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ABOUT TEIS CHAPTER 3

ABOUT TTIIS CtsAPTER

Ttrlg chapter provldea a baatc deecrtptlon of the hardsare of the
Ilactntoeh t28K and 5t2K couputere. It gtvea you tnforuatton thrt
yourll need to connect other devtces to the llactntogh and to rllte
devlce drtvere or other lorlcvel prograne. It r11I hclp you f lgure
out wtrtch technlcal docuoente yourll need to deelgn perlpheralr; ln
some cases, your1l have to obtaln detallcd apeclftctttoas froo the
uanufacturera of the varloue taterface chlpa.

Thte chapter 1e ortented tosard aaaeubly-language Progra@€!8r It
assuoee youfre faolltar wlth the baelc operetlon of ntcroprocetaor
based devlcee. Knowledge of the }lactntogh Operattng Syeteo w111 algo
be he1pful.

(warnlng)
0n1y the ltaclntoeh 128K and 512K 8re covered tn thle
chapter. In perttcular, Dote that the neuory addreeeee
and Bcreen elze are dlfferent on the Uaclntoeh XL (and
Bay be dtfferent lu future verelons of the llaclntoeh).
To nalntaln software coupattbtllty ecroes the ltaclntoeh
1lne, aod to allow for future changes to the hardware,
you're ctrongly advlred to uee the Toolbox and Operatlng
Syeten routlnes wherever posslble.

To learn how your Prograe c8n deterulne rhlch hardsare eovlronment lt r e

operatlng ln, Bee the descriptlon of the Eovtrons procedure ln the
Operattng Syeteo Utllltlee chapter.

OVERVIEI{ OF TUE EARDI{ARE

The l{actntosh conputer contalos a Hotorola }tC68005 rlcroproceaaor
clocLed at 7.8336 negahertz, random accesa lDenory (RAn), read-only
Eenory (nOu) , and eeveral chlps that enable lt to cornuntcete slth
exterual devtcee. There ere flve I-l0 devlcee: the vtdeo dteplay; the
sound generator; a Synertek SY6522 Versattle loterface Adapter (VIA)
for the Eouse and keyboard; a ZLLog 28530 Serlal Connruntcatlona
Controller (SCC) for serlal comualcatlon; and an App1e cuetm chtp,
called the II{}t (t'Integrated lfoz Hachlne") for dlsk control.

The llaclntoeh uaes Demory'{ePPed I,l0, shtch Eeane that eaeh devlce 1n
the systen le acceesed by readlng or rrltlng to epeetfle locattooe 1o
the addrees spece of the coaputer. Each devlce contalng logtc that
recognlzes when lt r I belag acceeeed aad reaponde 1a the sPProPrtate
l[8tlll€t o

The 11C68000 can dlrectly accega 16 uegabytes (l'fb) of addrees sPace. In
the tlaclotosh, thla te dlvlded lato four equal eecttone. The flret
four Ub are for RAlt, the eecond four llb are for ROlt, the thlrd ere for
the SCC, and the laet four are for the IflH and the VIA. Stnce each of
the devlcee slthtn the bloctg has far fewer than four ltb of
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4 l{aetntoeb Hardware

lndtvldually addregeable locatlone or reglatere, the addreeeee vlthtn
each block "rrap sround" and ere repeated aeveral tluee wtthln the
block.

RAU ls the rtrorklng neuory" of the systeu. Itg baee address ts addrees
F tt,e flrst 256 bytea of R t.{ (addreeees I through $fF) 8re ueed by
the l{C68000 t8 exceptlon vectors; theae are the addreeees of the
rouE1nesthatgffiverenexcepttonauche8an1nterruPt
or e trep occure. (The ermary at the end of thle chapter tncludes a
llst of all the excePtlon vectoEso ) RA}! algo contatns the systeu aod
appllcatton beaps, the etack, and other toforuatlou ueed by

"ppff..tlons. In addltlon, the followlng hardware devlcea ahare the
use of RAU stth rhe Dtc6800az

the vldeo dlsplay, whlch reads the laforuatlon for the dteplay
from one of two Bcreen buffera

the eound genereEor, rtrlch reade lte loforuatlon frou one of tuo
sound buffers

the dlsk speed controller, shlch shares lts data sPace wlth the
eound buffere

The UC5 8009 accesaes to RAll are laterleaved (alteroated) wlth the vtdeo
dlsplayrs accesaes durlng the acttve Portton of a Ecreen scan llne
(vldeo ecannl-g te descrlbed 1a the next eectlon). The eound geoeretor
and dlek epeed controller are glven the ftrat acceaa after each scen
lLoe. At all other tloes, the t{C58000 hae unloterrupted ecce8e to RAI{t
lncreaslng tbe average RAt{ accese rete to about 6 uegahettz (UBz).

ROM ls the systemts peruanent read-only nenory. Itg baee addreeet
TE, 0g0g, ls avallable as the constant romstart and ls alao etored in
the global vartable RollBase. n'Oll contalns the routlnea for the Toolbox
and Operatlng Syetem, and the vartous systeo traps. Sloce the ROH 1s
uged excluslvely by the !tC58000, ltre alraye acceesed at the full
processor rate of 7.83 llEz.

The addreee Bpace reeerved for the devlce TIO contalns blocks devoted
to each of the devlcee vlthtn the cooPuter. Thle regton begins at
address $8000A0 and contlnues to the hlgheet addrese at $PFFFFF'

(aote)
Slnce the VIA le lovolved la 8@e wey la aluoet every
operetlon of the l{actntoeh, the follonlng eectioae
frequently refer to the VIA aad VlA-related conetants.
The VIA .tteelf 1e deecrlbed later, aud all the conatanta
are 11sted la the eumary at the end of thls ehapter.

..\

\-/
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TIIE VIDEO INTERFACE 5

THE VIDEO I}IIERFACE

The vldeo dleplay 1a created by a uovlng eleetron beau that 8can8
across the screen, turntng on and off aB lt scen8 1u order to create
black and wtrlte ptxele. Each ptxel ts a sguarer ePProxluately ll74
lnch on a slde.

To creete a screen lnage, the electron bean 8tart8 at the toP left
coroer of the acreen (aee Ftgure l). The beau scans horlzontally
across the Bcreen frou left to rlght, creatlog the toP 11ne of
graphlcs. Ifheo tt reaches the last pkel on the rtght end of the toP
llne lt turns off, and contlnues Past the laet plxel to the phyelcal
rtght edge of the BCE€€no Theo lt fllcke tavlelbly back to the left
edge and moves douu one Ecen llne. After traclng acroao the black
border, tt begtne dlsplaytng the data ln the eecond scen lloe. The
tlne between the dleplay of the rlghtnoet pl:el oo oae llne and the
leftnost plxel on the oext le caIled the horlzontal blauklqg 1nt9rval.
When Ehe electron beau reaches the laet pfxef of the laet (342nd) llne
on the Bcreen, lt trecee out to the rlght edge and then fltcke uP to
the top left corner, where lt tracee the left border and then beglne
once agaln to dlsplay the toP llne. The tfune betreen the laet plxel on
the botton llne aod the flret oue oB the toP Ilne ts called the
vertlca1 blankluq lnterrral. At the beglontng of the vertlcal blanktng
1"GffiI , the VIA generates e g.15!g! blanklng lnterruPt.

2lLrl85 /urnowmg/mwn.2



6 Maclntoeh Hardware
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512 pixels vicE

Flgure l. Vldeo Scannlng PatBern

The plxel clock rete (the frequency at rhlch pkels ere dleplayed) ie
L5.6672 l{IIz, or about .064 m{croseconde (ueec) Per plxel. For each
scan llne , 512 plxele are drawn oD the EcreeD, requlrlng 32.68 ue€co
The horlzootal blanklng lnterrral takee the ttne of an addltlonal L92
plxelsr or L2.25 us€co Thue, each full acan ltne takes 44.93 usect
yhtch Deans tbe horlzontal scan rate ls 22.25 kllohertz.

A full Bcreen dteplay constete of 342 horlzontal acaD Ilnes, occuPylng
15367.65 ueec, or about 15.37 utllteecoods (neec). The vertlcal
blanklng lnterval takee the tlue of eB addlttoaal 28 scen l1nea-
1258. 17 uBec, or about 1.26 DBec. Thts leeo8 the full Ecreeu le
redleplayed ooce every L6625.8 uaec. That I s about '16. 6 Daec Per f rame,
whlch Deens the vertlcal scan rate (ttre full acreeo dlaplay frequency)
1s 60.L5 hertz.
The vldeo generator uses 211888 bytee of RAt{ to coEPose a blt-oapped
vldeo luage iLZ plxels rlde by 342 plxels tall. Each blt ln thla range
coutrole e elngle p1rel ln the luage: A 0 blt le rhlte, and a I blt ls
b1ack.

a
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THE VIDEO ITTTERFACE 7

There arc tuo lcreen buffere (areag of DeEory froo uhtch thc vldco
ctrcultry cen read tnfonatton to creete a Bcreen dlrplay): thc naln
buffer and tbc rlteroate buffcr. The ttertlng addrereer of the 3crecn
buffere depeod on how ouch oeoory you have tn your lleclntoah. Io e
llactntoeh 12ER, the ualn screen buffer sterts et $1A700 and thc
altcrnatc buffcr stlrta rt $L2700i for a 5f2K Haclntoah, edd $60000 to
theee nuoberS.

