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Abstract

Thisdocumentlescribesvhat! have foundoutaboutthe hardwareof the Am-
stradPCW in thecourseof writing JOY CE. Someof thishasbeendeducedy me;
alot hascomefrom othersources.
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1 Generalprinciples

The PCW's /O is (for the mostpart) conductedusingthe Z80’s IN andOUT instruc-
tions,ratherthanmemory-mappedO. In nearlyall casespnly the bottom8 bits of the
port numberare decodedand so portsare specifiedwith 2-digit identifiers(eg: port
FOh, not port OOFOh).

2 Memory

The PCWmemoryis dividedinto blocksof 16k. A PCW8256has16 blocks,while a
fully-upgraded?Mb PCW has128. The processocanonly addres®$4k at a time; the
I/O portsFOh-F3hareusedto selectwhich blocksit seesvhere.

FOh controlswhatthe processoseesat 0000h-3FFFh.
F1h controlswhatthe processoseesat 4000h-7FFFh.
F2h controlswhatthe processoseesat 8000h-BFFFh.
F3h controlswhatthe processoseesat CO00Oh-FFFFh.

2.1 PCW (“extended”) paging mode

Usually, valueswritten to thememorymanagemenportshave bit 7 setandthe other7
bits setto the block number:

Bits
76|5|4|3|2|1|0
1 block number

- for example block4 couldbeselectednto memoryat8000hby anOUT (OF2h),84h.
If theblock numberis out of rangethenthetop bits will beignored- soattemptingto
selectblock 24 on a 256k computemwould actuallyselectblock 8.

2.2 CPC (“standard”) pagingmode

This pagingmodeis not usedby any CP/M or LocoScriptsoftware except perhaps
the memorytester(RAMTEST.COM). It is presentbecause¢he PCW wasbasedon a
never-built designfor ANT?, asuccessoto the CPCrange.

If CPCpagingmodeis used,thentwo blockscanbein oneslot at once;memory
writesgoto one,andreadsto the other

Bits
716 | 5 | 4 3 2 | 1 | 0
0 | blocktoread| unused| blockto write

This methodonly allows accesgo thefirst 128k of memory whichis anothemgood
reasorwhy no PCW programsuseit.

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

LArnold NumberTwo



Bits

7 6 5 2 3[2[1]0

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

If a memoryrangeis setas “locked”, thenthe “block to read” bits areignored;
memoryis readfrom the “block to write”.

3 The screen

The screenis a 720x256array of pixels, eachpixel twice ashigh asit is wide. The
video controllercanfetchthe screerdatafrom anywherein the bottom128k of RAM
- seeport F5hbelow.

3.1 /O ports

Thefollowing portsareusedby thevideo controller:

F5h (output)setsheaddressfthe“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 Rolle-RAM to offset 3200hin memaoryblock 4, write the
value10011001binary(99h)to port F5h.

F6h (output) setsthe vertical origin of the screen. The value written to it specifies
whichline of theRollerRAM correspondso thetop line of thescreenSoOUT
0F6h,8 meanghatthevideocontrollerwill displaypixel line 8 atthetop of the
screen essentiallyscrollingup by 8 pixels.

F7h (output)Bits 6 and 7 of this port areused. If bit 7 is set,thenthe screenwill
displayin inversevideo (blackon green/white) If bit 6 is set,thenthe screens
displayed ptherwiseit will beblank.

F8h (output) This port is usedfor various purposesput the two which are video-
relatedare:

OUT F8h, 8 Disablethevideocontroller Externalhardware(a TV modulator?)
mustdrive the screen.

OUT F8h, 7 Enablethevideocontroller
F8h (input) Thebitsthatconcernthevideocontrollerhereare:

bit 6 Frameflyback;thisis setwhile the screeris notbeingdrawn.
bit 4 60HzPCW only thetop 200linesof the screerwill bevisible.



3.2 The Roller-RAM

TheRollerRAM is treatedasanarrayof 256little-endianwords.Eachwordis acoded
pointerto the screerbitmapfor this line, formed:

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

Thetop 3 bits give the memoryblock number Bits 0-12 give the offsetof theline
within the block. However, it would take 14 bits to spana 16k block, andthereare
only 13left. Soto cornvertbits 0-12into theaddres®f a screenine, you have to usea
formulasuchas

address = (offset & 7) + 2 * (offset & Ox1FF8) ;

Onceyou have the addres®f a screerine, it consistof 90 bytes,at intervals 8 apart
(soaline would bestoredin bytes0,8,16,24,32...)Thisallows 8 linesto beinterleaved
for easeof printing text.

4 Interrupts

Variousperipheralcangeneratenterrupts.Whencheckingthe sourceof aninterrupt,
PCWCP/M checksin theorderFDC, timer, otherperipherals.

4.1 Timer interrupts

Thetimerinterrupts300timesasecondlt alsoincrementsa countewhich canberead
from thebottom4 bits of port F4h. Thecountergoesfrom 0-15,andstaysat 15 having
gotthere.Readingthe counterresetst.

This allows PCW systemsoftwareto compensatéor missedtimer interrupts. On
interrupt, it readsthe counter andif it is morethan1 thenit knows someinterrupts
have beenmissed.If it is 0, thenthetimer did notinterrupt;theinterruptmustbe from
adifferentsource.

4.2 Floppy controller interrupts

Thefloppy controllercanbeprogrammedo sendanormalinterruptor anon-maskable
interrupt(NMI) on completingacommand SeeSection7.1.

If thefloppy controllerhastried to interrupt(regardlesof whetherit is setto pro-
ducean NMI, a normalinterrupt,or nothingat all) thenbit 5 of the valuereadfrom
port F8hwill be 1. Otherwiseit will beO.

