

3 Badcommand

5 Printerror

0F8h Normaloperation(noerror).

If thisport returnsany othervalues,then“No printer” is displayedasanerror.

FCh (output) is usedto sendcommandsto theprintercontroller. Eachcommandis a
multiple of 2 byteslong. Themeaningof thecommandssentto portsFChand
FDh appearsto be thesame,but commandsareonly written to port FChwhile
theprinteris beingreset.

FDh (input) returnsthestatusof theprinter. Themeaningsof thebits areasfollows:

Bit Meaning

7 Bail bar- 1 if it’s in, 0 if out
6 If 0, printeris executingcommand.If 1, printerhasfinished.
5 Always0 (for daisywheelPCWs,it’s 1 whenthePCWis booted,

sothis bit canbeusedto testtheprintertype).
4 0 if print headis at left margin; else1.
3 Sheetfeederpresent?
2 Papersensor-1 if paperis present,else0.
1 If 0, ready- commandscanbesentto portFDh. If 1, busy- they can’t.
0 If 1, controllerfault - seeIN 0FCh.

FDh (output) is usedto sendcommandsto theprinter. All printercommandsaresent
to this portexceptduringa reset.

5.1.2 Printer commands

Printercommandsarea multiple of 2 byteslong. Commandswhich are longerthan
two bytesendwith thetwo bytesC0,00.Parametersusea verticalresolutionof

�
����� in;

the horizontalresolutiondependson the speedthe motor is runningat, but is either
�

��� � in or
�

�	����� in. In thefollowing descriptions,theunit of horizontalmeasureis called
the“tick”.

7



00,00 First initialisationcommandsentto port 0FChduringbootup; possiblydoesa
self-test.

A4,nn Line feedby

�

����� inches.Usedonly for feedsof

�
��� in andless(ie, n <= 12). Not

followedby a C0,00command.

A8,nn;A9,nn;AA,nn;AB,nn Movetheprint headandprint a line. Bits 0 and1 of the
commandbytegive theprint headspeedanddirection:

bit 0 If set,print headmovesto theright; elseleft.

bit 1 If set,print headmovesat half speed.If not, full speed.

Thesecondbyteof thecommandsaysby how many ticks theheadshouldmove
in thedirectionof travel beforethefirst outputis printed.ThePCWmatrixdriver
assumesthat theheadwill actuallymove by 9 fewer ticks; this maybebecause
themotorcan’t startinstantly.

This commandis thenfollowedby a numberof datacommands.Theseareof
two kinds- to print, or to movetheheadby a specifiednumberof ticks.

Thecommandto print a columnis treatedasa 16-bit big-endianword with the
following bitfields:

� Bits 15-12are0.
� Bits 11-9givethecolumnspacing.0 is 5 ticks,1 is 6 ticks,...,7 is 12ticks.
� Bits 8-0are1 to fire thepins.Bit 8 is thebottompin, bit 0 is thetop.

Theothertypeof commandmovesthehead.Thesearenormallyat theend(to
put theprint headin theright placefor thenext row). Thebit patternfor this type
of commandis:

� Bits 15-13are1,0,0(sothis commandis between80hand9Fh).
� Bits 12-0 are the number. If the low 8 bits are0, add256. This means

the commands,in increasingnumericalorder, are: 80,0180,02... 80,FF,
80,00,81,01etc.

Finally, thecommandends:

C0,00 Endof command.Thismovestheheada further11 ticks in thedirection
of travel, becausethemotorcan’t stopinstantlyeither.

AC,nn Line feedby


����� inches. If nn is 0, feed

�� �
����� inches. To feedmorethanthat,

passfurthercommandswherebits 15-13are1,0,0andbits 12-0aretheencoded
numberto feed- eg: AC,3092,00C0,00

Thiscommandis alsoterminatedby a C0,00endsequence.

B8,00 Resetprinter. Movestheprint headto theleft margin.

C0,00 endof commandsequence.
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5.1.3 Examplecommandsequences
� 00,00A4,01{ A9,C0} B8,00- sentto port0FChasinitialisationsequence.The

A9,C0pair is sentif theprint headis againsttheleft margin aftertheinitial reset;
thisensuresthatwherever theheadwas,its ability to movehasbeentested.

� C0,00B8,00- sentto port0FChasprinterresetsequence.

� AC,3DC0,00- line feedat 6 lines/inch

� AB,86,0E,data,0E,data,...,0E,data,02,00,... (21 times)..., 80, 04, C0,00- print
a line of graphicsin the ESCL graphicsmode. The AB,86 startsprinting and
movesthehead134- 9 = 125ticks to theright. Thecommandsstarting0E are
the graphicscolumns,spaced12 ticks apart. The 21 02,00commandsandthe
80,04move the head130 ticks to the right of the last column,and the C0,00
movesit a further 11 ticks. Combinedwith the lead-in on the next line, this
leavestheheadreadyto print underthefirst unprintedcolumnof this line.

5.1.4 PCW matrix printer fonts

Although it is not strictly partof the hardwarespecification,the memorylayoutused
by thedot-matrixprinterfontsunderCP/MandLocoScript1 is describedin Appendix
A.

5.2 PCW9512printer controller

Unlike mostof the otherports,the 9512printer controllerdecodesits I/O addressas
morethanjust 8 bits,andis thusaccessedat I/O addresses00FCh,01FChand00FDh.

