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lheCtJ~t ' 
, , 

The Lls~ haS evolvedto be a falrly COfllllexCitd expensive system to build. OUr initial 
idea of 'Ntlat the hardWc31e would be has grown sl~lflcantly dUe to software 
requlrements.and f1aS grealtly increased the cost of.the.Lisa system to ~le ana the 
customer.' " 
The LIsa system has iune:rous tlOarC2s in it. The bOardS/SUbSyStems 1rolUC1eO 1n 
tne Llsa assencly are : ~ 

o 1-QlU 
. 0 1- 11.0 .. 

. 0 2 - 1/2 tEl t1eIoory cards 
o l~' Power Sl4lPly 
o 1- Video . .' 
o 2 - floppy D1Sk Dr1ves . 
o 1 - Profile Hard 1~1Sk aSS8ftt)ly 

.. 
The goal of the, IIIhopper 1~» to repackage the aboVe tlard~e 1n the exi sting Lisa 
package 1n sucn a way that the packag~no CleSigl 1s m1n~m1zea .n1le the sate 
functionality 1s prov1dEtd to·tne user for lower cost. In specific, tt:e care 
cage, power supply, v1t1EKt board, CI1dtne DiSk assetlOl1es .aula De cnangea 
while Rt.tCh of the package and the keyobard wouldrema1n the sane. The Lisa card . 
cage contains four plug-tn caras; tne wnopper logic will De conta1nea on two 

,.cards. In addition a hard diSk cantle 1nstall891n place of cne of the floppy 
dr1ves, tnus eliminating toe cost Of one floppy and tneProf11e packag1ng <nl 
power supply.' . 

The final Whopper System ~ld trus have the following conf1gurat1oo: 

o'lCHiZ 68010 prt':a~ssor ,<. 

0' Mt1U w1 ttl 512 byte pages crtd 4, t'8 teal address space 
o 720 x 544 videO (w1 ttl 720 x 364 RJlde) , 
o 1281< Ra1 (max1f1U1'J) 
o 896K RAM (max1nunl withOUt expans10n card) 
o Bu1lt-in SOny Floppy DiSk drive ' 
o Bull t-in Widget Hard DiSk dr1ve 
o 2 Bu1l t -in serial ports 
o Keyboard/f1OJS8 1"terface .,1 th TOO clOCk 

To emance the COItfJ8t1b111ty bet.een ~r f.nj Mac, a"square dOts" videO 
rooae1s prov1ded, the SOny Floppy Disk'dr1ve 1s used and a "Mac-like SCUl(j" 

generator 1s provided. ca,s1derable software effort w1ll still be required to 
make Hac applications 1\1"\ (lI'l the M1tRlef. 

In addition to tne electrical des1!J1 the M1tRler ,,111 requ1re mechanical 
Clesl~ to prev1ae new sneet Etal for IIO.I1ting the d1sk drives ana a1 fferent 
card cage ~ts. A new power cable namess w111 also haVe to be desit7l8d. 
COst rec:lJCtion 1s a'l1~!1:ant part Of tile WlOpperproJect ana these parts w111 
be redeSigned in the nest Ctlst ~ffect1ve IIS'V'lef poss1ble. 
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D1ffeI'8ceslntte~ , 
" , 

A s1gn1,f1cant space rectuctlon 1n the '~r' C(JES from theflCtRly diSk 
cootroller, which 1n the lisa I1s abOUt. 30 IC' s anct ~ies abOUt 1/2 the lID 
board. This 1s r~ to the s1ngle XWi Chipancfseveral 1/0 b1ts 1n 1.75. 

, This w1l1 require the 68ClI0 to control the data transfers to and from the diSk 
directly rattler t.hal relying on tne 6S04 as 1s Cla1e in tne Lisa. careful ttri ver 
design ,will be required to preveot'1nterferetlCe between tne floppy d1Sk~ 
AppleDuS and other serial. cORIIUllcat1on. To ease th1s Cles1gl effort a general 
purpose t1mer cn1p w111 IrJe inclUded in tI'le Whqlper. Tn1s cn1p will proviae 
three, 16 bit t1ners l.Ilder SOftware, cont:ro," 1.' TtIe, sa t1nars "11, 1 nake 1 t poSSible 
to seqJenCe t1le diSk tle8cr stepper rotors l.Ilder 1nter~t control 'rather therl 
using wa1 t loops. In aoKj1 tion, the timers wl11 make 1 t possible to read a 
sector~ determine tne distEl"Ce to tne des1redsector, and set the tiner to 
1nterrt4lt just before that sector pas~s, avoiding tne need for ttle driver to 
vai t t.I'1t 11 the desired Sector passes. " ' , ' . ~ 

A DUll t ln nara d1Sk w1ll De provlaea lntne wnopper. In oraer to ftSke roon for 
the hard disk mechanism ttle upper floppy diSk drive w1l1 be elim1nated~ saving 
tne cost Of tne secona floppy. , ... " :., .. 
Since the hard diSk. is buil t':in and alf printers w111 be serial, tnere is no 
longer il need for a bUilt··in parallel pqrt. Reaov1ng this frees L4l DOth board 
space and IIO pins thJs .. (ltYJ tI'le two bOard ~r pl~s1ble. 

parameter naoory has been eliminated. ,11th a l',IUilt-1n tma diSk this 1s no 
lorYJef necessary. seven El1 ts Of parane~r IIBIllty w111 be provloea in tne CtPS 
Chip to store ttle default bOOt deVice (tnis w111'be stof8(J as 7 data bits ~ a 
parity bit). eattery baCkl..4l Of tne t~me a1d par.,ter neoory w111 also De 
elim1nated, sav1ng board space and cost. Tne +5 stcr"d,)y ~ly will De 
retalnea: so tne C10Cl< w111 only nave to ~ reset .-.en tnete 1s a ~ler failure 
or'tne system 1s \.fl)luggecl. .-

Total RAM 1s deCreased from It13 to !896KB, tnis'1s <1Ae to board space 
limitat1ons. Also, main system.RAM can be installed in 1ncrerl81ts of 128K 
bytes, trus making, system mefOOry sizs$ Of'~ 384K, 5121(, 64(1( end 7681< 

, possible. Programs tnat '«:ark on the Li~ may not .ark on Ule Whopper twlwever 
the intentioo 1s that the applications end h1gh;,level parts Of tne OS shoUld 
\«.)1"1< on bOth systems; dr1\1ers will nave to Change bUt may sense the ~rating 
env1rorvnent, end adjust the~1r actions accordingly,. 

The 68010 nas been chosen beCaUse it supports instruction restart crvJ fast 
rove loops. 

A 10 t1-tz CPU clOCk has been selected beCaUse IM1Z parts are row available, 
1 t • s faster, and 1ttttz 1s 1.13 the 3tHIZ clpok used 1n the videO c1rcu1 t. 

1lle tI1J in trle wtKlpper w1ll, ao bOtn the ~locat1on, and CheCk 1n parallel rattler 
ttla1 serially, as 1s aone jln Lisa. In adq1t1on, separate videO memry w111 be 
provlaea so tnat accesses to na1n nI!I1I)fY wl11not nave to wa1t for v1aeo 
accesses. The result of these tw Change$1stl'lat the menDry cycle time w111 go 
fran 800 ns per access to 500 ns 1n the wt'\Opper. NOte tnat ttlis is Slower tllan 
t",1ce as fast as L1sa; even w1 th the ~l of the videO access one wait state 
1 s lntroclJCeCJ to perform ttle neroory managenent f\J1Ct1on • 

... 
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'In addition to ,main, memJry, ROHaccesses and 1/0" acCesses will not be 
Synchronized ~ videO.' By dOing this,' 8'ld by us1ngfaster RCI1s, the RQ1 cycle 
tine can be deCreased from 80tl'1sto SO~s. ,ayus1ng 1rrproveCl 1/0 interfaces 
IlO accesses can be ~ from 160()1s to as 11 ttle as 4OO1s. 

The DU11t-1n IfH3"rlard d',lS1< provides q)re storage~.1tn faster access t1IEs at 
lower cost ~ to tire Prof1le nard diSk. Ttle Wt'W:lpper w1ll make use Of tne 

, tS) oesl~ controller tIlat w11l $l4)pOrt 2: 1 1nterleave. COOperation 
bet~ POSD and t1SO w1:l1 be required to acnl$ve 2:11nterleave; if a (lata 

. t~sfer rate n1(1ler tnan Ire/sec 1s required tne result w1l1 De 3: 1 
interleave. Th1s deCi:s1on was made to reQJce the r1Sk associated w1 ttl 
aes1gn1ng a10trler a1Sk qcX1troller. 