4.3 Serial port interrupts

The CPS8256nterface(seesection6.1) canbe programmedo generaténterrupts.

4.4 Daisywheelinterrupts

The daisywheebrinter (seesection5.2) canbe programmedo interruptwhenit has
finishedacommand.



5 Printer ports

5.1 PCW8256/8512/9256/1@rinter controller
5.1.1 /O ports

The PCW usestwo I/O portsto communicatewith the printer controller- portsOFCh
andOFDh. OFChappearo beusedto initialise the controller while OFDhcontrolsthe
printeritself.

FCh (input) returnsacontrollererrornumber ThePCWXBIOS only readshiswhen
thecontrollerreportsanerror(seebit 0 of port FDh).. Valuesthatcanbereturned
are:

0 Underrun

1 PrinterRAM fault

3 Badcommand

5 Printerror

OF8h Normaloperation(noerror).

If this portreturnsary othervaluesthen“No printer” is displayedasanerror.

FCh (output) is usedto sendcommandgo the printercontroller Eachcommands a
multiple of 2 byteslong. The meaningof the commandsentto portsFChand
FDh appeargo be the same but commandsareonly written to port FChwhile
theprinteris beingreset.

FDh (input) returnsthe statusof the printer. The meaningof the bits areasfollows:

| Bit | Meaning |
7 Bail bar- 1if it'sin, Oif out
6 If O, printeris executingcommandlf 1, printerhasfinished.

5 AlwaysO0 (for daisywheePCWsi,it's 1 whenthe PCWis booted,
sothis bit canbe usedto testthe printertype).
0 if print headis atleft mamin; elsel.
Sheeffeedempresent?
Papersensorl if paperis presentglse0.
If 0, ready- commandganbesentto port FDh. If 1, busy- they cant.
If 1, controllerfault- seelN OFCh.

OR[N W &

FDh (output) is usedto sendcommandso theprinter. All printercommandsresent
to this portexceptduringareset.

5.1.2 Printer commands

Printercommandsare a multiple of 2 byteslong. Commandswhich arelongerthan
two bytesendwith thetwo bytesC0,00. Parametersisea verticalresolutionof ﬁin;
the horizontalresolutiondependson the speedthe motor is runningat, but is either
%in or ﬁin. In the following descriptionsthe unit of horizontalmeasuras called

the“tick”.



00,00 Firstinitialisation commandsentto port OFChduring boot up; possiblydoesa
self-test.

A4,nn Line feedby 3x&inches.Usedonly for feedsof 31—0in andless(ie, n<=12). Not

followedby a CO,00command.

A8,nn;A9,nn;AA NN;AB,nn Movetheprint headandprint aline. Bits 0 and1 of the
commandoyte give the print headspeedanddirection:

bit O If set,print headmovesto theright; elseleft.
bit 1 If set,print headmovesat half speedlf not, full speed.

Thesecondbyte of the commandsaysby how mary ticks the headshouldmove
in thedirectionof travel beforethefirst outputis printed. The PCWmatrix driver
assumeshatthe headwill actuallymove by 9 fewer ticks; this may be because
themotorcant startinstantly

This commands thenfollowed by a numberof datacommands.Theseare of
two kinds - to print, or to move the headby a specifiednumberof ticks.

The commando print a columnis treatedasa 16-bit big-endianword with the
following bitfields:
e Bits 15-12are0.
e Bits 11-9givethecolumnspacing.0is 5ticks, 1is 6 ticks,..., 7is 12ticks.
e Bits 8-Oarel to fire the pins. Bit 8 is thebottompin, bit 0 is thetop.

The othertype of commandmovesthe head. Thesearenormally at the end (to
puttheprint headin theright placefor thenext row). Thebit patternfor thistype
of commands:

e Bits 15-13arel,0,0(sothis commands betweerBOhand9Fh).

e Bits 12-0 arethe number If the low 8 bits are 0, add 256. This means
the commandsin increasingnumericalorder, are: 80,0180,02... 80,FF
80,00,81,01etc.

Finally, thecommandends:

C0,00 Endof command.This movestheheada further11ticksin thedirection
of travel, becaus¢he motorcan' stopinstantlyeither
AC,nn Line feedby 5g5 inches. If nnis O, feed %inches. To feedmorethanthat,
passfurthercommandsvherebits 15-13arel,0,0andbits 12-Oarethe encoded
numbero feed- eg: AC,3092,00C0,00

This commands alsoterminatedoy a C0,00endsequence.
B8,00 Resefprinter Movesthe print headto theleft mamgin.

C0,00 endof commandsequence.



5.1.3 Example commandsequences

e 00,00A4,01{ A9,C0} B8,00- sentto port OFChasinitialisationsequenceThe
A9,COpairis sentif theprint headis againstheleft mamin aftertheinitial reset;
this ensureshatwhereverthe headwas, its ability to move hasbeentested.

e C0,00B8,00- sentto port OFChasprinterresetsequence.
e AC,3DCO0,00- line feedat6 lines/inch

e AB,86,0E,data,0OE,data,..EQdata,02,00,... (21times)..., 80,04, C0,00- print
a line of graphicsin the ESCL graphicsmode. The AB,86 startsprinting and
movesthe headl134- 9 = 125ticks to theright. The commandsstartingOE are
the graphicscolumns,spacedl2 ticks apart. The 21 02,00commandsandthe
80,04 move the head130 ticks to the right of the last column, andthe C0,00
movesit a further 11 ticks. Combinedwith the lead-in on the next line, this
leavesthe headreadyto print underthefirst unprintedcolumnof this line.

5.1.4 PCW matrix printer fonts

Althoughit is not strictly part of the hardwarespecificationthe memorylayoutused
by the dot-matrixprinterfontsunderCP/M andLocoScriptl is describedn Appendix
A.