(warnlng)
To be.ure you doart u8e the urong erea of neoory aod to
matotato coopatlbtllty wlth future llactatoeh syrteosr loughould get the vldeo baae addreee and btt Dep dtuenslons
froo eereenBlte (eee the QulclDraw chapter).

Each Bcan lloe o.f the Bcreen dtsplaya the contentt of 32 conaecutlve
worde of oenory, each sord controlllog 16 horlzontally adJacent pkeIe.
In each word, the htgh-order blt (bft 15) controls the leftooet ptrel
and the lororder btt (bf t D controle the rlghtuoet plxeI. The f lrat
word ln each acan Ilne followa the last word on the llae above lt. The
etartlng addrese of the screen le thue tn the top left coroer, aad the
addreeees progress froo there to the rlght and down, to the lagt byte
ln the extreDe bottoD rtght corner.

Norually, the vldeo dlsplay doeenrt fltcker wtren you read fron or wrlte
to lt, because the vldeo nenory acceeaes are lnterleaved wlth the
processor eccesses. But lf youtre creatlng an aninated tuage by
repeatedly drautng the graphtcs 1o qutck succeaelon, tt nay appear to
fllcker 1f the electroa bean dleplaye lt vhen your prograr haeurt
flolshed updatlng lt, ehortng Bone of the Deu lnage aad aone of the old
ln the same franne.

Ooe nay to preveot fltckerlng rhen yourre updatlng the Bcreeo
contlnuouely Ia to uae the vertlcal and horlzontal blanLtng etgnale to
syochronlze your updates to the gcanalot of vldeo Deuory. Soall
chaagee to Jrour acreeo cen be coopleted eatlrely durtng the lnterval
between franes (the flret L.26 DBee folloultrg 8 yerttcal blanklng
lnterrupt) r nhen oothlng le betng dtaplayed on the acreeo. Iltten uaklng
larger changes, the trlck ts to keep your changee happealng alraye
ahead of the spot belng dlsplayed by the electroa bean, a6 tt Bcang
byte by byte through the vldeo Denory. Changee you uake ln the nemory
already paaeed over by the acen Epot woort appeer untll the nert frane.
If you Btert cbanglog your lnage when the vertlcal blauklng tnterrupt
occurer you beve 1.26 DBec of unrestrlcted acceas to lhe lnage. After
thatr you cau change progresstvely leee and leeg of your lnage a8 ltte
scanned ooto the screeo, Btartlng fror the top (ttre loreet vldeo renory
addreee). Frc vertlcal blaaktug tnterrupt, you have oaly L.26 Eaec tn
whlch to ehaqge the flret (lorest addreae) ecreea locattoa, btrt you
have alnoet 16.6 EBec to chaage the laet (hlgheet addreag) screen
locat toa.

Another way to create soooth, fltcLer-free graphlcs, espectally ueeful
slth changee that Eay tate Dorc 16.6 !8ec, 1r to use the tro acreeo
buffers e8 alternate dlaplaye. If you draw lsto the oae thatre
currently mt belog dteplayed, aad thea grltch thc buffers durtog thc

2l tll 8s /urnowmg/trowR.2



I Haclntosh Eardsare

next vertlcal blanklngr your graphlce w111 change all et once,
productng e clean anloatlon. (See the Vertlcal Retrace Dlanager chapter
io flnd out how to epecLfy taske to be perforned durlng vert1c81
blanklng. )

If you want to u8e the alternate acreen buffer, yourll have to epectfy
thle to the Segueut Loader (eee the Segrnent Loader chapter for
detallg). To swttch to Ehe alternate acreen buffer, clear the
followlng blt of VIA data reglster A (vBase+vBufA):

vPage2 .EQU 6 i0 ' alteraate screen buffer

For exaople:

BCLR lvPage2 rvBaee*rrBufA

To swltch bacl to ttre naln buffer, aet the EaDe blt.

\-/

I

\r/

(warnlng)
Iilhenever you change a btt ln a VIA data regleter,
to leave the other blts 1n the tegteter unchanged.

(warnlng)
The alteroate screen buffer Eay aot be eupported 1n
future verstoos of the llactntoeh.

be Bure

THE SOIND GENERATOR

The Haclntosb sound clrcuttry uses a eertes of values taken froo 8n
aree of RAI.{ to create a ehaoglng waveforn tn the outPut elgnal. Ttts
slgnal drtvee a suall apeaker lnelde the Haclotosh aod ts conoected to
the external sound JacL oa the back of the colputer. If a Plug 1e
toeerted lnto the erterral gound Jack, the laternel epeaker 1a
dteabled. the exteraal aouod ltne can drlve e load of 600 ot lore
otrns, euch a8 the loput of ahoet any audlo anpIlf ter, but not a
dlrectly conaeeted ertertral epeaker.

The eound generetor Eey be turoed oo or off by rrltlng f (off) or 0
(on) to tha followlog blt of VIA data regleter B (vBaee+rrBufB):

vSndEub

For example:

.BOU 7 i0' eouodeaabled, l'dleabled

BSET ltsndgabrvBaeefiiBufB ; turn of f eouad

By storlng a range of valuee ln the eouod brrfferr lou can create the
.o.r""poodlog saveforn ta the sound chaonel. Tbe eouad geoerator ueeg
a foru of polc"-rldth encodlng to ereate eonnds. The eound elrcuttry
reads oae rord tn the eouod btrffer durtng eacb hortzontal blaaklng
lntenral (lacludtng the 'tYlrtualfi lntervala durtng verttcal blaaklag)
and uaea the hlgh-order byte of the rord to generate a pulee of

2l LLI 85 /UARDT,ABE/DTN. 2
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THE SOI]ND GENERATOR 9

electrtcity vhose duratlon (wldth) ls proporElonal to the value ln the
byte. Another ctrcult converts thle pulee tnto a voltage thaBfe
attenuated (reduced) by a three-blt value from the VIA. Thte reductton
corresponds to the current settlng of the volume level. To eet the
volume dlrectly, store e three-blt number tn the low-order blts of VIA
data regteter A (vBase+vBufA). You cen uae the followlng constent to
lsolate Ehe blts tnvolved:

vSound .EQU 7 ;eound volune btts

Herets an exalple of how to eet the gound level:
ttovE. B
AI{DI.B
ORI.B
I.{OVE. B

vBaeefirBufA,D0
#25S-vSound rD0
*3 rDo
D0 rvBase{ryBufA

;get current value of reglster A
;clear the sound btts
; eet nedtum sound level
;Put the data back

After attenuatlon, the sound slgnal ls passed to the audlo outPut llne.

The eound circuLtry scans the sound buffer at e flxed rate of 370 words
per vldeo franer r€Peatlng Ehe full cycle 60. 15 tlmes Per second. To
create sounds with frequencles other than nulttples of the baslc scan
rater you uust store phase-shlfted Patterns lnto the sound buffer
between each scan. You can use the vertlcal and hortzontal blanklng
slgnals (ava1lab1e 1n the VIA) to synchronlze your sound buffer updates
to the buffer scan. You uay flnd that ltrs nuch easler to uae the
rouElnes ln the Sound Drlver to do theee functions.

(warnlng)
The lororder byte of each word ln the eound buffer ls
used to control the speed of the motor ln the dlek drlve'
Donrt store any lnfornatlon therer oE yourll lnterfere
slth the dlek ll0.

There 8re two sound buffers, Just e8 there are two screen buffere. The
address of the rnaln sound br,rffer le etored ln the global varlable
SoundBase and ls also avatlable eE the conetant eoundlow. The main
sound buffer ls at $lFD00 ln e 128K llaclntosh, aud the alternate buffer
ls at $1A100; for a 5l2K Uaclntoeh, add $60000 to these values. Each
sound b,uffer cootalns 370 rords of data. As when you want to use the
alternate acreen buffer, yourll have to epeclfy to the segpent Loader
that you want Ehe alternate buffer (see the Segnent Loader chapter for
detalls). To eelect the alternate sound buffer for outPut, elear the
f ollowlng blt of vIA data reglster A (vBase+rrBufA) :

vSndPg2 .EQU 3 i0 - alteruete sound buffer

To returo to the nal-n bufferr eet the sene blt-
(warolng)

Be sure to ewltch back to the maln eound buffer before
dolng e dlek acceeer oE the dlek wonrt sork properly.

\
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l0 Maclntosh Hardnare

(warnlng)
The alternate sound buffer oay not be eupported 1n future
verstone of the Maclntosh.

Therers another rrsy to generate e alnpler square-wave tone of any
frequency, uslag aluoet no proceesor lnterventlon. To do thle, ftrat
load e congtaot value tnto all 370 aound buffer locattone (uee 900t4
for ulnumun volume, $FFte for uaxlmun voluue). Next, load e value tnto
the VIAre tlner I latches, aad 8et the hlgh-order two blte of the VIAre
auxlllary control reglster (vBaae+vACR) for rtBquare uave outputrr frou
tloer 1. The ttner s111 then count dora frou the latched value at
1.2766 uaec/count, over and over, lnvertlng the vSndEob blt of VIA
reglster B (vBase{rrBufB) after each count dortr. Thle takee the
constant voltage belng generated frou the eound br,rffer and turns lt on
and off, creatlng e square-yeve eound whose perlod ts

2 * 1.2766 usec * tlmer lre latched value

(note)
You uay want to dlsable tlner I lnterrupts durlng thts
process (bft 6 ln the VIArs lnterrupt enable regleter,
whlch ls at vBase*vIER).