~ . 
Hore ROt1 has been acJded to prov1de space for COOIfO'lly used COde CIlCI I/O devlce 
drivers. 

Block DiagrEIIS 

Attached to this descr1pt~1on are two blOCk diagnns ".-.opper cpu. CV1d ·.-.opper 
t11U and t1efOOry". These blOCk diagrams 'ShO'Itnediv1s1on Of conponents to tne 
two logic bOardS 1n the Whoppe~ s~stem... ' . 

ROt1 

Up to 128 Kbytes of EPROM can be inst$lled in the Wt'W:lpper CPU DOard. This 
~ranslates to four pairs of Ra1s, 32 KB per pa1l, 8Rfl1s total. Four palrs Of 
RCl1s are provided to perm:l t ~ Rtl1 COde to be broken l4l1nto sections that cal 
be fCO'a 1ncJ1vlC11ally.,mc:)l(1ng cOde maintenance· eas1er. A poss1Dle aivls10n 
'is:: 

RQ1 • S!Qr!ent , 

ROt ,0 0,32,641.96 
~ 1 1.33.65.97 
Rat 2 2 .. :s.4 .. 66.98 
ROn 3 3,35,67,99 

e -e·FF ·' - FF 
«WJQO- 7fFF 

$06OOOO-$0671=FF 

. Conttnts 
, Diagnostics Wtd Boot. Code 

t),Iickdrew 
, ()perat.ing $Y$ten - Driv.rs 

LiHtNQ 

ROt',t S can be accessed 1n tI'le 1ndicated address range 1 f the SETUP 01 tis tl1g'l, or 
1 f the mJ 1 s set to map 'ttl! Ra1 to tne acK1ress. The tw h1gh order aaaress D1 ts 
are dOn I t cares When deCOding the Ra1 SO tne h1gt'l nibble Of the Rfl1 adC1resses 
can be SO, $4, $8., or $0. If the ttIJ 1s Used to map Ra1 addresses, the segrrent 
rut1ber used to map tne ~I RUst one of ·the I'Uft)ers indicated 1n the segrent , 
c01URl'l. Note that 32 KB is the nrax1nun rneroory s1ze that can be accoroocJated by 
the RCtt SOCkets, smaller R()Ms can be used ,if less COde is required. 

me system ser1al I'Uft)er 1.111 De store<] in a PRCtt.' Tnere ate trlree JX)sslDle 
locations for th1s PRa1: 1'he v1aeo state macn1ne PRa1 (as 1n the Lisa), a small 
PRa11nstallec1 spec1f1cal:lyto store trle serial f'U1ter, or 1n one Of the RQ1' s 
tnat store the system COde. Tne order of prefe~ 1s the sane as the order 
presentea here; every att~t w1ll De I1'BOe to U"QptlC111 or 2ratner t.rm 
option 3. 
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The 'hopper'cPU: Board 

Total 1/0: S6 1S 2 12 8 

i 
tont. 
(2) ~-

Video .- Video Control 
~ Add!' 

(6) .' (2) 

r .. · .. ~~·· .. ····· .... ······::;·· .. ··· .. --.. · .. -·:·······-I 
:: ~!~ IT~; I "~ t 
:' BuUt-in 110 . (40-16pe) 1 

~dJ Addr 
. (2) 

.; 

" 'tUM ,~ -(-4) --
~~ 

" Buf,.r] 
(4) 

23 Address BU$ ,. 

r'1>t.t 

128K 

R,4M 

(18) 

t 
,t 

Parity 
(6) 

16 pin eq. ICs: 126 
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~"'.fI'If •• """"""."~.'"'.'.''''' ............. '1 ••• " ..... ~ ..... , ................ , ••••••• ; 

4. 4~ 

--
J .... SR. 
"''''''" (2) 
~ 68010 

-.....- 4~ 
~ __ , ____ ~ __ ~OO~~~· __ ~" __ ~~._~ (6) , -

... .. ' 
.....- / 

La ~ 
(2) 

---"-1 I_ 
I --

UA Ius 

'-.. .... ROt 
(18) 

~ Error 
............. ---.f ~r 

,. 
Buf'.r 

(2) 

4~ 
Data hi 16 

" 

- 4 -

Tifting. 
control 
G decode 

(6) 

Ius: 71 
110: 56 
Power: 16 
Total: 1.0 

32 

I 

The 'hopper ERS 



nux 

(8) 

(A17-A20) 

(M-A16) 

(A17-A20) 

RAS 1----4 .. RAS5 
I-----t .. RAS4 

.~ GecocIe RAS3 

(1) 
t----t ... RAS2 
to--o----t .. RASl 
1-----4 ... RASO 

Refresh Counter 

L
' & Control 

(3 

(M-16) 

3/4 tlJyte RN1 'Array'" 

(108) 

(75-16pt) . 

TDIING 6 

Access 
Control 

(8) 

~--t .. CMS 
CM' ""'---I.. CAS ... 

oecooe CAS] 

<,> 
1---1 ... CAS2 
t----4" CASI 
1-----4. CASO 

1····· ...... ·· ...................................................................................................................... ~ .. · .. · .. ·· .... ··· .. · ...... · ........ · .. · .. ·· ........ · .... · .. ··· .. ·· .. ···· .... 1 

I (6) , 

~ ~ I 

1 1 

I . .~ (17): 
, •••••••••••••••••••••••••• u ••• f .................................. , ••••••••• " •••••••• , ••••••• AiI ................ ,I1. ..................... " ••• ~ .... t ••••••••••••••• Il ....... I .............. 1! ... ~.I •• ~ .............................. ! 

[7] [3] [4] 

(2) 

Buffer 

(2) 

[3] 

Parity 
Logic 

(2) 

""U 
r~ 

access 
(J) 

Buffer 

(3) 

L __ 
(156 chips) 

(125-16 pin eq) 

[12] 

"Ab A17-t\23 in A1<4-A16 in IUO-Al] in A9-A20 out 
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VideorW1 

128 KB of RAI1'res1d8 00 the CPU board .. Tne f1rst 48K Of this RAM contain the 
. y1deo bi tfh9p that is displayed on the screen. . 

Tne v1aeo 1n the ~r prov1CJes resolut1on Of720X544 1n 1 ts nomal t1DC1e. A 
Lisa COITpStab1l1ty'rode is provided to provide a 720X364 screen size so t1le 
Lisa progrCMnS w111 N1 on tne ~r : 
me state of thE! videO IIDle bit donttol the ncurrent IIDle of the v1aeo 
display. The fOllowing addreS$8S 1n v1~ fW1 are Used for the display: 

Video "ode·. \1ft bit . Screen Size . Addle. Uni """"t • 30,62, "',or 126) 

MotMl. 
liu 

o 
1 

The state of the video IIDle bit can be read 1n ~ system Status Register 1, bit 
O. The address of Status Register 11s $Op30031n~t' 12, 44,76, or 108. 

No'te that the. ~t , IJ$8d can only be one of tne four fU'lt)ers ind1cated, 
mapp1rg tnru the t11J C8'lOOly relocate tne btts tp one of tne four segtents CM'lCJ 
CO"ltrol access. Also notle tnat When tI'l$ ·SETUPb1t 1s set to a 1, tne main naoory 
1s not access1ble, so trle v1deO RAM ts tre only RN1 ava1laDle. l1"MJs Ra1 
programs tnat set tne tttJ w111 store tne1r data structures 1n a quadrant of the 
videO RAM. As w1l1 be nsntlonea later. part Oftne videO mefOOry,ls set as1de 

.. for use by the SCU'ld genenat10n system... . I . 
Like ttle Lisa system, v1~!O and CPU accesses to videO menory are interleaved. 
Ho.aver, 1n the ~r, CLlri~ the hOr\zontal and vertical retrace intervals 
.the CPU has access to vi.deo meftl)ry andtne ·videO circuit never nakes 8Ily 
aca:!sses, permitting a nl~r CPU access rate. In the. SERYMT application .. 
where there is. no v1deo.c1rcu1t, the video c1rcu~t can De programed to access 
the video RAM only fast Sfl(J.qlto refreSh ttae RAM, ~1ng the v1aeo RAM have tne 
sane J)erformance as main naJl.)ry. Note that accesses to main meRtlry (RAM otner 
than videO RAM) are not interleaved ana will De perforned 1n 500 nS. 

