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When the counter rolls over to zero, the 03 output goes 
low and causes the P-inputs to be loaded. In this case, an 
8 will be loaded since the P3 input is pulled high and all 
other inputs are low. At this point, the 01 output is low, 
which results in the CEP input being asserted. Since the 
CET input is pulled high, the counter is enabled and will 
begin to count. 

The clock input is running and the machine will clock up 
from state 8 to 9. This causes the 00 output to go high 
and to sample wnether the CPU is attempting to a·ccess the 
controller by clocking the lower LSI09 JK flop at A-3. The 
Q output becomes deasserted in this case, which enables 
the OTACK driver at A-2. It is also presented to the upper 
flop at A-3, which acts as the system/internal mod·e 
selector and uses the 6504A's phi2 clock to present a high 
to pin 4 of the LSOO at A-2. 

When the counter clocks from 9 to 10, the 01 output goes. 
high, which presents a low input to the j input of the 
LSI09 JK flop at A-2. This in turn asserts the DTACK/ 
signal to the processor to initiate the I/O data transfer 
cycle. This also deasserts the CEP input to the counter, 
which means that the counter and thus the entire 
�c�~�n�t�r�o�l�l�e�r� hangs waiting for the processor to ·respond. 

Processor response is detected by means o·f toe AS signal. 
When this is deasserted, the upper 'flop at A-3 is preset, 
which drives the CEP to its asserted state again. The 
AS also presets the lower flop, which disables the MACK/ 
signal. The counter then proceeds in sequence through 
states 11 to 15 before rollin9 over and beginning the 
sequence again. 

In the case where the system is not attempting to access 
the controller, the lower flop at A-3 will be set. This 
causes the counter to begin in state 9, since the PO input 
is high when the PE load signal is asserted. 

The 00 output is used solely to clock the disable flop at 
.A-3. Due to the asynchronous nature of this clocking with 
the system interface, the second flop at 5-3 has been 
added to give a stable period to the state. 

The 01 output perfo·rms two functions. Firstly, it is used 
as-a clock to drive the disk state machine at 0-1 and 0-2. 
Secondly, it is used as a ga-ting term for the OTACKflop 
at A-2, which also halts the counter to wait for processor 
response. 
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The 02 output is used only to provide the input clock to 
the processor at C-2. This defines the period of the phi2 
cloek output by the processor. 

The 03 output is used exclusively to reset the counter to 
its initial count state. 

The phi2 clock from the 6502A is used to clock the upper 
flop at A-2 and also to provide timing for loading the 
control latches at B-1 and C-2. 

6.2.4 Disk State Machine 

The interface to the drive itself includes a state machine 
whose purpose it is to organize the data byte parallel/bit 
serial translation during transfer to and from the drive. 

The state machine consists of three main devices, as shown 
in Figure 6-5. The central device is a 256x8-bit ROM at 0-
2, which works in conjunction with the hex D-Flop LS174 at 
0-1 and the 74LS323 a-bit universal shift register at 0-2. 

(Insert 'Figure 6-5) 

The processor uses two outputs of the LS259 to select one 
of four operations within the state machine. In addition, 
data is made available on the internal controller data bus 
for parallel loading into the shift register. 

The state machine is clocked by the 02 output of the 
timing counter described in Subsection 6.2.3 above. 

The inte·rface signals which connect to this section of the 
logic are as follows: 

ROA is input from the drive and is the Read Data line 
containing serial data from the selected head and drive. 

WRD output to the drive is the Write Data line for the 
serial data written by the selected drive and head. 

SNS is input from the drive and is the sense line 
which presents the selected status information on the 
dual drive system. 
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a.R 5t so Ope..~ 

1 () 0 UeY P-• .s; c:W;.. :'a~lCa-., 0 t $.~ lc~ Rccc.··1IC"o ~ . ~s.k. 
1 1 0 5l\4=t ~U: ~~~~ 1 t 1 Ltif14 • 
0 )t )t' ~. 

~ ~ tts!> • ~.J:~ .. -i" , 1kb:f~a,. £S~. 

Figure 6-5. Disk State Machine 
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6.2.5 Stepper Motor Control 

The control of the stepper motor in the drives is 
performed with the LS259 8-bit addressable latch at C-2. 
The various bits are selected by means of the low-order 
internal controller address lines. 

These are passed through. line driver.s to provide the 
following signals. Note that the first two signals do not 
actually control stepper movement. The signals are: 

WRQ/ is the Write Request line, which is output to the 
drive to permit write operations to be performed. 

HDS is the Head Select line, which is output to the 
drive to indicate which of the two heads on the 
selected drive is to be used to write or read data. It 
also is used to select which status data is to be read 
on the sense line. 

PhiO-Phi3 are the four phase control lines output to 
the drive to control the carriage motion performed by 
the stepper motor. In addition, the PhiO signal is used 
in the selection of status data read on the sense line. 

The fi'rst two signals ar~ placed here only for 
convenience. The motor phase control line .. operation is 
described in Subsection 6.3.5 

6.2.6 General Drive Control 

The function of the general drive control logic is to 
manipulate lines on the drive interface. This is performed 
by the LS259 8-bit addressable latch at B-1 with some 
additional logic. 

The laeched bits are addressed by the low-order four lines 
on the internal controller address bus. 

Two bits are used to provide information to the CPU: 

FOIR is the Floppy Disk Interrupt Request. It is fed 
into the inverting driver shown at B-4 on sheet 3 where 
it generates the lOIR/ interrupt request to the 
processor. It is also presented to the PB4 inputs of 
the keyboard interface device for polling by the CPU. 
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DSKDIAG is the Disk Diagnostic line which is presented 
to the PB7 input of the Parallel Port interface device 
for polling b~ the CPU to indicate tha~ the controller 
is performing disk diagnostics. 

One bit is used for internal control on the I/O board: 

DIS (Disable) This is the, control signal which the 
6504A uses to inhibit the interface to the system when 
it is the process of an operation which must not be 
interrupted. 

Four bits are used as control signals to the disk drives: 

MTO/ & MT1/ are the motor control lines. They are 
output to the two individual disk drives to control the 
spindle rotation speed. 

DRO/ , DR1/ are the drive select lines which select 
between the two drives in the dual drive' assembly. 

6.3 FD Controller Operation 

The FO controller manipulates the control lines to the 
drives to read data from and write data. to arl tracks and 
surfa·ces of the disk drive. It comm·uncates with the CPU by 
means of a common RAM space on the I/O board, shown in 
Figure 6-3. 

The CPU requests the FO controller to perf.orm 'operations 
by means of commands placed in the GOBYTE in location 
0000, plus other parameters within the I/O block as 
required. The 6504 command structure is shown in Figures 
6-6a through 6-6r 

(Ins~rt Figure 6-6) 

Execution of the macro commands received from the CPU are 
fully under control of the 6504. Upon completion of the 
operation, the status of the controller is available in 
the I/O control block for interrogation by the CPU. Figure 
6-7 shows the general flow of macro command transfer and 
execution. 

(Insert Figure 6-7) 
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II Issued 
'Y 

RetUIned ( HANDSHAKE ) 
--------¥-------~~ 

g~RIPTOS Mlm: COM1ffl1T 
cobf\e 

tuncUon 
drift 
ck1e 

MCt.or 

u-ack 

speed 

ccftlnn 

',",WI 

ctsklD 
rea")' 

Ut. bttslpl 

d&t. blc:lp2 

dAtchksm 
Idr bttslpl 

Idr bltslp2 

wronc tee 

WI"OrC tr'k 
Idr chksm !-
UIf' chksm 
u:r c1'Iksm. 

us:' d'Iksm 

Qed sec total 
In'CZ' Uk • 

e:rar .ide -
bed .ecta:: alQ 

but' be(Jn--

bur cd -
lDIll 

~UG 

DSKOIAG htgn 
goDyte leroed 

eo henctshake, zeroed 

00 

00. 80 00 • top 
00. 01 00 • top 

00 •• 1$ lee belo.-
OO •• %!) 00 • ouc.er 
DA •• Z3 00 • norm. DA • C&st 

rr 
00 •• Ie 00 • no error 
00 •. 02 00 duo. 01 11 SA. 02 Me 
00 .• " '"' • no ret f7S 
oo •. rr 00 • no error 
oo .. rr 00 • no error 

00 •. " 00 • no error 
00 .• 02 00 • n:> error 
oO .. rr 00 • no error 
OO •• !!' 00 • no error 
00 •. 02 00 • n:> error 
00 .. !!' 00 • no error 
OO •• ff UM~, • 

1)0 •• n user 
oo .. n user 

00 •• 118.1 sec:a: ura:' only 
OO •• IIIU treek error only 

00, 01 C'%O:' only 
00 •. au teetc: urc: only 

diCit&! bit hiCh • werrupt. pen:11nC 
41,1t&l bit low • busy 

I *------~----~ tracb/secW"S tradcS/se<::on 

0-3 , 0-15 l1-1e I 0-11 

no special reQUirements 

gotlyte zeroed on handshake 

4-1\ I 0-1'" 10-22 I 0-10 

e-l0 I 0-13 t 2:3-29 ! O-!" I 

11-1' I 0-1% I L\-ZtI I o-! ! 

Figure 6-6a. FD Controller Handshake Command 
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Returned 
pQjJUPTQ8 

CobfU 
tunctlon 

drtN 

side 

sec~ 

U'ac:lt 

speed 

confirm 

.\aWl 

cSskJD 
reuy 

cIa\ bltclpl 

clat bl~lp2 

dAt d'lksm 

ad: blu1'pl 

ad: bttcip2 

wr"CmC sec 
'IIrl"OnC U'k 

adz" c:hkszn ,. 

ua' chlts&a 

USZ" chksZl\ 

usr chksm 

bed sec total 
error trk • 

en=- lide -
bed secCa: II", 
bti~­

but tnl -
mIl. 

J:IS1CDUG 

DSKOIAG high 
Clrive enealed 
gobyt. zeroed 

no intcn-uptl pending 

none until f"DIR 

( 
JWm 

81 
00 

00, 10. 

00, 01 

00 •. 1$ 

OO •• ZD 
D4 •• 23 

fl' 
OO .. IC 
00 .. 02 
00 •• 6-1 
OO .• FF 
OO •• FF 
oo .. rr 
00 .• 02 
OO •• FF 
oo .. rr 
00 •• 02 
OO •• Ff 
oo .. rr 
oo .. rr 
00 .• r! 

LISA Hardware Manual 

READ 
ruwvna 

MS, zened 
ned 

00 • top 

00 • \011 
see bel0f"8 
00 • outer 

00 • nona. DA • las, 
'.,.at confirMhon 

00 • no erroor 

'" • no ret%'7S 
00 • no error 

00 • no erroor 
00 • no error 
00 • no error 
00 • no error 
00 • no error 
00 • no error 
00 • no error 

user 
user 
user. t -

) 

CO •• JlU ,ec~!iIl' 

OO ••• ax track 

00, 01 

c:rar only 
mar only 
t::'aZ' only 
c=ar o~y 00 •• IIU secta:: 

l\1Ch • interrupt pen:tl"C 

109 • WI7 

I * U'ac:blsec:t.cIr'S' U'ac:ks/HCton 

0-3 '0-15 I 11·1C i 0-11 
t .a-A I 0-1..10-22 I 0-10 

!S-10 I 0-13 :;3-29 i o-P' 'I 

11-16 I 0-1% Z-\-m I o-E 

____________________ --' -& m'rs CN ngs PftZ' K tfX 

Figure 6-6b. FD Controller Read Command 
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II Issued 
'¥ B2i 

tune\lon 

ctme 
,Ide 

MC1Ol" 

cnelL 

speed 

coria 
S\aWS 

dSka) 

NU'J 
dat blu1pl 

ut bttstp2 

datchksm 
adr bl,,1pl 

adr biu1p2 

wronc Me 

wronc a'k 

adz" cnksm 

ua" chksm 

'=' chksIl\ 

ua" chksm 

bad sec total 
error ~ • 
C'rOl' Side I 

Dad ,ectar lIap 

btt be(!n: 
td erd 

Btl. 
CSlCDIAG 

DSl<DIN.i "lg" 
drive enaoled 
;abVte zeroed 

!' 

no int~s penQlftg 

none UI'Itl1 f'DIR 

LISA Hardware Manual 

l WRITE J 
~ 

81 
01 

00, eo 
00, 01 
00 •• Ie 
00 •• 21) 

DA..25 
rr 

OO •. lC 

COMlmSI 
RWTS, zeroea 

write 
00 • top 
00 • top 

tee bel0'f'8 

00 • outer 
00 • mf'1l. DA • fut 
format conf1rmetl0n 

00 • m error 
00 •. 02 00 du:>, 01 11 sa, 02 Me 
00 .. &4 
oO .. rr 
oo .. n 
oO .. rr 
00 •. 02 
OO .. FF 
OO .• FF 
00 •• 02 

oO .. n 
OO .. FF 
OO •• FF 
oO .. n 

00 •• IIU sec·tor 
OO •• UX tnck 

00. 01 
00 •• ltU sec-tar 

d1Clc.&1 bit 
dtC1 c.&1 tit t 

M • m retrys 
00 • no error 
00 • no error 
00 • no error 
00 • m error 
00 • no error 
00 • no error 
00 • no error 

00 • nQ error 
user •.• 
\&Nr 

user 
e=::I: only 

cr."GZ" only 

c::'C%' only 

cr.-ar onl·., 

h1(h • interrupt ~lnc 
10'1 • WSJ 

* tracks/sect.)rs trKt.s/secton 
O-S I 0-15 17-1C I 0-11 

.-A I 0-, .. It>-22 I 0-10 

!-10 .' 0-13 ::3-29 I 0-1" 
11-16 I 0-12 z.,,-ztI I O-! 