To 6top the square-rrave sound, reset the htgh-order two blte of the
auxlltary control regteter.
(note)

See the SY6522 technlcal spectflcatlone for detalle of
the VIA reglsters. See also ttSouad Drlver Hardwarert ln
the Sound Drlver chapter.

Dlagram

\./

-v

Flgure 2 shors a block dlagrau for the eound port.

2lrtl85 /MnowAng/mwR.2
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THE SOMID GEI{ERATOR I I
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12 Dlaclntosh Hardware

vTlm sCC

The two eerlal ports ere controlled by a ZLLog 28530 Serlal
Conunlcatlone Controller (SCC). The port knorn eB SCC port A le the

SCC port B laone wlth the loden lcou oo the back of the Uaclotoeh.
the one wtth the prtnter lcon.

tlaclntoeh eerlal porta conforo to the EIA atandard RS422, whlch dlffere
fron the nore coumon RS232C etandard. Whlle RS232C uodulatee a elgnal
wlth respect to a s6nnnon ground (ttslngle-ended" tranenleelon), RS422
rnodulates tvo elgnale agatnet each other (ttdlf ferentlaltr tranenteelon).
The RS232C recelver aeneea rhether the recelved elgnal 1g sufflclently
negetlve wtth reepect to ground to be a loglc "ltt, whereae the RS422
recelver etuply senses whlch ltne 1s Eore negatlve than the other.
Thls uakes RS422 uore lrnnune to nolee and lnterference, and Eore
versattle over longer dtstances. If you ground the posltlve slde of
each RS422 recelver and leave unconnected the posltlve elde of each
transmltter, yourve converted to EIA etandard RS423, whlch can be used
to comnunlcete slth most RS232C devlces over dlstanees up to flfty feet
Of 8Or

The sertal laputs and outputs of the SCC ere connected to the portg
through dlfferentlal llne drlvere (26LS30) and recelvers (26LS32). The
l1ne drlvers can be trl-etated between tranemteslons, to allow other
devlces to tranemlt over thoee lloes. A drlver 1e actlvated by the
lowerlng the SCCrs Ready to Send (RTS) output for that port. Port A
and port B ere ldentlcal except that port A (the nodeu port) haa a
hlgher lnterrupt prlorlty, naklng lt Dore aultable for hlgh-speed
Cannngn{CatlOD.

Flgure 3 abors the DB-9 plnout for the SCC output Jacks.

eord
+ 5 vtltr
Grqnd
Trcncmit tbla +
Transrnit data -
+ 12 vplts
rbndsmfe/extericl c loct
Beceive rlcta +
Fcceivu tbta -

1

z
3
q
5
6
7II

v

5432tooooo
917 6oooo
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THE SCC 13

(warnlng)
Do not dras oore than 100 ulIllaops at rl2 volts, and 200
ollltaupe at +5 volta fron all connectora coobtned.

Each portfs lnput-only handshake ltne (pln 7> le connected to the SCCfs
Clear To Send (CTs) lnput for that port, aod le deelgned to accePt tB
external devtce I e Data Terutnal Ready (Om) handehake elgnal. Thta
ltne le aleo connected to the SCCra external aynchronous clock (TRxC)
lnput for that port r 80 that an external devlce can perforu htgh-speed
eynchronous data exchange. Note that you canrt use the llne for
rlcelvlng DTR tf yourre uslng tt to recelve a hlgh-epeed data clock'

The handshake ltne ls sensed by the Mactntosh uslog the posltlve
(nontnvertlng) lnput of oDe of the stendard RS422 recelvere (26LS32
chlp), wlth the negatlve tnput grounded. The posttlve lnput was choeen
becauee thls conflguratlon ts more tmmune to oolse rhen no actlve
devlce ls connected to Ptn 7.

(note)
Becauee thte 1s a dlfferentlal recelver, any handehake or
clock slgnal drlvlng lt nuet be "b1-po18E", alternatlng
between a posltlve voltage and e negatlve voltage, wlth
respect to the tnternally grounded negatlve lnput' If e
devlce trlee to use ground (0 volts) aB ooe of 1te
handshake loglc Ievels, the l{aclotoeh stU recetve that
level aB an lndetetmtnate state, wtth uopredlcatbale
regulte.

The SCC ltself (at lts PCLK ptu) ls clocked at 3.672 oegahertz' The
lnternal eynchronoue clock (ntxC) ptoe for both Ports are aleo
connected to thle 3.672 l{llz clock. Thte le the clock that, after
dtvtdlng by 16, 1e aorually fed to the SCCre tuternal baud-rate
generetor.

The SCC chlp generates level-l Processor lnterrupts durlng I.IO over the
eerlal ltnes. For Dore lnforuatlon about SCC lnterruPtEr 8ee the
Devlce Uanager chaPter.

The locatlons of the SCC control and data 1laes are glven ln the
follorlng table es offeets fron the constaat gccl{Base for srltest or
accRBage for reads. These base addreaaes are alao avallable tn the
global varlables SCC'I{r and SCCRd. The SCC 1e oD the uPPer byte of the
d"tr bus, so you uuet uee only even-addreeeed byte reade (a byte read
of an odd SCC read addrese trtes to reget the entlre SCC) ' lflten
wrlttng, however, you ouet uee only odd-addreseed byte vrl'tee (ttre
u}6800i putg your data oo both bytes of' the bus, 8o lt sorke
correctli). I word ecceas to any SCC addreee w111 shlft the phaee of
the cooputerte hlgh-frequeocy tlolng by 128 aanoeeconds (systeo
softwarl adJusts 1t correctly durlng the syeteo startuP procese) '
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14 l{actntoah Hardeare

Locat 1 on
accl{Base*aData
eccRBaae*aData
eccl{Base+bData
eccRBase*bData
sccWBaee+aCt1
e ccRBaee+aCt 1
eccWBase+bCt1
eccRBase+bCtl

contents
Ifrtte data regleter A
Read data regteter A
Ifrlte data regleter B
Read data reglater B
lfrlte control regleter A
Read control regleter A
Ifrtte control regteter B
Read control regleter B

\./

(varolng)
Donr t acceee the SCC chlp Dore often than once every 2.2
usec. The SCC requlres that nuch tloe to let ltg
lnteroal 1lnes etablllze.

Refer to the technlcal epeclflcatlone of the Zt7.og 28530 for the
detalled blt Eaps and control nethods (baud rates, protocole, and Bo
on) of the SCC.

Dlagran

Flgure 4 shows a ctrcult dlagrao for the serlal ports.

v
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15 Maclntoeh Hardware

THE }TOUSE

The DB-9 conDector labeled stth the nouee tcon connecta to the Apple
Douse (Apple II, Apple IIIr Llea, and llaclntoeh rlce are electrleally
ldentlcal). The nouge generatee f our squaretlve elgnala that degcrtbe
the etrount and dlrectlon of the uousets travel. Interrupt-drlveo
routlnee 1o the Dlactntoeh ROH convert thta lafonatloo tato the
correspondlng Dotlon of the polnter on the 8cE€eDo By turntng en
optton called pouge acallng on or off 1n the Coutrol Panel deet,
acces8ory, tbe ueer cen ihinge the anount of Ecreen Polnter ootlon that
corresponds to a glven Douse ootlon, dependlng on how fagt the Douse le
uoved; for .ore lnforuatlon about DouBe ecallngl 8€€ the dlscuasloa of
parameter RAI{ tn the Operatlng Syeteu Utl1ltlee chapter.

(note)
Ttre Eouse ls a relatlveaotlon devlce; that 1s r lt
doesort report where lt 1e, only hos far and ln shlch
dlrectlon lt r e uovtng. So lf you want to connect
graphtcs tablete, touch screene, llght pens r ot other
absolute-posttlon devlces to the Douse portr You nust
elther convert thetr coordlnetes tnto ootton tnforoatlon
or loetall your ou'D devlce-handllng routlnee.

The Bouse operates by eendlog Bquare-wave tralne of loforuatlon to the
tlaclntoeh that change es the veloclty and dlrectloo of ootlon change.
The rubber-coated eteel ball 1o the uouee contacte two cePstens r each
connected to an lnterrupter vheel: l{otlon along the nouaero X axle
rotetes oue of the wheels and no.tlon along the Y arle rotatee the other
wheel.