The videO circu1 t can be programed to gerv.3rate a level 1 interIWt at the 
start of vertical retrace. Tne state of tree 1nterI1.4lt flag can De ctleCk80 by 
reading system status reg1.star 0, b1 t 2. me addresses are: 

Vertical Rttrace Inttrrupt Enablt: .ted $003000 
DiHblt: .... $OO3OCO 

All accases in s.or.n1~' 12 ......... 76 .. or 108 

July 14., 1<183 -6- The Whopper ERS 



Hard diSk Interface 

me hard diSk 1nterfaa! 'provideS' a ~llel pOrt that CtIl talk to an 1nterface 
tnat is similar tottle Profile interface. ThebU11t-1n nard diSk will nave a 

f Profile+ controller "'Iicn will be 1 nstal led w1tn thectr1ve 1n tne diSk cage. 
The Prof1le+ controll!!f can 8CCOIfl:)dete either a 10 or a 20 tl)yte diSk drive. 
The interface cons1 sts~ of an 8 b1 t bidirectional data bUs, a strobe and data 
direction control line, two handShake lines end tne reset line. In the 
wnopper lrrplementat1on, the strobe 1s generated by accessing the actcttess Of 
the data port CIld the data direction cootrol11ne is just the state of the 
system Read line. TtlIS to transfer. dElta to or from tne, diSk controller a 
program s1rrply writes to or reads from the data pJrt S'ld, tne control signals to. 

, perform the transfer aJre generated. The two handShake l1nes BSV and ()[) are 
f:xM'ltrolled by read1ng or wr, iting bits:!n tne statu" ,S,' EI'ld,' con, trol registers. ~v 
can be read in bit 7 of Status register 1 at: lccat1on$O03001 in 5egIEnt , 
12, 44, 76, or 108. (]f)'111 controlled a~ follows: .. 

CftO Set. to Jlow: ,RMd $003060 All ICCtIM$ in s.tMnto' 12.44.76. or 108 
Set. to high: Reed$OO301O 

In addition to reading tne state of'tOe BSV-s1(J1al, a negative edge on the BSY 
s1g18l will generate a Jlevel ~ inte~t; tne state Of tile narcs diSk interface 
interfl4lt can be read 1n bi t3, Of status reg1 sterO at location $003001 1n . 
5egne1t , 12,44,76, or 1.08. Tne narcs diSk lnte~tmay De a1saDled or reset by 
accessing the Hard DiSk InteJT1.4lt MaSk 1n tne pontrol'regl'ster. TO reset tne 
inte~t, disable then enable the 1ntern.(>t. Tne b1t ls cootrolled as 
follows:" 

tID Int"ask EMble: 
Disable: 

Read $OOSOO7 All ~s .. 1n s.tMnt , 12.44.16. or 108 
Read $003006 

When data 1s transferreld to or from tne 'hard d1Sk tne par 1 ty Of the data 1s 
monitOred. h!n a par1t.y error!s detected a flip flop 1s set. The state of tne 
flip flop can be read i.n b1 t 6 Of Status ~lster 0 at location $003001 1n 
Segment , 12,44,76, or 108. The parity flip flop 1s reset or disabled by 
accessi~ a locat1on intl'le control register" To reset tne par 1 ty f11pflop 
parity is disabled then enabled. The fOllowing controls the parity enable: 

NO Puity"ask Enebl.: $OO3OOF A110cclUtS in s.tMnt. , 12. ~. 76. or lOa 
OiMble:: $OO3OOE " 

The system RESET s1gl8l is connected to tne narcs diSk 1nterface so tile hara 
diSk etrttroller wll1 De l'eset~, U'le WJ'lOR')er is reset .. 

FlOppy D1Sk CQntroller 

Tne floppy diSk controll.er is l~lemented us1ng the IW1 controller cnlp. In 
£0:11 tion to tne I.-t Ctlip, Tiner l'1n the system timer 1s des1gl8d to be used 1n 
caljl.l'tCt1on w1 ttl floppy diSk control., land t.o programable b1 ts are provideCI 
to control tne flORlY dl$k. SinCe the, WhOpper ,requires the 68010 to CCI'ltrol 
the floppy diSk severaJlfU'lCtions flLfst be provided by the 68010. These 
irw::lude: 

1 - ..-.en tne 10 ms timer 1nteJT1.4lt occurs., ttl8 1nter~t hEI'ldler 
Should poll tne Olive to see 1 f a d1~, nas oeen 1nsertea or 1 f tne 
disk eject bUtton has been puShed. ' 

"" .)Jly 14, 1983 - 7 - The Whopper ERS 



" . , . . 

'2 - .-.en tf1e carri,age 1s, to' be lOOVed (e.g,. Wlena seek ooaJrs) the 
68010 stlOUld progran,TiEr 1 to interrupt When the phases RUst 
be rotated to 'the next pos1 t1on.' " ,,' , 

.I~ 

3 - When data 1s '~ransferrea to~ or from the disk tne 68010 w11l 
perform tre n:lDDle1zat1on and aen1bble~zat1on CVlC1 the t1ata 
transfer v.1a ttle I Wt1 chip.. ' 

of' 

TIle reader 1s referred to tne I~ cnip,doCt.Arentat1on for progrcmn1ng deta1ls 
on the IWN Chip. The 8 IWt'J registers are8ddreSsedas follows: 

.. 
All eccnses. in $egMnt , 12.. ..,. 76.. or 108 

CAO High' 

=~ Low 

CAl High == low , 
CA2 High == Low 

LSTRB tti.;t == low 

L .... otor-~ $002011 

Drive-Sel too201S 

L6 $002019 

L7 $002010 

, Floppy Disk Heed S.ltc' Side 0: bad $0030040 
Side 1: Read" $0030S0 

FlOOpy Oisk np'Ar Qoa: Read $003005 
Off: Read $0030004 

Note that the system Al (~~ from LSS) 1s connected to the AO 1~ Of the 
11M ctlip. 

Since ttle .-.opper uses the Mac Sony Floppy Drive, tne rootor speed rust be 
controlled as a part of tt1e alsk 1nterface.. The speed 1nformat1on 1s sent to 
tne flOflPY drive as a pulse width RIldulated siglel .n1OO (3l be f1ltered 
(ins1de tne dr1ve) to proauce a reference VOltaoe to control the rootor speed. 
Attached to this doCt.Arent :1$ the dOCUnent "3.5 Inch Sony Disk Interface" whiCh 
describes the rotor speed adjustnent proceaJre. Basically tne PIN s1gnal 1s 
sent to the drive and the tiBlCtlJmeter in the dr1ve 1s 1IO'l1toreci to determine the 
speed. If the speed 1s no1t correct., ~ p~ s1gnal 1s adjusted CVld the tacn 
lOOI1itored again .. Since there 1s 00 flDtorspeed adjuStnEnt 1n the diSk drive, 
tne absolute value Of the Speed f'Ult)er 1118)' vary from dr1ve to dr1ve (,""l1ke the 
Twiggy .,100 dOeS nave m'tor speed ad ju stnEnt ) and tne (tti ver w1l1 nave to 
searcn to f1nd tne exact P.1 value tnat g1vestne correct speed. 

The data value that 1s SI.4:tp11ed to tne PWM o1raJ1 t 1s stored along w1 tn the 
SOtElO data value 1n a ser1es of bytes in tne v1aeo menory. for aeta11s of 
accessing this memry see the section on the audio circUit below. 

,.. 
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lLI:t1o ~ Cootrast C1ral1t, 

SOft.are controlled COI1trast 8nd spet;lKer vollile ls provided 1n tte Wtqlper. 
The contrast level and the speaker VOlt.lDe is'"stored 1n an 8 b1 t latCh. The 

. latcn is written 8 bits at a tlne;.tnree Of tne bits control tne speaker VOlune ... 
the remain1ng 5 bi 1'-s control the contrast level. the latch can be wr1 tten by 
wr1 ting to address ~$OO"OOl in 5egment , 12, 44, 76, or 108. TIle format of the 
latch 1 s as follows: . . 

Data Bits 

'COntents 

15 14 13 12 11 10 9 8 7, 6 5 4 3 2 1 0 

• f ____ lrU ....... ;;;,.;;sag............. _______ , ____ CQn ........... t __ ra;,.;;;.,;;;,..st ____ !~VO;..;::l;.;;;.;.;lII1e~!, 

ftsa lS8 "sa Lsa 

Note ttlSt tne contrast level and spe8f<er volume are bOth written at the ~ 
t1f1W3; wnen one rust be changed, the otner nust 'be rewritten. As 1n Lisa, ..r.en 
the 5 bit bina:c.y I'UltJer :In tne contrast field is all o· s tne cootrast 1s at 1 ts 
max1nun, Wlentrte bits are alII's tne contrast is at 1ts lo.ast .. .-en tne 3 bit 
binary I'UltJer in the V()lune field 1s all; O' $, tne sPeaker volune 1s at 1 ts 
mln1nun, ~ the b1 ts al"e alll"s the Volune'1s max1nun: '_' 
The TCI:IE signal used to clrive the speaker is derived from T1ner 2 in the 8253 
system Timer cnip, using tne T1ner 2 tJUUlUt p1n.cn:1 se~t1r.;J tne tif1Br ~ in MOOe . 
3 (square wave output). lrllike theLl.a, tne '8253 t1mer can be proglCfmed to 

AI pr()()JCe a square waveWllose periOd CS1: De adjusteO by s1~ly cnang1ng a 16 01 t 
timer val,ue. AddreSse~i to access tte System' T1merare given below 1n the 
sect1al ontne Timer. 