____________________ ...... ·-u yer If? g« ngs P!g K tfX 

Figure 6-6c. FD Controller Write Command 
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II Issued ~ 'V B2f em 
0000 FCCOO1 W;,~ 

Returned ' 
D~JUPTOB 

'obftc! 
0001 rCc003 l\n:;iCn 

0002 P'CCCXX5 drtYe 
I 0003 FCCOO? stele 

()00.6 f"CCOO9 sector 

~ rccoos craCk 

0006 P'CCOOO spe«1 

O/X)? FCCOOF corIlna 

0008 P'CCOll I:;l!:d status 
0009 !"CC013 C1sk1D 
OO2C P'CC~9 retrJ 
~B P'CC057 ItAt bl\:lpl 

OC6C P'CC0!9 clat blts!J'2 

~O p'ccose clatchkszn 

OC6E p'ccoso Idr bttSlpl 

OC6F p'ccos: Idr bl\:lJI2 

0060 f"CCOC1 wronc sec: 
006: !"CC0C3 wr-onc U'k 

~2 :CC~ Idr c.~ 

" 007E P'C~F"O \1St' chIr.cm 

007' P'CCOf"P' \1St' chksm 

OO&;) FCClO1 us:' chksm 

0100 rCC3A1 f bad lec tot al 
0101 FCC3~3 en"al' trk 6 
0102 FCC3A' e:rr: lide 6 
0103 rCOR' Dad sector lIap 

01~" P'CC3£9 
03P" P'CC7" 

COPS pe-.. P'C'OO81 !~ 
Paral1eel ~~ P'CC~1 I 

DSl<DlA1a ft1 Qh 
CIr1 ve eneclea 
QObyte Zeroed 

no interrupts pending 

none until roIR 

LISA Hardware Manual 

t UNCLAMP J 
JW:«i: ~OllUz:tII 

81 RWTS, zeroed 
02 unclanp 

00, eo 00 • top 

00, Ot 00 • lOP 

00 •• 1~ 1ft b=lOW-

00 •• 2D 00 • .,,;er 
D4 •. 23 00 • norm. Di • tut 

rr fOl"lMC conru..non 
OO •• lC 00 • no error 
00 •• 02 00 CSUl:>, 01 Usa, 02 Me 

00 •. &.4 '-4 • no retr'1s 
oo .. n 00 • no error 
oo .. n 00 • no error 
oo .. n 00 • no error 
00 •• 02 00 • no eM"Of 
oO .. n 00 • no error 
oO .. n 00 • no error 
00 •• 02 00 • 1'1) error 
oO •• n 00 • no error 
oO •• rr \IM'f" -

oo .. n use: 
oo •• il user 

00 .•• U lectar c:rar only 
00 ..• u track tr.'G1' Inly 

00, 01 c:rar only 
oo .... U sectar c::rar W'" 

eli,! ul bi.. hi,.", • Wetru;lt pe::d1.-" 

41'1t&1 ~1t low • ~ 

* cradtS/sectcr'S, uacks/scc:UX'S 

0-3 I 0-1~ l1-1C' 0-11 
-4-A I o-l~' 10-22 , 0-10 

S-lO / 0-13 t :3·29 .' o-P' 
11-1' .1 0-1% i Z.\-~ .' o-! 

I 

____________________ ....... ··fU verES m THIS Pg K tg 

Figure 6-6d. FD Controller Unclamp Command 
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II Issued 
y G2:t ~ 

0000 P'CCOOl 

0001 !"CCOO3 

0002 P'CC~ 

0003 !"CCOO1 
I 0»4 P'CCOO9 

oooe !"CCOOS 

0006 P'CCOOO 
~? P'CCOOP' 

0008 P'CCOll 
'0009 P'CC013 

002C !"CC~9 

~8 P'CCOS? 

~c p'ccoeg 
~O P'CCOBB 

~! P'CCOSO 
emF P'CCOSP' 

0060 P'CCOCl 
()O61 P'CC0c:3 
0062 P'CC~ 

()()7t P'CCOf'O 

007F FCCOP'F 

0080 reClOl 

0100 rCC3A1 
0101 rCClA3 
0102 FCC3A~ 

0103 rCC3A7 

011'4 rC~D 

<X3P'F FCC1rP' 
I COP!,Pe-" p'eDOel 

Parallel P6~ P'CC;Q1 

~ 
~~ 

I 

~ 
~ 

3i 

~ 
:t:~:i 

~ 

Returned 
~BC'k1PTOR 

,obf'\e 
f\n:tlon 

drive 
cicSe 

MCtOJ" 

U'ICk 
speed 

confirm 

status 

clsk 10 

retr7 
, U\ bits1p1 

U\ bi\:lp2 

at chkszn 
_tll_1 

adr bits1p2 

wronc sec 
1ft'01'1CtZ'k 
adZ" d'lkSm 

u=r chUm 

u=r ehksm 

u:::r chUm 

baa sec total 
error trk 6 

c::'a:' side -
Ilea sectar lIaD 

f])IR 

DS2a)1AG 

Clve enaDled 

OS<OI~ hlgn 

gooyu zeroed 

,. 

LISA Hardware Manual 

( FORMAT ) 
~ 

81 

03 

00. eo 
00, 01 

OO •. l~ 
OO •• ZD 

DA •• 2:3 
rr 

OO •• le 

COMMM 
RWTS. zuoed 

romat 
00 • top 

00 • top 

tee belOW­

beC1m1nc track • 
00 • norm. %)4 • fut 
formet conrirmatl0n 

00 • no en-cr 
00 •• 02 

00 •• 6.c 

00 duo. 01 l!sa, OZ Me 

OO .. FF 
OO •• F! 
OO •• FF 
00 •• 02 

OO •• Ff 

OO •• FF 
00 •. 02 

oO .. n 
OO •. Ff 
OO •• !'!' 

oo .. n 
00 .• IIU sectar 
OO ••• u track 

00. 01 
00 .• au sectar 

ci1Cltal blt 
cI1C1 tal tilt 

~ • no r'etf'1S 
00 • no error 

00 • no eM"Or 
00 • no error 
00 • no error 
00 • no error 

00 • no error 
00 • no error 
00 • no error 

user 
usCr -
user 

er.:-a:' only 
error only 
tr.'a:' only 
e=ar only 

h1Ch • interrupt peM1z\C 
low • Wq 

no inte::vpts pending 

* u-aeks/seetors ::acks/see~ 
0-3 I 0-1~ I 1?-1C I 0-11 
,,-1\ I 0-1" I 10.22 I 0-10 

8-10 l 0-13 I ::3-%:\ ! ()'P' 

none untll tOIR 11-16 I 0-12 1."-ZO I O-~ 
I 

----------------------------------------~ 
·-ttL m! rs q« THIS PftZ' K tfX 

Figure 6-6e. FD Controller Format Command 
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II Issued 
.i' 

--------.-------~-

Returned 

pmf1t!pTQB 
CobJw 

runc\1on 

cIrtte 
skSe 

MCtOI" 

a-ack 
speed 

ccftinn 

tUl.WI 

dsklD 
rea"7 

d&t btts11l1 

ciat btu1p2 

d&tcNtsm 
adr bttsllll 

adr bit.s1p2 

wronc oec 
wronc CZ'k 

Idr chksm !-
.usr' chk.cm 

us:' chUm 

US!" <::IJtsm 
bed sec total 

In'CI:' trk • 

mar side 6 

bad sectGZ' _ep 

but' beCin-­
w .. -­

rnllt 
DSJa)14G 

dr~ve en8Dled 

OSKDl~ hion 
t0Clyt. !coed 

LISA Hardware Manual 

( VERIFY 
B.Atm: COIQIM 

81 AWTS. zC'oed 

04 vCify 

00. SO 00 • top 

00, 01 

00 •. 1~ 

OO •• ZJ) 

DA •. 23 
rr 

OO •. IC 

00 • top 

tee below­

beC1m1r1C track 

00 • nona" Dj • rut 
tcnnt confirlftat1on 

00 • no error 

J 

00 •• 02 00 duo, 01 11sa. 02 Me 

00 •• '" 
GO .• rr 
oo .. n 
00 •• :1 
00 •• 02 

oo .. n 
oo .. n 
00 •• 02 

oo .. rr 
oo .. n 
oo .. n 
oO .. rr 

00 •• _u sector 
oo •• taU track 

00. 01 

00 •• au sec:o:r 

'" • no rctr7S 
00 • no eM"Or 
00 • no error 
00 • no error 
00 • no eM"Or 
00 • no error 
00 • no error 
00 • no error 

00 • no error 
UNr 

user 
user 

.c::-:r: only 
error only 
C":'Or only 
err: only 

tdCh • lnterr"JPt perdlr.c 

low • WI7. 

U'acks/sec:t«'S I U'acks/SCC~ 
0-3 I 0-15 17-10 I 0-11 I 

ftO intcr.rvpts Dendino 
.-A I 0-1. 1~22 I 0.10 I 
!-10 ! 0-1' ::S-!9 I o-r I 

none until F'DIR 11-16 I 0-12 %.\-%O! O-~ I 

____________________ --J •• & ver,a gy mrs erg K tf'C 

Figure6-6f. FDContro11er verify Command 
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0000 P'CCOOl 
()(x)1 P'CCOO3 

0002 P'C~ 

0003 P'CCOO"I 

I 000.. P'CCOO9 

~ p'ccooe 
0006 1'CCOOO 

rxxJ1 P'CCOOF 

I 0008 rCCOll 

0009 rCC013 

002C FCC~9 

~B P'CC0B7 

~C rCCOB9 

~D P'CCOEE 

oa5! P'CCOSO 
oa5F FCCOSF 

0060 f'CCOCl 

0061 !"CC0C3 

0062 P'CCO~ 

007! I P'CCOFO 
007F rCC'OFF 

0080 rCC101 

0100 FCC3A1 

0101 FCC3A3 

010Z F'CC3A' 
0103 f'CC3A7 

01Fo4 P'CCZE9 

03f'F FCC7FF 

COPS 1'5-. ,C0081 

Parallel ~ 'CC901 

(I Returned 
i' D=<JU'TOB 
~i 

;~~ 

~~;: 
~f: 
... 

~; 

:~~.~:~ 

~!~l 

,obfte 
tunetlon . 

drift 
slIM 

.c\Ol" 

crack 
Speecl 

coft'lrm 

statUI 

4sltlD 

retr7 
d&t bitclpl 

d&t bltslp2 

datd'lk.sm 

Idr bitslp1 

&dr bitc1p2 

wrcmc :eo: 
wronc U'k 
Idr chksm 

US2" chksm 

US!" chbm 

us:r chksm 
bed sec total 

G':'CI1" trk -
cnar side -

bad sector -e;s 

but' beCin:: 
at erd 

FDm 
DSlCDUC 

Cive .neDled 

OSJ<OI AG tu an 
t0byt. %troed 

.. 
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(FORMAT TRACK) 
B6HSm COMJaNr 

81 RWTS. zeroed 
00 f'amac track 

00, 80 00 • tOP 
00, 01 00 • tOP 

00 .• 1~ tee belC)\"8 

00 •• %1) 00 • outer 
Dt •• 23 00 • nc>rm. DA • iut 

n rarmac eon(lraatlon 

00 .. 1~ 00 • n:> enor 
00 •• 02 00 duo, 0111sa, 02 Me 
00 •• &4 '" • nc> rett)'s 
OO •• lF 00 • no error 
oo .. rr 00 • no enor 
oo .. n 00 • no error 
00 •• 02 00 • no error 
OO •• fF 00 • rID error 
oo .. n 00 • no error 
00 •• 02 00 • no error 
oo .. rr 00 • no error 
oo .. rr user 
OO .. !'!' user 
00 •• 11 user 

00 •• aax sector error only 

OO •• IIU tnck c:ror only 

00, 01 er.or only 

00 •• aax tector cr.cr only 

diClt&l bit hiCh • lJ\f.e:t"'JPt pcn:11..", 

diClt&! blt low • buS7 

* tr&dtS1sec:on tr.cb/sectors 

0-3 I 0-1~ 11 .. 1C I 0-11 
+-A I 0-1-( It>-ZZ' O-l'~ 

no lnterrupts penalng 
8-10 : 0-13 =.~.' o-r 

none unt1l rem a·l' ! 0-1% ' 2.".:;:0 ! 0·[ 

Figure 6-6g. FD Controller Format Track Command 
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Returned 

D~1UP'T°B 
,ob7te 

!Unet.1on 

drtN 
aXle 

sec~ 

a-ack 

~ 
c:onflnft 

!\aNl 

dsk ID 

retl"f 
clat bltalpl 

d.at blQlp2 

clat Chksm 

Idr bit:lpl 

&dr blWpZ 

wrorc lee 

wronc trk 
adr Chksm 

USZ'~ 

usr chUm 

u='~ 

bad sec total 
error trk • 

error' side -
Dad sector liB;) 

bu( beein--
td"n-
mm 

tlSICDUG 

anve enabl" 
CSKDl~ PIlon 
gobyte zeroed 

f' 

LISA Hardware Manual 

( VERIFY TRACK J 
JWfm: eoMJmft 

81 MS, Jeroed 

06 vC"1ty trICk 

00. '.0 00 • top 

00, 01 00 • lOp 

OO •• lS lee below-

OO •• 2%) 00 • Outer 

%)& •• 23 00 • nona. %)A • last 
II r=-at Conf1nl&tlon 

OO •• lC 00 • r» error 
00 .• 02 00 d1.», 01 11 A, 02 Me 

OO •• 6.c '" • ~ retZ'7S 
oo .. rr 00 • r» error 
OO •• Ff 00 • r» error 
oo .. rr 00 • no error 
00 •. 02 00 • no error 
oo .. rr 00 • r» elTOr 
OO •• Ff 00 • r» error 
00 •• 02 00 • no error 
OO •• FT 00 • no error 
oo .. rr user 
oo •. rr USC!, _ 
oO •• rr user 

00 •• 1181 sector er.'or only 
OO •• IIU tnck IZTO%' only 

CO, 01. crcr tnly 
00 •• tlU sect or ..ncr only 

41Clu.1 bi\ Men • 1nterrJPt pc:'&1inC 
cl1Cie&l bit low • b\IS1 

* trllckS/~~ tr.ckS/sec~ 
~ : O-l~ l1-1C I 0·11 
... " I 0-1.. 1[>,12 I 0-10 

1\0 iftCe:rupts ,.ndino 
e-l0 .' 0-13 Z3-29.' 0-'-

none until FOli\ 

I 
11-16 I 0-1% 'ZA-20 I O-E i 

____________________ ...1. -ru mrn tw W$ eg R !;£X 

Figure 6-6h. FD Controller verify Track Command 

~-21 



September 7th 1982 LISA Hardware Manual 

II Issued 
y 

RetuIned (READ brute force J 
--------~------~ 

12l!SClUPfOB 
,oby\e 

t\n:,scn 
drtN 

lieN 

IeCWl" 

~ 

speed 

=dlnn 

S\aWl 

clsk JD 

retr7 
cIa\ bltc1pl 

clat blts1p2 

clat Chksm 

Idr blt:11l1 
adr blWp2 

~:e: 

wronc U'k 

lid:' chksm 

us:r chbm 

USZ' ehksIl\ 

usr Chksm 

baa sec tecal 
error trk ~ 

e:rm" lide , 
bad sector .~ 

but' beCir\-

tsCDIAG 

CSKOlfIIG ru;n 
dnve enacled 
gooyte zeroed 

f-

no inte:":'UPt:: pending 

none ~tll f"DIR 

a.vm: ~vY'1'HT 
81 RWTS. zeroed 
~ read,{d1sregerG cneCkSum) 