The Haclntoeh uees a echeoe knora 88 quadrature to detect shlch
dtrectlon the uouee ls mvlog aloag each axle. Therefa a rou of elote
oD an lnterrupter wheel, and tro beans of lnfrared llght ahloe through
the elots, each one aloed et a phototranslgtor detector. The detectors
ere offset Juet enough 80 thatr 88 the wheel turns, they produce tro
square-wave slgnals (called the luterrupt slgnal and the quadrature
elgnal) 90 degrees out of phaee. The quadrature slgnal precedes the
lnterrupt slgnal by 90 degrees when the rheel turas one way, and tralla
lt when the rheel turas the other u8io

The interrupt algnale, Xl aad Yl, are coooected to the SCCre DCDA aad
DCDB lnpute, respectlvely, rhl1e the quadrature sllnale, X2 and Y2r 8o
to lnpute of the VIA! e data reglster B. llhen the llaclntoeh ta
lnterrupted (frm the SCC) by the rtelng edge of e Eouse tnterrupt
etgnal, lt cbecLs the VIA for the atate of the quadrature etgaal for
that axls: If ltre low, the nouse 1e lovlng to the left (or dora), and
tf 1tr8 hlgh, the Eouse 1e novlug to the rlght (or up). Wlten the SCC
tnterrupts oE the falllng edge, a hlgh quadrature 1evel tndlcates
Eotlon to the left (or dorn) aod a 1or guadrature level tndlcatee
notlon to tbe rtght (or up):

t

\-/

v
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rEB ltousE 17

scc

-lloulc
lnterrupt
xl (or Il)
Porltlve edgc

Negatlve edgc

VIA

-lloum
gurdrrturr
aZ (or t2)
Lou
Elgh

Lor
Htgh

!lour

-
Irlottoa
dtrrcttoa 1n
I (or I) exlr
Lcft (or dora)
Rtght (or up)

Rlght (or up)
Lft (or dora)

Elgure 5 ahoue thc tntcrruPt (Il) rad qurdreturc (Y2) rlgnale uheo the
Eouse ta novcd doruwardl. gooitivudg? lntcrrrPtlmp detecta l- ncgclivu * inlg;rLPt

npliqr
intcrnpls

scc

Yl

Ptgure 5. llouee llechanlgn

The grttch oo the oouee la a pushbuttoo that grounde PlD 7 on the nouae
connector rtren preaeed. The atate of the buttoo 1e checked by eoftware
durlng each vertlcal blanklng toterrupt. The su811 delay betreea each
checfle aufftclent to debouoce the btrttoo. Iou caa look dtrectly at
the Bou8e buttontg state by eraotntng the follovlng b1t of VIA data
reglster B (vBaee+rrBufB) :

vSlf .EOU 3 i0 ' louse button tg dora

If the blt 1r clear, the louae buttoa te dora. Bowever, ltrl
recoEnended tbst you let the Operetlog Syeteo haodle thte for you
through the event lechaolau.

Flgure 6 ehoru the DB-9 plaout for the rouee Jack at the baclc of the
Hactatogh.

DCD A

regB

Ir{
5

I

I

v

xlIQ

xl

qtrCcltrc
levcls

YIA

II

I

--
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f 8 Haetntoeh Eardwere

1 tuird2 + 5 volts3 GrqnlI llarlc )C (VlA quc0ctrre gigrl)
5 lrqne Xl (SCC inlenrpt gignal)
6 (mt crr:cled)7 Morlc rvitctr8 llqrsc Y2 (VlA qucdralrrc sigrpl)I lrouse YI (SCC inlenr.pl gi$El)
Flgure 6. Ptnout for llouee Jack

(warntng)
Do uot draw oore than 200 u.Ll,llaupe at +5 volta frou all
connectora coablned.

Dtagrau

\-/

I

v

5.32rooooo
9I ? 6oooo

Ftgure 7 shous a ctrcutt dtagrarn for the louse port.
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Fn tu,
3

c

B1 + F2 - {0 to dl otmt
C - l50toXnPF

x1

4m pr

Flgure 7. Dlagran of ltouge Port

+5V
PB{

17O tr

27 27dmt otmc

TEE KEIBOARD Af,D

The l{aclntoah teyboard aod aurertc teypad each contata en Intel 8021
uteroproceaaot tlat scaae the teye. The S02l coatatos ROU and RAI{, and
la progreoed to confon to the laterfece protocol deeerlbed belor'

The Leyboard pluge lnto thc llaclatoeh through e fourrylre R'I-ll
telephoae-atyle Jact,. If a Duoerlc keypad 1e tnetalled ln the systcllt

\
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20 llaclntoeh Hardware

the keyboard pluge lnto tt and lt ln turo plugs tnto the l{aclntosh.
Ftgure E ehoss the plnout for the keyboard Jack ou the llaelntoahr oD
the keyboard lt,gelf , and oD the nuoertc keypad.

1 Clqlnd2 Cloct3 Dctcq + 5 volts
Flgure 8. Pinout for Keyboard Jack

(warnlng)
Do not draw Dore than 200 uf,I.llaups at *5 volte frou all
connectors comblned.

Keyboard Conuunlcatlon Protocol
The keyboard data Ilne le bldtrectlonal and is drlven by whatever
devlce Le eendlng data. The keyboard cloek lloe ts drlven by the
keyboard only. All data tranefers are e5rnchroDoue wlth the Leyboardclock. Each transnteeton conelats of elght blts, wlth the hlgheet-order blte flrst.
When aendlng data to the l{aclotoeh, the keyboard clock transnlte ptght
330-usec cycles ( 16, usec low, 170 ueec hlgh) oD the norually hlghclock line. It places the data blt on the data lloe 40 ueec before thefalllng edge of the clock llne and oalotalns lt for 330 ueec. Tbe datablt ts clocked lnto the llaclutoshr a VIA ehlft regleter oo the rislng
edge of the teyboard clock cycle.
I{heo the }laclntoah senda data to the teyboard, the keyboard clock
tranemlts elgbt 400-usec cycles ( lS, uaec lov, ZZ0 usec hlgh) on theclock 11ne. OD the falltag edge of the Leyboard clock eycle, the
Haclntoeh placee the data b1t on the data l1ae and holda 1t there for
400 usec. The keyboard reade the data b1t 80 ueec after thc rlelng
edge of the teyboard cloct, cycle.
Ouly the ltaclatosh can lattlate cormunlcatloa over the keyboard llnee.
OD power-up of elther the ltaclntoeh or the Leyboard, the llaclirtoah lsln charge, aad the erternal devtce le paeslve. The t{aclntoeb elgnalathat lt t a reedy to begln cmunlcatloa by pulllng the lceyboard data
1loe 1os. Upoo detectlng thtg, the Leyboard rterts clocklng aod the

\-/

r
\-/
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TITE KEYBOARD AI{D KEYPAD 2I

Ilaclntoeh sends e s6rnn6nd. The laet btt of the comand leavea the
keyboard data 1loe lou; the Haclntoeh then lndlcatee ttrs ready to
recetve the kcyboardre reBPoose by setttng the data llne hlgh.

The flret seo'rrrnd the Maclntosh sends out 1e the l{odel Nunber co-tn8nd'
The keyboard'a resPonse to thle g6nnsn{ 1e to reeet ltgelf and eend
back lte uodel nunber to the Uaclntoeh. If no reePonse te recetved for
|t2 second, the Mactntoeh trtea the ltodel Nurnber co-r"and agaln' Oace
the Haclntoeh hae 8ucce88fu11y recetved a uodel nunber frou the
keyboard, norual oPeretloo can begto. The }laclntoeh geade the Inqulry
cor,r-and; the teyboard eeode back a Key Transltloa regPooge lf a key hae
been preseed or released. If no key trensltlon has occurred after Ll4
s""ond, the keyboard eends back a NulI reePonae to let the Haclntoeh
knor li t e 8tltl there. The ltactotoeh then gends the Inqulry command
agaln. In norual operatloa, the Haclntosh eends out an Inqulry command

"i".y L/4 eecond. If tt recetves no reePonse slthto Llz eecond, lt
essunes the keyboard ls mleslng or needs resettlng, ao lt beglns agatn
wtth the l{odel Nunber comand.

There ere two other coumande the ltaclntoeh can send3 the Ingtant
s6nrm3nd, whlch gets an lnetant keyboard etatue wtthout the l/4-aecond
tlmeout, and the Test comand, to perforu a keyboard self-test' Heref e

a ltst of the conrnands that can be sent frou the Haclntosh to the
keyboard:

Comrnaad DaDe
Inqulry
Inetant
Model Nuober

Test $36

Keyboard reaponse
Key Transltlon code or Null ($7B)
Key Traneltlon code or Null ($78)
B1r 0z I
Blte l-3: keYboard uodel nuober, 1-8
Btts 4-62 next devlce nnmber, l-8
Btt 7z I lf another devlce connected
AcK ( $7D) or }IAK ( $77)

The Key Traneltton reBPouBeB are eent out by the keyboard eB a elngle
byte: Blt 7 hlgh Eeena a tey-up trauelttoa, and blt 7 Iow ueane a key-
doun. Blt 0 ls alwaya hlgh. The Key Traoeltlon resPoDBeB for key-down
transltlone oB the tlyUoaid 8re shos! (tn hexadeclnal) lo Flgure 9'
Note that these reePonBe codee are dlfferent frou the key codee
returned by the keyboard drlver software. The keyboard drlver strlPe
off blt 7 of the resPonee and ehlfts the result one btt to the rlght,
reuovlng blt C. For exanple, responBe code $fg becones $19, and $28
becomee $15.
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Flgure 9. Key-Doru Traneltloue
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THE KEYBOARD A}ID KEIPAD 23

Kcyped Couuntcetlon Protocol

I{tren r nuoertc kcyped 1r uecd, lt lult bG tnecrtcd bctrcco thc tryboerd
aod the Dlaclatoehg that tl, thc tcypad ceblc pluga tnto the Jeck on the
front of the Hectntoeh, aad thc kcyboard cablc plugs tuto a Jack on the
nuoertc keyped. In thlg conflgurttlon, thc tlotngs and protoeol for
the clock aad data lloee work e ltttIe dtffcreatly: The keypad acts
llke a keyboard shen comunlcatlog wtth the Haclntoeh, and actB l1ke a
l.laclntoeh rhen comunlcatlng over the seParate clock end data 1lnee
golng to the Leyboard. All couande frou the Haclntoah are Eot
recelved by the keypad luetead of the keyboard, and oaly the keypad cen
coumuntcate dlrectly wlth the tcyboard.