, In addition to ttle ability to generate ~e .aves the ~r has trIe ability 
to generate SCU'lds from a sequence of bytes stored 1n the v1deO metOOry. TIle 
bytes 1n tne table are fetched, one -orcs '(two bytes) at a t1ne at the end Of 
every other hOrizontal 5atn 11nel or $)OUt once every 60 US. Q1e Of tI"le two 
bytes (the high byte) 1s used to prociXle the SOl.Ild s1gnal, the other byte (tlie 
low byte) is used to genE,rate the Ptft $1gnel for the floppy diSk. Since this 
table of bytes 1s sequenced synchrOnOUSly, witn ttle videO data, the vertical 
retrace interrupt w11l provide a 51'71tl tnat the end Of tne table nas nearly 
been reached. me vertical retrace 1nte~t occurs 12 bytes (or aDoUt 720 US) 
before the first byte 1n the table w111 be read out. This permits a progr~ to 
change the data 1n the table to proauce a time varying waveform tnat ooes not 
repeat at a nul t1ple Of 60 Hz (tne videO refreSh rate). The location Of tne 
table 1n v1aeo lTSOOry 1s: 

SWNOIP'" byte tAble: OOCOOO .. oocne in $ttMnt' )0* 62 .. 904 .. or 126 

The byte table 1 s sequencEM2 from 000000 to 000238: and then repeatS. 

As In Lisa the contrast output vol taQe. . •• :111. rese. .t to maxlnun contrast, f'lOwever 
the speaker velure wil 1 reset tomin~ vol... . . . 

Par1ty C1raJltry 

the wtlOpper prov1deS parity cnect<.1ng on accesses to system main traOOry ana tne 
video RAN. The parity Checking clrcu1 tl"Y '1s era tne CPU board. hn an error 1 s 
detected, the address Of 'the failing location 1s latcned 1n tne Error AOttress 
Latch, the Parity Error b:l t in tne sys-e. status' reg1 ster 1s set, and a Nil 1 s 
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generated. Parity Checking cantJe d1satlled by sett1ng:the Parity Enable bit 1n 
the system control register to a o. setting ,the Parity E.,.,le bit to a 1 
enables parity Check1ng~ ~ThePar1ty Ena,tlle bit 1s se,tto a'O.rren the system 1s 
reset. The access addreS!~ for the Parity Enable bit 1s: 

f ~ ~ 

Pui ty Enablt ht to 0: , 
set..to 1: 

Reed $003020 All eoctUt$1n~t'12.44.76. or loa 
Reed $003030 

When a parity error is de'tected the~I handler can determine that tne source 
of tne N11 1s a par1ty error by ~lng tne PE bit in tne system status Register 
0, b1t 5. If a parity efror has OOCUfed tneb~t w111 be a1 fMlCI11le Error Address 
latch w111 coota1n the 8(ldress Of the first par:1tYi error to occur since the 
latcrt was last reset. If a parity error QCCUrS dUring aOMA trCl1sfer the M11 
,,111 not De- detected by tne68010 U'ltll the 0t1A transfer 1s ~lete. If, 
several par 1 ty errors occur tilly the acfdress Of the first error siroe the latCh 
was reset w11l be stored. The Error Address Laten and tne PE status D1t are 
reset by reading tne ErrctrAddress Latch. The aactress of tile Error Address 
Latch is: 

Access in hgMnt - 12. 44. 66. or U.- "-
Error AdCIrtsS Latch:: Itt.. ''fOrd' no.; $007000 ' 

111e wnopper only CheCkspar1ty on CPU accesses, never on v1deO accesses. 
~1nce the Error Address Latch 1s located on ~ CPU bOard CIld the physical 
address DUs dOesn' t app8aJr ontne CPU bOatd~ thSError Address Latch latChes 
the 13 IOOst si~1 f1cant bits of tne log1cal addr,ess. In . add 1 t10n to the 15 
address b1 ts, tne Error Address Latctl stores the :state of the BGAO< s1()1al at 
the t1ne of the error. Tl1epar1ty error tf11 routine ftlJstreaa the seg bits to 
determine, tne contf;txt anct perform themapp1ng,operat!100 to determine the 
physical.addreSs Of the fa:ll1ng naoory location.' If the BGACk bit 1s n1gn the 
pari ty error occurred ()Jr1ng a 0f1A transfer and Context 1 .s used to map tne 
access. This may be used Dy d1at1lOst1c prograns to determine the fail1ng wora. 
The register rust be read us1ng a.ard read operation as two byte reaas will 
resul t in one Of the bytes coota1n1ng the address after the latch haS been 
partly cleared. If the PE' status bit 1$ not set, the contents Of tne Error 
Address Latch is not definfad. TIl! contents of the Error Address LatOO are as 
follows: 

D.It4 B1 t: l' 1. l' 12 11 10 9 . 8 7 6 , 4 , 2 1 0 
Contents: A2' A22 A21 A20 At9 Al8 Al7 AI6 AIS Al4 Al3 1t12 All AlO Nj ~K 
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, systell TiEr " 

Tt-.e system tiner' 1s' provided by a 8253 type timer Chip. " This cnip contains 
trlree timers whose use ,1 S 8 described below: ". ' 

. .~ 

T1mer 0 - This t1ffW3j~ 1s to De used ~as tne 1'0 nts 1nterl\4lt tiner. It 
wl1'1 be clOCked at 1.25 ftiz ,<n:J w1l1 proQJCe inter~ts at 
1nter~t level 1. us1ng tne l.atcnlng 'COl.I1t rooae tn1s 
tiner may be reaa 9'1" the fly f.or accurate microsecond 
t1m1ng measurements. The state of the Tiner 0 1nteITl.4)t 
flag CS" bE! read 1n ,tne sys~ staws Register 0, D1 to. 

T1mer 1 - , Ttl1s t1~r', 1s to De uSed-wi ttl tteFIQPPY D1Sk' controller. " 
" It w111 ~ clOCked at 1.25 tti2 and will pnxlJCe inter~ts 
'at interrupt level 6. The state :of, tne. Tlmer 1 interrupt 
flag can~! read 1n the system status Register 0, Dit 1. 

Timer 2 - Th1s timet' 1s to be used to prOdUce the TH output for 
dr1v1ng the speaker. It -111 De :CIOCked at 1.25 ttiZ. It 
dOes not prOCl.lCe 1nte~ts. ' 

The reader 1 s directed to the In~l 82$3 data ,Sheet for progrcmnlng detail s on 
. tne 8253 timer. The t1mermay De accessea at tne fOllow1ng aaaresses : ~ 

All addresses in hnnt - 12 ...... 76. or 108· 

E Readlload t:ount.r 0 ' 
-4003 Readll.oed ,:ounter 1 

badlload C*",ur 2 
7 Yr1 t.e node RtQi.$wr /Reed is • N(P 

COPS Keyboard, Mouse,POler l ClOCk and Tl.er Functions 
,< ' 

me ~ in 1.75 1s prov1deS tne same ft.llCt1oos as 1n Lisa cn'J operates 1n nten 
the same naY'ler. The CCP$ race 1 Yes data, from the keyboard., noose ana on/Off 
switCh., processes the lnf~ormat1Q1, and relays it on to tne 68010 in a IOOre 
convenient form. The C(p$ ellso provideS 8 time-Of-da,Y 010Ck and CJ tiREr lalarm 
for the system. 

sending CCXIInen:2s to the COPS 

Tne CCPS 1s deslglefl to CORIUllcate w1 tn the 68010 v1a Inter~ts., ho~ver 1 t 
can De treated as a polled deV1ce, 81 thOl.ql tnis requ1res IOOre software. 
COImS"Ids are sent to tne C(pS Dy writIng tne COfJI18Wl to tne ccps alrectly; 
however, a corrmand OCIYlOt be sent 1 f the last corre.et1d nas not Deen processea or 
1 f the ccps 1s 1n tne prooess of sending data to tne 68010. 
I f the ca>s interrupt 1s enatlled there 1s no need to Check for Incoming data from 
the C(p$ since this w111 ~rate.Cfl lnterf\4Jt.: If tne C(pS interrupt 1s 
disabled then the 1nter~t l1nefrom ttteCtPS fl'lJstbe cheCked before sending a 
conmerK:l to the ctPS. m·1nterrt.4)tS rust be disabled between ';.te cheCk of the 
interrupt line and the time tnat the co,nmancJ 1s, written into the~. In 
aacJl'tion, the time between these two even~s wst not exceed 7us or tne COllie Id 
may be lost occasiCWl811y. Tne flow Chart on the Sheet soti tled -Talking to tne 
1. 75 c(ps· details tnis. 