5.2 PCWO9512printer controller

Unlike mostof the otherports,the 9512 printer controllerdecodests 1/0O addressas
morethanjust 8 bits, andis thusaccessedt /O addresse60FCh,01FChand00FDh.
Thebitsreturnedby IN (OFDh)are:

| Bit | Meaning |
7 1if theprintercanaccepttommands

0if commandsant besentto it

6 Usually 0. Theinterrupthandlerchecksthis bit,.
but the significanceof it is unclear

5 | 1if theprinterisidle, O if it's executingacommand.
Ondot-matrixPCWsthis bit is always0.

4 Alwaysseemdo be 1

3 Unknown

2 1if theprinterhascausedaninterrupt.

1 0if bytescanbe sentto the controller, elsel.
0 1if bytescanbereadfrom the controller, else0.

Thecontrolleris accessethy sendingtwo-bytecommandsThefirst byte specifies
thecommandandthe secondcontainsany requireddata.To sendacommand:

1. Wait until IN (OOFDh)bit 1 is zero.
2. OUT (01FCh),command_byte
3. OUT (00FCh),data_byte

If thecommandeturnsdata,thento readbackthe data,do:



1. Wait until IN (OOFDh)bit Ois 1.

2. Readdatafrom IN (OOFCh).

To readthe statusof the printer, do anIN (01FCh)twice in successionlf the values
readdon’'t match,repeatuntil they do. Thebitsin the bytereturnedare:

| Bit | Meaningif set |

7

Printerfailed

No printer

Ribbonpresent

Paperpresent

Coverdown

Bail barin

Controllerfailed

OFRIN WAoo

?

Daisywheelcommandsshould be 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

10




Firstbyte Secondyte Effect Returns
High 4 bits | Low 4 bits
0 1 ribbontype Prepardo outputcharacter nothing
3 for singlestrile, elseOCh Followedby 4xxx-7xxx
0 2 0 GetPAR portstatus status
0 3 lor3 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 Disabledaisywheeinterrupts | 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 Thisis 0if OK
thefirst commandsent. elseerror

2 The PCW9512BIOS doesnot
3 sendthesecodes.
4
5 Bits 12-9areimpression Outputspecifiedcharacter
6 (2 for low, 5 for medium,9 for high) Alwaysprecededy a nothing
7 Bits 0-7 arepin numberon wheel. 01xxcommand.
8 Not sentby the PCW9512BIOS
9 Distancein ﬁthsof aninch Move left nothing
A unknowvn Unknown nothing
B Distancein ﬁthsof aninch Moveright nothing
C Distancein zthsof aninch Feedpaperforwards nothing
D 0 Unknown nothing
E Distancein ﬁthsof aninch Feedpaperbackwards nothing
F 0 Unknown nothing

5.3 PCWO9512PAR port

ThePAR portis partof thePCW9512rintercontroller andis controlledby commands
2 (getstatus)and4 (write byteto PAR).
Thetoptwo bits of thestatushyte give the statusof the CentronicdinesBUSY [bit
6] and/ACK [bit 7, active low]. Soto do output,wait until bit 6 goesto 0 andthen
write the datausingcommand4.
Sincethe 9512 hardware supportsthe CentronicsACK signal,it is possiblefor a
9512to actasthemastercomputelin aLocoLink corversation seesection6.3.

5.4 CPS8256CEN port

The CPS8256CEN portis at E3h.
To readits status,write 10hto port E3h. Thenreadport E3h; bit 5 is setif the

printeris ready
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To write data,write thecharacteto port E8h. Thensendthefollowing bytesto port
E3h:5, E8h,5, 68h. Thesewill togglethe STROBE line.

5.5 StandaloneCEN port

Thestandalon&EN portis at ports84h-87h.

Thestatuds readfrom IN (84h).Bit 0is1if theprinteris busy; O if it’sready

To write a byte, write it to port 87h,thento port 85h,thento port 87hagain. The
two writesto port87htogglethe STROBE line.

6 Other interfaces

6.1 CPS8256
The CPS8256s basedn a Z80-DART andan8253timer. Portsareasfollows:

| Port | Meaning |
EO DART ChannelA data
E1 | DART ChannelA control
E2 DART ChanneB data
E3 | DART ChanneB control
E4 8253counter0

E5 8253counterl

E7 8253write modeword

To write avalueto a DART registerotherthanregister0, sendtheregisternumber
andthenthe valueto the “control” port (E1h or E3h). To reada register sendthe
registernumberto the control portandthendo anIN onthatport.

To read/ write DART register0, just reador write the valueto port E1h or E3h.
Whenwriting, the bottom 3 bits of the value mustbe 0; otherwiseone of the other
regsterswould be selected.

6.1.1 Z80-DART registers

The Z80-DART registersarenumbered) to 5. Many of the bits in theseregistersare
notusedby the CPS8256.
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| Register | Bit | Meaningwhenread |  Meaningwhenwritten
0 0 | Recevecharactesvailable MustbeO
1 Interruptpending® Mustbe0
2 Transmitbuffer empty MustbeO
3 DCD Command
4 Ring Indicator Command
5 CTS Command
6 Not used Not used
7 Break Not used
1 0 All sent Extint enable
1 Not used Transmitint enable
2 Not used Statusaffectsvector®
3 Not used Receve int mode
4 Parity error Receve int mode
5 Receve overrun Wait/Readyon R/T
6 Framingerror Wait/Readyfunction
7 Not used Wait/Readyenable
| 2 Interruptvector® | Interruptvector®
3 0 Receve enable
1-4 Mustbesetto 0
5 RTS/CTSsetautomatically
6-7 Receve bits (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 Clock multiplier(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

40nly onchannelA
BOnly onchanneB

6.1.2 CPS8256Centronicsport

TheCentronicgort (describedn section5.4) returnsits statusin register0 of Channel
B. The STROBE signalis controlledby bit 7 of register5 (whatthe DART thinksis

DTR) andtheBUSY signalshovsupin bit 5 (CTS) of registerO.