When the Haclntoeh eeods out 8n Inqutry cornnrand r one of two thlngs oay
happen, dependlng oD the state of the keypad. If Do key tranetttone
have occurred on the keypad elnce the laet Inqulry, the keypad sends 8n
Inqulry co and to the teyboard aod, laterr retransotts the keyboardre
response bactc to the Haclntoeh. But lf a key transltlon has occurred
on the keypad, the Leypad reeponds to en Inqutry by eeodlng back the
Keypad respoDse ($79) to the Maclntoah. In that cese, the l{aclntoeh
lnnedlately sends an Inetant co"qand, and thle tlne the lceypad sends
back lts oru Key Transltlon E€spoDseo Aa wtth the keyboard, blt 7 hlgh
Eeans key-up and blt 7 low neane Ley-dowu

The Key Traasltloa reBPoDseB for tey-dorn traoeltlone on the keypad ere
ehowu tn Ftgure 9 above. Agatn, Dote that theae resPonae codea ere
dlfferent frou the key codes returned by the keyboard drlver eoftsare'
The keyboard drlver etrlps off btt 7 of the reePonee aod ehtfte the'
result ooe btt to the rtght, renovlag btt 0.

T}IE DISK IT{TERTACE

The Haclntogh dlsk loterface uaes a deetgn etullar to that used oo the
Apple II aod Apple III cooputere, euploylog the Apple cugtou If,U chlp.
Another cueton chlp called the Analog slgnal Geoeretor (AsG) readg the
dlak epeed h,rffer ln RAll and generates voltagee that cootrol the dlsk
speed. Togetber wtth the VIA, the IllU and the ASG generete all the
eigoale a"-."eary to read, rrttc, fornat, aad eJect the 3 l/2-lnch
dleks ueed by the ltactntoeh.

The Imt eoatrolg four of the dlsk atate-coatrol l1aee (called CL0, CAlt
CA2, and LSTB,B), ehooeee rhlch drlve (loteraaI or erteroal) to enable,
and proceeses the dlekre read-data aad r:lte-data e1gnals. The VIA
provldes another dlsk Btate-control ltne called SEL.

A buffer ln BAH (actually the lororder bytee of rorda tn the eouod
buffer) la read by tbe ASG to Seoerate a pulee*ldth nodulated stgnal
thatre ueed to control the speed of the dlek ootor. Ttre Haclntosh
Operatlog Syeten uaea thte epeed control to allos lt to store Dore
aectora of laforuatlon la thc tracts closer to the edge of the dtek by
ruanlng the dlak uotor at alorer apeede.

2l Lu 85 /nenowens/mtn.3
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24 Heclntoeh Barduare

Flgure l0 ahows the DB-19 ptnout for the external dlgk Jack et thc bect
of the Maclntosh.

\-/

1 G?qrtd
2 Gromd
3 Orotnd{ tuird
5 -12 volts
6 + 5 volts
7 + 12 volls
6 + 1? yolts
I (mt csrpcte0

10 llota speed control
Flgure 10.

cAo
cAl
cAz
LSTHB
l{rite rcqtrlt
SEL
Extcrnal Ciw cnable
necd thtc
\tfrile dclc

11
12
13
1{
15
16
17
1E
19

Plnout for D1et, Jack

(warntng)
Thta conoector waa deatgued for a Haclatoeh 3 l/2-lnch
dlek drl.ve, whlch repreeente a load of 5r0 dlltalpe etil2 volte, 500 ntlltanps at +5 volta, -aad 0 dll1eup8 at
-12 volts. If eny other device uaee thte conaector, 1t
nuet not exceed these loade by uore than 100 rilllaupe at
+12 volts, 200 urLlllanpe at +5 volra, and l0 utlltanpe at
=12 volter loclud1ng loada froo all other coanectora
conbloed.

Controlllns the Dlak State-Control Ltnea

The IfH contatns reglstere that cen be uaed by the aoftwarc to control
the Btate-cootrol llaea leadtag out to the dlek. By readtog or rrttlDg
certaln Eenory locatloua, you Gan tura these Btete-control llnee oE oroff. Other locatloas eet vartoua II|U lnteraal states. lhc locattoae
are gtven tn the followlug table eB offeeta froo the cooatant dBaee,
the baee addrees of the IHlf; thla baee addreee 1e alao avallable tn a
global varlable naned Illll. The IIIU la oo the lower byte of the data
bue, ao uee odd-addreesed byte rcceaacs on1y.

t
\./
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Locetloa to Locatlon tonH llnc turn ltne on tura l1nc off
Dlsk atate-control lloea:

CAO dBaae+phgH
CAI dBase+phlE
CAZ dBase+ph2ll
LSTRB dBase+ph3E

dBaee+ph0L
dBaee+phlL
dBase+ph2L
dBaee+ph3L

Dlak enable 1lne:
ENABLE dBagefiotoroo dBaee{rotorOf f

nU loternal Btatess
SELECT dBaae+extDrtve dBaee*tntDrlve
06 dBaee+q6H dBase+q6l
Q7 dBaee+q7B dBaee+q7L

To turn one of the llnea oo or off, do eny klnd of DeDory byte eccees
(read or nrlte) to the respectlve locatlon.
The CA0, CAI, and CAZ l1nee are ueed along wlth the SEL llne frou the
VIA to eelect froo enong the reglstera and data algnals 1n the dlak
drlve. The LSTRB ltne ts ueed when rrltlng control lnforuattoo to the
dlgk reglsters (ae descrlbed below), and the E}{ABLE ltue eaablee the
selected dlek drlve. SEI.Eqt ta eD lfl}l tnternal llne that choosee whlch
dtsk drive can be eoabled: Oa eelectg the external drlve, and off
eelects the loteraal drlve. The Q6 aod Q7 llnes are used to eet up the
lnternal state of the IUU for readlng dlsk regleter tnforuattoar tB
well aa for readlng or nrttlng actual htek-atorege data.

You can read tnforuatlon froo eeveral reglstere 1o the dlak drlve to
flnd out whether the d1aL,la locked, rhether a dlak 1g ln the drlve,
shether the bead le at track 0, how raoy heada the drlve hae, and
whether therera a drtve cooaected at all. Ia turn, you can r:lte to
BoDe of theee regletera to atep the heed, turn the Eotor oo or off, aod
eJect the dlek.

Reading fron the Dlsk Regletera

Before you ceo read fron any of the dtgk rcglstere, you oust set up the
Btate of the IIil ao that lt can pess rhe data through to the DtC68000ra
Demory Bpece rtrere yourll be able to read 1t. To do thatr lou GtBtflret turn off 07 by readlng or rllttng dBaee+q7t. Theo turo oa 06 by
accesslng dBaae+q68. After that, the IIill w111 be able to pe88 data
fron the dtsl,re RD/SENSE Ilae through to you.

Once your.ve set up the Im{ for dlek reglster eceeaer you nuet ne:t
eelect whlch regleter you rant to read. To read ooe of the dlekreglstere, flret eoable the drlve you want to use (by acceselog
dBaee+latDrlve or dBaee+extDrtve and thea dBaee{ootoron) and nake aure
LSTRB le Iow. Then eet CA0, CAl, CL2) and SEL to addreee the regleter
you want. Ouce thte la doner you caD read the dtek reglater data bltln the htgh-order blt of dBaeetqTl. After yourve read the datar you
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26 Haclntoah Barduere

Eay read another dtek regleter by agatn rettlng the proper valuea ln
CA0, CAl, CAz, and SEL, and then readtng dBaeerqTl.

(warnlog)
Wtren youtre flolahed readlng date frou the dlak
reglstere, ltte toportant to leave the Ifnt 1o a stete
that the Dlsk Drlver w111 recognlze. To be aure ltra ln
a valtd loglc 8tate, alraye turn 06 back off (by
acceestng dBaee+q6l) after yourve flntshed readlag the
dlek regletere.

The followlng table ehorre how you uuet set the dlaL state-control l1nea
to read froo the varloue dtsk regtetere and data etgnala:

state-coatrol llnee Regteter
addreased Inforuatlon 1a reglEter

Eead Btep dlrectloa
Dlek tn place
Dlsk head etepplng
Dlsk locked
Dlek uotor runnlog
Bead at track 0
Tachoueter
Read data, lower head
Read data, upper head
Slngle- or double-elded drlve
Drlve laetaIled

cAz C,Al CAo SELTTTT0001001000ll0r000r0l0lll1000t00t1100
llll

DIRTI{
CSTIN
STEP
TTRTPR.T
l,toToRoN
m0
rACII
RDDATA,
RDDATAT
SIDES
IIRVIN

\-,

r
\.7

Wrlttos to tbe Dlsk Reglsters

To wrtte to r dlek regleter, ftret be Bure that LSIBB 1a off, then turn
on CA, aad CAl. Next, aet SEL to 0. Sct CA/ and CAI to rhe proper
values frol the table belor, then eet CA2 to the value you waot towrtte to the dlek regteter. EoId LSTRB hlgh for at least one uaec but
not Dore than one Dsec (unleee youfre eJecttng a dtgk) and brlag tt louagatn. Be Bure that you doott change CA0-C0,2 or SEL whtle LSTRB ie
hlgh, and that CLO and CAI are set hlgh before chaaglog SEL.

the followlag table ehowe hor you nuat set the dlak etate-control ll.neeto srlte to th varloue dlek reglatera:
Cootrol llnea Reglgter

addresaed Regletcr functlonCAl C.A, SBLTTT010t00
ll0

DIRNT
STEP
toToRoN
BIEgT

Set atepplng dtrectlon
Step dtak besd oBe traclc
Turn ou,l off, dlst rotor
EJect the dleL

2l trl 85 /nanornng/mwR.3
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Explanatlone ot the Dlak Reslatere

The lnforuatlon wrltten to or read fron the varloua dlek regleters cen
be tnterpreted aB folloss3

- The DIRTN slgnal sets the dlrectlon of subeequeot head stepplug:
g ceuses EtePs to go toward the lnetde track (track 79), I causee
thern to go toward the outElde track (track 0).