00, 80 00 • top 

00, 01 00 • lop 

OO •• l~ ,"Ml~ 

00 •• 20 00 • outer 
1)1. .2:3 00 • nona. DA • fast 

rr fanaac c:ont'i:llation 

OO •. le 00 • no error 
00 •. 02 00 ~UI:I, 01 Usa, 02 Me 

00 •• 6-4 '"' • no :"etf7S 
OO •. Ff 00 • no error 
GO .• n 00 • no error 
oo •. n 00 • no error 
00 .• 02 00 • no error 
OO .• PT 00 • no error 
OO •. fT 00 • no error 
00 •. 02 00 • no error 
oo .• rr 00 • no error 
oO .• rr user 
OO •• ff user 
00 •. rr lIHr 

00 .... 1.1 sector en1Ir only 

OO •• MX tnck lZTar only 

00, 01 e::.n-=' only 

00 •.• 1.1 sec:or c::'a:' onl·f 

diCiti.l bit MCh • inter~t perd1:\C 
di(1t&l bit loy. busy 

.* U'lw/see:ors U'ldt$/sec~ 

O-~ / 0-1$ 17-1e I 0-11 

<I-A I 0-1<1 10-22 I 0-10 

e-l0 ! 0-13 23-29 I o-f' 
11-1& I 0-1% Z.\-%O I O-~ 

-----------------------------------------
•• tJJ. V,, rs CW ngs pq K tg 

Figure 6-6i. FD Controller Read Brute Force Command 
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Issued 

LISA Hardware Manual 

Retllnled ( WRITE brute force ) 
g!SClm'fOB 

'obrte 
furIc~1cln 

cn.e 
tide 

sector 
U"adt 

speed 

ccftinn 

',""WI 

dsklO 
reU'J 

dA~ bltslpl 

clat. blWp2 

csat.d'*sm 

Idr bltslpl 

Idr blts1p2 

III"OZ'C ftC 

wronc trk 
adr chksm 

\SI' cNtsm 

=r chUm 

\m' chUm 
Ded' sec total 
errcr trtc • 

errcr side • 
bad lector aeo 

Wf' be(in-

tU'tnt -
fl)Ilt 
~IlG 

DSKDIRG rugn 
CIr1ve enacled 

QObyt e zcroeu 

to 

• no intcr:'YOts pending 

none until rolR 

~ 
81 
.08 

00. eo 
00. 01 

OO •• l~ 
OO .• ZD 
Dj .. 2'3 

lY 
OO •• lC 
00 •. 02 

00 •. 6.a 

00 •• " 

00 •• " 

00 •• " 
00 •. 02 
OO •. lF 
oo .. n 
OO •. ~ 
OO •• rE 

00 •• " 
00 •• r: . 
00 •.. " 

e°MMnU 
RWTS. zC'oca 

. wnte (user CheCkSUII) 
00 • top 

00 • top 

see bel~ 
00 • out.er 

00 • nona. j)j • £ut. 
format conf1rmatlon 

00 • no error 
00 duo. 01 US&. 02 MC 

'" • no ~tr7S 
00 • no error 

00 • no error 
00 • no error 

00 • no error 
00 • no error 

00 • no error 

00 • no error 

00 • no error 
user 
U'ef' 

user 
00 .. IIU sector Il':'or only 

tr.'=' only 
er:-o:" only 

c::'er only 

OO •• MU track 

00. 01 
00 •• au lecter 

l'I1Ch • int.errupt. pe:d1...., 

!~, • bus7 

tradts/Secu>rs a-a<:blseetors 
Cl-3 I 0-15 1?-IC I 0-11 

oI-A I 0-1.. 10-22 I 1).10 

e-l0.1 0-13 i =S-29 .' O-P' 

11-16 i 0-12 12."-z;o I o-t 

____________________ ~ •• !!..L m 'ES (D D1IS PfYZ K :-pc 

Figure 6-6j. FD Controller Write Brute Force Command 
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II Issued 
y 

Returned 

prsqrypTOB 
COb1\e 

tunction 

ann 
~kk 

Metor 

a"aCk 

speC 

eorilrm 

IUtus 

dslllD 

retr7 
da, bttslpl 

Ut bit:l'p2 

d&\ chksm 

Idr btu1pl 

Idr bttslp2 

WI"OnC :ec 
wronc trk 
_ chksm !' 

us:' chksm 

usr chksm 
usr d\ksm 

. bed sec total 
crrar trk • 

In1IZ' ,Ue • 
baa sector lIeQ 

but' be(m-

but' erd -
!'DDt 

DSJ<DUG 

CSKOlfIIG "'10ft 
ctrive ~led 
;ocyte Zeroed 

ftO lnterrupts pendinv 

none untll Pl)IR 

LISA Hardware Manual 

('--__ CLAMP ___ ~) 
BAmm 

81 

09 
00, eo 
00, 01 

00 .. 15 
OO •. ZD 
n4 •. 2:3 

IT 

00 .. Ie 
00 .. 02 

00 .. '" 
oo .. n 
oo .. n 
oo .. n 
00 .. 02 
OO .. fT 
OO .. !!' 
00 .. 02 

oo .. rr 
OO .. fT 
OO .. !'!' 
OO .. n" 

cowmr 
RWTS. zeroed 

cl8llp 

00. top 

00 • top 

1ft belo.-

00 • outer 
:)0 • norm. nA • Eut 
t~t confl~tlon 

00 • no error 
00 duo, 01. 11S&, 02 11K 

'" • no ~trys 
00 • no emr 
00 • no error 
00 • no error 

00 - no error 
00 - no error 
00 • no error 
00 • no er:or 
00 • no er:"Qf 

user 
user 

':Sa: 
00 •• 1181 sector 

OO •• MX tnck 

00. 01 

error only 
er.:cr only 
er:-=" only 
error only 00 .. 1181 sector 

UCital bit 

4t1C1tAl bit 
h1Ch -lnter:-..p1 perdl%".( 

lOY • :NsJ 

U'Adts/sec:torS craclts/MC~ 

()-3 I 0-1~ I 17·1C I 0.11 
"-A I 0-1" 10..22 I 0-10 

e-l0 ! ~1:S I ~-29 I o-rr 

a-16 '\)-12 I ZA-ZO / 0-£ 

____________________ --'1 •• & Vf! Irs <w IHIS ptp; K tfX 

Figure 6-6k. FD Controller Clamp Command 
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Pre Issue rtqwremems: 

Returned 
D~RrPTOB 

cob7~ 

t'\n:tScn 

driVe 

side 

teCtor 

U'aCk 
speed 

corIlnn 

suaus 
clskJD 
I"eU7 . 

d&t btc:lpl 

Gat bic:lp2 

d&t ChUm 

Id.r blUlpl 

Idr btulp2 

wrcnc sec 
CI'Ol1C en 
Idr cHtsm 

\lIZ" chkaft 

\lIZ" d'Iksm 

ua" chksm 

Dad sec t~tal. 
erraz" en , 
e:ncr si~e , 

bad .ecta: _ .. 

!"DU 
DSlCDIAG 

ts<Oll'G htgft 

goDytc zer,aa 

f' 

LISA Hardware Manual 

('---_S_E:E_:K_~) 
~ 

83 

00 

00. 10 

00. 01 

00 •• IS 

00 .. %n 
DA •• 2:3 

rr 
00 •• le 

COMMW 
seK. zc:"oed 

00 • top 

00 • top 

lee belwa 
00 • OUter 

00 • nora. DA • rut 
fanlac conr1%'11Mlc~on 

00 • no error 
00 •• 02 

00 •• 0504 
00 =. 01 USA, Q2 Me 

OO .• FF 
oO .. rr 
oO .. rr 
00 •• 02 
oO .. rr 
OO .. !!' 
00 •. 0% 

oo .. rr 
oo .. rr 
OO •• ff 
oO •. rr 

00 •• IIU leecl:' 

OO •• IUX tnck 

00. 01 
00 •• IIU ,ector 

'" • M ret,." 
00 • no error 
00 • n:> error 
00 • ftC) error 
00 • ftC) error 
00 • no error 
00 • n:> er:-or 
00 • no error 
00 • no err'(ir 

UHf 

aer 
user 

er:-=' only 
trror only 
CTCZ' only 
CTOl" only 

hiCh • b\t~rrupt~:''t( 
low • Wlf 

no specla1 requiretents 

* U-acks/MC~ trackS/seeton 

0-3 I O-l~ 11-1C I 0-11 

4-A I 0-14 1~Z2 I 0.10 

8-10 ; 0-13 ::3-29 I o-r 
;cayce Zeroed aftc:" ~ veliOauon 11-1S I 0-1% ! Z.\-%!j ! O-~ 

Figure 6-61. FD Controller Seek Command 
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II Issued ~ y ~ ~ 

0000 P'CCOOl ~ 
0001 t"CCOO3 

0002 FCCOO5 
0003 P'CCOO7 
()()O..l l"CC009 I 

()()OO p'ccooe 
0006 FCCOOO 
«m P'CCOOF 
0008 I P'CCOll 
0009 P'CC013 

OO2C P'CCCX59 
OCX5B FCCOB7 

~ P'CCOe9 
00:50 P'CCOBB 
OCC5! rCCOBO 
OCC5F P'CCOBF 

~ l"C COC 1 

0061 P'CC0C3 

Ct:l62 :CC~ 

007~ P'CCOFD 

rxtrf P'CCOP'F 

0080 rCCIOl 
0100 FCC3A1 

0101 FCC3A3 

0102 FCC3A' 

0103 FCC3A7 

01l''' f'CC~!9 

C3FF P'CC7P'F 
COpg pa-4 Fe0061 

Parallel ~~ l'eC~l 

Returned (CAIL USER PROG ) 
DP!SCJUPTOB 

Coby"e 
aow IIddres: 

hiCh IddreSs 

skle 

MC\Or 

a-adt 
I;)eed 

cod1nn 
s~CUI 

dslt 10 

retry 

d&\ bttslpl 

d&\ biulp2 

at ,d'IkS:m 

adr' bit:lpl 

adr btts1p2 

wronc tee 

wro:1C a1t 

Idr d\ksm 
USI' chUm 

ua' chUm 

u:r chUm 

bed sec total 
error trtc , 

1Z':'a:' side -
~ad sectcr lIap 

but' be(.in-

but erd -
mIlt 

DSJCDlAC 

DSKDIAG hign 

oobyte zeroed 

!' 

~ 

'" GO .. !!' 
00 •. :1 
00, 01 

OO .• l~ 
00 •• %1) 

D'-.23 
rr 

00 •• lC 

CQ'OC"'U 
CALL, zC'oed 

call IddreCS 

call Address 
00 • top 

tee belo..-

00 • outer 
00 • I'II)nI. DA • £ut. 
'QZ"IIIat conf1%'11U1Oft 

00 • "' eM'Or 
00 •. 02 

OO .. M 
OO~, 01 11 sa. C2 Me 

OO .. FE 
OO .. !'! 
OO •. !"! 
00 •• 02 

OO •. Tt 

OO .. R 
00 •• 02 

OO .• ll 
OO •• FF 

OO •• Ff 

CO •• r! 
00 •• 1181 see~cr 

OO •• MU tnck 

00, 01 

OQ •• au seeter 

cl1Cl u.l bl t. 

cUClt.&l bit 

"" • I'll) r«t.l'7s 
00 • "' error 
00 • I'll) er:or 
00 • no «rror 
00 • no error 
00 • no error 
00 • 1"11) error 
00 • no er.-or 
00 • no error 

UHr 

\lsef' 

user 
er.rar only 
cnr only 
e:rrar only 
«C"er only 

h1Ch • lnter:upt ~!n.c 
loy • busy 

* traclts/secU>rs tracks/~..ors II 

0-3 I 0-1$ 17-1C I Q-ll 

.-A I 0-1. 10-22 I 0-10 : 
P')st issue Jnem:)r'7 ICCes::: no ,"1:1 al rCQuinntent s 8-10 ! 0-13 23"29! o-P' : 

gObyte Ze'Oed arter nead park 

I
' n-16 I 0-1% %,\-Z!) I O-! ! 

____________________ -...J. ··fti YA'e; qt IHI$ pq: K tfdS 

Figure 6-6m. FD Controller Call User Program Command 
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II Issued ~Returned 
i' S2t am 

I2ESCRIPTOR 
COOO f'CCOO1 Rf,~~ ,oby\e 
0001 P'CC003 mask 
()()Ce rc~ drft~ 

oooa I"CCOO7 side 

0004 f'CC009 teC~ 

ooc:e P'CCOOB U'ack 
()(Y.)6 P'CCOOO -= 
o:n! P'CCOOP' corIinn 
0008 P'CCOll n&ws 
ooot P'CC013 dsk !C 

002C I P'Cca59 I'eU'J 
005B P'CCOB? U\ biuJpl 

OO&C P'CCOB9 U\ bl\Slp2 

OOCSO !"CCOBB at chksm 
oceE f'CCoao Idr bits1pl 
OO5F P'CCOBf' adz' btulp2 

0060 f'CCOC1 wronc tee: 
0061 P'CCOc:3 wronc. en 
0062 P'CCO~ Idr chksm 
oon: FCCOro \1St" d'Itan 

007F P'CCOf'F u::r d\ksm 

0080 FCC10t u::r d'\ksZI\ 
0100 I FCC3Al baa sec total 
0101 FCC3A) error trk • 

0102 ;CC3A~ cnc: lide • 
0103 f'CC3A7 Dad sector II~ 

!" 

LISA Hardware Manual 

rCLEAR!NT STATl ) .. 
B.AH,g: 
~ 

00 •• UUD" 
80 00, 

00, 01 

00 •• IS 

00 •• 2D 
Di •• Z3 

rr 
00 .. Ie 

COMJm1T 
CL.!tA 1N'TE:FR.P!S, Ie-oed 

X • CIOnt cere, e • t= ar 
00 • \01' 

00 • ,op 
tee below-
00 • ou,er 

00 • MnL DI. • tut 
form.t confirmatlon 

00 • nr:> error 
00 •• az 00 dUD. 01 11 s&. CIZ Me 

00 •• 
00 .. 

00 •• 

00 •• 

00 •• 
00 •• 

00 •• 

00 •• 

00 •• 

00 •• 

00 .. 