6.1.3 CPS8256Serial port

Theserialportis connectedo ChannelA of the DART.

e To checkif the portcanoutput,readregister0 of ChannelA.
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¢ If you areusingsoftwarehandshakinggcheckbit 2 (Transmitbuffer empty)and
wait until it' s nonzero.

¢ If you areusinghardwarehandshakingcheckbit 5 (Clearto Send);whenthis
goesto 1, readregisterl until bit O (All Sent)is 1.

e Then,to output,write the correctbyteto the datachannel.
To readfrom the portin non-interruptmode:

¢ If hardwarehandshakings enabledgcheckbit O of register0 (RX characteavail-
able)andif it's 0, raiseDTR (setbit 7 of register5).

e Wait until bit O of registerO becomesdl.
e Readthecharactefrom the DART datachannel.

e |f hardwarehandshakings in use,dropDTR.

To settransmitbaudrate,send36hto portE7h,andtwo bytesencodedateto portE4h.
To setthereceie baudrate,send76hto port E7h,andthe two bytesto port E5h.
Theencodedateis 12229 - sendthe high bytefirst, thenthelow byte.

6.2 SCA Mark 2 Interface

The SCA interfaceis programmedn the sameway asthe CPS8256exceptthattheres
alsoa RealTime Clockfitted. The RTC is not emulatedn JOYCE sothisinformation
hasnot beenverified; useit atyour own risk.

To readabytefromtheRTC:

e SetchannelA DTR.

o ResetchanneB.

e For eachbit: UnsetchannelA DTR, readthe channelB Ring Indicator, andset
channelA DTR. Thebit obtainedshouldbe complementedThefirst bit readis
bit 7 of the byte;thelastis bit 0.

To write abyteto the RTC:

e SetchannelA DTR.

e For eachbit, if it's a 1 thenresetchannelB. If it's a zerosetchannelB RTS.
ThenresetandsetchannelA DTR.

¢ Finally, unsetthannelA DTR, resetchanneB, readasinglebit from thechannel
B Ring Indicator, andsetchannelA DTR again.

To sendan RTC command:

e To startthe command:UnsetchannelA DTR, resetchannelB, setchannelB
RTSthensetchannelA DTR.

e Sendthe commandiytesusingthe write codeabove.
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e Readary resultbytesusingthe readcodeabove. For all resultbytesexceptthe
last: ResetchannelB, setchanneB RTS, unsetchannelA DTR, setchannelA
DTR andthenresetchanneB again.

¢ Finally, setchanneB RTS, setchannelA DTR, unsetchannelA DTR andthen
resetchanneB.

To readtheclock:

e SendthecommandDOh, 0.

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

o SendthecommandDOh, 5.

e Theclock will return3 bytes. Thefirst is the year(BCD); | suspecthe others
aredayandmonthagain,whichwe ignore.

To write to theclock:

e SendthecommandDOh, 20h.

¢ SendthecommandDO0h, hours,minutes,days,months(all BCD).
or:

e SendthecommanddOh, 5.

¢ SendthecommandO0h,year, day, month(BCD).

6.3 LocoLink interface

LocoLink is usedto connectthe PCW to the parallel port of anothercomputer The
suppliedsoftware actsasa file sener (“slave” in LocoLink terminology),sothatthe
othercomputer(the “master”- normally a PC, thoughsoftware alsoexisted allowing
a PCW9512to doit, andthe PCW16is supposedo have built-in LocoLink support)
couldreador write files.

Althoughthe LocoLink interfaceconnectgo the parallelport, it actsasaserialde-
vice, usingonly 4 wires (two eachway). Thisis sothatit cansupportnon-bidirectional
parallelports.

On a PCW with the interface,the LocoLink appearsat addres®OFEh. The port
behaesasfollows:

| Bit || Inputmeaning| Outputmeaning]
0 Data0 BUSY
1 Datal ACK

At the otherendof the parallelcable,the two “Data” lines correspondo thefirst
two datalinesin the parallelport. BUSY andACK correspondo the Centronicgins
of thesamename.

If a LocoLink interfaceis connectedo both the expansionand parallel ports of
a PCW9512,andbytesare sentto port OFEh, the bits in the parallel port changeas
follows:
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Valuewritten Valueread
Bit1| BitO || Bit7 | Bit6

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

JOYCE v2.0.xdoesnot emulatelocoLink.
The communicationprotocolusedby the LocoLink interfaceis describedn Ap-
pendixB.

6.4 Prototype serial interface

Theoriginal PCW specificatiormentionghatthe prototypePCWhadaserialinterface
basednthelntersilIM6403 UART. Its dataregisterwasataddres®FEhfor bothinput
andoutput,andits statusregisterat OF9h (input only). JOYCE doesnot emulatethis
interface.

7 Floppy drives

The PCW floppy controlleris the uPD765A,run in non-DMA mode. The FDC main
statusregisteris atl/O port00h;its dataregisteris at01h.

7.1 The floppy controller and other ports

The SystemControl port (OF8h)hasfive commandsvhich affectthefloppy controller:
02 If thefloppy controllerinterrupts the Z80 getsan NMI.

03 If thefloppy controllerinterrupts,the Z80 getsa normalinterrupt. If the Z80 has
disablednterruptstheinterruptline stayshighuntil theZ80 enablegshemagain.