CSTIN le 0 only when a dlek la ln the drtve.

Setttog STEP to 0 etepe the head one fu1l track 1o the dlrectlon
laet set by DIRTN. When the steP ls couplete (about 12 osec), the
dlek drive sets STEP back to I r aod then you can EteP agaln'

- IIRTPRT ls 0 shenever the dlak ls locked. Do not rrlte to a dtek
unleea HRTPRT 1e l.

- UOTORON controle the Etate of the dtsk ootor t 0 turns on the
motor, and I turne lt off. The Dotor w111 run only tf the drlve
ls enabled and a dlek ts 1o plaee; othemlse, srltlng to thls ltne
w111 have Do effect.

- I't(O goes to 0 only lf the head ls at track 0' Thls le valld
beglnnlng 12 nsec after the sEeP tbat PutB 1t at track 0'

- I{rltlng I to EJECT eJ ecte the dlek f rm the drlve' To eJ ect a
dlsk, you must hold LSTRB hlgh for at leaet Llz second'

- The current dlek speed ta avallable as a pulae traln on TACII' The
TACE llne produces 60 pulees for each rotatloo of the drtve ootor'
The dtak totot sPeed tg controlled by the ASG a8 lt reade the dlek
epeed RAil buffer.

- RDDAIAO and RDDATAI carry the tnstaotaneous data frou the dtek
head.

SIDES le alvays 0 on slagle-alded drtves aad 1 on double-elded
drl.vee.

- DRVIN 1g alwaye 0 lf the eelected dlek drlve ts phyelcally
conoected to the llactotosh, otherlae lt f loate to l '

TEE REAL-TI}TE

The l{actntoeh real-ttne clock le a custou chlp rtroee lnterface llaee
are evallable through the VIA. The clock contalne e four-byte counter
thatre lncreented once each eecood, as re1l a8 a Ilne that cao b€ uged
by the VIA to geoerete ao lnt
20 bytee of RAlt that 8re Powe
turned off . These RAI{ bYtee,

errupt once each secood. It algo containa
red by e battery rrtreo the ilaclntoeh le

.84[, contalo loPortant
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28 Haclntoeh Hardyare

data that neede to be preeerved even yhen the syateo pouer le not
avallable. The Operatlng Syeten ualntalns a copy of paraneter RAH that
you can accees 1o lou uemory. To flnd out how to uee the values 1n
peraueter RAH, Bee the Operattng Systeo Uttlltlee chapter.

Accesalng The Clock Chlp

'\_

\-/

The cloek te accessed through the followlng blta of VIA data regleter B
(vBaeefirBufB):

rTCData
rTCClk
rTCEnb

.EQU

.EQU
E0u

0
I
2

;real-ttne clock eerlal data llne
;reaI-tlue clock data-clock l1ne
; real-tlne clock eertal enable

These three blts constltute a etuple eertal loterface. The rT6Data bltts a bldlrectlonal eerlal data llne used to eend coumand and data bytes
back and forth. The rTCClk blt ls e data-clock llne, always drlven bythe processor (you 8et lt htgh or low youreelf) that regulatee the
transmlsston of the data and comrnand btts. The rTCEnb btt 1s thesertal enable llne, whtch elgnale the real-tloe clock that the
processor ls about to eend lt eerlal comande and data.

To access the clock chlpr you uust ftret enable lta eerlal functlon.
To do thls, Bet the eerlal enable l1ne (rTCEnb) to A. Keep the sertal
enable llne low durlog the eatlre transactton; lf you 8et lt to l,your11 abort the traasfer.
(warnlng)

Be sure you donrt alter auy of blts y7 of VIA data
reglster B durlog clock eertal eccess.

A sonrnrsnd can be elther a rrlte requeet or a read requeet. After theelght blts of a wrlte request, the clock r11l expect the nert etghtblte acro8e tbe serlal data ltne to be your data for Btorage lnto oneof the lnteraal regletere of the cloct,. After reeelvlng the elght bltsof a read regueet, the clock w111 respond by puttlng elght blte of itedata on the eerlal data llne. Comands aad data are traneferredeerlally ln etght-blt groups over the serlal data llae, wtth the hlgh-
order btt f lrst and the lororder b1t 1aet.

To eend a eonand to the clock, ftrst get tbe rTCData blt of VIA datadtrectlon reglater B (vBagefirDtrB) ao that the real-tlne clockfe eerlal
data l1ne s111 be used for output to the cloc},. Next, eet the rTCClkbtt of vBase{vBufB to 0, then eet the rTCData blt to tbe value of theflrst (htgh-order) blt of your data byte. Ttren ratee (eet to l) rhe
data-cloct, blt (rTCClk). Then lorer the data-clock, eet the eerlal
data llne to the next blt, and ralee the data-cloct.lloe agaln. After
the. laet blt of your couaod has beeu gent la thls walr you ceo elther
continue by sendlog your data byte ln the Bare way (ff your connnand srs"
a rrlte request) or gwttch to recelvlog I data byte frm the clock (ff
your corrnand rag e read reguest).

f
\,
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TTIE REAL-TI}IE CI'CK 29

To rccctvc e bytc of dete f rou thc clock, you lutt f trrt rcad I sqmrsnt
thetrr . rced rGquest. After yourvc clocked out the lagt btt of thc
couand , elcer thc rTCDete blt of the date dlrcct lon rcglater .o that
the reel-tlrc clocltr rcrtal data ltnc cen bG uecd for tnput froo thc
cloclc; then lorcr the dete-cloct, btt (rTCClk) end rerd the flrrt (htgh-
order) blt of the clockrr dete byte oo thc aertel data ltnc. Thca
ralae the date-cloelrr loscr tt agela, and read the oext blt of data.
Contlnue thlc untll ell ctght bltg are read, then relae the acrlel
eoable ltoc (rTCEab) r dtaabllog the data traoefer.

The followlng table ltgta the corrrandB you can eend to the cloek' A I
ln the htgh-order blt naLea your coonaod a read regueot 3 a 0 to the
hlgh-ordei blt oakes your co'-and a wrltc requeat. (In thts table,- tt""
te the blt that deterutnee read or wrltc stetus, and btte uarked ttatr

are blte uhoee valuee depend on vhat Paraoeter RAH byte you saot to
address. )

Comaad byte Re ster addreeaed the comand
Seconde regteter lowegt-order byte )
Seconda regleter I
Seconds regleter 2
Seconda regleter 3 (htgheet-order byte)
Teat regleter (wrtte onIY)
tlrlte-protect regleter (wrtte only)
P.AH addreea l00aa ( $ lr-S 13)
RAM addresa 0eaaa ($00-$0F)

-ffi0001
z00A0LOL
200)1001
z000LLOL
00tt000r
00rr0rol
z0l0aa0L
zlaaaa0l

Note that the laet two btte of a coumaod byte uuet always be 0l '
If the hlgh-order btt (bft 7) of the rrlte-Protect reglster ts eet,
thts prevents mlttng lnto eay other regleter on the clock chlp
(lnctuatng paraueter RAU). Clearlng the blt alloss you to chaage any
valuca ln aoy reglaters on the chlp. Doort try to read fron thte
reglster; tttg a w:lte-only regleter.

The tuo hlgheet-order bttg (blte 7 and 6) of the test reglster are ueed
aa devlce cootrol bltg durlng testlag, aad should alwaye be set to 0
durlng nomal operatloo. Seittug theu to anythlng else w111 lnterfere
ntth noroal ctotl connttng. Llke the wrlte-Protect regteter, thls ts a
wrlte-only rcgteterS donrt try to read froo tt'
A11 clock dsta luet be seot a8 full elght-blt bytee, cvea lf only one
or two btta erc of tnterest. Ttre rest of the blta oay oot natter, but
you nret aend theo to the clocL or the rrltc 1111 be eborted wheo you
ralge the gerlal enable ltne.
Itts luportat to use the ProPer sequeoce lf yourre vrltlog to the
clockrs secmds regtetere. If you rrtte to a glven eeconde reglatcrt
therere a cheace that the clock uay lncrenent the data 1o the oext
hlgher-order reglater durlng the wrlte, cauelng uapredtctable reeulta'
To avold thlg poastblltty, alraya wrlte to the reglstera tn lorto-htgh
order. Slril"ify, the clock data aay tncrelent durlog a read of all
four tloe bytesr- rhlch could c8u3e tovaltd data to be read' To a'otd
thte, alwayl read the tloe tvlce (or uat1l you get the 88Ee value
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twlce).
(warnlng)

I{treo yourve flotehed readlng froo the clock regtetere,
alwaye ead by dolng e flnal wrtte auch aa eetttng the
wrlte-protect blt. Pallure to do thle lay leave the
clock to e Btate that w111 run dora the battery Eore
qulckly than neceBBary.