00: • 

00 .. 118.1 

OO .. 1ItU 

00. 
00 •• 118.1 

"" n 
n 
rr 
02 

rt 
rt 
C2 
rE 
rr 
l! 
rE 
sector 
tnck 

01 

"" • no reu'J'$ 
00 • IV) error 
00 • nr:> error 
00 • no error 
00 • nr:> er:or 
00 • no error 
00 • nr:> uror 
00 • nr:> error 
OQ • IV) error 

·UMr 

U'CI' 

use: 
tn'C1" only 
CZTar only 

eftOr only 
c:w only 

OlF. P'CC3E! ~ beCin ::' -==: ItIW 
03f'F FCC7l='f' ~ erd 

COPS PB-.c rCOO81 f1)11. 1 bi\ ~Ch • interrupt f*diI\C cH.Ciu. 
Paral~l P&.-e P'CC301 DSXDIAG dlCl W b1t 

•• ~ VfU£S cw lHIS Pf:G" IJ£ f£l( 

Pre Issue requir"ements: OS<Dl~ Man 
oocyte Zeroed 

PoS\ issue 1'IrJ::M)l7 access: ftC) special reQUireraent I 
QOCyte zeroed arter CCIIIOlet'1on and error status uoaate 

O-~ I 0-1,. 

..... I 0-, ... 
e-10 I 0-13 

1:'·= I 0-10 
ZJ-~i .. 0-,. 
21.·20 I 0-£ 

65G4 ",uts tar 69, 96 SeQUenCe 
11-16 I 0·1: 

Fiqure6-6n FD Controller Clear Interrupt Status Command 
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II Issued ~ "t G2t 11222 

I 0000 P'~COOl ~ 
0001 P'CCOO3 
~ P'CC~ 

~ P'CCOO? 
()(X).4 P'CC009 
cxx::o p'ccooe 
0006 P'CCOOO 
fXt1'1 P'CCOOP' 
0008 I FCCOll E:d 
C()09 P'CC013 
ooze FCC~9 

~ P'CC0B7 
~c FCCOB9 
~ .P'CCOSS 
~E P'ceOSD 
~F FCCOBf' 
00050 I FceOCl 
0061 P'CC0C3 
0062 FCC0C5 
007E rccof'O 

007F FCCO" 
OO~ I P'CC:Ol 
0100 FCC3A1 
0101 F'CC3A3 

0102 FCCJ*,' 
0103 P'CC3A7 

our" P'CC3E9 
OOFF FCC7FF 

COPS ~4 P'CD081 

Pen.Uel PB-6 P'CC!Ol 

Returned 

DI!'SCIUPI 08 
,obr\e 
mask 

d:ri'fe 

cicie 

sector 
U"&CJt 
speed 

oWlnn 
.~t,. 

d.sk1D 

reUT 
Cia\ bt~lpl 

ciAt btWp2 

cS&t cNtsm 

Idr blwp1 

Idr bi~lp2 

wronc Me: 

wr<mC uk 
It1r cNwn 
\SI'~ 

u:r chksm 

u:r d'Ibm 

baa sec total. 

In'Ol" trk -

error lide -
beG sector lie;) 

aU' beCin-
tU' en1 -
mIlt 

CSFJ)UG 

DSKDIAG "101'1 
goOyte Z-eroed 

po 

LISA Hardware Manual 

l DRIVE ENABLE J 
Ba!Si.: 

86 

oO .. u:Dm 
00, eo 
00, 01 

OO •• lS 
00 .• %1) 

1)A. .23 
rr 

OO .. lC 

cogmr 
CAM tNT ENfeLE, zeroeG 

X • dont Car't. IS • top 

00 • top 
00 • top 

see belOW-

00 • outer 
00 • nona. 1)6 • rUt 

00 • no eM"'Or 
00 •• 02 

OO .. 6.c 

00 dUO, 01 1111., 02 MC 

OO .• Ff 

oO .• rr 
oO •• n 
00 •• 02 

oO •• n 
oO •. n 
00 •. 02 

oO .. rr 
oO •• rr 
OO .. FF 
oo •. rr 

OO •• au Stetar 
oo •. HI track 

00, 01 

DO •• 1181 lectar 

cl1el tal bl t 

d1CltAl bit 

6.c • no retl'7s 
00 • no error 
00 • no cnor 
00 • no error 
00 • no error 
00 • no error 
00 • no error 
00 • no error 
00 • no error 

user­
user 
user 

err=" only 

en-ar only 

tn'or only 

-c::'CZ' only 

h1(h • interrupt pe:dlnc 

lOY • busy 

* U"ackSlseCtorS U'6w/sectors 

0-3 I 0-15 17-1C I 0-11 

.a-A I 0-1.. 10-22 I 0-10 

~st issue ~ acces:: no soecal. naw.remenu e-l0 '0-13 ::3-29 I o-P' 

OOOVte zeroed after cCIIIC'letlon and e:r:-or status UC)date 11-16 I 0-12 ZA-m I o-! 

--------------------------------------~ 
•• f!.l. Wf! n (J1 MS PfQ! K tfX 

Figure 6-60. FD Controller Drive Enable Command 
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II Issued Returned 

'(,-------"'- n~JtlPT°B 
cob1ce 
muk 

drtYe 

ski. 
MC\OI' 

U'aCk 
S1)eed 

conrtnn 
stoat .. 

clsk 10 

retr1 
dat biulpl 

clat btu1p2 

datchksm 
adr biutpl 
&dr btcslp2 

WI"OI'lC :ee 
wrcnc trk 

adr c:hksm 
ua- chkszn 

\c:' chksm 

us: d\ksm 

bed sec total 

error t:'k • 
err=' 11 de· , 

Dadseeta: asp 

tQ' beC1n:: 
~ml 

fDllt 
ts1a)UG 

OSKOI ACi h1 gn 

OObl/t. zeroed 

to 

LISA Hardware Manual 

l DRIVE DISABLE J 
JW!Sm 

ff7 

.oo .. AmBm 
00, eo 
00, 01 
00 •• 1:5 
OO •• ZJ) 

D6 •• 2:3 
n 

OO .. le 

COMM!:rt 
DRIVE INT DIS*&.!. Zeroed 

X • dont care. e • top 
00 • top 

00 • tOJl 

Me belOW-

00 • outer 

00 • nora. D6 • £ut 
f~ac ccnflrmaclon 

00 • no c!'!"Or 

00 •. 02 
00 •• $04 

00 dUO, 01 1116. 02 IlIAC 

oo .. rr 
OO •• FF 
OO •• ff 
00 •• 02 

oo .. n 
00 .• f't 
00 •• 02 

OO •• f't 
OO •• FF 
oo .. rr 
OO .• FF 

00 •• au secta: 
OO •• au tnck 

00. 01 
DO •• 1181 lecta: 

M • no r-ttl'7S 

00 • n:> eM'O!' 

00 • n:> eI'!"Or 

00 • no error 
00 • ~ error 
00 • nc> CM'<'r 

00 • n:> error 
00 • no errC'>r 
00 • no error 

UHr 

"""­
user 

erra: only 
enor only 

error only 
crrar only 

hiCh • 1%\terrJPt pen1i:'l( 

loy • busJ . 

* tracts/seeton tradtS/secu>rs 
()-3 I 0-1:5 1?-le I 0-11 

10-22 I 0·10 

~st issue Jnem:>ry ACCeSS: no IDeC e.l reQUirements 

of-,\ 10-1 .. 

B-l0 I 0-13 

11-16 ; 0-12 
::3-29 I O-F" ,I 

aoovte Zeroed efter comolet1on end errar status uodate z.~-!:O / O·~ 

____________________ ~ .au \fflf'rs (Jf D1I$ PftZ K tfX 

Figure 6-6p.FD Controller Drive Disable Command 
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II Issued ~ 
'":fY 

'f ~ em 
0000 P'CCOOl 1%1'1 
0001 !"CCOO3 
0002 I P'CC~ 

00CX3 P'CCOO1 
0004 P'CC009 
~ !'C'C'«\8 

<m6 P'CCOOO 
I o:m P'CCOOf' 

(»)o8 P'CCOll 

0009 P'CC013 

002C P'CCOO9 
~S F'CC0B7 

006C FCCOB9 

=0 P'CCO!38 

1)l5! F'CCOBO 
<X:eF FCCOSF' 

0060' FCCOCl 
0061 FCCOC3 
0062 FCCO~ 

007t Fe co f'O 

emF P'CCOP'P' 
ooeo !"CCI01 

~ o~oo f'CC:Al 
010\ FCC3Al 
0102 F'celA' 
0103 F'CCA1 
Ou',c FCC3E9 

OOf'P' f'CC7F1 
COP! ~.4 Feooal 

Parallel PB-6 f'CC901 

Returned 
DP.SC1m'rOB 

,obJ'· 
f\lnc:\lor\ 

drtIe 
side 

secwr 
U'aCk 
speed 

ccnirm 
1t.a\UI 

dsklD 
retr'7 

U\ bitslpl 

U\ blt:lp2 

dAcchksm 
Idr bt~lpl 

Idr bttslp2 

wronc sec 
wr'Ol'lC trk 

Adr~ f' 
us:r chUm 

u::r chbm 

usr~~ 

bed sec total 
e:rar trk • 

c:rar side -
bad IIctar lIap 

but' beC!n-
td cd--

rDll 
DSkDUG 

CSKDIFG ru.gft 

;0 byte zeroed 

( 
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ROM WAlT ) 
B6Im: PPMMM 

88 . WAIT IN ROM OO1L FL.~ 

00 
00. eo 
00. 01 

00 .. 1~ 
OO •• %!) 

D4 •. 23 

rr 
OO •. le 
00 •. 02 

00 •. "" 
oO •. rr 
GO .. rr 
00 •• r. 
00 •. 02 
oO .. rr 
oo .. rr 
00 •. 02 
oO .. rr 
oO .• rr 
oO .. rr 
oO .. rr 

00 • top 

00 • u>p 

tee belo.-

00 • outer 
00 • norm. D6 • t.st 

format conflrm.Clan byte 

00 • no error 
00 du::>. 01 11sa. 02 IlIAC 

"" • no ret:?s 
00 • no error 
00 • no enor 
00 • no error 
00 • no error 
00 • no error 
00 • no ener 
00 • no error 
00 • no error 

user., • 
~r 

user 
00 •• au secta: error only 

IZ':'Or only 

cn-or only 

DO •• HZ treek 

00. 0' 
00 •• au seeta: 

dl'1tal bit 
41,1'1.1 ~t 

er:-m" O!'l y 

hlth • interrupt pc11inc 

1". • bUS'J 

* I tradtS/sectorSf traw/sectors I 
I 0·3; O-l~ l1-1C I 0-11 

... " , 0-1<& 10.22 I O-l~ 

~t ~ ~T7 .~ no special requirement! 5-10 ! 0-13 :3-29! O-!" 

OOCyte zeroed after "ead ,ark 11-16 I 0-12 %'\-!!j / O-! 

6»' weiU untll 69. 96 seQUenCe 1n OOCYte 
•• f!.l. vE!' ES (If mrs pq; K !:fJC 

------------------------------------------

Figure 6-6q. FD Controller ROM Wait Command 
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II Issued ~ 'f' G2f am 
Returned 

D~1tIPrOR 

0000 f'CCOO1 ~llitJ &oo,\C 
0001 P'Cc0:x5 tun:t~ 

0002 P'CCOOC5 drift 
()(X)3 P'CCOO7 li:le 

ooo.c P'CCOO9 leC\or 

~ P'CCOOB tndt 

0006 f'CCOOO speed 

f»j1 FCCOOF conflnn 

oooe f'CCOll status 

GIO:)9 P'CC013 dsk ID 

002C P'CCCXS9 feU')' 

0CX58 FCCOB? U\ biulpl 

OOC5C P'CCOS9 Uf. blc:1p2 

OOC50 P'CCOBB Uc. d1ksm 

~E f'CCOBD f.dr btt:lpl 

OOCSf' P'CCOBf' w- btulp2 
0)50 P'CCOCl wron( sec 
0061 P'CC~ wronc Uk 

<»S2 P'CC~ 
_ chUm 

001! P'CCOf'D \Ia' chksa\ 

007F P'CCOP'f' \CI" ehksm 

0000 P'CC101 u:s:r <:.'Wm 

~~o FCClftl Dad sec: tctal 
0101 FCC3A3 errartrk • 
0102 FCC3A~ error nete • 
0103 FCC3R7 bed netar.~ 

OlF~ P'CC3E9 t:U' be(tn-

OS"' FCC7P'f' ~ en:! --
COPS ~ ... Femel nu. 

Para.l1~l ~ P'CCWl DSla)lAG 

tsCl)1~ hlgn 

oocyte zeroees 

to 
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l GO AWAY j 
~ cOMMn"' 

89 LOOP IN Ra'1 PER1fWT!l y 

00 

00. 80 00 • top 

00, 01 00 • f.GP 

OO •• l~ lee belOW-

oo .. ZD 00 • OUf.cr 
DA •• 23 00 • nona. DA • fast 

rr format confU'IIIanon 

OO .. lC 00 • no error 
00 •• 02 00 duc>, 01 Ua. 02 Me 
00 •• 6.c 60t • no re\f11 
OO •. !'F 00 • no error 
OO .• R 00 • no crror 
oo .. R 00 • no error 
00 .. 02 00 • no error 
OO .. R 00 • no error 
OO .. FF 00 • no enor 
00 •• 02 00 • no error 
OO •. R ()() • no error 
oo .• r. user 
00 •• !"f ·ur.r 
~ ... l! user 

00 •• ItU lector error only 

OO ••• u trw:k 1r.'G%' only 

00, 01 er.:or cnly 

OO •• au lecter crr:r only 

diC1w bit. ~(h • lnf.Cf'I'\Ipt. pe:d!nc 

cl1Ctt&1 b1t low • busy 

* a-ldts/secW"l 

0-3 I 0-1~ 

+-,\ I 0-1 .. 

S-10 I 0-13 

traeU/sc*" I 
17-1C I 0-11 I 
10-22 I 00-10 

23-29 I 0-P' ! 
U-ZO ! o-! I n-16 I 0-1% 

------------------------------------------
•• fU. m 'ei crt D1tS PAZ tR: tfX 

Figure 6-6r. FD Controller Go Away Command 
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€) i. m Fl~, ;Or 6-12 

@ h-.$ECIC~, ~,"\2 

Figure 6-7. FD Macro Command Flowchart 
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6.3.1 Slave Processor Operation 

The 6504 slave processor executes code from the· local ROM 
storage within the FD controller. It is routed to the 
routines contained therein on the basis of the macro 
command placed in the I/O control block of the local RAM 
by the 68000. 

The 6504 is also ~esponsible fo~ the encoding and decoding 
of the data for transfer to and from the FD drive. 

The command RAM available to the 6504 is logically divided 
as shown in Figure 6-8. 