04 Floppy controllerinterruptsareignored.
05 Setthefloppy controller's“Terminalcount”, which abortsa datatransfer

06 Clearthefloppy controller’sterminalcount.

7.2 Floppy drive support

PCWoperatingsystemsupporttwo floppy drives,connectedo thecontrollerasdrives
0 and1l.

OnaPCW8256,85120r 9512,commanddor drives2 and3 aresentto drivesO
and1 (ie, thedrive numberis not completelydecoded).

OnaPCW9256,9512+0r 10,commandgor drive 2 appeato goto drive 1, except
thatthedrive is always“ready”, evenwhenthe motorisn’t running.| haven't daredto
enquirewhathappensf drive 3 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- 8256/8512/9512r 9256/9512+/10The
codethendetectswvhether3.5” discdrivesarein use.

Thetestis donein two stages.

7.3.1 Detectfloppy controller type

1. Stopdiscmotors.

2. SendSENSEDRIVE STATUS for drive 0 to the disc controlleruntil it reports
drive 0 is notready

3. SendSENSEDRIVE STATUS for drive 2. On an 8256, 8512 or 9512, this
returnsthe samestatusasdrive O (ie: notready).But ona9256,9512+or 10, it
returnsa statusof “ready”.

7.3.2 Detectdrivetype

If a9256-stylecontrollerwasfound,separatehecksarethendoneon eachdriveto see
whetherthey are3.5” or not. Thetestis performedonceondrive 0 andonceondrive 2.
Thetestondrive 2 will returnresultsthatarevalid for drive 1, for somestrangereason.

. Startdiscmotors.
. Recalibratehedrive (ie, move the headto track0).

. SendSENSEDRIVE STATUS to thedrive.

A W N P

. If the“TrackO” bit is notset:

e For drive O: If the “read-only” bit is set,the drive is 3”. Otherwiseit is
3.5"

e Fordrive2: Thedrive doesnot exist.
5. If the“TrackO” bit is set:

e Turn off thediscmotors,andwait for themto stop.

e SendSENSEDRIVE STATUS to thedrive again. If “Track0” is set,the
driveis 3". Otherwiseit is 3.5".

8 Hard drives

The only harddrive whosedriver | have beenableto studyis Cirtech's Gemdrive. It
is notemulatedn JOYCE sothis informationis not verified (theres hardly enoughof
it to verify).
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8.1 Cirtech Gem

The Gemdrive useghreel/O ports:number€0A8h,0A9h andOAAh. Thesebehareas
follows:

0A8h Dataregister Whensectorsarereador written, the datago to/from this port.
0A9h Possiblestatusregister

OAAh Writing to this port mayresetthe controllet

9 Keyboard

Thekeyboardappearasa memory-mappedevice at 3FFOh-3FFFhn memoryblock
3.

e Keys0-71correspondo bit (h mod8) of byte(n/ 8) of themap.
e Key 72 correspondso bit 7 of byte9.
e Keys 73-80correspondo bits 0-7 of byte 10.

Thekeysqwerop[]asdfghj#[SHIFT] zx cv bnm[GRID] [SPACE] andthe
four cursorkeys alsosetbitsin bytes14 and15.

[f1] alsosetsbit 1 of byte 12.

[f3] alsosetsbit O of byte 12.

[SPACE] alsosetshit 4 of bytes12,14 and15, andbit 5 of byte 13.

[SHIFT] alsosetsbit 5 of bytes14and15.

Byte 13 bit 7 is alwaysset.

10 Joysticks

10.1 Kempstoninterface

TheKempstorinterfaceis visible atport 9Fh. Thejoystickis readfrom the bottomfive
bits of this port, but the orderof bits is not known. HeadOver Heelsseemgo assume
thatthey arenormally 1, andgo to O whenthejoystick is out of its centreposition.

10.2 Spectravideointerface

The Spectraideojoystick interfaceappearsat OEOh(soit cannotbe usedat the same
time asa CPS8256nterface). Thevaluesit returnsare:

Bit 7 AlwaysO. If nothingis presenbnthisport, 1 is returned.
Bit 6 Ignored.

Bit 5 Ignored.

Bit 4 1if thejoystickis pushedo theright.

Bit 3 1if thejoystickis pushedup.
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Bit 2 1if thejoystickis pushedo theleft.
Bit 1 1if thefire buttonis depressed.

Bit 0 1if thejoystickis pusheddown.

10.3 Cascadeinterface

The Cascadgoystick interfacealso appearsat OEOh. The 'Head over Heels’ driver
for this joystick doesnt work with a Spectraideo interface,which leadsme to the
conclusionthat eitherthe driver’s buggy or the Cascadgoystick usesdifferentbits in
this port.

10.4 DKTronicsinterface

The DKTronicsinterfaceappeardo be oneregisteron a largerchip. To readit, write
OEhto port OAAh andthenreadport A9h. The useof registerOEh andthe presence
of a “DKT ronicssound”driver in HeadOver Heelssuggestshatthe chip may be an
AY-3-89120r similar soundgeneratar

A PCW matrix printer fonts

ThePCWdot-matrixfontsarestoredin threetablesin Bank2. Theaddresseandsizes
of thesetablesdiffer from CP/M versionto CP/M version;you canuseLPT8FONT
to discover wherethe fontsarefor a given CP/M version.Known font addresseare:

| BIOSversion | Fontstartsat |

11,1214 5E28h
1.12,1.14,1.15 5EBDh

Therearethreeconsecutie tablesof font data:

A.1 The character width table.

This is always 64 byteslong, and usedfor spacingthe charactersvhen proportional
modeis selected. To get the width for character<n>, read byte (<n>/2); the high
nibble will be for the even-numbereatharacter(0,2,4,...) andthe low nibble for the
odd-numberedne(1,3,5,...)