The One-Second Interrupt
The clock alao geoeretes a VIA lnterrupt once cach gecoad (ff thle
lnterrupt le enabled). The enable status for thla tuterrupt caa be
read froo or rrltten to blt 0 of the VIAtg taterrupt enable regleter
(vBasehIER) . Ilhea readlng the eoable regleter, e I blt tndlcateg the
lnterrupt ls enabled, and 0 meane ltte dleabled. Ifrltlng $01 to the
enable regleter dleables the clocLf e oae-eecond laterrupt (wlthout
affectlng eny other tnterrupte), whlle writlng 98t enablee lt agatn.
See the Devlce Hanager ehapter for nore tafornattoo about wrttlng your
ouu lnterrupt handlers.

(warnlng)
Be Bure when you rrtte to blt 0 of the VIAre lnterrupt
enable regleter that you donrt change aay of the other
btte.

\,/

J

v
IIIE VIA

The Syoertek SY5522 Veraatlle Iaterface Adapter (VIA) controls the
keyboard, loternal r dlat,, gouod, and.ouae
laterfaces, and vartoue tnternal llaclntoah atgnale. Itg baee eddress
le avallable aa the conetant vBaee and la aleo etored 1n a global
varlable aamd VIA. The VIA, la oD the upper byte of the data b,rs, ao
u6e even-addreeged byte eccessee oaly.
There ere tro parallel data regleters wlthln the VIA, called A and B,
each wlth a data dlrectlon reglster. There are aleo aeveral event
tloers, a clocked ahlft regleter, aud an laterrupt flag regleter rlth
an loterrupt enable reglater.
Norually you rcutt have to touch the dlrecttoa regtatera, elocc tbe
Operat{ng Syeten Bets theu up for you at systen Btartup. A t btt ln a
data dlrectloa regtster Deen8 the correapondlng blt of the reepcctlve
data regleter rl11 be uaed for output, ntllc e 0 tft reens lt rl11 be
used for lnput.
(note)

For rcre toforratloa oo the reSlsters aad eontrol
Btructurc of the VIA, conault tbe tcchntcel
epeclftcatlons for the SY6522 chlp.
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VIA Rcgtater A

VIA date regteter A le at vBaae*trBufA. Thc correopondtog date
dlrectlon regtater ls at vBase+vDlrA.

nrt(e) Nauc Dcecrlptlon
7
6
5
4
3

bz

vSCO{Req
vPage2
vHeadSel
vOverlay
vSndPg2
vSound (naek)

SCC ratt/requeat
Alteroste Bcreen buffer
Dlsk SEL ltne
ROU lomemory overley
Alteroate eound buffer
Sound volure

The vSCCIlReq blt cau elgual that the SCC hae recelved e character (ueed
to malntaln eerlal s6rnrnsslcatloog durtng dlsk sccegaea r when the CPU I e
tnterrupts fron the SCC ere dtaabled). The vPage2 blt controle whlch
Bcreen buffer ls betng dtsplayed, and the vEeadSel btt le the SEL
control llne used by the dlsk tnterface. The vOverlay blt (ueed ooly
durtng systen BtartuP) ean be used to place another hage of R0{ at the
bottou of trenory, where RAI'I uaualty te (nA}t Dovee to $600000>' Ttre
sound buffer te aelected by the vSndPSZ blt. Flually, the vSouod bltg
control the eound voluoe.

VIA Regleter B

VIA data reglet,er B ts at vBaee*rrBuf B. The correePoodtng data
dtrectlon regtster te at vBaee+vDtrB.

BlrT
6
5
4
3
2
I
o

Naoe
ffiiisnu
vE4
vY2
vX2
vSIl
rTCEnb
rTCClk
rTCData

Degcrlptlou
Sound euable/dleable
Eorlzontal blaoklog
l{ouse Y2
llouee 12
llouse grltch
Real-tlre clock eertal eaable
Real-the clock data-clock llne
Real-tlre cloclc eerial data

The vSudEnb btt turae the eound geoeretor oo or off, and the vB4 blt tg
eet when the vldeo beao le 1o lte horlzootal blanklng perlod' Ttre vY2
and vX2 blta read the quadrature elgnale frou the Y (vert1cal) aod X
(horlzontal) dlrectloasr respectlvely, of the rouserr rotlon llaee'
The vSIf blt reade the Douse luttch. The rTCBnb, rTCClk', and rTCData
btts control and read the real-tlre clock.
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The VIA Pertpheral Control Reglater

The VIA| s perlpheral control reglater, at vBaae*rrPCR, allors you to eet
Booe very lor1evel paraoetere (such aa poeltlve-edge or oegatlve-edge
trtggerlog) deallng rtth the keyboard data and clock lnteruPtsr the one-
second real-tlne clock lnterrupt ltne, and the vertlcal blanklag
lnterrupt.

\-/

Blt(a)T
4

l-3
0

Deecrl.ptlon
Keyboard data tnterruPt contro1
Keyboard clock lnterrupt control
One-aecond lnterrupt coatrol
Vertlcal blaaklag lnterrupt control

The VIA Tlners

The tlners cootrolled by the VIA are called tloer I and tlner 2. Tfiaer
I ts used to ttme varlous evente havtng to do rlth the Haclntosh gouad
generetor. Ttner 2 ls ueed by the Dlek Drlver to tltre dlak I/O eventE.
If elther ttoer lsntt belog ueed by the Operatlog Systeu, youtre free
to use 1E for your oyo purposes. I{treu a ttuer counte dosu to lr, ao
lnterrupt wtll be genereted lf the proper tnterrupt enable hag been
Bet. See the Devlce llanager chapter for lnforuatlon about wrltlog your
own tnterrupt handlers.

To stert one of the tlmere, atore the epproprlate valuea 1o the hlgh-
and low-order bytee of the ttuer counter (or the tlner I latchea, for
ouItlpIe uge of the value). The counterg and latchee ere at the
followlng locattong:

Locatlou

r
\r/

vBaae{ryT lC
vBaee{ryTlCH
vBaaefff lL
vBaee{ryTlLH

vBaee{ryT2C
vBaee{TT2CE

Coatente:[ISEiTcouDter (lororder byte)
Tlaer I counter (hfgh-order byte)
Ttrer I latch (leorder byte)
Ttrer I latch (hlgtr-order byte)

Ttrer 2 counter (lororder byte)
Ther 2 counter (htgh-order byte)

(note)
Wtren Bettr.og a ttrer, 1t I g not enough to alnply atore a
full rord to the hlgb-order addreea, becauee the hlgb
and lotrorder bytee of the couaters arc aot adJ aceat .
You nrst expltcltly do tn storea, one for the htgh-order
byte and one for the lororder byte.

\./
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6
5
4
3
2
I
0

rHE VIA 33

vIA IBterrupt8

The VIA (through tte IRQ ltne) cen cauBe a level-0 Processor lnterrupt
whenever ooe of the followtng occure: Tloer I or tluer 2 ttaes out;
the keyboard le clocklag a blt 1n through tta serial port; the ehlft
regleter for the keyboard aertal tnterface hae finlehed ehlftlng ln or
out; the vertlcal blanklng tnterval ls begtnatog; or the one-eecond
clock hae tlcL,ed. For Dore tnforuatlon on hos to u8e theee tnterruPtor
Bee the Devtce llanager chapter.

The lnterrupt flag regleter at vBaee+1rIFR contalne flag blta that are
eet whenever the lnterrupt correePondlng to that blt hae occurred. The
0peratlng Systeo uees theee flage to deterolne whlch devlce hae caueed
an tnterrupt. Btt 7 of the lnterrupt flag regleter le oot really a
flag: It re alns set (and the IRO ltne to the Proceesor ls held low)
aB long as any enabled VIA lnterrupt le occurrlng.

Inter tln devlce
IRQ all ene d VIA lnterrupts )
Tloer I
Tlner 2
Keyboard clock
Keyboard data blt
Keyboard data ready
Vertlcal blanktng lnterruPt
One-eecond interruPt

The lnterruPt enable regteter, at vBaae*rrlER, lete you enable or
dlsable any of these loterrupte. If !D tnterruPt te dleabled, tte blt
ln the toterrupt flag regleter w111 contlnue to be 8et rhenever that
lnterrupt occurs, but lt wonrt affect the IRQ flagr nor 1111 lt
lnterrupt the Processor.

The btts tn the laterrupt enable register are arranged Juet llke thoee
ln the LnterruPt flag reglster, e*cept for blt 7. lftren you mlte to
the tnterrupt enable register, btt 7 ts "eoable/dlsablet': If blt 7 te
a 1, each I ln blts 0-6-enablee the correePgndlng loterrupt;lf blt 7

ls a g, each I 1o btts 0-6 afsables that tnterrupt. In elther c88et
0'e ln blte bO do not change the etatus of those lnterrupts. Blt 7 ts
always read as e l.