If tnere is no incoming oata.tnentne, CtPS oust be oneckBO for conmana 
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processing~ This 1s' dane by reading the ~S, if ttlelastconmarKl has not been 
accepted by the ctPS.it ~lfll1 stIll be 1n the CCPS register. If the last conmancl 
was accepted by the C(Jts the reg1ster w1l1have been set to,CIl IFF' by the CfPS • 

. Reading Data from tne COPS 

lk'lder 1nterrupt Operat1,on read1ng dat,a from the CCPS 1s very s1rrple. CliCe 1 t 1s 
determined that the ctPS is tne In~r~ting device the 68010 reads tne ca>s 
register, this 1s the data. This reg1sterconta1ns the data lIlt11 it 1s 

. written into by the 680l0, "'iOOis me way tne,:68010 tells the ctPS.tnat it ~~S 
read tne elata and no longer neeasto read 1 t from the C(I)$ • . 

NIOte' that w11tl this pr.atoool tne dat~' frOm 'ttle C~ can be' read a1y f'llM1t)er of . 
t1nes w1 tnout losing 1 t ~ Also note tnat "tne aata 1n tne C(PS reg1 ster may not 
become valid lI1t1l ~ to3()Js after the interrupt line becomes active. 
However, tn1s t1me may tena to De masked by tne rormal interrupt nand11ng 
functions perfOrmed by tne 68010. 

S.Ystem Reset, ~I and S01=t Po_r 

In the WhOpper ttle CCPS oontrol s the. ~V~TEJ1 RE$ET flol'lOt1On, as on L1sa, SVSTEJt RESET 
is generated ~ tne fC)11oW1ng two condl t1ons. Thef1rst 1s po..ar-on, the 
COPS generates a SVSTBt RESET when the sy~tem 1s turnecl on e1 ther by press1ng the 
power 'bUtton or tne powe~r-on alarm tUJ;n1ng tne' system 00. The secona 1s tne ' 
reset bUtton located on the baCk of the L1sa. 'In add1t1on~ the software can 

·At seno a SYSTEn RfSET conmarKl to tne ~s to generate, $V$Tat RE$ET • 

Note" that,as on LIsa tne f£SET button may be pressecJ at anyt1me, thJs this -lise 
at 01111 riSlt fU'lCt1on C81 causeunae~lrecl reSUlts Wlen pressed by the user . 

. The reset sw1tcn w1ll be .located on the a:>u bOard a'ld will be act1vated Dy an 
button ~t w1ll attach 1eotJ'le baCk coverthrou(tl tile vent slots. Tn1s bUtton 
may be ~etOOved by the use]: or OEM withOut d1sassentl11ng tne Lisa, 1f desired. 

Lisa provideS a method of' generating a N11 from the keybOard using a key on tne 
Keyboard. The WhOPPer will deletetn1s ft..rlCt1on and proviae 1nsteaa a 
pushbUtton sw1tcn on the CPU bOard that can ~ activated by an optional bUtton 
tnat w111 attach to tne DeCK cover tnrtu;1l tne vent slots. 
As on Lisa., the C(pS contJrols the system an-offfl.l1Ct1on. When the EMABlE PeRT 
coomand 1s executed, the sort-poter fLl'lCtioo 1s also enaDled. After the 
sort-p?lJt9jftl'lCt1on has tleen enabled after a SVSTEtt RESfT tne only way to tum tne 
system off (snort of pre~ss1ng the RESET bUtton to restart the system ana try 
again, or pul11ng the po_er COrd) 1s for the.software to send the ~s a TURN-CFF 
comnand. 

The ClOCk CI'ld Timer/Alarm' 
The clOCk and t1mer ISlamlin the COPS ar:e the same as 1n Lisa. The clOCk is a 32 
bit binary COlI'lter with r iBsolut1on to the second. The timer/alarm is a 24-bit 
binary COlI'ltdOwn timerttaat deCrenents,every second~ .nen 1t goes negative CJ'l 
80 Fe is set to the 6801(). me timer can also 'be programred to tum an the 
power, if desired. . 
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, COPS Co •• unlcat1onsP~otocol 

INT 

~~' ___ ~_~_~ __ '~~ __ ~)~I _____ I_~<~W~~ 
Read Data -------;.-~ --------« Vel 1" )J-----

. f 

.i i 1 

r-rwr-+j 1 

. \!. Trd--.... ! 
I' '" ! 

A- I 

Pam Definition min max 

Twr' Time to wr1 te 00IIIJ8)(j after INT --- 7us 
Tra T1ne" lIlt1l Reao oata valia 22Us 30JS 

" 

Note - If poll1ng 1s use(j to detA!tnnlne If INT ~s true, a111nte11\4lts rrust 
De dIsabled durIng tJle polll~f()r ~ Write operaUon to 'tile ,cops. 

I f the COPS interrupt 1s enablec2 tnen no POIU~ of the INT line Is requlrea 

since the InteI'n4)t Itself '11111 ptwent the corrtnand from being executed 
1Ilt11 after tne Inte1l\.C3t 1s serviced. 
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Keyboard/Mouse COPS ~o •• ands 

0000 0000 

0000 0010 
0001 rYm 

0010 spnn 

0011 rYlnn 

0100 rnnn 
0101 rrm .. 
0110 nnnn .. 
0111 mnn 
10:rr rrrr .. 

l-

1100 nnnn .. 

111Jl 0001 .. 

1101 0010 .. 
1101 0100 .. 
1111 1111 ... 

anything else 
.. new COnmand 

.., 
July 14, 1983 

oe~~crlDt100 '. 
Tut'n CkJtput Port 00, enable soft-off 

Rase ClOCk Data 
Write nnnn to clOCk 
set ClOCk Mode 
S - enable clOCk S8~ fJXlde 
P · - power on . 
nn· - 00 ClOCk/timer disabled 

01 Tiner alsalJlea ,: 
10 Timer .lilderflow:1nter~t 
11 Timer t.(KJerflow; power on 

wr1te'rrrn to low keybOard indicator 
Write nnnn to tl1~ ke~ ~ncJ1C8tor 
set n1~ a~g1t.~t ae.v1ce 
set low dig1t bOOt deVice 
Autc)f1Quse t1mer value 
Re8(2 register rr ,rrrr . 
Ir11:e ,...m to last register read' (Olcg'lOst1c only, 
see ca>s listing for reg1s;ter fll'lCtiQ'ls, WARNI~; 
tnls 1nstruct1oncancause unpred1ctable results) 
Enatlle register wr1te roocJe for next COR'I.rcn:i 
(d1cg'lOst1c only). 

Reset KeyDOard 
Perf'orm SYSTSt REseT Fl.IlCt1on 

no operation 
l.Ildef1nea, t.rlPred1ctable results may occur 
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RESET C({)ES 

ReSet COde 

00 - SF 

co - a: 
ox 
Ey 

FO - Fa 
FB 
FC 
FO 
FE 
FF 

SYSTEM RESET F~nONS 

Definition 
Reserved KeybOard IO ~s 
Reserved for future use 

Data x read from CtPS RAM . 
ClOCk ,data follows (y-year) 

,. Reserved fot future· use 
SOft CXl/Off swltcn presseo 
Timer Interl'l4lt 
KeybOard d1$OOn09Cted 

CPU board COPS hardware error detected 

Keyooara hardware error'· aetected . 