Thebits returnedby IN (0FDh)are:

Bit Meaning

7 1 if theprintercanacceptcommands
0 if commandscan’t besentto it

6 Usually0. Theinterrupthandlerchecksthisbit,.
but thesignificanceof it is unclear.

5 1 if theprinteris idle, 0 if it’sexecutinga command.
Ondot-matrixPCWs,thisbit is always0.

4 Alwaysseemsto be1
3 Unknown
2 1 if theprinterhascausedaninterrupt.
1 0 if bytescanbesentto thecontroller, else1.
0 1 if bytescanbereadfrom thecontroller, else0.

Thecontrolleris accessedby sendingtwo-bytecommands.Thefirst bytespecifies
thecommand,andthesecondcontainsany requireddata.To sendacommand:

1. Wait until IN (00FDh)bit 1 is zero.

2. OUT (01FCh),command_byte

3. OUT (00FCh),data_byte

If thecommandreturnsdata,thento readbackthedata,do:
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1. Wait until IN (00FDh)bit 0 is 1.

2. Readdatafrom IN (00FCh).

To readthe statusof the printer, do an IN (01FCh)twice in succession.If thevalues
readdon’t match,repeatuntil they do. Thebits in thebytereturnedare:

Bit Meaningif set

7 Printerfailed
6 No printer
5 Ribbonpresent
4 Paperpresent
3 Coverdown
2 Bail barin
1 Controllerfailed
0 ?

Daisywheelcommandsshouldbe treatedas big-endianwords. The first 4 bits
definethe command;the remaining12 bits are the parameter. If the first 4 bits are
0, thenthe next 4 bits definea differenttype of commandandthe last 8 bits arethe
parameter.
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First byte Secondbyte Effect Returns
High 4 bits Low 4 bits

0 1 ribbontype Prepareto outputcharacter nothing
3 for singlestrike,else0Ch Followedby 4xxx-7xxx

0 2 0 GetPAR port status status
0 3 1 or 3 Unknown nothing
0 4 value Write byteto PAR port nothing
0 5 0 Usedto re-checkpapersensor? nothing
0 6 0 Usedto re-checkpapersensor? byte
0 7 80h Enabledaisywheelinterrupts nothing
0 8 07Fh Disabledaisywheelinterrupts nothing
0 9 0 Resetinterruptflag nothing

(calledfrom interrupthandler)
0 0Ah 22h,24h,25h Unknown byte
0 0Bh 3 Unknown byte
1 2 0 Initialise controller. This is 0 if OK

thefirst commandsent. elseerror
2 ThePCW9512BIOS doesnot
3 sendthesecodes.
4
5 Bits 12-9areimpression Outputspecifiedcharacter.
6 (2 for low, 5 for medium,9 for high) Alwaysprecededby a nothing
7 Bits 0-7 arepin numberon wheel. 01xxcommand.
8 Not sentby thePCW9512BIOS
9 Distancein

�
� � � thsof aninch Move left nothing

A unknown Unknown nothing
B Distancein

�
� � � thsof aninch Moveright nothing

C Distancein
�
�	� � thsof aninch Feedpaperforwards nothing

D 0 Unknown nothing
E Distancein

�
�	� � thsof aninch Feedpaperbackwards nothing

F 0 Unknown nothing

5.3 PCW9512PAR port

ThePAR portis partof thePCW9512printercontroller, andis controlledby commands
2 (getstatus)and4 (write byteto PAR).

Thetoptwo bitsof thestatusbytegivethestatusof theCentronicslinesBUSY [bit
6] and/ACK [bit 7, active low]. So to do output,wait until bit 6 goesto 0 andthen
write thedatausingcommand4.

Sincethe 9512hardwaresupportsthe CentronicsACK signal,it is possiblefor a
9512to actasthemastercomputerin aLocoLink conversation- seesection6.3.

5.4 CPS8256CEN port

TheCPS8256CEN port is atE3h.
To readits status,write 10h to port E3h. Thenreadport E3h; bit 5 is set if the

printeris ready.
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To write data,write thecharacterto portE8h.Thensendthefollowing bytesto port
E3h: 5, E8h,5, 68h.Thesewill toggletheSTROBE line.

5.5 StandaloneCEN port

ThestandaloneCEN port is at ports84h-87h.
Thestatusis readfrom IN (84h).Bit 0 is1 if theprinteris busy, 0 if it’s ready.
To write a byte,write it to port 87h,thento port 85h,thento port 87hagain.The

two writesto port 87htoggletheSTROBE line.

6 Other interfaces

6.1 CPS8256

TheCPS8256is basedon a Z80-DART andan8253timer. Portsareasfollows:

Port Meaning

E0 DART ChannelA data
E1 DART ChannelA control
E2 DART ChannelB data
E3 DART ChannelB control
E4 8253counter0
E5 8253counter1
E7 8253write modeword

To write a valueto a DART registerotherthanregister0, sendtheregisternumber
and then the value to the “control” port (E1h or E3h). To reada register, sendthe
registernumberto thecontrolport andthendo anIN on thatport.

To read/ write DART register0, just reador write the valueto port E1h or E3h.
Whenwriting, the bottom3 bits of the valuemustbe 0; otherwiseoneof the other
regsterswouldbeselected.