A.2 The NLQ font

This font startswith a table (the charactemffset table) containing129 words. Each
word hasthefollowing bitwise structure:

Bit 15: Thecharactehasadescendemrintit onthebottom8 pinsratherthanthetop
8.

Bits 14-12: Spaceto putattheleft of this character

Bits 11-0: Offsetof the specificatiorof this characterfrom the startof thefont.

2<http:/lwwwseasip.demon.co.uk/Cpm/soésafamstral.html>
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The lastentry givesthe offset of thefirst byte afterthe font. This meanshatfor any
characterthesizeof its descriptiorcanbefoundby takingoffset(char+1} offset(char).
In the standardonts, offset(128)alsogivesthe offsetof the startof the draft font from
thestartof the NLQ font.

After thecharactepoffsettableis a patterntable.Eachentryin it is two byteslong;
thehigh byteis printedon thefirst passandthelow byte onthesecondor vice versa?
The high byte is drawn slightly above the low one,anyway). The leastsignificantbit
correspondso thetop pin.

Thelengthof the patterntableisn’t thatimportant,but in the standardontsit can
be deducedsimply by subtracting258from the offsetof characten.

After thatwe have the charactedescriptions As mentionedabove, for eachchar
acter its descriptionis from offset(char)to offset(char+1). An entry is a streamof
bytes.If thetop bit is set,it meansl eave a blankcolumnbeforeprinting this column.
Thevaluesof thelow 7 bits are:

00h-79h: Multiply by 2 to getanoffsetinto the patterntable. Thentake thetwo bytes
atthatoffsetfor thefirst andsecondpass.

7Ah: Thetwo bytesafterthis codeareprintedon thefirst andsecondoass.

7Bh-7Fh: Repeathe next pattern(byte - 79h) times, putting a blank columnbefore
thesecondandsubsequermnepetitions.

A.3 Thedraft font

As with theNLQ font, thedraft font startswith a charactepffsettable,in which every
word is formed:

Bit 15: Thecharactehasadescendemrintit onthebottom8 pinsratherthanthetop
8.

Bits 14-12: Spaceto putattheleft of this character
Bits 11-0: Offsetof the specificatiorof this characterfrom the startof the font.

Thelastentry givesthe offsetof thefirst byte afterthe font. Fontscanusememoryup
to andincluding6BFFh.

After the characteoffsettableis a patterntable. Eachentryin it is a singlebyte,
sincedraft modeonly printsone pass.The leastsignificantbit correspondso the top
pin.

Thelengthof the patterntableisn’t thatimportant,but in the standardontsit can
be deducedsimply by subtracting258from the offsetof characten.

After thatwe have the charactedescriptions 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 meansleave ablankcolumnbeforeprinting this column.
Thevaluesof thelow 7 bits are:

00h-79h: Thisis anoffsetinto thepatterntable. Thebit patternfor the next columnis
thebyteat thatoffset.

7Ah-7Fh: Repeathe next pattern(byte - 78h) times, putting a blank columnbefore
thesecondandsubsequerntepetitions.

(notethatunlike the NLQ print, thereis no literal bitmaptype).
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A.4 Someworkedexamples
A.4.1 NLQ: Character 0 (a) using BIOS 1.15

Looking in the NLQ table, the first 2 entriesare 01F6h0209h. The charactebytes
betweerthoseoffsets(60F3h- 6106h)are(all valuesin hex):

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

| Byte(s) || Firstpattern| Secondpattern|

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

7A 0144 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 (9ap)00 (gap)40

Which givesusthefollowing two patterns onefrom thefirst setof bytes:

3000000000020030 O
0400808180808480 0

andonefrom thesecond:

2414040404004034 4
0004050406040080 0O
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# # .
HEHHAHE H# OH#HH

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

..... 2.
1
2
22222
1 1
2
111111
.2 2
1 1
2 2
1 1 1 .

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

In thedrafttable,thefirst two wordsare0157h015Ch.Adding theseto the baseof the
font gives6948hand694Dh;sothe bytesbetween6948hand694Chinclusive arethe
patternfor characte.

Thebytesare:050E 97 C7 92 01 andtheseexpandto:

05 -> patt[5] = 0x20

OE -> patt[14]= 0x54

97 -> patt[23]= 0x55, blank columnfirst
C7 -> patt[71]= 0x56,blank columnfirst
92 -> patt[18]= 0x38,blank columnfirst
01 -> patt[1] = 0x40

and,translatedo a bitmap,theseare:

25 55 34
04 56 80
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A.4.3 Repetition of columns: Character 62 ('=") usingBIOS 1.4

This characteis number62. So 124 bytesfrom the startof the offsettable,we find the
two words02B3h,02B5h. Thuswe know the charactedescriptiorfits in 2 bytes,and
starts02B3hbytesfrom the startof thefont.

Thetwo bytesfoundthereare:

7Dh [repeat5 times]
OAh [pattern]

Entry OAh in the patterntableis 14h,sothe characteis formed:

with the blank columnsinsertedautomatically

A.5 Matrix fontsin LocoScript 1.20

Thefontsarestoredin thefile MATRIX.STD onthebootdisc,in the sameorderasin
CP/M. Thedatastartatanoffsetof 011Ahfrom the startof thefile.

LocoScriptl is ableto print 224 characters numberd)-127and160-255. These
are storedas a single block of bitmapsin MATRIX.STD, which subtracts32 from
charactecodesabove 160to createits internalcharacteindex.