The following events occurfollowlng tne release of the RESET button (or the 
onloff swi tch if the sysu,...., Off) and are part Of tne $V$TEt1 Ft£SET fll1Ction: 

Event Datal -> 68010 
Reset 68010, 1/0 

Disable port 

DiSable Mouse 

Reset MoUse 
s.,itcnes 
Reset KeybOard 

KeyDoard 10 

180 FD 
801a-

COr!J!If!!ts 
Reset system 
Don't ·sena data to 68010 lI1t11 
1ts, ready to receive data 

',Don't read roouse \.Ilt11 68010 
1s ready' 
Reset mouse switch status to 
all UP position 
If KeybOard U1llugged 
I f KeybOard sends 1 ts IO, 
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. I,', 

"rite COMand 
to CCPS 

" 

[ 
01sabl. f1.l 
interrupts 

.-----.------..r 

[ 
"ri te CONtend 

to CCPS 

le:n.aDle interrupts L if desired 

Done 

July 14, 1983 
• 

Processing 
last COMri 

Processing 
1 .. " 0<IMIfId 

Einlble interrupts . 
if desired 

- 16 -

'. Read Data 

'ron ca>s 

"rit. 'FF' 
to CCf'S 

YES 

Read Data 
'rOft CCPS 

Urite 'FF' 
to C(J>S 
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, ser1al. cc.ullcatlms ' 
. . 

the WhOppetuses the Z110g sec to provide twaserlalCOlmUlication cnannels. 
one Of the Channels 1s Oonf1~rea w1tn rooaem control lines, tne otner cnannel 
has miniml ha1dstlake l:Lnes bUt supports the AppleDus drivers and receivers. 
'Both Ctlannels are clOCkea at tne saRe\frequef1C1es as tne Lisa: Ct'lCn1el A 15 
clocked at 4 f1-t! and Ctacrll'lel B 1s ClOCked at 3.6864 tti2 • The s1glal s ~rtea 
by tne two Ctlannels ~e: l' , 

Signal Ctalnel A 
TXO 
RXO 
CTS 
RTS 
oro 
OSR 
OTR 
Tx clOCk out 
Tx c1OO< 1n 
Rx clOCk in ' 

yes 
yes 
yes 
yes 
yes 
yes'" 
yes 
yes 
yes 
yes 

Ctalnel B 
yes 
yes 
no l 

no 
no 

yes 
yes 
no 

yes 
yes .' 

• OSR on Channel A l.s rtad by rtoding·t.tMt stitt of'tht DCO 
input on CtMmt18., or by reeding thtstote of the SYMCA 
pin (1Synd\ Mdt on,ly) /I no 1nttrl\lPt My be generated by 
edges on DSR. . 

.. Ttle reader is directed to the Zilog sec rnaI'1All for prograrm1ng details 
for the ~ ctl1p. The addresses of tne sec reg1sters are as follows: 

All accesses in $t9Mf\t , 12.. +I .. 76,.. or 108 

Channel A Deta: $006007 
Control: $006003 

ChoMIl 8 Dote: $OO6OOS 
Control; . $006001 

TO permit self test1ng, a control bit tnat can disable tne TxD A output nas oeen 
provided. It is ac:oessed as follows: 

All eccu.ses in s.\JI*\t , 12, 44 .. 76 .. or 108 

T)(f) AIlED DiNl~l.lO\: $003000 
EMblLelOf': $OO3OOC 

In addition to enabl1ng the TxD A outpu~, the bit controls a LED RO.I'lted on tne 
CPU Doara. Ttli SLED is prov1aed to permit d1aglOst1cs tnat IUl ClJr1ng ooara 
bUmin to COf1I'IUlicate rEtsults of tests. The LED w1l1 be Off dUring normal 
system operation. 
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B,u11t-In Sys~e. Oevices ACldresse:s' (,"elM. address space) 

lwioe Address.; 
(SetUp-1 or 

mu Set here) 

23 22 21 20 I!. 18 17 16 l' 1~ 13 12 11 10 9 '. 7, 6 5 .. , 

I x I X 10..,10.' S~t, I 0 I · "." by" _iot eddrns block 

210 

o 32/6C ROt (ROtO) 
1 32/6AK ROn (ROn1) 
2 32/6AK ROn (RCft2)-

3 '2/64K ROn (ROn')-

4:-8 uncte'inecl F EMS' Slot 3 
'e Internal 110 10-lD lhietined 

D E)(p Slot l'~ IE-IF VideO RM 
E E. Slot 2 
- ~tional .. MY not be 1nst.tlled 

J 

CPU loud 0wi0lS 
(SUbject to ChInO.) 

(SetUp-lor 

10 9 8 7 6 5 ~ , 2 1 0 

... 1CIyt. Device Adelress 

.. ~ ria I'IftU) 
, REM ' URITE I ' ' ' REM URlTE 

............. , ............................................................ , •••••••••••••••••••••••• ,.~ ••••• oJI.III •• '.ilot .•• IJ ••••••• ' ........ " ................ '!' ••••• _ ................... ,'I' •••••••••••••••• 1.1 ., •• ~ •• ,. II ........ _ ......... . 

'0 liard Oisk Herd DiSk " .. TiMr c Tiner 
I (not *f'1ntdl) (not deftned) , CCPS ctPS 

2 Floppy Disk Floppy Dill< , sec sec 
:5 Status/ConUol (not Cltf1nec1) 7 Error Addr latCh Video/Audio levels 

I 

Uriw canvol 23 22 21 20 19 18 17 16 15 1.. l' 12 11 10 , 8 7 6 2 1 0 

lid location ... I X I X I 0 I 1 I 1 1'0 I 0 I 0 I 0 1'01 1 111 I D I 10 I 

••• 
_ 
.............................. 

;; •••••• : ••••••••••• ·M··h ... •••••••••••••••••••••••• .. ·,····· .. •••••••••••••• ••••• " ................. ,., ......................... ~, ••••••••• \:.-•••••• , •••••• I' ............. ~ .... " t························'···· .. ·~III!t'.« •• '.'tI ••••••••••••••••••••••••••• '110 .................... I~ •• 
............ ', ••••••••••• " ........................ .,.. •••• 111 .............................. l1li............. . ................................................................. _ ...................... . 

o No Chanoe .. o No ChInQe .. --- o No Ch-. .. ---
I Seg 0 5 --- 1 Pari ty Enable 5 Video "Ode 1 Ur Ur Part ty 5 ---
2 Sev 1 6 --- 2 FO 1tI .. Stlect 6 Vertical ReU .. 2 fO "otor ()a 6 LED 
3 Set 2 7 SetUp 3 II) iii 7 IDiUbl. ....L tnt 3 til Int "ask 7 HD Pari ty "ask 

(ntftOJ~y Board) (CPU Board) (CPU 804rd) 

..... Itataa 

51 SetUp 1m HO Busy • Hlrd eIi:1k Int 
SG2 Seg 2 lilt II) Parity VRT VtrUoal Iftto 
SC1 SeQ 1 PE Parity Error TO T;1M, 0 LP Int 

Statui AlgiNr 0 
15 14 13 12 :11 10 9 a 7 ·6 5 .. 3 2 1 0 

I x I xl x I )( IsulSC2ISCllsco ItIlB I .. I PE Iccp I fC) IYR~Jiil~l 
SOl seg 0 cc:. Cf.PS Int n T1 ..... 1 .. ,Int 

SL~ Status Slot ~ f.II Video b~lt.s 

SLS Status Slot 5 CI CSync 

"""rtrtu Error WI Video "c. 
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Status Reg! star 

As indicated 1n sect1on~~' aboVe there are various bi ts 1n the system tnat can be 
read ana wr1tten. A sumarl Of tnese bits 1s conta1ned 1n tne f1gure -Built-In 
System Devices Addresses. This figure snows ~~ layout Of the status 
reg1sters crld the locat:lons 'U1at C8'l De reaa to set tne var10us control l1nes 
in tne system. Note that"the status registers are lOra wide with tne low byte 
reporting the state Of t)1 ts on tne CPU bOard and tile h1~ byte report1ng trle 
s'tate of bits on the t1enOry DOard. ' 

TI1e -new- Slot 4-

The space that the Lisa "meroory cards ~led 1s:now free for CWle ada1t1a"l81 
card. A separate 2tIl Cd:Sress space has.Deen defIned for this card. It 1s 
anticipated that the slot wl11 be used for mentlry expansion and to proviae a 
place for slave p~ssors . 