6.1.1 Z80-DART registers

TheZ80-DART registersarenumbered0 to 5. Many of thebits in theseregistersare
not usedby theCPS8256.
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Register Bit Meaningwhenread Meaningwhenwritten

0 0 Receivecharacteravailable Must be0
1 Interruptpending

�

Must be0
2 Transmitbuffer empty Must be0
3 DCD Command
4 Ring Indicator Command
5 CTS Command
6 Not used Not used
7 Break Not used

1 0 All sent Ext int enable
1 Not used Transmitint enable
2 Not used Statusaffectsvector

�

3 Not used Receive int mode
4 Parity error Receive int mode
5 Receiveoverrun Wait/Readyon R/T
6 Framingerror Wait/Readyfunction
7 Not used Wait/Readyenable

2 Interruptvector
�

Interruptvector
�

3 0 Receiveenable
1-4 Must besetto 0
5 RTS/CTSsetautomatically

6-7 Receivebits (5,6,7,8)

4 0 Parity enabled
1 Parity even

2-3 Stopbits (1, 2, 3 for 1, 1.5,2)
4-5 Not used
6-7 Clockmultiplier(1,16,32,64)

5 0 Not used
1 RTS
2 Not used
3 Transmitenable
4 Sendbreak

5-6 Transmitbits (5,6,7,8)
7 Not used

�

Only on channelA
�

Only on channelB

6.1.2 CPS8256Centronicsport

TheCentronicsport (describedin section5.4)returnsits statusin register0 of Channel
B. The STROBE signal is controlledby bit 7 of register5 (what the DART thinks is
DTR) andtheBUSY signalshowsup in bit 5 (CTS)of register0.

6.1.3 CPS8256Serial port

Theserialport is connectedto ChannelA of theDART.

� To checkif theport canoutput,readregister0 of ChannelA.
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� If you areusingsoftwarehandshaking,checkbit 2 (Transmitbuffer empty)and
wait until it’s nonzero.

� If you areusinghardwarehandshaking,checkbit 5 (Clearto Send);whenthis
goesto 1, readregister1 until bit 0 (All Sent)is 1.

� Then,to output,write thecorrectbyteto thedatachannel.

To readfrom theport in non-interruptmode:

� If hardwarehandshakingis enabled,checkbit 0 of register0 (RX characteravail-
able)andif it’s 0, raiseDTR (setbit 7 of register5).

� Wait until bit 0 of register0 becomes1.

� Readthecharacterfrom theDART datachannel.

� If hardwarehandshakingis in use,dropDTR.

To settransmitbaudrate,send36hto portE7h,andtwo bytesencodedrateto portE4h.
To setthereceivebaudrate,send76hto port E7h,andthetwo bytesto portE5h.

Theencodedrateis
� �� �����
������� - sendthehighbytefirst, thenthelow byte.

6.2 SCA Mark 2 Interface

TheSCAinterfaceis programmedin thesamewayastheCPS8256,exceptthatthere’s
alsoa RealTime Clockfitted. TheRTC is not emulatedin JOYCE sothis information
hasnot beenverified;useit at yourown risk.

To readabytefrom theRTC:

� SetchannelA DTR.

� ResetchannelB.

� For eachbit: UnsetchannelA DTR, readthechannelB Ring Indicator, andset
channelA DTR. Thebit obtainedshouldbecomplemented.Thefirst bit readis
bit 7 of thebyte;thelastis bit 0.

To write abyteto theRTC:

� SetchannelA DTR.

� For eachbit, if it’s a 1 thenresetchannelB. If it’s a zerosetchannelB RTS.
ThenresetandsetchannelA DTR.

� Finally, unsetchannelA DTR, resetchannelB, readasinglebit from thechannel
B Ring Indicator, andsetchannelA DTR again.

To sendanRTC command:

� To start the command:UnsetchannelA DTR, resetchannelB, setchannelB
RTS thensetchannelA DTR.

� Sendthecommandbytesusingthewrite codeabove.
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� Readany resultbytesusingthereadcodeabove. For all resultbytesexceptthe
last: ResetchannelB, setchannelB RTS, unsetchannelA DTR, setchannelA
DTR andthenresetchannelB again.

� Finally, setchannelB RTS,setchannelA DTR, unsetchannelA DTR andthen
resetchannelB.

To readtheclock:

� SendthecommandD0h,0.

� Sendthe commandD1h; the next 4 bytesreadwill be hours,minutes,days,
months(BCD).

� SendthecommandD0h,5.

� Theclock will return3 bytes. The first is the year(BCD); I suspectthe others
aredayandmonthagain,which we ignore.

To write to theclock:

� SendthecommandD0h,20h.

� SendthecommandD0h,hours,minutes,days,months(all BCD).

or:

� SendthecommandD0h,5.

� SendthecommandD0h,year, day, month(BCD).

6.3 LocoLink interface

LocoLink is usedto connectthe PCW to the parallelport of anothercomputer. The
suppliedsoftwareactsasa file server (“slave” in LocoLink terminology),so that the
othercomputer(the “master” - normallya PC,thoughsoftwarealsoexistedallowing
a PCW9512to do it, andthe PCW16is supposedto have built-in LocoLink support)
couldreador write files.

AlthoughtheLocoLink interfaceconnectsto theparallelport, it actsasaserialde-
vice,usingonly 4 wires(two eachway). This is sothatit cansupportnon-bidirectional
parallelports.