(Insert Figure 6-8) 

The I/O control block is shown in detail in Figure 6-3. 
The read/write shared RAM is initialized by the 6504 at 
power-on time. The status block is used by the 6504 to 
indicate the result of execution of a macro command. The 
internal I/O block is used by the 6504· for internal flags 
indicating progress in execution of an operation. 
Variables used by the 6504 include both local and variable 
intermixed. The parameter storage is a space available to 
the 68000 and is n·ot accessed by the 6504. 'Phe 6504 stack 
fills the space assigned to it. from the high-order 
position downwards. The I/O Buffer is a space of 524 bytes 
used to transfer data between the floppy disk and the main 
system. 

In order to proceed with disk operations, the 6504 
inhibits interruption by the system. This enables the 
timing routines which are performed by the 6504 to be 
performed in real time until the operation is complete and 
termination status is available to be interrogated by the 
system. 

The 6504 firmware always executes in one of three possible 
states: 

* 
* 
* 

Waiting for a macro command from the 68000 
Checking the status of the drives 
Executing a macro command 
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6.3.2 Disk Macro Commands 

The 6504 detects that the CPU has transmitted a macro 
command to the FD controller by monitoring the high-order 
bit of the GOBYTE in the I/O block for a non-zero 
condition. 

Upon detecting this, the first eight bytes of the Ioa is 
copied to the internal I/O block (IIOB). Before any 
execution, interrupts are checked to see if any are 
pending. If there are, the Clear Interrupt Status command 
is allowed to execute. 

The macro commands divide into two classes by whether they 
do or do not interrupt the CPU upon completion. Those that 
do interrupt are generally those which require extensive 
processing by the 6504 and the CPU is locked out of shared 
memory for the duration of instruction execution. Once the 
class of the command has been determined, the GOBYTE is 
cleared and the command parameters checked for errors. Any 
error causes the reason to be placed in the ERRSTAT byte 
and the command is aborted. 

The macro commands which mav be received are listed below. 
The details of the command ·and its associated parameters 
are sh6wn in Fi9u~e 6-6 above. 

READ/WRITE DATA These operations involve an implied 
seek operation. The I/O command block therefore 
contains information on the desired drive, side, track 
and sector. The information returned to the·CPU 
includes the status upon command completion, a pointer 
to the buffer containing data read and a counter for 
the number of retries which were required. 

UNCLAMP This is used to release the disk currently 
inserted in the drive so that it may be removed. The 
input data states which drive (00 or 80) and the CPU is 
interrupted by means of the FDIR signal. 

CLAMP This is used to clamp a disk which has been 
inserted in a drive for which interrupts are enabled. 

FORMAT and FORMAT TRACK These overwrite all data and 
markers on the given track(s). They provide status 
i·nformation which includes the location of bad sectors 
which could not be correctly formatted. 
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~evre. 

~ Irb,,-) f"1A'$K 

t>fl.lt£ AbfQ+) 