Thedesignof MATRIX.STD asaseparatdile seemgo imply thatotherdot-matrix
fontscouldbeloadedn LocoScriptl. Howevertheonly alternatve LS1fontsl’veseen
(in Digita Internationals Supertypesimply patchthe existing MATRIX.STD file.

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

A.5.1 PSwidths table
Thereare224 charactersatherthan128,sothe PSwidthstableis 112 byteslong.

A5.2 NLQ font

Sincethereare 224 charactersthe offsetstable is 225 wordslong. The offsetsto

characterstartatO; ie, whatmustbe addeds the addres®f the charactedescription
table,not the addresof thefont itself. The offsettableis at 18Ah in the file, andthe
charactedescriptiontableis at 442h. The charactedescriptionbytesare almostthe

sameasin CP/M, but the specialvaluesof thelow 7 bits areslightly different:

00h-7Ah: Multiply by 2 to getanoffsetinto the patterntable. Thentake thetwo bytes
atthatoffsetfor thefirst andsecondpass.

7Bh: Thetwo bytesafterthis codeareprintedonthefirst andsecondass.
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7Ch-7Fh: Repeathe next pattern(byte - 79h) times, putting a blank columnbefore
thesecondandsubsequermepetitions.

A.5.3 Draft font

Thedraftfontis atoffset1181hin MATRIX.STD. Its offsetstableis again225words
long; offsetsarebaseddn thefont addresslike in CP/M.

A.5.4 780 code

Thefirst 11Ah bytesof MATRIX.STD arethe Z80 codethat generate$ont bitmaps.
Again, this seemdo suggesthatalternatve fontswereplannedihe peopledesigning
the charactersvould have beenableto useary codethey likedto generatehem. Very
similar codeis usedunderCP/M.

The entry pointis at the beginning of MATRIX.STD, andtakesthe following pa-
rameters:

A = character

BC = address of this routine (MA-

TRI X. STD nust be prepared to be | oaded any-
where in nenory).

DE = address of a byte to which charac-

ter width should be witten.

Onreturn,theregistersshouldbe:

A = character

BC = address of the code that generates the char-
acter bitmaps

PS wi dth of character stored.

DE =1 + entry DE

HL corrupt.

Al other registers and flags preserved.

The charactebitmapgeneratiorcodewill thenbe calledwith:

A = character
BC = address of this routine
DE = address of 24-

byte buffer in which to store the generated char-

acter bitmap.

H = OFFh for NLQ else draft.

Bit O of Lis O for pass 1, 1 for pass 2 (or vice versa?)

Onreturn,theregistersshouldbe:

BC | X corrupt.

DE i ncrenented by nunber of bytes wit-
ten to the buffer.

Al'l other registers and flags preserved.
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A.6 Matrix fontsin LocoScript v1.31

The MATRIX.STD file in this versionof LocoScripthasa 128-byteheaderon MA-
TRIX.STD, so80hneeddo beaddedo all offsets.

A.7 Matrix fontsin LocoScript v1.40

Thisversionof LocoScriptdoesnt haveaMATRIX.STDfile. Insteadt hasaPRINTER.JQ.
Theformatof thedatais the same put 1D40hneedgo beaddedto all offsets.

B The LocoLink wire protocol

The descriptionof the LocoLink protocolis derived from examinationof the “slave”
program(LLINK202.EMS). The protocolappear$o besymmetrical ie, the“master”
andthe “slave” go throughthe samestepsto transmita paclket. However, it's easier
to seewhatis goingon at the “slave” end,wherethe LocoLink interfacepresentghe
datadirectly to the CPU,thanat the “master”’endwherethe parallelportinterfacegets
slightly in theway - seesectionB.1.1.

The PCW16versionof LocoLink appeargo use a later protocol which works
slightly differently. Thesedifferencesill be notedin thetext.

B.1 Basicconcepts

LocoLink works with two wires in eachdirection - eachcomputercan control the
valuesof two, andreadthe valuesof the othertwo. The valuestakentogetherform a
two-bit number(0-3) andit’s mostcorvenientto describethe protocolin theseterms.
For PCW:- to - parallelcommunicationsACK is the high bit of thenumberandBUSY
is thelow bit.

B.1.1 Bit mapping at the PC end

OnaPCparallelport, thesdlines areswappedover (BUSY appear®n bit 7 andACK
on bit 6) andthe senseof ACK is inverted(it's 1 if the PCW s sending0, andvice
versa).

B.2 Link idle

Whenthelink initially startstheslave send2 andthemastersends3. In the protocol
describedelow, this meanghatthe slave is listeningfor thefirst paclet.

B.3 Sending

B.3.1 Sendingabyte

Note: Bytesmustonly besentin paclkets- seebelow.
¢ Wait until the valuesentby the otherendgoesfrom 3 to 1.
e Send2 or 3, dependingvhetherit 7 of thebyteis 1 or 0.

¢ Wait until the valuesentby the otherendgoesfrom 1 to 3.
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Send0 or 1, dependingvhetherbit 6 of thebyteis 1 or O.
Wait until the valuesentby the otherendgoesfrom 3 to 1.
Send? or 3, dependingvhetherbit 5 of thebyteis 1 or O.

... andsoonuntil all the bits of the byte have beensent.

B.3.2 Sendinga packet

Beforesendinga paclet the valuesentby the otherendshouldbe 2. It mayalsobe 3;
if s0,send3 andwait for it to changeto 2.

B.4

Send0.

Wait until the valuerecevedgoesfrom 2 to 3.

Send1.

Sendonebyte: thepaclettype.

Sendonebyte: numberof following bytes(canbeO for none).
Sendary following bytes.

Sendtwo bytes:the checksum(CRC?)of the paclet.

Wait until the valuerecevedgoesfrom 3to 1.

Send3.

Wait until the valuerecevedgoesfrom 1 to 3.