On a PCW with the interface,the LocoLink appearsat address0FEh. The port
behavesasfollows:

Bit Inputmeaning Outputmeaning

0 Data0 BUSY
1 Data1 ACK

At the otherendof theparallelcable,the two “Data” linescorrespondto thefirst
two datalines in theparallelport. BUSY andACK correspondto theCentronicspins
of thesamename.

If a LocoLink interfaceis connectedto both the expansionandparallelportsof
a PCW9512,andbytesaresentto port 0FEh, the bits in the parallelport changeas
follows:
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Valuewritten Valueread
Bit 1 Bit 0 Bit 7 Bit 6

0 0 1 1
0 1 1 0
1 0 0 1
1 1 0 0

JOYCE v2.0.xdoesnot emulateLocoLink.
Thecommunicationsprotocolusedby theLocoLink interfaceis describedin Ap-

pendixB.

6.4 Prototype serial interface

TheoriginalPCWspecificationmentionsthattheprototypePCWhadaserialinterface
basedontheIntersil IM6403UART. Its dataregisterwasataddress0FEhfor bothinput
andoutput,andits statusregisterat 0F9h(input only). JOYCE doesnot emulatethis
interface.

7 Floppy dri ves

ThePCWfloppy controlleris theuPD765A,run in non-DMA mode.TheFDC main
statusregisteris at I/O port00h;its dataregisteris at 01h.

7.1 The floppy controller and other ports

TheSystemControlport (0F8h)hasfivecommandswhichaffect thefloppy controller:

02 If thefloppy controllerinterrupts,theZ80 getsanNMI.

03 If thefloppy controllerinterrupts,the Z80 getsa normalinterrupt. If theZ80 has
disabledinterrupts,theinterruptline stayshighuntil theZ80enablesthemagain.

04 Floppy controllerinterruptsareignored.

05 Setthefloppy controller’s “Terminalcount”,whichabortsa datatransfer.

06 Clearthefloppy controller’s terminalcount.

7.2 Floppy dri vesupport

PCWoperatingsystemssupporttwo floppy drives,connectedto thecontrollerasdrives
0 and1.

On a PCW8256,8512or 9512,commandsfor drives2 and3 aresentto drives0
and1 (ie, thedrivenumberis not completelydecoded).

OnaPCW9256,9512+or 10,commandsfor drive2 appearto goto drive1, except
thatthedrive is always“ready”, evenwhenthemotorisn’t running.I haven’t daredto
enquirewhathappensif drive3 is selected.
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7.3 Floppy controller probe

Versionsof LocoScriptand CP/M written after the PCW9256was releasedcontain
codeto discoverwhatsortof PCWis in use- 8256/8512/9512or 9256/9512+/10.The
codethendetectswhether3.5” discdrivesarein use.

Thetestis donein two stages.

7.3.1 Detectfloppy controller type

1. Stopdiscmotors.

2. SendSENSEDRIVE STATUS for drive 0 to thedisccontrolleruntil it reports
drive0 is not ready.

3. SendSENSEDRIVE STATUS for drive 2. On an 8256, 8512 or 9512, this
returnsthesamestatusasdrive0 (ie: not ready).But on a 9256,9512+or 10, it
returnsastatusof “ready”.

7.3.2 Detectdri ve type

If a9256-stylecontrollerwasfound,separatechecksarethendoneoneachdriveto see
whetherthey are3.5” or not. Thetestis performedonceondrive0 andonceondrive2.
Thetestondrive2 will returnresultsthatarevalid for drive1, for somestrangereason.

1. Startdiscmotors.

2. Recalibratethedrive(ie, movetheheadto track0).

3. SendSENSEDRIVE STATUS to thedrive.

4. If the“Track0” bit is not set:

� For drive 0: If the “read-only” bit is set, the drive is 3”. Otherwiseit is
3.5”.

� For drive2: Thedrivedoesnot exist.

5. If the“Track0” bit is set:

� Turn off thediscmotors,andwait for themto stop.
� SendSENSEDRIVE STATUS to thedrive again. If “Track0” is set,the

drive is 3”. Otherwiseit is 3.5”.

8 Hard dri ves

Theonly harddrive whosedriver I have beenableto studyis Cirtech’s Gemdrive. It
is not emulatedin JOYCE sothis informationis not verified(there’shardlyenoughof
it to verify).
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8.1 Cirtech Gem

TheGemdriveusesthreeI/O ports:numbers0A8h,0A9hand0AAh. Thesebehaveas
follows:

0A8h Dataregister. Whensectorsarereador written, thedatago to/fromthis port.

0A9h Possiblestatusregister.

0AAh Writing to this port mayresetthecontroller.

9 Keyboard

Thekeyboardappearsasa memory-mappeddeviceat 3FF0h-3FFFhin memoryblock
3.

� Keys0-71correspondto bit (n mod8) of byte(n / 8) of themap.

� Key 72 correspondsto bit 7 of byte9.

� Keys73-80correspondto bits 0-7of byte10.

Thekeysq w e r o p [ ] a s d f g h j # [SHIFT] z x c v b n m [GRID] [SPACE] andthe
four cursorkeysalsosetbits in bytes14 and15.