Su:c 

~ 

iRACJ( 

S'Ps:.p 

~ c,.owr:.tRrt 

EResmT .. 
~~~ 1:1:> (0. t 0--'2..) 

Ite~ • ~ 
• ~U~ . 

ocoF 

Figure 6-8. FD Controller I/O Block 
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6.3.2 Disk Macro Commands 

The 6504 detects that the CPU has transmitted a macro 
command to the FD controller by monitoring the high-order 
bit of the GOBYTE in the I/O block for a non-zero 
condition. 

Upon detecting this, the first eight bytes of the lOB is 
copied to the internal I/O block (IIOB). Before any 
execution, interrupts are checked to see if any are 
pending. If there are, the Clear Interrupt Status command 
is allowed to execute. 

The macro commands divide into two classes by whether they 
do or do not interrupt the CPU upon completion. Those that 
do interrupt are generally those which require extensive 
processing by the 6504 and the CPU is locked out of shared 
memory for the duration of instruction execution. Once the 
class of the command has been determined, the GOBYTE is 
cleared and the command parameters checked for errors. Any 
error causes the reason to be placed in the ERRSTAT byte 
and the command is aborted. 

The macro commands which may be received are listed below. 
The details of the command and its associated parameters 
are shown in Figure 6-6 above. 

READ/WRITE DATA Th~se operations involve an implied 
seek operation. The I/O command block therefore 
contains information on the desired drive, side, track 
and sector. The information returned to the·CPU 
includes the status upon command completion, a pointer 
to the buffer containing data read and a counter for 
the number of retries which were required. 

UN<:LAMP This is used to release the disk currently 
inserted in the drive so that it may be removed. The 
input data states which drive (00 or 80) and the CPU is 
interrupted by means of the FDIR signal. 

CLAMP This is used to clamp a disk which has been 
inserted in a drive for which interrupts are enabled. 

FORMAT and FORMAT TRACK These overwrite all data and 
markers on the given track{s). They provide status 
information which includes the location of bad sectors 
which could not be correctly formatted. 
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VERIFY and VERIFY TRACK These attempt to read track(s) 
and inform the system where errors are present in a 
manner similar to the FORMAT. However, no write 
operation is performed. 

READ BRUTE FORCE (Ignore Checksum) This is identical to 
a-iEAD operation, except that agreement of the data 
with the three checksum bytes written at the end of 
each sector is ignored. It'enables partly erroneous 
data to be read. 

WRITE BRUTE FORCE (User Checksum) This is identical to 
the WRITE operation, except that The command, supplies 
the three checksum bytes to be written at the end of 
the sector. The controller does not attempt to write 

.the bytes which it would normally generate. Ordinarily, 
data thus written can only be read without error by a 
READ DATA (Ignore Checksum) operation. 

SEEK This operation moves the selected head to the 
triCk required, but does not transfer any data. 

CALL USER PROGRAM This initiates a routine which has 
been down-loaded to the 6504 RAM area. 

CLEAR INTERRUPT STATUS This operation clears the 
interrupt status to the data output,. with .. the execution 
of this command. 

DRIVE ENABLE/DISABLE These commands are used to control 
the availabliity of either of the two disk drives to 
the system. 

ROM WAIT This continually reads RAM, looking for a two­
byte-sequence of69 and 96. Once these are found, the 
system performs a cold start. The purpose of this 
operation is primarily to remove the 6504 from the RAM 
area while diagnostics are being performed. 

GO AWAY This is used only in an emergency, such as 
occurs with a power loss during an operation. It causes 
the FD controller to terminate whatever operation is in 
progress. 

These operations will result in a number of possible 
status codes being returned to the system via the status 
byte, which indicates an error when it is non-zero. In 
addition, error counters give the number of occurrences of 
specific errors during the performance of a given 
operation. 
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The FD controller will attempt to retry an operation on 
the disk which results in an error condition. This will be 
attempted repeatedly until the error count is exceeded. 
Retries involve moving the head off track in increments of 
1/8th of a track and recalibrating the head using the 
optical sensor on the drive. 

The significance of the possible error codes and the error 
counters is shown in Figure 6-9. 

(Insert Figure 6-9) 

6.3.3 Data Encoding/Decoding 

Data transferred to the FD controller by the system for 
storage on the drives is not written directly onto the 
disk. A transformation is performed to enable the maximum 
storage density of data on the disk. 

Data is written on the disk according to the following 
rules: 

, * 
* 
* 

Three 8-bit bytes become four 6-bit bytes. 
Each byte on the disk begins wit~,a one bit.' 
No more than two zeroes occur· consecutively. 

The data is transformed under control of the 6504 after it 
has been placed in the buffer by the system. It is 
transformed as shown by Figure 6-10. 

(Insert Figure 6-10) 

The requirement of each leading bit being a one is in 
order that the drive state machine can identify byte 
boundaries when the data is being read from disk. The 
requirement that no more than two zeroes occur 
consecutively permits data to be written without 
intervening clock bits. Transistions from the data bits 
themselves occur frequently p.nough to permit the state 
machine to remain synchronized with the data being read. 

The data is reformed from groups of three a-bit bytes into 
four 6-bit bytes by a table lookup operation. It so 
happens that within the 128 possible codings of the other 
seven bits written to the disk within one byte, there are 
more than 64 codings that satisfy the requirement of no 
more than two consecutive zeroes. 
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ERROR CODES 

01 (hex) 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 

14 
15 
16 
17 
18 
19 
lA 
18 
lC 

ERROR COUNTER ADDRESS 

0058 (hex) 

oose 

0050 
OOsE 

OOSF 

0060 
0061 
0062 

LISA Hardware Manual 

SIGNIFICANCE 

Invalid Command 
Invalid Drive 
Invalid Sector 
Invalid Side 
Invalid Track 
Invalid Clear Mask 
No Disk 
Drive Not Enabled 
Interrupts Pending 
Invalid Format Confirmation 
ROM Self test Failure 
Unexpected IRQ or Nr1I 

Write Protect Error 
Unable to Verify 
Unable to Clamp 
Unable to Read 
Unable to Write 
Unable to Unclamp 
Unable to Find Calibration 
Unable to Adjust Speed 
Unable to Write Calibration 

SIGNIFICANCE 

Bitslip Error Count 
(data field start header) 
Bitslip Error Count 
(data field trailer) 
Checksum Error Count 
Bitslip Error Count 
(10 field start header) 
Bitslip Error Count 
(10 field trailer) 
Wrong Sector 
Wrong Track 
Header Checksum Error 

Figure 6-9. FD Controller Error Codes 
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0 

0 96 
10 B4 
20 06 
30 ED 

1 

97 
85 
D7 
EE 

. . 
• • 

Gal G.ll.M.l ~vc$"" T~ 

,-~*' ft'~"':" -:;. \;.t ",\Wcra (!Jlc..~) 
CM ~~"-' -n..o ~ ~) 

w r 
. 
I 

" . 
\ 

I ) ) 1 I I 
i \ ; , , 
J1J) J 1 J I I 

GCR Codeword Table 

2 3 4 5 6 7 8 9 A B C D E F 

9A 9B 90 9E 9F A6 A7 AB AC AD AE AF B2 B3 
36 B7 B9 SA BB Be BO BE BF CB CD CE CF 03 
09 DA DB DC DO DE OF £5 E6 E7 £9 EA EB EC 
EF F2 F3 F4 FS F6 F7 F9 FA FB FC FD FE FF 

Figure 6-10. FD Data Encoding Scheme 

6-40 



September 7th 1982 LISA Hardware Manual 

6.3.4 Disk Formatting 

The format of tracks in the LISA is similar to that used 
in the Apple II and Apple III systems, with the addition 
of a side number. Data encoding has been changed, as 
described in the pre~eding subsection. 

A number of codings which are not used in data translation 
are used to indicat~ a number of special codes, such as 
headers within the format and speed synchronization bytes. 

The n~mber of sectors and tracks are shown in Figure 6-11. 
Note that the number of sectors is dependent on the track. 
This is due to the technique of varying the rotational 
speed of the drive to allow for the increased density 
possible on the outer tracks of a disk. 

(Insert Figure 6-11) 

Tracks 0 through 45 are normal data tracks. The number of 
sectors contained on each track depends on the track 
position as shown. This is due to differing lengths of 
each track. The speed of disk rotation is dynamically 
changed by the ·FD controller to take advantage of this. 

Track -1 is used as a speed synchr9nization track. It is 
never written to except during disk formatting. The 6504 
makes use of this track to adjust the speed of rotation to 
within 0.4% of the desired speed. 

Each sector is divided into four distinct fields, as 
described below: 

* 
* 
* 
* 

Header syne field 
Header field 
Data sync field 
Data field 

HEADER SYNC FIELD This contains a pattern of ones and 
zeroes that permit the disk state machine to 
synchronize with the data coming from disk. It <:onsis·ts 
of the following pattern: 

32 RBit slipR FF's 
10 bytes A9 Speed Synchronization 

(only before Sector'tO) 
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-t 
T-.lo L(1VicJ-

~ 
T~4r; 

i~ ~\ 

"J 

~ .. f 
T .. clO ~i ~ 
Tt--"lG It' 

Tracks Sectors r.p.m. Speed Code 

0-3 22 218.3 DC (hex) 
4-10 21 228.7 CC 

11-16 20 240.1 B8 
17-22 19 252.7 A4 
23-28 18 266.8 8E 
29-34 17 282.5 75 
35-41 16 300.1 59 
42-45 15 320.1 38 

Figure 6-11. LISA Disk Format 
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HEADER FIELD This identifies the sector uniquely on 
the disk, using the following pattern: 

DS ) 
AA ) 
96 ) 
1 byte 
1 byte 
1 byte 
lbyte 

1 byte 

DE ) 
AA ) 
1 byte 

Header field identification 

TRACK identification number 
SECTOR identification number 
SIDE identification. 00 or 01 

VOLUME· identification.May beone of 
~O=AppleII/III, Ol-LISA, 02-Mac 
CHECKSUM coding. This is formed by 
XOR'ing the previous four bytes 

"Bit slip" marks 
Pad byte where head wa~ turned off 

DATA SYNC FIELD This is similar in purpose to the 
header sync field. It has the pattern: 

5 "Bit slip" FF's 

DATA FIELD This field contains the data written to 
the drive. Normally this is the only field written ,to 
except during a format operation. I~ has ~Ae pattern: 

05 ) 
AA· ) Data marks which identify a data field 
AD ) 
1 byte Sector number 
524 bytes User data 
3 bytes Checksum formed by adding data 
DE ) 
AA ) 
1 byte 

"Bit slip" marks 
Pad byte where head is t'urned of f 

Note that the format is given in terms of the bytes 
handled by the system side of the controller. The actual 
number of bytes written to the disk is greater sipce three 
normal bytes map into four bytes on the disk, as given by 
Figure 6-10. 

Bit slip refers to a technique whereby two ze·roes are 
inserted between each byte written to the disk. The state 
machine requires no more than six bi t sl ip bytes to 
synchronize its read operation with disk rotation. 
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6.3.5 Disk State Machine operation 

The state machine which controls the flow of data across 
the drive interface is shown in Figure 6-5 above. 

Data is written onto the disk in the LISA system using a 
group-encoding technique. Data bytes are transformed by a 
mapping function from the 8-bit bytes presented by the 
controller into 6-bit bytes. These 6-bit bytes are in turn 
transformed into an a-bit code in which the KSB is always 
a one and no bit sequence contains more than two 
consecutive zeroes. This is shown schematically in Figure 
6-10 above. 

The 6S04A slave processor performs all encoding and 
decoding of nibbles. 

The disk state machine is programmed to perform a limited 
number of operations, depending on the state of the inputs 
presen ted to it. 

There are five external inputs to the state machine. These 
include the RDA, WRD and SNS lines from the disk and the 
A2 and A3 control lines from the control outputs of the 
LS259 shown at C-2 on sheet 4. The latter two are used to 
control the command which the state machine is currently 
operating. The four possible commands are: 

• Sense 
* Read 
• Write 
* Write Load 

In addition, there are two signals which are input t.o the 
state machine ROM. These are the Oa output of the shift 
register, which provides the data stream to be written to 
the disk and the output of the edge detector at 0-1 which 
presents the data transitions to the ROM as ones. 

SPINDLE MOTOR SPEED CONTROL 

This is performed when a disk is inserted to bring the 
spindle up to speed. During normal operation, the disk 
drive controls the rotation by means of an integral speed 
control circuit. When the drive performs a seek operation 
outside of the current range of tracks, the speed is 
adjusted according to the values given in Figure 6-11. 

Disk speed is maintained within 0.4\ of that desired. 

6-44 



September 7th 1982 LISA Hardware Manual 

DRIVE REZERO and ~ 

These are performed in a similar manner in that they both 
involve carriage motion. The four lines PhiO-PhiJ are 
manipulated to cause the ca~riage motor to step the 
required amount of "tracks. In the case of a rezero, a 
sense operation determines wh~ther the optical 
recalibration line is asserted to indicate that the 
carriage is at the kn6wn position ~f track -1. 

Carriage movement is defined by the.order in which the Phi 
lines are manipulated. Thus a step through phi 3,2,1 and 
o moves the heads toward the calibration point (towards 
the front of the LISA) by one half track. Stepping through 
0, 1, 2, and J moves the heads away from the calibration 
point by one half track. 

In order to minimize the positioning error from mechanical 
tolerances, seeks are always completed by moving the 
carriage in the same direction (towards the calibration 
~oint) for the last half track (four increments). This 
means that seek direction is reversed during a seek away 
from the calibration point. " 

Carriage movement is performed in increments o"f 1/8th of a 
track. Allowance is made for head inertia by having three 
distinct time durations of each-phi 6tate before 
proceeding to the next. An example of a seek is shown in 
Figure 6-12. 

(Insert Figure 6-12) 

WRITE and WRITE LOAD 

These commands operate together to provide the write 
function to the drive. Each command consists of 16 states 
in the Phase-Lock-Loop state machine. Each state is passed 
through in one clock cycle of 250 nanoseconds. 

Since the bit time on the disk is 2 microseconds, the 16 
states correspond to two bit times. The timing of the 
program loops in the 6504A is such that exactly eight bit 
times occur between each time that data is written to the 
shift register. This write operation also causes the upper 
control decoder to alter the A2 and AJ input configuration 
to the ROf1 at 0-2, which alters the state machine into the 
Write Load command. 
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Figure 6-12. Seek Flowchart 
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The state transitions in both the Write and Write Load 
programs are designed so that that the WRD signal is 
connp.cted to the high-order state bit. The QA output of 
the shift register thus controls the data that is written 
to the disk. 

~ 

All inputs to the state machine are used for a read 
operation. The read data is passed through two ~lops in 
series to detect transitions. The format of the LISA disks 
is such that no more than two zeroes may occur 
sequentially. The read command shifts a one into the shift 
register when a transition occurs and shifts in a zero 
when 2 microseconds pass without a transition. 

It also attempts to hold the data in the shift register 
for as long as possible when OA goes high to indicate that 
an entire byte is correctly aligned in the ahift register. 
Following this, the byte is transferred to RAM and clear.ed 
in preparation for the next byte. Recall that ~ll bytes 
wri tten to disk had a one in the MSB pos i tion after data 
had been encoded. 

SENSE 

This is used to poll the status within the disk drives. 
The RDS and PhiO lines are used to select which of the 
four data bits are to be read according to the following 
scheme: 

80S PhiO Status Data 

0 0 Write Pro-tect 
0 1 optical Recallbration 
1 0 Eject Button 
1 1 Disk in Place 

After the control lines have been configured to sense the 
required data, the command is initiated by setting the A@ 
and A3 inputs to 01. The MSB of the shift register will 
contain the sense bit. All 16 possible states in the sense 
command are identical and cause a shift right operation. 
Since the D and QA inputs are irrelevant to this 
operation, all 64 bytes of the ROM associated with this 
command con ta in the code OA. 
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6.4 The Serial I/O Controller 

The I/O Board contains two RS232A serial interface ports 
which are under control of a single serial I/O controller. 
The software interface to this controller is discussed in 
Chapter 2. 

The A-port conforms to the RS232A specification, while the 
B-port conforms to RS422, of which RS232A is a subset. 

The control logic is shown on the riqht side of sheet 3 of 
schematic 050-4008. Refer to the block diagram of the 
board in Figure 6-1 for a view of the hardware context in 
which the serial controller operates. 

programming of the ports is discussed in Subsection 3.5.1. 

6.4.1 The Controller Device 

The serial ports are under the control of an 8530 dual 
serial port controller. A discussion of this device can be 
found in the device user manual. 

The device connects to the internal I/O Board 0 bus. The 
device is always selected when a VMA signal coincides with 
an AS. This appears to mean that any tim~.that system 
performs a cycle to any 6800-type peripheral, the 8530 
will consider itself selected. However, the actual select 
is performed on the read and write inputs, which are 
derived from the port decoding logic at B-3 on sh-eet 1. 

The WSIO/ signal enables a write to the device, wh~le a 
RSIO/ enables a read from it. These signals originate in 
the device decode logic at A-3 On sheet 2. A configuration 
of address lines A1I-A9 of 001 will select the Serial Port 
controller. The READ line distinguishes a read from a 
write. 

The low-order two address bits of the system address bus 
A2 an~ Al are used to select between the two ports and to 
de fin e w he the r- co n t ro lin form at ion or d a t a is be in 9 
transferred. 

The PCLK device clock is derived from the 4M (4 Me9aherz) 
clock signal at A-3 on sheet 2. This is in turn derived 
from the 16 MHz clock from the FD controller. 

The device interrupts the system through the RSIR/ 
siqnal on the system bus. Selection of registers and 
functions within the device is made by means of the o/e/ 
and A/B/ pins. The first indicates whether data or command_ 
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information is present on the bus lines. The second 
selects between the A and B ports. Address lines Al and A2 
enable system software to control this. 

6.4.2 The Serial Ports 

The two serial ports are provided in the form of two RS-
232A 25-pin D-type connectors, as described in Subsection 
3.5.1. 

The logic interface is shown on sheet 3 of the schematics 
at A-l through 0-1. Standard bus driver devices are used 
to convert the signals to and from TTL. 

The signals which correspond to port A are in the upper 
section of the page and have signal names ending in "1". 
The signal names and their function corresPQnd to standard 
RS232A nomenclature. The 1488 and 1489 devices convert the 
TTL signals from the controller into the +/-12V levels of 
the interface and vice-versa. 

Port B signals are in the lower part of the page. They 
provide an RS422-standard interface through use·of the 
26LS30 and 26LS32 devices. 

6~4.3 Baud Rate G.neration 

Selection of the baud rate used in either of the two ports 
is performed internally by the 8530 device with the aid of 
the 3.6SMHz oscillator between the SYNB and TRXCB lines. 

Refer to the device user manual for details on how baud 
rates are selected. 

6.4.4 Serial Port Operation 

The two serial ports operate independently of one another. 
For details, refer to the device user manual. 

6.5 Parallel Port Controller 

The parallel port is used to interface a high-speed 
peripheral to the LISA system. A typical application is in 