Send2.

Receving

B.4.1 Receving abyte

Note: Bytesareonly recevedaspartof paclets- seebelow.

Wait until the value sentby the otherendbecome2 or 3. The low bit of the
valuegivesbit 7 of thebytebeingread.

Sends3.
Wait until thevaluesentbecome® or 1. This givesbit 6 of thebytebeingread.
Sendl.
Wait until thevaluesentbecomeg or 3. This givesbit 5 of thebytebeingread.
Sends3.

... andsoon until all the bits have beenread.
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B.4.2 Receving a packet

Toreceve apaclet:

B.5

Wait until the valuesentby the otherendchangegrom 3to 0.
Sends3.
Wait until the valuesentby the otherendchangegrom O to 1.
Sendl.

Receve two bytes(seeabove). Thefirst is the paclettype,andthe seconds the
numberof additionalbytesthatfollow.

Recevetheadditionalbytes,if any.
Receve the 2-bytechecksum/CRC.

Wait for the valuesentby the otherendto go from 0 or 1 (bit O of thelastbyte)
to 3.

Send3.

Wait for the valuesentby the otherendto go from 3 to 2.

Example

Herethe mastersendsa pacletto theslave:

| Mastervalue | Slavevalue | Comment |

3 | | Masternot listening;Slave listening |

Masterstartssendingpaclet

Slave acknawvledges

Masterreadyto transmitbytes

Slave readyto receve bytes

Bit 7 of first byteis 0

Bit 7 acknavledged

Bit 6 of first byteis 0

Bit 6 acknavledged

Bit 5 of first byteis 1

W WOIO|INN|| PP OlOo
W ERRPWWER| P WW NN

Bit 5 acknavledged

... Skipalot morebitslike this....

Bit O of lastbyteis 1

Bit 0 acknavledged

Endof paclet (slave deduceghis from byte count)

Endof pacletacknaviedged

N| W W[~
W W R, W

Masterlistening;slave notlistening

This would seemto imply thatpacletsmuststrictly alternatesinceat theendof a
corversatiorthe othercomputeris now theonelistening.
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B.6 Startup sequence

Thefirst pacletexchangds asfollows:

| Sender| Type | Length | Additional bytes |
Master| OBh | 02h-20h | 41h | 31h | Masterprogramname optional
Slave | C3h | 01h- 1Fh | OBh Slave programname optional

In both of thesepaclets,the programnamemay or may not be present.The other
bytesmustbe exactly asgiven,or a“link failedto start” errorwill occur
The PCW16versionexpectsadifferentpacletexchange:
| Sender| Type | Length | Additional bytes |
Master| 5Ah | 02h-20h | 46h | 31h | Masterprogramname
Slave | 18h | 01h- 1Fh | 5Ah | Slave programname optional

B.7 While the link is running

Themastemow either:

e Hangsup thelink. Thisis doneby sendinga paclet of type 22h to which the
slave doesnotreply.

e Sendsa commandpaclket. This hasa type of 39h, andis 1-15 byteslong. It
represent® DOS function call; only a subsewf calls are supported.The data
bytesin the pacletare:

| Byte | Meaning |
0 Function(AH)
1 Subfunction(AL)

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

Presumablyongerversionsof this packetwould alsocontainSl, DI andBP. Most
function callsdon't needto passparameterandso just senda 1-bytepaclet. For ex-
ample,call OEh (log in drive) doesnt botherto senda drive number sincea LocoLink
slave computermprovidesonly onediscdrive.

Oncethe commandhasbeensent,the slave will sendbackone of the following
paclets:

e SuccessTypeis 50h. Packet lengthis 0-8 bytes;its payloadis the valuesfor
AX, BX, CX, DX (low bytefirst).

e Error: Typeis 67h. Packet lengthis 2 bytes;thefirst is the DOS error number
(seeINT 21hfunction59h)andthe seconds O.

e Requestdata. Usedwherethe correspondindOS function would passdata
usinga pointeror DMA. The paclet type is 7Eh, andlengthis 2 bytes. The
firstis 11hto askfor an FCB, 80hto askfor afilename,andthe seconds the
maximumnumberof bytesto transfer Themastemill replyto thiswith apaclet
of type 95hcontainingtherequestediata.
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e Returndata. Usedwherethe correspondind>OS function expectsdatato be
passedo it by apointeror DMA. The paclettypeis OACh; thefirst bytemaybe
atype code,andthe remaindercontainsthe data. The masterwill reply to this
with a 0C3hpaclet, thefirst byte of whichis 0ACh.

The slave can also senda 0ADh paclet, which must be acknavledgedby a 0C3h
paclet, thefirst byte of whichis OADh.

Oncethe slave hassenta “success’or “error” packet (50h or 67h)the mastercan
sendanothercommandpacket or hanguppaclet.

Commandpacletssupportedy LocoLink PCW2.02are:

| Functionnumber | Meaning | Parametersn initial paclet | Additional transfers
0Dh reset none none
OEh login none none
10h closedisclabel
11h getdisclabel none Slavereturnsdisclabelif found
13h deletedisclabel
16h createdisclabel
17h renamedisclabel
36h getfreespace none none
39h createdirectory
3Ah remove directory
3Bh setcurrentdirectory none Mastersendsew directory
3Ch createfile
3Dh openfile
3Eh closefile
3Fh readfile
40h write file
41h erasdile
42h setfile pointer
43h set/getattributes
44h ioctl
47h getcurrentdirectory none Slave returnscurrentdirectory
4Eh find first file AL = searchattribute Mastersendssearchpath.
If successfuslave returnsfind file date
4Fh find next file none none
56h renameile
57h set/getimestamp
5Bh createfile
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