[f1] alsosetsbit 1 of byte12.
[f3] alsosetsbit 0 of byte12.
[SPACE] alsosetsbit 4 of bytes12,14 and15,andbit 5 of byte13.
[SHIFT] alsosetsbit 5 of bytes14and15.
Byte13 bit 7 is alwaysset.

10 Joysticks

10.1 Kempstoninterface

TheKempstoninterfaceis visibleatport9Fh.Thejoystick is readfrom thebottomfive
bits of this port, but theorderof bits is not known. HeadOver Heelsseemsto assume
thatthey arenormally1, andgo to 0 whenthejoystick is out of its centreposition.

10.2 Spectravideo interface

TheSpectravideojoystick interfaceappearsat 0E0h(so it cannotbeusedat thesame
timeasa CPS8256interface).Thevaluesit returnsare:

Bit 7 Always0. If nothingis presenton thisport,1 is returned.

Bit 6 Ignored.

Bit 5 Ignored.

Bit 4 1 if thejoystick is pushedto theright.

Bit 3 1 if thejoystick is pushedup.
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Bit 2 1 if thejoystick is pushedto theleft.

Bit 1 1 if thefire buttonis depressed.

Bit 0 1 if thejoystick is pusheddown.

10.3 Cascadeinterface

The Cascadejoystick interfacealsoappearsat 0E0h. The ’Head over Heels’ driver
for this joystick doesn’t work with a Spectravideo interface,which leadsme to the
conclusionthateitherthedriver’s buggyor theCascadejoystick usesdifferentbits in
this port.

10.4 DKTronicsinterface

TheDKTronicsinterfaceappearsto beoneregisteron a largerchip. To readit, write
0Eh to port 0AAh andthenreadport A9h. The useof register0Ehandthe presence
of a “DKTronicssound”driver in HeadOver Heelssuggeststhat thechip maybe an
AY-3-8912or similar soundgenerator.

A PCW matrix printer fonts

ThePCWdot-matrixfontsarestoredin threetablesin Bank2. Theaddressesandsizes
of thesetablesdiffer from CP/M versionto CP/M version;you canuseLPT8FONT2

to discoverwherethefontsarefor a givenCP/Mversion.Known font addressesare:

BIOS version Font startsat

1.1,1.2,1.4 5E28h
1.12,1.14,1.15 5EBDh

Therearethreeconsecutivetablesof font data:

A.1 The character width table.

This is always64 byteslong, andusedfor spacingthe characterswhenproportional
modeis selected. To get the width for character<n>, readbyte (<n>/2); the high
nibble will be for the even-numberedcharacter(0,2,4,...) andthe low nibble for the
odd-numberedone(1,3,5,...)

A.2 The NLQ font

This font startswith a table (the characteroffset table)containing129 words. Each
word hasthefollowing bitwisestructure:

Bit 15: Thecharacterhasa descender;print it on thebottom8 pinsratherthanthetop
8.

Bits 14-12: Spaceto put at theleft of this character.

Bits 11-0: Offsetof thespecificationof this character, from thestartof thefont.
2<http://www.seasip.demon.co.uk/Cpm/software/amstrad.html>
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The lastentrygivestheoffsetof thefirst byteafter the font. This meansthat for any
character, thesizeof itsdescriptioncanbefoundby takingoffset(char+1)- offset(char).
In thestandardfonts,offset(128)alsogivestheoffsetof thestartof thedraft font from
thestartof theNLQ font.

After thecharacteroffsettableis a patterntable.Eachentryin it is two byteslong;
thehighbyteis printedonthefirst pass,andthelow byteon thesecond(or viceversa?
Thehigh byte is drawn slightly above the low one,anyway). The leastsignificantbit
correspondsto thetop pin.

Thelengthof thepatterntableisn’t that important,but in thestandardfonts it can
bededucedsimplyby subtracting258from theoffsetof character0.

After thatwe have thecharacterdescriptions.As mentionedabove, for eachchar-
acter, its descriptionis from offset(char)to offset(char+1). An entry is a streamof
bytes.If thetopbit is set,it means:Leaveablankcolumnbeforeprinting thiscolumn.
Thevaluesof thelow 7 bits are:

00h-79h: Multiply by 2 to getanoffsetinto thepatterntable.Thentake thetwo bytes
at thatoffsetfor thefirst andsecondpass.

7Ah: Thetwo bytesafterthis codeareprintedon thefirst andsecondpass.

7Bh-7Fh: Repeatthe next pattern(byte - 79h) times,putting a blankcolumnbefore
thesecondandsubsequentrepetitions.

A.3 The draft font

As with theNLQ font, thedraft font startswith acharacteroffsettable,in whichevery
word is formed:

Bit 15: Thecharacterhasa descender;print it on thebottom8 pinsratherthanthetop
8.

Bits 14-12: Spaceto put at theleft of this character.

Bits 11-0: Offsetof thespecificationof this character, from thestartof thefont.

Thelastentrygivestheoffsetof thefirst byteafterthefont. Fontscanusememoryup
to andincluding6BFFh.

After thecharacteroffset tableis a patterntable. Eachentry in it is a singlebyte,
sincedraft modeonly printsonepass.The leastsignificantbit correspondsto thetop
pin.

Thelengthof thepatterntableisn’t that important,but in thestandardfonts it can
bededucedsimplyby subtracting258from theoffsetof character0.