the attachment of an Apple hard disk drive, which can 
offer significant improvement in on-line storage capacity 
and data. access speed over floppy disk drives. 
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The interface is discussed operationally in Chapter 2 of 
this manual. The logic is shown on sheet 3 of schematic 
050-4008. 

The controller intelligence is resident in the main LISA 
software. The hardware consists of a 6522 I/O port device 
and some associated logic. The 6522 device is a 6aOO-type 
peripheral device and is described in the 6522 data sheet. 

6.5.1 System Bus Interface 

This is provided by the 6522. The I/O Board internal O-bus 
connects to the data lines of the device, while addressing 
within the 16 locations contained in the port device is 
performed with the system bus address -lines A3 through A-6. 

Device selection is performed by having both the DSKPT/ 
and VMA signals true. The former is provided by the I/O 
decode at B-3 on sheet 1, while the latter indicates that 
the processor is aware that it is communicating with a 
6800-type device and has modified the bus signals 
accordingly. Refer to the 68000 user manual for a 
discussion of the VMA signal. 

The resulting address map for the port is shown in Figures 
2-11 and 2-12. 

Device reset is performed at the same ti~e as system reset 
by means of the RESET/ signal at 0-4, which originates on 
the system bus. 

The device interrupts the system by means of the ~OIR/ 
line, which is wired-ORed with the floppy disk controller 
interrupt FDIR/ originating at B-1 on sheet 4. 

Device clocking is per~ormed by the E signal from the 
system bus, which is connected to the phi2 input and 
provides a 6800-type compatible clock. 

6.5.2 Parallel Port Interface 

The 6522 provides two a-bit ports -- the A port and the B 
port -- for use in the interface itself. The A port is 
used as the a-bit parallel data interface, while the B 
port is used for control lines. 
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The LS280 at C-3 is used to check parity as data is being 
read from the interface into the LISA. The result of the 
check is latched in the LSl09 JK Flop at 0-3. The input is 
presented as PRES/ to the keyboard port at C-3 on sheet 1 
to permit the flip-flop to be res~t. The Q output is 
connected to the t2 control line of port B on the 6522. 
The second LS280 at 0-3 is used to generate parity. 

The lines on the B port are used as control and status 
lines on the interface as follows: 

BSY connects to PBl and indicates to the 6522 that the 
interface is busy and is unable to accept any transfer 
operations. It also connects to CAl to inhibit the data 
port for the duration of the busy condition. 

OCD is Open Carrier Detect and connects to the PBO line 
of the 6522. Thi~ signal is normally held low at the 
peripheral end to signify that the cable is connected. 
The system monitors this line and assumes that no 
transfer can be performed when it is high/true. 

The signal which is driven by PB2 is used as an enable 
to the entire interface. ,When it is asserted, both the 
LS245 8-bit data transceiver and the LS244 control line 
drivers are enabled. 

DR/W/ is output to the peripheral -as an-indication of 
the direction of data transfer from the PB3 line. It is 
a 1 s 0 us e d to de fin e the dire c t ion 0 f the d a t a 
transceiver's drivers. 

CHD/ is output to the peripheral from the, PB4 line. 
When it is asserted, it indicates that the data on the 
bus is to be interpreted as a command when DR/til is low 
and as status from the peripheral when DR/W/ is high. 

DSKDIAG is not input from the peripheral but originates 
in the FD Controller section at B-1 on sheet 3. It 
indicates on PB6 that the system is operating the 
interface in diagnostic mode. 

The port control'lines of the 6522 are used as follows: 

CAl is used to monitor the state of the BSY line from 
the peripheral and to strobe the data on the A port 
accordingly. 

CA2 is used to provide the PSTRBI (Peripheral Strobe) 
signal to the interface, which indicates that either 
data is available for a write or data has been rece ived 
for a read operation. 
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CBl is used as a control signal to the adjacent 9512 
arithmetic device and is not used on the parallel 
interface. 

CB2 is used to monitor the parity status of the 
interface. 

6.5.3 Parallel Port Operation 

Operation of the parallel port is fully und~r system 
software control and lies outside the scope of this 
manual. Refer to system software documentation and Chapter 
2 of this manual for programming information on this port. 

6.5.4 Parallel Port Timing 

Timing on the parallel port is programmable and a function 
of software. It therefore lies outside the scope of this 
manual. Refer to the data sheet for a discussion of the 
timing limitations on the 6522 device. 

6.6 The Keyboard/Mouse Controller 

The interface to· the keyboacd and th~ ~ouse on the LISA 
system is implemented by means of a 6522 VIA peripheral 
port device and a COPS dedicated slave processor. It is 
also used to provide software control of the power on/off 
function and to provide an interface to a real-time-clock. 

Details on the 6522 can be found in the data sheet. Refer 
to the COPS user manual for information on the device. 
The logic that comprises the interface controller is' shown 
on sheet 2 of schematic 050-4008 (Appendix C). 

programming of the controller is discussed in Subsection 
2.5.4. 

6.6.1 The System Bus Interface 

The system bus interface is implemented with the 6522 
device. The internal I/O Board D-bus -connects to the 00-07 
data lines. Selection among the 16 internal register 
destinations is performed by the Al through A4 address 
lines from the system bus. 

The device is selected when both the VMA/ signal on the 
system bus and the I/O decode output at pin 7 of device 
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U4E are asserted. This indicates that the Processor Board 
is performing an access to the Keyboard/Mouse controller 
in a 6800-type compatible cycle. 

The address map of the controller as seen by the system 
software is shown in Figure 2-15. 

The device is clocked by the 6800-type compatible E signal 
and reset concurrent with the main system through the 
RESET/ line. 

6.6.2 The COPS Slave Processor 

The COP421 device shown at 0-3 on sheet 2 is described in 
detail in the COPS user manual. 

As well as controlling data flow from the keyboard and 
mouse, the COP421 is responsible for maintaining the Time 
of Day clock. In order to be able to do that, it requires 
a power supply which is independent of the main supply and 
remains on even when the LISA system is in a power-off 
state. This is described in the next subsection. 

The COPS connects to the A port of the 6522, with the CAl 
and CA2 control signals of the 6522 being attached to the 
SO and. Sl lines of the cops. In addition, the port PS6 
control output signal connects with 03: . 

The other lines from the COPS are used as follows: 

SK is the output to the keyboard. In conjunction with 
the 02 line, it is used to send a synchronization pulse 
to the keyboard to initiate data transfer. 

Dl and 02 are the multiplexed data inputs from the 
keyboard and the mouse. 

GO and Gl are the select signals which are used to 
control the data multiplexer which provides keyboacd 
and mouse data on 01 and 02. 

DO is used to switch the LISA system on and off under 
control of firmware resident in the COPS. 

G2 is used to interrupt the system by means of the Nl-1I/ 
(non-maskable interrupt) at B-2, which is presented to 
the processor board via the system bus. 

G3 is used to sense the state of the system power 
switch on the lower left of the LISA chassis. 
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CKl and CK2 are inputs to the COPS oscillator from 
timing circuit at D-2. They are used to generate TOO 
data as well as provide internal clocking to the coPS. 

RST is the COPS internal reset input which is used to 
perform a power-on reset in the COPS should its own 
power have failed for any reason. 

6.6.3 Keyboard/Mouse Interface 

The mouse interface is simple and consists of the LS1S3 
dual 4-to-l Multiplexer at 0-2. The selection of data to 
be input to the COPS is performed by configuring the GO 
and Gl outputs from the cOPS. 

The COPS polls the signal states by cycling through the 
signals input to the mulitiplexer to poll their status. 
The movement of the mouse is detected by pulse' edges on 
the relevant direction lines. The three inputs SWO-SW2 
reflect the state of up to three switches on the mouse. In 
the current LISA only one mouse switch is present and is 
connected to the SWO line. 

Keyboard data is input on the KBD line. This line is 
pulled'low by the COPS in a SYNC pulse to signal the 
keyboard to send data if it has any. This is .done via the 
COPS SK output with the 02 output' being asserted 
simultaneously. 

The keyboard responds with an ACK pulse on the KBD line, 
followed by a serial 8-bit byte which indicates the code 
for a key pressed or released. The keycodes are outlined 
in Figure 2-14. If no key has changed its state, no ACK 
pulse will be sent. 

Refer to Chapter 8 for a discussion of the keyboard side 
of this interface. 

The data presented to the COPS is selected as shown in 
Figure 6-13. 

(Insert Figure 6-13) 
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Figure 6-13. Keyboard Data Format and Timing 
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6.6.4 Power-on/Reset Logic 

This logic is connected to the Keyboard/Mouse controller 
since the COPS has control of the system power through the 
ON signal. It is shown at C-l and C-2 on sheet 2. 

The power-on switch is sensed through the PWRSW/ signal, 
and is wired-ORed with the reset line which 9ates 011. 
Either signal results in the input to G3 being asserted. 

The COPS has control over the system power, via the ON 
line. The COPS may be programmed to turn system power on 
under control of the real-time-clock. The RTC is not 
capable of turning the system off. 

6.6.5 Other Control Lines 

The keyboard/mouse controller makes use of only the A port 
of the 6522. The B port is used to provide an interface to 
the system for several control lines which would otherwise 
require additional hardware to implement. 

The use of the B port lines is as follows: 

PBO is used to reset the keyboard under software 
control. 

PBI-PB3 are used for output of the digital value of the 
alarm speaker volume, used in the speaker control 
circuitry at C-4 on sheet 5. 

PB4 is used to input the FOIR (Floppy Disk Interrupt) 
status, which has been latched by the FO slave 
processor in the LS259 at B-1 on sheet 4. 

PBS is used to sense the PRES/ reset, derived from 
the CRES/ bus signal at C-3. The CRESt signal is pulled 
low at power-on time to reset all controller devices. 
PBS can be used to reset a parity error on the parallel 
interface at D-3 on sheet 3. 

PS6 is used for the COPS handshake as described above. 

PB7 is used to output the CRES/ reset si9nal to the 
parallel port interface at pin 117 of the Jl connector. 
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6.7 Miscellaneous Logic 

The I/O Board contains several blocks of logic, which have 
been located there for optimal use of board space within 
the LISA system. 

This section describes the hardware implementation of the 
following functions: 

* Arithmetic Processor 
* Speaker Volume Control 
* Battery Power Control 
* Video Contrast Latch 

6.7.1 The Arithmetic Processor 

An arithmetic processor device may be optionally installed 
in a LISA system. It provides enhanced capacity to handle 
large amounts of arithmetic calculations, freeing the CPU 
for other tasks. The function is provided by the 9512 
device shown on sheet 3 of the schematics. It is described 
in detail in the 9512 data sheet. 

The device is addressed by means of the SEL9512/ signal, 
which originates in the decode logic a~ 8-4 on sheet 3. 
This is asserted when address line ~lO is high and All 
low. The A3 line is used to indicate whether data or 
a command is being transferred~ 

The device is clocked at a 2KHz rate with the 2M signal. 
It uses the PAUSE signal to inhibit OTACK/ to the system 
until calculation results are ready. 

The CBl line of the parallel port controller 6522 is used 
to detect the END signal. 

6.7.2 Speaker Volume Control 

The LISA system is equipped with a speaker, the volume of 
which can be controlled by the system software. 

The value of the volume is presented to the PSl-PB3 lines 
of the Keyboard 6522, and these are input to the D-to-A 
ladder network shown at C-4 on sheet 5. 

The resulting analog value is presented as a voltage to 
pin 10 of device UlOA. This operates as a voltage 
follower to present a low input impedance to the D-tO-A 
ladder network. 
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The resulting output amplitude is'used to define the level 
of the tone frequency input to the base of Q5. The 
output signal is presented to pin 13 of AlO, which drives 
the po w e r t ran sis to r s Q 3 and 04 to g i vet he s pe a k e r 0 u t put 
signal. 

6.7.3 Battery Supply and Control 

The LISA system is equipped with a battery power system 
which is located on the I/O Board. It provides a +5V 
supply to operate the COPS in the Keyboard/Mouse 
controller should the system be completely disconnected 
from a source of power in order that the Time-of-Day clock 
logic will continue to function. 

The battery automatically recharges itself when the system 
is on. The battery is capable of running the COPS for 10 
hours without loss of data. Once battery power is 
exhausted, the battery supply shuts down in a matter of 
milliseconds to avoid erratic COPS operation. 

The circuit is shown at the bottom of sheet 5. It is 
designed around the 4193 voltage regulator. Recharge power 
for the batteries is provided by the +12VDC supply through 
diode 07. Zener 08 prevents excessive voltage being put on 
the SV .upply being output. 

The 4193 operates essentially by pulling-the LX output to 
ground, then allowing it to fly back up to produce the 
out put vol tag e • L lis the fly b a c kin d u c to r , w h i 1 e 
capacitor el2 smoothes the output. 

The frequency with which the 4193 does this depends on the 
voltage sensed by the LBRand VF inputs on the precision 
voltage-divider formed by resistors R19-R21. The VF input 
looks for a l.3V reference. This voltage 1s higher than 
this when the +5V STBY supply is operational. This 
supplies a level of approximately S.7V. Allowing for a 
diode drop of 0.3V across D3 still resul ts in the +5B 
level being pulled to over 5 volts. At this time, the 
battery is being recharged. 

When the main system is disconnected from a source of 
power, the +5 STBY is removed and the +5B level begins to 
drop, which triggers the 4193 through the sensing inputs 
from the ladder to attempt to restore the level. The 4193 
is capable of providing an acceptable +5 volt output for 
battery voltages as low as +2.4 volts. 
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The LBR input detects the level being unacceptably low on 
the output, which pulls the LBO output low. This resets 
the flop formed by the two gates of CMOS device U143 and 
pin 4 goes low. This' forces Q6 to be back-biased and 
disconnects the load from the battery output. This is done 
to avoid cell reversal, which can destroy nickel/cadmium 
battery cells. 

When the normal SV supply is operational, the pin 10 
output of the inverter causes the flop to be held off and 
transistor 04 is always on. 

6.7.4 Video Contrast Latch 

This is shown in the uppe~ part of sheet 5 of the 
schematics. 

The data is input via the parallel port interface 6522 A 
port, which is latched in the CMOS 74Cl74 at 0-3. The data 
is presented to the summing network, which presents the 
result of the D-to-A conversion as a DC voltage to pin 3 
of the low-input-impedance voltage follower in the first 
stage of device UlOA. 

The output of this is fed through Rl9 to the second s·tage 
of device U10A, 'which funcitions as an inverting amplifier 
with a gain of unity. The bias network-formed by resistors 
RlO and Rll provides a bias voltage of approximately 3.SV 
to pin 5. The RESET signal will pull this pOint to ground, 
which blanks the screen. 

The CONT output can vary between +2V (fully black) and 
+7V (fully white). This signal is an input to the video 
board, which is described in Chapter 7. 
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CHAPTER 7 

THE VIDEO BOARD 

The video board is a PCB which provides most of the 
analog circuitry for operation of the CRT display in LISA. 
It is located in the CRT enclosure, mounted on the rear 
wall. 

The video board is driven by the video digital control 
logic on the processor board. Refer to Section 4.5 for a 
description of the video control. 

Note that the video board contains hazardous voltages. 
Extreme care should be taken when operating the LISA 
system with the video board exposed for troubleshooting or 
any other reason. 

7.1 Video Board Block Diagram 

The video board can be functionally divided into several· 
major blocks in order to better understand its operation. 
These are: 

* Power supply circuits 
* Video amplifier cir-cuits 
* Vertical deflection circuits 
* Horizontal deflection circuits 

The function of the video board is to process the bit 
stream of serial display data it receives from the 
processor board and translate it into a display by means 
of the raster scan on the screen. To perform this, 
signals which synchronize the raster sweep with the data 
are also provided by the processor board. 

An overview of the video board in the form of a block 
diagram is shown in Figure 7-1. 

(Insert Figure 7-1) 

This chapter will refer to the. video board schematic, 
number OSO-4012-A, located in Appendix D. 
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7.2 Power Supply Circuits 

Power is supplied "to the video board via the connector at 
the upper left of the schematic (see Appendix D). The 
+l2VDC is the same as that supplied to other circuits in 
the system. The +33VDC is used exclusively by the video 
board. Refer to Chapter 10 for a discussion of the power 
supply and its capabilities. 

7.2.1 The +12VDC and +SVDC Supply 

The +12VDC input is a semi-regulated voltage from the 
power supply. It is applied to pin P of the connector and 
is used to provide the following: 

* Power to the +SVDC regulator 
* Power for the CRT filament 
* Collector supply to transistor Q8 

The +SV regulator consists of the current-limiting 
resistor R4, the S.lV zener diode CRl, and the filter 
capacitor C3. This supply is used to provide the collector 
supply of transistor 07 and also to provide base-bias for 
Q2. The current provided by the +SVDC supply is in the 
order of 30 milliamps. 

7.2.2 The +33VDC Supply 

The +33VDC input is an semi-regulated voltage provided by 
the power supply. It is applied to pin 5 of the connector 
and is connected directly to the 24-volt 3-terminal 
voltage regulator Ul. The regulator may accept voltages in 
the range +33 to +36VDC and continue to operate corre~tly. 
Voltages below about +32VDC will prevent the regulator 
from performing properly. 

The reference terminal at pin 2 of U1 is biased above 
ground by the resistor ladder formed by al, R2 and R3. 
Adjustment of the potentiometer R2 will result in an 
output voltage at pin 3 which will be 24V plus the DC 
voltage on pin 2. The normal voltage range at pin 3 will 
be between +26 and +30VDC. The function of this adjustment 
is to provide a fine control of the width of the display 
on the CRT screen. 

Ca p ac i to r s C land C 3 2 are p rov ide d to s u pp res spa r a sit ic 
oscillations in the regulator. and C2 acts as a storage 
capacitor for the load. 
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The regulated +28VDC (nominal) provided by the supply 
provides power for the rest of the video board and the 
CRT. 

7.3 The Video Amplifier Circuit 

The function of the video amp~ifier circuit is to take the 
serial TTL data provided by the ·processor board and 
convert the digital information into black (logical 0) or 
white (logical 1) pixels on the screen by controlling the 
cathode emission in the CRT. 

7.3.1 Video Data Input and Contrast Control 

TTL-level video data is presented to the video board on 