IJ1A 

the WhOpper ~rts 0t1A by using the sane mecnanlsm that ls used in tne Lisa. 
me 68010 flUS master cont:roll1nes are connecteato tne expans10n slots ana DuS 
arbitration is perfOrmed on the CPU bOard. In addition to tne three expansion 
slots, slot 4 can cootrol tne bUS and are ttlIs provlaea access to tile bus master 
control lines. The arb11~rat1on sctaeme,Used 1s tnat tile Bus Grant (BG) slglal 
1s 081sy cnalned f1'OOl slot to slot to estaD11,sn tne Il1A priority. In tne 
wtlOpper the priority 1s: 

HiQhest Slot ,III 
E)(pGI'.s1on Slot 3 " 
!xperiSion Slot 2 

L .... st E)(pMlSion Slot 1 

CtrK~ the bUs nBster has Deen eStab11snea and the BGACK signal asserted~ the new 
bUs master can access mefT[lry.. In the WtlOpper Ot1Acontrollers generate logical 
addresses wn1Ch are mappedth!;OUgtl the tttJ using context· 7 • To generate a 
log1cal address requires 24 mess Dits wn1cn :are generated as fOllows for " 
Expansion Slots 1-3: ' 

A23-A21 - Forced to 1 by DNA logic 
A20-A13 - Generated by 0t1A laton , 

'1 A12-Al - Genetatea oy 0I1A '9Qntro1 ler;, , connected to bUs 
For Slot 4 all addreSs bit (A23-Al) are generatecJby ttle Card in Slot 4 . .,. 
The 0t1A latch 1 s loacted by a r1 s1ng edge on tne LDt1A s1gnal as in Lisa. Note that 
since A23-A21 are fOrcea to a 1 for Expan$1on Slots 1-3~ 0t1A CEIl De performea to 
videO menDry bUt not. to Oti"ef 1/0 or ROM and tnats1nce 0t1A 1 s perfOrmed using 
Log1cal addresses tne ttIJ can De usea to map accesses to rraoory locatea 1n slot 
4. Note tnat s1nce all address bit are provided for ttIA to Slot 4~ (l'tY 
nenory/IO C81 be acceSsed,. par.e 1s tnerefore r8(J,JirecJ so ,tnat Slot 4 dev1ces 
dOn' t 1nadVertantlyotalgEJ system status registers. 
In add1tion, tne tHJ can centrol-access to men.:)ry 'W'a't 0t1A is perfOrmed. If an 
access violation occurs ClJr1ng a 0t1A transfer· tnedata w1ll not be transferred 
to nenDry and the ttIJ error' b1 t., Status register 1~b1 t 9 w1~1 be set 9'ld can De 
cnec::ked at tne end Of the [f1A transfer to determine 1f t.ne transfer was ret 
permitted. .. 



.HOPPER BUS STRUCTURE 

-
r S1ot. 1 

r ·SlQt. 2 
SlClt 1 

1U3-z) Al)-20 
Al-12 Al-12 

CPU 
lIlA Address External 

latch I 

• E>'pcnsim Slots 
00-15 00-15 . 

~. 
, I r 

~ 

119-23 00-15 LIM 1-. 

. 
1 .4- ~ , 

I 

IVJVU 
CIIA toAtlol _ .. IItIt .. control 

.._-

Select. ~I, Select 
Slot -4 tW-20 .. ["'IIJ' 

Main tImlry 
Internal M9-20 '" 1IM-20 

(Q1 f11J card) 
At-a Al-2' Expa1s100 Slot 

" ') 

, 00-15 00-15 

RfSH -.. 

. 1IJlu 1Jt 1Q07 



MHU ,Access ',-- Reg1lt:er Addre,ssing O~flni tions 

,. , 

To lCCesS t.I» IItU r~stArs 1COe$S. this location With SetUp-l: 

(SetUp RUSt bI ~ue) 
l ~~~4e, 

0"'.- Lvl\' -r 

The 16-b1 t baSt addrtSS r"is~r is citrin" _ follows: 

1~ 14 l' 12 Ii 10 9 , • 1. 6 S. 4 , 2 ,·1 0 

IIIU ... Register 

(Subj to chanoe) 

o "eft RO 
1 Exp RO-
2'Unde,ined 
, Undtf1ntd 

4'~ 
5 Undtfined 
6 ... '1ned 
7 ~ftdtf1ned 

8 n ... RJU 
, Exp RIU 
A Undefined 

8 $pte RN 

I en ... $tack 
o (xpSteck
E lRdefiMd 

f tMdtfintd 

- nty not' be 1ftPlttl'lllnted on all devices 
Mote: 2t D!n St, nrtU to ~fined SfAtes 

The I-bit SlgAent lift1t register is defined as 'ollows; 

IS 14 13 12 11 10 9 I 7 6 S .. , 2 1 o 
I not. UIed I Liftit. 
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Since ;slot .4',CS'l contain,'either a bUS master, ~iCh q)erates, on log1cal 
addresses or mefOOry_ .,i(t\ operates, on pnys1cal, 'addresses, both address buses 
must be present at tne., slot connector. . Figure' -Wh:lpper BlOCk Diagram- snows 
tne buses 1n the wnopper. As can be seen, the phy.sicaladdress bus f1A9-MA20 and 
'the logical address bus Al-A23 are connected tp slot 4 (~11cat1ng A9-A20), 
~iCh permits access to bOth physical and logical apdresses.. Note that 1 tis 
~ss1ble to perform.DHA from a Card 1n slot 4 to metmry located on tnat card . 

~ 

m.J Atttress Spaces, CD'lt.rol and protect100 
'0\' 

TIle Whopper MHU 1s very s1m11iar to.the Ll~a tt1tj." Tnere are three 2 t1B address 
SP89€!s .. The three ac;3dres,s spaces are: " i 

Address $c)ace Functiot'1l Relocetion Li"~ t Chtpk Reed ()'l:t Stack 

"AIM "EJ1CRV ".in Stoor. yes yes yes yes 
EXPANSICJf Add! tiOl'l~ RIll yes yel y.s yes 

Addi tiOttiGl, 1/0 yes yes , . . .. 
Add1 tioni8l CPU yes yes • 

SPECIIL "- Built-InlIIO lift1ttd no no no 
.. Otpend$ on_viC. 1nplerttntAtion of slot access 

control and devices 

The nAlH n81(RV acx:ttess spaoe crld EXPAHSIOf ,address space are each divided into 128 
1281(8 ~ts witt's Ef'l incremental re$OlutionOf 512 bytes. These segnents . 
may be treated as RfAO _v or AfAO WRITE and as $T~ or DATA/COOE segments. Lim! t 

~ ~1ng 1s performea on 'tl'lese se~t$1csent1qll·to L!~. . 
The third ,address space 1.s tne SPECI,.. space, thi$ addresses all dev1ces on the 
CF\J DOard ana tne tteflDry/tt1J bOarCl. In tn1s SPECtlt. addreSS space tne aaaresses 

, are not translated by tlhe ttIJ bUt rather tne :ttlI 1s used only to select a 
spec1f1c segment w1 tn1n ,r;n1s ac1dress space. me AfAr) (Jl y-ana ST~ fll'lCt1ons dO 
not ex1st in this adctres~~ space. Also note tnat devices 1n the SPECI~ aaaress 
space may only appear 1n four different segments" for exarfJ)le, INTERNft. 110 may 
be mappea to VirtualSegfJlmt 1~ 44, 76 and/or 108,. 
Invalid neoory accesses through the f11J cause,s a 68010 80S ERI«:R cycle. In 
add 1 t1on, the rttU ERrG status can be read froro the S¥STat STATUS reg 1 ster. NOte 
that a bus t1rreout also causes a BUS EAACR cycle. ' 

tt1U Register cootexts 

The \tItlopper I1tJ contains up to eight ttlJ register sets, or contexts. Tnis 1s 
twice the I"UJt)er as in Lll~. As 1n Ll~ context 0 1s reserved for superv1 sor 
state access. context 7 1s reserved for 0t1A acce$ses since all 0t1A accesses 
are mappea through this a:rrtext. 
The current context 1s(Jeff1ned by tne SECO, SECl ant1 SEC2 control bits. These bits 
can De set by reading the ,follow1ng 10C8't1ons 1n tne STATUSICGORQ. section Of tJ1e 
SPECIM. address space: 

ADDRESS TO ClEAR f1)OR£SS TO SET 

003800 003900 
OO3AOO 003800 
OO3COO 003000 

MORESS TO READ 
,003000 
003000 
00'3000 

BIT TO READ 

8 
9 
10 

FlItCTICit 

SECO bit 
SECl bit 
;'(C2 bit, 

Note !nat the SEC b1 ts can t~ read 1n STATUS PiCISTERO :as 1na1catea atxlve. 
The 68010 provideS CIl Alternate Function COde register that can De used to 
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~rate accesses to 'clata in the user's adCtt"ess space ~ile operating in 
supervisor 1OO(1e. - . 

l'hese~blt 

1'tle SET-oP bit is prov10!t2 so RAM canoe mappea into seonent O. In oraer to 
access tne t11U register~; SET-UP rust be iset to 1. Note tnat,1tlen SET-" is a 1, the 
68010 can only accesscJev1ces in the ~Clf.l aaaress space, ttAIMttErlCRV ana EXPMSICIf 
meroory cannot be aooes:sal. Therefore any conJOOn data rust De stored in a 
portion Of tne videO metOOry. ' 
The register drawings stlO" how the bi t$ in ttretf'IJ registers are laid out. Note 
that the Access control bits are now associated, w1 th the Base reg 1 ster rattler 
than the Limit reg1ster as 1n Lisa. " , 

Note that SETUP is set to 1 by the hardware upon PO"f on. The SETUP bit 1s 
acceSsed by: 

SETUP BIT 

InterI\4lts 

Set to 1: Read frOft $()03EOO All access.s in SeoMnt 112" 44. 66. or 108 
Set to 0: bed (ron $OOlFOO 

TIle 1nterrupt system InclUCJes seven levels Of prior1ty Inter~ts t.:1eflnea as 
fC)llows: 

LEVEL 
I 

6 
5 .. , 
2 
1 

DEFINITICIC 
till. ntftOry rsVlty 
sec .. TiMr 1. 
E)(I)en$ion Slot 1 
E~1onSlot2 
Expansion Slot 3 
E)CI)8nsion Slot ... 
ccps .. li ... r 0 .. Vertical t disk. 