After thatwe have thecharacterdescriptions.As mentionedabove, for eachchar-
acter, its descriptionis from offset(char)to offset(char+1). An entry is a streamof
bytes.If thetopbit is set,it means:Leaveablankcolumnbeforeprinting thiscolumn.
Thevaluesof thelow 7 bits are:

00h-79h: This is anoffsetinto thepatterntable.Thebit patternfor thenext columnis
thebyteat thatoffset.

7Ah-7Fh: Repeatthe next pattern(byte - 78h) times,putting a blankcolumnbefore
thesecondandsubsequentrepetitions.

(notethatunlike theNLQ print, thereis no literal bitmaptype).
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A.4 Someworked examples

A.4.1 NLQ: Character 0 (à) usingBIOS 1.15

Looking in the NLQ table, the first 2 entriesare01F6h0209h. The characterbytes
betweenthoseoffsets(60F3h- 6106h)are(all valuesin hex):

2E 14 15 03 08 1A 08 7A 01 44 08 4C 08 36 20 0A 2B 02 82

Byte(s) First pattern Secondpattern

2E 30 20
14 04 40
15 00 10
03 00 44
08 08 00
1A 00 45
08 08 00

7A 01 44 01 44
08 08 00
4C 00 46
08 08 00
36 20 04
20 08 40
0A 04 00
2B 38 38
02 00 40
82 (gap)00 (gap)40

Whichgivesusthefollowing two patterns- onefrom thefirst setof bytes:

3000000000020030 0
0400808180808480 0
.......#..........
. .
.# # .
. # # # # # # .
# # .
# # # .
. .
..................

andonefrom thesecond:

2414040404004034 4
0004050406040080 0
.....#............
. # .
. # # # # # .
. # .
. # # .
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# # .
.# # # # # # # #
..................

If we take a row from the secondpattern,then the first, and so on, then the letter
appears:

.....2............

. 1 .

. 2 .

. .

. 2 2 2 2 2 .

.1 1 .

. 2 .

. 1 1 1 1 1 1 .

. 2 2 .
1 1 .
2 2 .
1 1 1 .
.2 2 2 2 2 2 2 2
. .
. .
..................

A.4.2 Draft: Character 0 (à) usingBIOS 1.15

In thedraft table,thefirst two wordsare0157h015Ch.Adding theseto thebaseof the
font gives6948hand694Dh;sothebytesbetween6948hand694Chinclusive arethe
patternfor character0.

Thebytesare:050E97 C7 92 01andtheseexpandto:

05 -> patt[ 5] = 0x20

0E -> patt[14]= 0x54

97 -> patt[23]= 0x55,blankcolumnfirst

C7 -> patt[71]= 0x56,blankcolumnfirst

92 -> patt[18]= 0x38,blankcolumnfirst

01 -> patt[ 1] = 0x40

and,translatedto a bitmap,theseare:

25 5 5 34
04 5 6 80
...#.....
. # .
.# # # .
. #.
.# # # #.
# #.
.# # # #
.........
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A.4.3 Repetition of columns: Character 62 (’=’) usingBIOS 1.4

Thischaracteris number62. So124bytesfrom thestartof theoffsettable,wefind the
two words02B3h,02B5h.Thuswe know thecharacterdescriptionfits in 2 bytes,and
starts02B3hbytesfrom thestartof thefont.

Thetwo bytesfoundthereare:

7Dh [repeat5 times]

0Ah [pattern]

Entry0Ah in thepatterntableis 14h,sothecharacteris formed:

.........

. .
# # # # #
. .
# # # # #
. .
. .
.........

with theblankcolumnsinsertedautomatically.

A.5 Matrix fonts in LocoScript 1.20

Thefontsarestoredin thefile MATRIX.STD on thebootdisc,in thesameorderasin
CP/M.Thedatastartatanoffsetof 011Ahfrom thestartof thefile.

LocoScript1 is ableto print 224characters- numbers0-127and160-255.These
are storedas a single block of bitmapsin MATRIX.STD, which subtracts32 from
charactercodesabove160to createits internalcharacterindex.

Thedesignof MATRIX.STD asaseparatefile seemsto imply thatotherdot-matrix
fontscouldbeloadedin LocoScript1. Howevertheonly alternativeLS1fontsI’ veseen
(in Digita International’sSupertype)simply patchtheexisting MATRIX.STD file.

Note that later versionsof LocoScript1 (v1.30+) usethe samefont format, but
differentfile formats- seebelow.

A.5.1 PSwidths table

Thereare224charactersratherthan128,sothePSwidthstableis 112byteslong.

A.5.2 NLQ font

Sincethereare 224 characters,the offsetstable is 225 words long. The offsetsto
charactersstartat 0; ie, whatmustbeaddedis theaddressof thecharacterdescription
table,not theaddressof thefont itself. Theoffset tableis at 18Ah in thefile, andthe
characterdescriptiontableis at 442h. The characterdescriptionbytesarealmostthe
sameasin CP/M,but thespecialvaluesof thelow 7 bitsareslightly different:

00h-7Ah: Multiply by 2 to getanoffsetinto thepatterntable.Thentakethetwo bytes
at thatoffsetfor thefirst andsecondpass.

7Bh: Thetwo bytesafterthis codeareprintedon thefirst andsecondpass.
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7Ch-7Fh: Repeatthe next pattern(byte - 79h) times,putting a blankcolumnbefore
thesecondandsubsequentrepetitions.