Other VIA Regleters

The shtft reglster, at vBaee*rrSR, contalne the elght blte of data that
have been ehtfted 1n or that stll be ehtfted out over the keyboard data
llne.
The auxlllary coutrol regLeter, at vBaee*rrACRr le deecrlbed ln the
SY6522 doeuueotattoo. It controle varloue PersDeters havlng to do vlth
the tlmers and the ehlft regLster.
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34 Uaclntosh llardusre

SYSTE}T STARTUP

Htren porrer ta flret eupplled to the l{aclntosh, a carefully orcheetrated
Bequence of eveots takee place.

Flrst, the proceoaor le held tn a ralt stete nhlle a gerles of clrculta
gete the eyeteo ready for operatlon. The VIA end Im'f are lnttlaltzed,
and the uapplng of ROU and RAU are altered teoporarlly by setttng the
overlay btt ln VIA data regleter A. Thla placee the ROll etarttng at
the normal R(}t locatloa $400000, aad a dupllcate loage of the sane Ro}I
startlng at addrese 0 (where Ml{ nomally 1e), rhlle RAt{ te placed
Btartlng et $6000fi. Uader thle oapplag, the llactntoeh eoftware
executes out of the noroal ROI.{ locatlone above $400000, but the l{C58000
can obtaln BoLe crltlcal lomeoory vectore frou the ROU lnage tt flods
aE addrees 0.

Next, a Deuory test and several other eysten teste take place. After
the systen le fully tested and lnltlaltzed, the eoftware clears the
VIArs overlay blt, napplng the syateu RAU back rhere lt belonget
Bterttng at address 0. Then the dlsk Btertup procesB beglns.

Ftret the lnternal dlek 1s checked: If therera a.dlek lneerted, the
Bystem atterupts to read lt. If Bo dlek ls ln the lnterual drlve and
there I s 8n external drlve wlth an lneerted d1ek, the system w111 try to
read that oo€o Otherwlse, the questloo-oarL dlak lcoa 1e dteplayed
untll a dtsk 1s lnserted. If the dtek stertup falls for sone reaaon,
the "8ad t{aclotoshrr icon ls dteplayed and the l{actntosh goes tnto eD
endless loop untll ttrs turoed off agaln.

Once e readable dtek has been lneerted, the flret two eectors
(contalning tbe systen startup bloclce) are read 1n and the norual dlsk
load beglns.

\-,

)
\-/
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SU}TMARY 35

st ulrARY

(warntng)
Thla lnfornatloo appltes only to the Haclntoeh t28I( and
512K, Dot to the Haclntoeh XL.

Constante

; VIA base addresees

; Offsets froo vBaee

vBaee
aVBufB
aVBufA
aVBufM
aVIFR
aVIER

.EOU

.EQU

.BQU

.EQU

.EQU

.EQU

.EQU

.EQU

.EQU

.EOU

.EQU

.EQU

.EQU

.EQU

.EQU

.EOU

.BOU

.EQU

.EQU

.EQU

.EQU

$EFE IFE
vBase
$EFFT.FE
aVBufB
$EFFBFB
$EFFDFE

5r2*0
512r,2
512*3
5L2*4
512*5
512*6
5t2r,7
512*8
512*9
512* l,
512* I I
512* l2
512* l3
51 2* 14
512* t5

; VIA reglster A constante

;uala baee for VIA chlp (tn varlable VIA)
;regteter B baee
;reglster A baee
;regleter contatntng uouee elgnals
;tnterruPt f1a8 reglster
; laterrupt enable regl8ter

;reglster B (zero offaet)
;regleter B dtrectlon regleter
;reglster A dlrectlon regleter
; tluer I couoter (lororder byte)
;ttuer I counter (hlgh-order byte)
; tlner I latch (lororder byte)
;ttuer I latch (htgh-order byte)
; tloer 2 counter (lororder byte)
; t lner 2 counter (hfgtr-order byte)
;ehtft regleter (keyboard)
;auxl1lary control regleter
;perlpheral control reglster
3 toterrupt flag regtster
; loterrupt eoable regleter
;regleter A

;dlrectloo regtster A: I blte - outpute
;lntttal value for vBufA (uedlun volume)
;eouad voluoe blte

'r0 - alteroate eound buffer
;l - ROll werlay (syeten startup only)
;dtek SEL cootrol llne
30 - alteroate screeD buffer
;SCC walt/request I1ne

vBufB
vDtrB
vOtrl
vTIC
vTICH
vT lL
vT lLH
vT2C
vT2CH
vSR
vACR
vPCR
vIFR
vIER
vBufA

; VIA regleter A b1t numbers

vAOut
vAlnlt
vSound

vSudPg2
v0verlay
vHeadSel
vPage2
vSCCI{Req

.EQU $7F.BOU $78.BOU 7

.EOU

.EOU

.EQU

.EOU

.EQU

3
4
5
6
7
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36 Maclntoeh Hardsare

; VIA regleter B coostante \-r
vBOut
vBInlt

rTCData
rTCClk
rTCEnb
vSW
vX2
vY2
vH4
vSndEnb

sccRBase
sccl{Base

aData
aCtl
bData
bctl

.EQU $87

.EQU $,7

VIA regleter B b1t nunbers

;dtrectlon regleter B: I blte ' outPuts
;lnltlal value for vBufB

;real-tlue elock serlal data ltne
;real-tloe clock data-clock ltne
;real-ttoe cloch gerlal enable
i0 - Eouge buttou te dosn
;nouee X quadrature 1evel
;uouae Y guadrature level
;l - hortzontal blanklug
i0 r gound eaabled, I - dlsabled

; channel A data 1n or out
; channel A control
; channel B data lu or out
; channel B cootrol

; t - SCC recelve buffer full
; I r SCC eend buffer enpty

;cA0 off (r)
iCAO oa (l)
; CAt of f (r)
;Coll oa (l)
;CA2 off (r)
;CA2 oa (1)
;LSTRB off (low)
;LSTRB oa (hlgh)
;d1ek eaable off
gdlek eaable oo
; eelect lnteroal drive
;celcct erterael drlve
i06 off
;06 oB
;07 off

.EOU

.EQU

.EQU

.EQU

.EQU

.EQU

.BQU

.EQU

.EQU

.EQU

.EQU

.EQU

0
I
2
3
4
5
6
7

SCC base addreseee

.EQU

.EQU

Offsets fron SCC base addreeee'B

$9FFFF8 ;SCC base read addrees (fn varlable SCCRd)
$BFrFrg ;SCC baee srlte addrees (ln vartable SCG\{r)

6
2
4
0

0
2

]

; Blt numbers for control regleter RRO

\-/

rxBF
txBE

.BQU

.EQU

IIll{ base addrees

dBaee

Offsets fron dBaee

.EQU $DfE lFf ; IfrU baee address ( la varlable n lf)

ph0L
ph0E
phlL
phlE
ph2L
ph2II
ph3L
pf,3n
ut rof f
utr0n
lntDrtve
ertDrlve
q6L
q6E
q7L

.EOU

.BQU

.EOU

.BQU

.EQU

.BOU

.EQU

.EOU

.EQU

.EQU

.EQU

.BQU

.EOU

.Eou

.BQU

5L2*0
512* I
5L2*2
512*3
512* 4
51 2*5
512*5
5L2*7
512*8
512*9
5L2*t0
5t2* I I
5L2*L2
512* I 3
51 2* 14
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SI'M}IARY 37

q7H

sCreenl,ow
soundl,ow
pwnBuffer
ovlyRAl,l
ovlyScreen
romStart

$7 
^790STFDO'

$7rD0l
$600000
$67 L700
s400000

.EQU 512*15 ;e7 oD

; Screen and eound addresses for 512K Maclntosh (w111 aleo work for
; 128K, elnce addresees map)

.EQU

.BQU

.EOU

.EQU

.EQU

.EQU

;top left corner of oalo Bcreen
;oatn eound buffer (to varlable
;ua1n dlek epeed buffer
;RAM start address when overlay
;Bcreen etart wlth overlay aet
;ROll Btert addrees (ln varlable

buffer
SoundBaee)

ts set

ROHBase )

Variables

ROUBase
SoundBase
sccRd
SC6'tlr
ITD{
VIA

Exceptlon Vectors

Baee address of ROU
Address of ualn gound buffer
SCC read base addrees
SCC rrrlte base address
II,IM baee addrese
VIA base address

Locat lon
$00
$0t+
$08
$0c
$10
$ttr
$18
$tc
$24
$24
$28
$2c
$30-$38
$3c
$40-$5F
s60
$64
$ea
$6c
$70
$7tr
$78
$7c
$80-$rr
sc0-$rF

Purpose
Reeet: tntttal etack polnter (not a vector)
Reset: lolttal vector
Bue error
Address error
Illegal tostructlon
Dtvlde by zero
CHK laetructtoa
TRAPV loetructlon
Prlvllege vlolatton
Trace tDterrupt
Llne L0l0 eoulator
Llne 1111 emulator
Unaeslgned (reeerved)
Unlnlttallzed laterrupt
Unasslgned (reeerved)
Spurtous loterrupt
VIA inter-rupt
SCC lnterrupt
VIA+SCC vector (teuporary)
Interrupt ewltch
Iaterrupt ewltch + VIA
Ioterrupt swttcb + SCC
Interrupt swltch + VIA + SCC
TRAP lnstructlone
Uaaeslgned (resened)
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