Par1ty Error Status, ~'S, Tl,ner, vert1cal ... ~ Hard D1sk interrupt status .. 
can De read at the RfNl STAft'S location. 

. To permit several 1n$troot1ons to execute "atomically" a control bit 1s 
prov1ded tnat can disable all interrupts. Th1s function ShOUld never be 
invOked 'for roore ttla"l 8, few 1nstruct1ons .. The bi t .1s controlled as fol10ls : 

All Interrualts 

TOu interact .-ltn tne C(J)S 1n POlledllM)de it is necessary to insure tnat no 
interrupts occur; the D1S8ble All InterruPts can be used' for tnis fll1Ction. It 
stoolO be noted that Dt1A~ da'l still pre-errpt tne 68010 When interrupts are 
aisatlled, so no Dt1A transfers stlOUld be: pending wnen an "atomic" operation 1s 
. desired . me Test and set 1nstruct1on w111lOrk on tne Wttopper. Finally, wnen 
the DNA IflJ context 1s t)elng ~1fieo, 'care stlOUld t)e taken to inSure that DMA 
will not occur, as .-1la 8C(~sses may result. . 

BJs T1JDeoJts 
Dul"1ng all accesses a timer is set to cause a 68010 &us £RRat cycle in tfle event 
tnere 1 s no response to 49 bus cycle. !Nate tnat 1 f the f11J/t1efOOry bOard 1 s 
installed a BUS E~ cycle ~ also be ~ratect if a tHJ error occurs. The 80S 
ERRM SOftware can a1st11'9J1sn between aeus lInEOOl and an mu E~ oy reaat.ng the . 
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""U ERAa< bit in tJ'le SVSTErt S:TATUS register. 
Re118bil1 t~ Goals 

A final design goal for the Whopper is that the system be relial'lle. *,ile it 1s 
cl1ff1cult to quantify ret~1ab111ty tne fOllowing is proposed: 

The .lM1Opper PC ~as w111 each be· tested to deIOOnstrate that 
they neet me M"BF predicted D,Y perform1ng a stress level t1TBf 
prediction. ' 

COOperation between the OA c:tepartment W"td tne engineering c:tepartment w111 oe 
requ1red to 1nsure that ttl1 S goa11S net. ' 

Envlro oer ltal 5pec1f1cat1oos 

The WhOpper system w111 be des1gned to neet< tne fOllow1nQ env1ronnental 
specifications: 

1- Operating Terrperature: 10 - 40 OegreesC8nt1grade 
2 - Operat1ng tUI1a1 ty: Less tnan 90% R. H. non-conoenslrYJ 
3 - Vlbration:Stlall witnstancll.S g vibration 1n Sh1pping container 
4 - snook: Ins1C2E! sn1pp1ng carton sttock Shall not danaQe HJA 

NJf!roy AAlrovals 

rne VIhOpper snaIl be apprtlvet1 by all app11caDle agenc1es" tnat 1s: 

5afet y: ll., CSA,· tested tOCCJq')ly w1 ttl lEe ... 380 
RFI: FCC, Class A, and VOE, Class A 

,. 11 '1 111 ., Q,A~ , ';"74 ~' 



CO'IleCtOrs 

The WhOpper provides the follow1ng connectors: 

1- KeybOard connector (front Of U1it, 1/4" pnone plug) 
2 - Power connector (baCk of t..rlit,stcrtcJard IOOtor attac:rrrent cap) 
3 - serial cornector$ (baCk of ""it, t-.o 08-2$ connectors) 
4 - House connector (baCk of Lrl1 t, special 08-9 connector) 
5 - VideO OUtputconrteetot (baCk of: ""it, RCA jack) 
6 - Expansion connec'tors (tlaCk Of lII1t, three 56 pin ZIF connectors) 

In addition to ttlesix types CYtconnectors, . one or two tlOleS are provided to 
permi t a card in EXpansion Slot 4 to I'lave external connections. The pinout of 
tne Serial Port and MoUse connector is as followS: . 

Pin 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

~ly 14, 1983 

House 
S.l 
+5V 
GncI 
L 
R 

S.,2 
SWO 
ON 
lP 

serial A 
Gnd 

TxDA 
RxDA 
RTSA 
elSA 
DSRA 
Gnd 

OCOA 

TXCA 

RxCA 

DTRA 

-
Text A 

-.25.-

serial B 
GrId 

TxDB 
RxDB 

DSRB 
GrId 

fbd) e.,. 
OTRS 

- .,. 
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Attached to this ERSai'e data sheetsconta1n1ng 1nfOrmation on the fOllowing 
devices: 

1- IWN Chip 
2 -SCCCh1p 

3 - 8253 Timer 

4 - 3.5 Iron Mac sony DiSk Drive Interface 08scr1pt1on 

'_' ?f:.. L:' ' 
J' 
i 



Q 

nc SH3 

R2l nc AS Sl3 

~ nc SH2 
INT 110 

Sl2 
F138 LS138 

R013 CE SKI. , 
RDS R012 CE AlB SU 

mJE POll CE Al7 
" FD Eneble 

Rri 5010 CE AU ttl fMble 

0 
16 ~ to ROtS 

CPU 110 StatuslControl 
(he.. mu) 

DT~ 

A20 
16R8 

nc (00l.000> 

Al6 A14 

An AU 

AU 

Oriice MI ~.ss bnge 1«1 Tifter 

IardOisk MI 00000o OOCFFF . &If TiNr 

(r¢ defined) RIV OOlfXJO· 001FFF AS Pd ca>s 
f])ppy Disk RAI 0020(X) 002FFF 

Sta:us/ConUol RIU 003000 003FFf 
Ur C(PS 

LS138 
Tiner RIU OOG)J 004=FF Rd sec 
C{PS RN OOSCOJ 005FFF A13 Wr sec 
sec RI\I (X)6()(X) 006FFF 

Errer Addr latch RO 007000 007FfF 
Al2 Rod Error I\:tdr 

Videc:/rtJdio level ~ 007000 007fFF RfJI) Yr VidlSpk level 
---,.-



• 

At-Al2 
SlOTS «;5 

OD-OlS 

16 

E 

¥PA 

CPl.Q: 

~n 

SHn 

INJn 
1t1Cn 

"1iSU 

~ 



Video 
Addr ..;.. ..., 

(3) 

~r 

fv1ux .... ... 

t 

~OMOOH« 

~r 

Buffer] 
(4) -

23 , , 
" 

I 

5 
Video Out ' 

V1\1eO ContrOl i.& 

(4) ~ 

Timing 
(4) 

.... .... 
128K 
RAtv1 + (18) 

.... -
~ L.a 

(2) 
AJ 10...._ 

UABus 

" Parity 
(6) 

4~ 

" . 

SR 
(2) 

~~ 

r-t 

.. , ,~ 
Buf1er 

(2) 

.~ ~ 16 
J , 

15 r .... r~.·~.··· .. ·rr·····!·······r·I······J~~ .. · .. i· .... J; 
i (4)· (8) (5) I 

" 

I R~32 I r:r I ~se I 
! auilt-in 110 (33) 1 
i ................. III ....... ~,.t .. IIf' ... '''... • •••••••••••••••• " •••••• , ................... I.~ ................... : , A~ 

I 
......----'I~ 128K 

..... Rorvt 
...... (18) 

.' . 

Error 
~ess 

(2) TIming 
control 

& decode 
(10) 

1 
J 

32 

e:Xi*lSton BUs 
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