A.5.3 Draft font

Thedraft font is at offset1181hin MATRIX.STD. Its offsetstableis again225words
long;offsetsarebasedon thefont address,like in CP/M.

A.5.4 Z80 code

The first 11Ah bytesof MATRIX.STD arethe Z80 codethatgeneratesfont bitmaps.
Again, this seemsto suggestthatalternative fontswereplanned;thepeopledesigning
thecharacterswould havebeenableto useany codethey likedto generatethem.Very
similar codeis usedunderCP/M.

Theentrypoint is at thebeginningof MATRIX.STD, andtakesthe following pa-
rameters:

A = character
BC = address of this routine (MA-
TRIX.STD must be prepared to be loaded any-
where in memory).
DE = address of a byte to which charac-
ter width should be written.

Onreturn,theregistersshouldbe:

A = character
BC = address of the code that generates the char-
acter bitmaps
PS width of character stored.
DE = 1 + entry DE.
HL corrupt.
All other registers and flags preserved.

Thecharacterbitmapgenerationcodewill thenbecalledwith:

A = character
BC = address of this routine
DE = address of 24-
byte buffer in which to store the generated char-
acter bitmap.
H = 0FFh for NLQ, else draft.
Bit 0 of L is 0 for pass 1, 1 for pass 2 (or vice versa?)

Onreturn,theregistersshouldbe:

BC IX corrupt.
DE incremented by number of bytes writ-
ten to the buffer.
All other registers and flags preserved.
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A.6 Matrix fonts in LocoScript v1.31

The MATRIX.STD file in this versionof LocoScripthasa 128-byteheaderon MA-
TRIX.STD, so80hneedsto beaddedto all offsets.

A.7 Matrix fonts in LocoScript v1.40

Thisversionof LocoScriptdoesn’t haveaMATRIX.STDfile. Insteadit hasaPRINTER.JOY.
Theformatof thedatais thesame,but 1D40hneedsto beaddedto all offsets.

B The LocoLink wir eprotocol

The descriptionof the LocoLink protocol is derivedfrom examinationof the “slave”
program(LLINK202.EMS).Theprotocolappearsto besymmetrical- ie, the“master”
andthe “slave” go throughthe samestepsto transmita packet. However, it’s easier
to seewhat is goingon at the “slave” end,wheretheLocoLink interfacepresentsthe
datadirectly to theCPU,thanat the“master”endwheretheparallelport interfacegets
slightly in theway - seesectionB.1.1.

The PCW16versionof LocoLink appearsto use a later protocol which works
slightly differently. Thesedifferenceswill benotedin thetext.

B.1 Basicconcepts

LocoLink works with two wires in eachdirection - eachcomputercan control the
valuesof two, andreadthevaluesof theothertwo. Thevaluestakentogetherform a
two-bit number(0-3) andit’s mostconvenientto describetheprotocolin theseterms.
For PCW- to - parallelcommunications,ACK is thehighbit of thenumberandBUSY
is thelow bit.

B.1.1 Bit mapping at the PC end

On a PCparallelport, theselinesareswappedover (BUSY appearson bit 7 andACK
on bit 6) andthe senseof ACK is inverted(it’s 1 if the PCW is sending0, andvice
versa).

B.2 Link idle

Whenthelink initially starts,theslave sends2 andthemastersends3. In theprotocol
describedbelow, this meansthattheslave is listeningfor thefirst packet.

B.3 Sending

B.3.1 Sendinga byte

Note: Bytesmustonly besentin packets- seebelow.

� Wait until thevaluesentby theotherendgoesfrom 3 to 1.

� Send2 or 3, dependingwhetherbit 7 of thebyteis 1 or 0.

� Wait until thevaluesentby theotherendgoesfrom 1 to 3.

25



� Send0 or 1, dependingwhetherbit 6 of thebyteis 1 or 0.

� Wait until thevaluesentby theotherendgoesfrom 3 to 1.

� Send2 or 3, dependingwhetherbit 5 of thebyteis 1 or 0.

� ... andsoon until all thebitsof thebytehavebeensent.

B.3.2 Sendinga packet

Beforesendinga packet thevaluesentby theotherendshouldbe2. It mayalsobe3;
if so,send3 andwait for it to changeto 2.

� Send0.

� Wait until thevaluereceivedgoesfrom 2 to 3.

� Send1.

� Sendonebyte: thepacket type.

� Sendonebyte: numberof following bytes(canbe0 for none).

� Sendany following bytes.

� Sendtwo bytes:thechecksum(CRC?)of thepacket.

� Wait until thevaluereceivedgoesfrom 3 to 1.

� Send3.

� Wait until thevaluereceivedgoesfrom 1 to 3.

� Send2.

B.4 Receiving

B.4.1 Receiving a byte

Note: Bytesareonly receivedaspartof packets- seebelow.

� Wait until the valuesentby the otherendbecomes2 or 3. The low bit of the
valuegivesbit 7 of thebytebeingread.

� Send3.

� Wait until thevaluesentbecomes0 or 1. Thisgivesbit 6 of thebytebeingread.

� Send1.

� Wait until thevaluesentbecomes2 or 3. Thisgivesbit 5 of thebytebeingread.

� Send3.

� ... andsoon until all thebitshavebeenread.
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B.4.2 Receiving a packet

To receivea packet:

� Wait until thevaluesentby theotherendchangesfrom 3 to 0.

� Send3.

� Wait until thevaluesentby theotherendchangesfrom 0 to 1.

� Send1.

� Receive two bytes(seeabove). Thefirst is thepacket type,andthesecondis the
numberof additionalbytesthatfollow.

� Receive theadditionalbytes,if any.

� Receive the2-bytechecksum/CRC.

� Wait for thevaluesentby theotherendto go from 0 or 1 (bit 0 of thelastbyte)
to 3.

� Send3.

� Wait for thevaluesentby theotherendto go from 3 to 2.

B.5 Example

Herethemastersendsapacket to theslave:

Mastervalue Slavevalue Comment

3 2 Masternot listening;Slave listening

0 2 Masterstartssendingpacket
0 3 Slaveacknowledges
1 3 Masterreadyto transmitbytes
1 1 Slave readyto receivebytes

2 1 Bit 7 of first byteis 0
2 3 Bit 7 acknowledged
0 3 Bit 6 of first byteis 0
0 1 Bit 6 acknowledged
3 1 Bit 5 of first byteis 1
3 3 Bit 5 acknowledged

... skipa lot morebits like this ...
1 3 Bit 0 of lastbyteis 1
1 1 Bit 0 acknowledged

3 1 Endof packet (slavededucesthis from bytecount)
3 3 Endof packetacknowledged
2 3 Masterlistening;slave not listening

This would seemto imply thatpacketsmuststrictly alternate,sinceat theendof a
conversationtheothercomputeris now theonelistening.
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B.6 Startup sequence

Thefirst packetexchangeis asfollows:

Sender Type Length Additionalbytes

Master 0Bh 02h- 20h 41h 31h Masterprogramname,optional
Slave C3h 01h- 1Fh 0Bh Slave programname,optional

In bothof thesepackets,theprogramnamemayor maynot bepresent.Theother
bytesmustbeexactly asgiven,or a “link failedto start”errorwill occur.

ThePCW16versionexpectsadifferentpacketexchange:
Sender Type Length Additionalbytes

Master 5Ah 02h- 20h 46h 31h Masterprogramname
Slave 18h 01h- 1Fh 5Ah Slaveprogramname,optional

B.7 While the link is running

Themasternow either:

� Hangsup the link. This is doneby sendinga packet of type 22h to which the
slavedoesnot reply.

� Sendsa commandpacket. This hasa type of 39h, and is 1-15 byteslong. It
representsa DOS function call; only a subsetof calls aresupported.The data
bytesin thepacketare:

Byte Meaning

0 Function(AH)
1 Subfunction(AL)

2-3 BX
4-5 CX
6-7 DX

Presumablylongerversionsof this packetwould alsocontainSI, DI andBP. Most
functioncallsdon’t needto passparametersandsojust senda 1-bytepacket. For ex-
ample,call 0Eh(log in drive)doesn’t botherto senda drivenumber, sincea LocoLink
slavecomputerprovidesonly onediscdrive.

Oncethe commandhasbeensent,the slave will sendbackoneof the following
packets:

� Success:Type is 50h. Packet length is 0-8 bytes;its payloadis the valuesfor
AX, BX, CX, DX (low bytefirst).

� Error: Type is 67h. Packet lengthis 2 bytes;thefirst is the DOSerror number
(seeINT 21hfunction59h)andthesecondis 0.

� Requestdata. Usedwherethe correspondingDOS function would passdata
usinga pointeror DMA. The packet type is 7Eh, and length is 2 bytes. The
first is 11h to askfor an FCB, 80h to askfor a filename,andthe secondis the
maximumnumberof bytesto transfer. Themasterwill replyto thiswith apacket
of type95hcontainingtherequesteddata.
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� Returndata. Usedwherethe correspondingDOS function expectsdatato be
passedto it by apointeror DMA. Thepacket typeis 0ACh; thefirst bytemaybe
a typecode,andthe remaindercontainsthe data. Themasterwill reply to this
with a 0C3hpacket, thefirst byteof which is 0ACh.

The slave can also senda 0ADh packet, which must be acknowledgedby a 0C3h
packet,thefirst byteof which is 0ADh.

Oncetheslave hassenta “success”or “error” packet (50hor 67h) themastercan
sendanothercommandpacketor hanguppacket.

Commandpacketssupportedby LocoLink PCW2.02are:
Functionnumber Meaning Parametersin initial packet Additional transfers Resultsif successful

0Dh reset none none
0Eh login none none AX
10h closedisclabel
11h getdisclabel none Slave returnsdisclabelif found none
13h deletedisclabel
16h createdisclabel
17h renamedisclabel
36h getfreespace none none AX, BX, CX, DX
39h createdirectory
3Ah removedirectory
3Bh setcurrentdirectory none Mastersendsnew directory none
3Ch createfile
3Dh openfile
3Eh closefile
3Fh readfile
40h write file
41h erasefile
42h setfile pointer
43h set/getattributes
44h ioctl
47h getcurrentdirectory none Slave returnscurrentdirectory none
4Eh find first file AL = searchattribute Mastersendssearchpath. none

If successfulslave returnsfind file data.
4Fh find next file none none find file data
56h renamefile
57h set/gettimestamp
5Bh createfile
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