pin 1 of the connector. It is impressed on the base of 
transistor 06 by way of the current-limiting resistor RS1. 
Resistors RSl and R52 form a voltage-divider network to 
increase the noise-rejection of 06, which effectively acts 
as a high-speed switch. The collector of 06 is therefore 
at ground or at a DC level, depending on the digital state 
of the TTL inpu t. 

The ac~ual DC voltage level is controlled by the contrast 
control circuitry. The programmed c~ntrast DC level is 
provided by circuitry on the I/O board; Refer' co Chapter 6 
for details of this signal. Potentiom~ter RS provides 
manual adjustment of the level actually presented to the 
emitter-follower amplifier formed by transistor 01. 
Resistor R6 C47 make up a low-pass filter which provides 
smoothing of the incoming DC contrast level. 

Transistor 01 is connected as an emitter-follower in order 
to provide the high current" ~equired to drive the low 
impedance of R8. The higher the voltage on RS, the larger 
the contrast between black and white in the final pixel on 
the CRT. 

Note that there are no gray levels in the LISA video 
circuitry. Gray tones may be generated by pixel 
interleaving under software control. The details of this 
lie outside the scope of this manual. 

7.3.2 Cathode Drive Circuit 

The collector output of trnsistor 06 is passed on to the 
base of the stacked transistor pair Q2/03. The advantage 
of this circuit is that it combines the advantages of the 
high gain of Q3 with the ability to withstand high 
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voltages of 02. Capacitor C6 and res1stor R11 are used for 
high-frequency peaking. Resistor RlO was added to the 
circuit to prevent transistor 02 from going into cutoff 
when the screen is blank. 

The collector load for 02 consists of the peaking coil Ll 
and collector load resistor R14, with Rl3 providing a 
shunt to damp Ll. The collector voltage on 02 is dependent 
on the polarity of the pixel being displayed. For black, 
it is about +60VDC, while for white it will be from 10 to 
30 Volts lower. The exact voltage level for white depends 
on the setting of the contrast RS and the input DC 
contrast level at pin B on the board control circuit. 

The flyback transformer assembly at B-2 of the schematic 
provides a +60VDC power source at pin 2 on connector P-3. 
This is modulated by the storage capacitor ca. capacitor 
C7 and diode CR3 form a decoupling network, which ensures 
that the beam current to the.cathode is removed at power­
off time. This is known as a "spot-killer" and prevents 
the burnout of phosphorus at one point on the screen. 

The output of 02 is passed through the 220 ohm arc­
protecting resistor in the cathode lead. This prevents any 
arcing voltages in the tube reaching the video amplifier 
circuitry. Diode CR2 is normally reverse-biased. In the 
case of an arc occurring in the CRT, this shunts the high­
voltage on the lead, acting as anarc-suppres·sor. The lead 
connects to pin 2 (cathode) of the 'CRT itself. 

7.4 Vertical Deflection Circuitry 

The vertical deflection circuitry is used to position the 
horizontal sean of the 'CRT at the appropriate position in 
the vertical axis. It is shown in the left center part of 
the schematic and consist's largely of integrated circuit 
U2 and its associated components. 

Vertical synchronization pulses are provided by the 
processor board on pin A of the connector. This TTL signal 
is passed through coupling capacitor C9 and current­
limiting resistor R17. The resulting signal pulses are fed 
into the input of the TDA 1170 at pin 8. 

7.4.1 Vertical Deflection Oscillator 

The RC network formed by ClO and R19/R20 provides a timing 
period for the oscillator internal to U2. Potentiometer 
R19 enables the period to be varied into sychronization 
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with the periodic screen refresh. This acts as a vertical 
hold. 

The network connects to pins 6 and 9 of U2. 

7.4.2 Vertical Voltage Amplifier 

Internal to U2 is a circuit used to control the amplitude 
of the vertical deflection. 

The gain of this amplifier is controlled by the amount of 
current sunk to ground from pin 7 of U2. This is a 
function of the resistance provided by R2l and R22. 
Potentiometer R22 allows this value to be varied: this 
adjusts the amplitude of the vertical saw-tooth voltage 
and thus the physical height of the display on the CRT 
screen. 

The voltage amplifier output is present on pin 1 of U2. ~t 
is utilized in two distinct places: 

The first use is as an input to the feedback network 
formed· by R3l, R32, CIS and C16. This controls the 
linearity of the sawtooth waveform which is output at pin 
1. This can be adjusted by potentiometer. R3J:. - The network 
feeds back to pin 12 of U2. 

The second use is as an input to the power amplifier stage 
through summing resistor R29 to pin 10 of U2. 

7.4.3 Vertical Power Amplifier 

Input to the power amplifier is at pin 10. The amplified 
output is available at pin 4 of U2. The output signal 
follows four paths: 

The first path is fed back into the power amplifier via 
C14 and R27 to limit the high-frequency response and to 
prevent parasitic oscillations. 

The second path is passed through the vertical deflection 
coils via pins land 2 of connector Pl and is passed to 
ground via resistor R33 and capacitor C19. 

The third path passes through the snubbing network R2S and 
Rl7 to ground. The circuit is effectively in shunt with 
the deflector coils and prevents any ringing effects in 
the coils themselves. 
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The fourth path effectively takes the signal DC component, 
sampled by R26 and filtered by C18, and passes it on to 
the summin9 resistor R28. This is then fed back as a part 
of the amplifier input signal on pin 10. This is used to 
establish the DC operating point of the power amplifier to 
ensure DC stability. 

AC current passing throu9h the deflection coils is 
sampled across R33. This is fed throu9h summing resistor 
R30 and also presented as a component of the input signal 
on pin 10. This controls the AC voltage gain of the power 
amplifier and enhances AC stability. 

7.4.4 Bootstrap Circuit 

The power input to U2 is pin 2, which should have a DC 
voltage between +11 and +16VDC. This is provided by the 
voltage drop from +28V, which in turn is provided by R24 
with storage capacitor C12. This voltage is also used to 
provide the collector supply for the emitter-follower 
circuit of 01 in the video amplifier section~ 

Part of the output signal of the power amplifier, 
presented at pin 4 of U2 is also presented at pin 5. This 
forces pin 5 above the DC input voltage at pin 2 and 
reverse-biases CRS. 

This forces pin 3 above the DC input voltage because of 
the charge stored in Cll. 

7.S Horizontal Deflection Circuits 

The horizontal deflection circuits provide the timing and 
control of the sweep of the beam across the CRT screen in 
the horizontal direction. 

The horizontal frequency of the LISA video circuit is 
approximately 22.7 KHz. 

7.S.1 Horizontal Input Circuit 

A TTL signal indicating the horizontal drive pulse is 
provided by the processor board and presented to the video 
board on pin C of the connector. 

Summing resistor RS3 presents the signal to 07, which 
operates as a controlled Miller integrator. Control is 
achieved by controlling the amount of feedback .to the 
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input by way of the horizontal phase-control potentiometer 
R34. Feedback to the base of 07 by way of resistor R36 and 
the Miller capacitor C20. 

This circuit controls the amount of rise and fall in the 
input signal by means of the Miller effect. This, in turn, 
controls the switching 'point of 08, which operates as a 
high-speed saturated switch. 

7.5.2 Horizontal Sweep Amplifier 

The output of 08 is used to drive the base of the 
horizontal driver transistor 04. The output of 04 is in 
turn coupled to the base of the horizontal output 
transistor Q5 by way of the coupling transformer Tl and 
the base-current limiting resistor R4S. 

The RC network formed by R4l and C24 is used to control 
the damping across the primary windings of Tl. Similarly, 
R44 is used to damp the secondary windings. 

Power for the driver stage of the amplifier is derived 
from the +28VDC supply via the decoupling network formed 
by R39 and e23. 

7.5.3 Horizontal Deflection 

Transistor Q5 turns off when the base voltage goes 
negative. When this occurs, the stored charge in the 
horizontal flyback transformer and the horizontal 
deflection coils collapses. This causes the collector 
voltage of OS to rise to approximately 280 Volts. The rate 
of rise is controlled by the timing capacitor C25, which 
lies between the collector of OS and ground. Diode eR9 is' 
used as a damper to prevent the collector of 05 from goi.ng 
negative by passing the negative half of the current cycle 
to ground. 

Energy is coupled out of the horizontal circuit by way of 
the flat-faced correction capacitor C26. Current is then 
passed through the horizontal deflection coils, through 
the horizontal linearity coil L2, and to ground 

Coarse picture width is controlled by varying the 
inductance of L3, which is in parallel with the deflection 
coils. 

The action of coil L2 is to increase the linear current 
ramp through the deflection coils. A magnet in the coil is 
used to bias it in one direction. As current is passed, 
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this adds to or detracts from the magnetic bias. This in 
turn alters the value of the inductor. R46 is used to damp 
any high-frequency oscillation within the horizontal 
deflection coil circuit. 

7.5.4 Horizontal Flyback 

The flyback transformer also connects to the horizontal 
output transistor 05. It is used to step the voltage on 
the ~ollector of OS either up or down. 

This is used to generate the high-voltage supply for the 
CRT at l3KVDC, the 60VDC supply for the video amplifier 
and also +600VDC for the G2 voltage on pin 6 in the CRT. 
It also provides power for the brightness and focus 
circuit, which is physically· located on the power supply 
in order that the controls are available to the operator 
of the LISA. 

Power input to the flyback assembly comes from the +28VDC 
supply on pin 3 (violet). 

A portion of the horizontai output signal is coupled by 
C27 to R47 and CRlO. This provides a -lOOVDC source to 
operate the brightness and focus circuit. 

7.5.5 Overvoltage Crowbar 

A sample voltage from the collector of OS is made by 
the precision divider formed by R42 and R43. This is fed 
through the peak-detector circuit formed by CR8 and C22 
and placed on the cathode of CR7. 

If the voltage on the collector of Q5 should rise above 
acceptable limits, CR7 will conduct and provide a forward 
bias on SCR CR6. This latches CR6 on, shunting the 
collector supply of Q8 to ground. It also turns the 
horizontal circuits off and avoids a damaging high voltage 
being present on 05. SCR.CR6 will remain in this condition 
until power is removed from the system. It also prevent.s 
excessive voltage to the CRT, thus keeping it within the 
safe x-ray rating of the tube. 

7.5.6 Brightness and Focus 

The control circuits for these two functions are logically 
a part of the horizontal deflection circuit, but are 
physically a part of the LISA power supply for ease of 
operator access to these controls. 
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The +600 VDC high-voltage power for these circuits is 
provided by the components CRll, R48 and C33 from the 
secondary windings of the flyback transformer. The 
negative voltage comes from components C27, R47 and CR10. 

The brightness of the CRT is controlled by adjustment of 
the DC voltage on pin 1 (the control grid) of the CRT. 
This can vary from +12 to -38VDC with respect to ground. 
This i's adjusted by means of the 2Megohm resistor marked 
Brightness. 

The Focus is a voltage placed on pin 7 of the CRT. It may 
vary between -100 and +300VDC, depending on the adjustment 
of the 2 Megohm resistor marked Focus. 
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CHAPTER 8 

OPERATOR INTERFACES 

The LISA system uses the CRT screen and a speaker to 
communicate with the operator. The operator in turn may 
use either the keyboard or the mouse to communicate with 
the system~ In addition, there is a video jack available 
on the motherboard at the rear of the system which 
suppl ies a compos i te v ideo s i9nal and can -be used to dr i ve 
a secondary CRT. 

8.1 The CRT Screen 

The CRT screen is controlled by a combination of system 
software and hardware elements on the processor board and 
the video Board. Refer to Section 4.5 and to Chapter 7 for 
a discussion of the hardware. 

8.2 The Keyboard 

The 76-key LISA keyboard is a movable assembly containing 
a full key set and function keys. It is connected to the 
system by a standard 1/4- phone jack, located in the lower 
left of the front of the LISA. The keyboard layout for the 
standard (North American) k.eyboard is shown in Figure 8-1. 

(Insert Figure 8-1) 

8.2.1 Keyboard Logic 

The keyboard logic is shown in schematic· 050-4008 
(Appendix E). It operates under control of the COPS device 
shown on the schematic at C-l. 

8-1 



September 7th 1982 

r:TW" ':0 .""-.". 

!f t., 
.; "····~-I .. ~ 

LISA Hardware Manual 

~ 

., .•.. 
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The COPS is identical to that found in the keyboard 
control logic on the I/O board. Refer to Section 6.5 for 
details of this. The same routines are present in both 
devices. Only those routines which apply to the actual 
location of the device are used. 

The keys interface to five 4067 16-to-l multiplexer 
devices. The COPS polls these in an upper and lower bank 
by means of the SK signal and the LS03 gate at C-2. The 
configuration of the COPS 00-03 outputs defines which of 
the sixteen switches attached to each device is being 
selected. 

The state of the switches in the bank of 4067 devices is 
presented to the COPS on the three lines Gl-G3. The lower 
bank uses all three but the upper bank uses only G2 and 
G3. 

Key data is passed to the LISA in serial form from the SO 
output of the COPS via the LS03 gates at B-l, and pin 1 of 
the Molex connector. Synchronization pulses from the LISA 
are also input to the keyboard on pin 1 and passed to the 
GO input of the COPS via the final LS03 gate at B-1. 

8.2 •. 2 Keyboard Timing 

Transfer of data from the keyboard to the LISA is only 
performed when the LISA keyboard controller initiates it. 
This is shown in Figure 6-13. The keycodes are discussed 
in Section 2.4.5. 

Data transfer is initiated when the keyboard data line is 
pulled low by the LISA for approximately 20 microseconds. 
The keyboard COPS senses the leading and trailing edges of 
this SYNC pulse and .transmits an ACK pulse to indicate to 
the keyboard controller that data is about to be 
transferr.ed. 

A data byte which specifies the key is transferred in a 
lower and upper nibble as shown in Figure 8-2. The byte. is 
interpreted as a key and a polar!ty (up or down) by the 
keyboard controller. 

If no data is present in the keyboard COPS, no ACK pulse 
will be sent and the interface becomes quiescent until the 
next SYNC pulse. 
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8.2.3 K~yboard Interface 

The keyboard interface to the LISA system consists of a 3- . 
wire shielded· cable which is terminated by a 3-pin Molex 
connector attached to the keyboard PCB at one end and a 
standard 1/4- phone jack plug at the other. 

This arrangement is shown in Figure 8-2. 

(Insert Figure 8-2) 

8.3 The Mouse 

The mouse is an electromechanical device which is used to 
move the cursor rapidly and easily around the CRT screen 
to perform LISA functions. 

The mouse consists of a rolling ball arrangement on the 
under side and a cover and button on the top side. A cable 
connects the mouse with the 9-pin DB connector in the 
center of the motherboard at the rear of the LISA. 

The mouse provides an alternative method of communication 
with the LISA system other the keyboard. The specific 
functions are dependent'on the software currently running, 
but the two controls on the mouse provide the same general 
function in all cases: the mouse is rolled along a flat 
surface to move the cursor on the video screen; pressing 
the button on the mouse selects functions to which the 
cursor is currently pointing. . 

8.3.1 Mouse Operation 

The internal components of the mouse consist basically of 
a switch and two directional wheels. One directional wheel 
detects motion forward and back (corresponding to up and 
down on the screen), while the other detects motion left' 
and right. 

Each wheel has a number of slots cut around the rim. These 
pass two photoelectric diode assemblies as the mouse is 
moved in that axis and the wheel turns. The two diode 
assemblies produce a series of pulses to the mouse 
interface on the I/O board. 
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The relationship of one set of pulses to the other 
indicates the polarity of the direction in which the mouse 
is moving and the number of pulses is proportional to the 
distance travelled. Refer to Figure 8-3, which illustrates 
this. 

(Insert Figure 8-3) 

8.3.2 Mouse Interface 

The mouse interface is described in Section 3.5. The 9-pin 
DB connector is located in the middle of the connector 
panel at the back of the LISA. Refer to Figure 3-11 for 
the connector layout. 

Only SWITCHI is operational in the LISA mouse. Each pair 
of the LEFT/RIGHT and UP/DOWN inputs to the system both 
pulse as shown in Figure 8-3 when the mouse moves one 
increment in that direction. One increment equals a 
constant unit of movement in that direction on the flat 
surface. . 

8.4 Other Operator Controls 

Several operator-oriented. features of the system are 
described elsewhere in this manual in more detail but are 
mentioned here for convenience. 

8.4.1 The Power On/Off Switch 

The power switch on the LISA is located on the lower right 
of the front of the system. Pressing the switch when power 
is off will cause power to be provided to all parts of the 
system under control of the system boot software. 

Pressing this switch when system power is on causes an 
interrupt to software which in turn cleans up its 
environments and then ejects any floppy disks in use. The 
system is then powered down under software control. This 
removes power from the entire system, with tpe exeep~ion 
of the control cops. This device handles the real-tlme­
clock and power-on control and receives its power from a 
standby supply in the power supply. Refer to Section 10.5 
for details. 
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Whenever the system is isolated from a power source, such 
as might happen if the LISA is disconnected from main 
power or the building power is removed, a self-recharging 
battery maintains the voltages necessary for operation of 
the standby supply voltages for a period up to 
approximately 10 hours. The battery is automatically 
recharged whenever the system is turned on. Refer to 
Section 6.7 for a discussion of this. 

8.4.2 The Reset Switch 

The RESET switch is located on the motherboard at the rear 
of the unit, next to the video connector. It is used to 
restart the system in the event that an unrecoverable 
error has put the system in an undefined state. This 
should never be activated during normal processing or loss 
of data will almost certainly result. 

The reset switch is shown at location A-4 on the 
motherboard logic schematic 050-4013 in Appendix G. 

8.4.3 The Speaker 

The built-in' speaker in the LISA may be used to provide an 
audible warning to the operator. It is controlled by logic 
on the I/O board under software control for volume and 
tone. Refer to Section 6.7 for a discussion of speaker 
control. 

8.4.4 The Composite Video Output 

The composite video output is available on the JlO video 
jack at the rear of the LISA motherboard. The circuit is 
located on the motherboard and uses the CVOUT and VIO 
signal outputs from the processor board (refer to Section 
4.5). 

The logic is shown on schematic 50-0400 in area A-3. Both 
the VID and CVOUT signals are effectively ORedto the base 
of transistor Q2. This controls the amount of current 
passing through 02 and consequently through R3, which 
controls the amount of current passing through 01. 

The composite video signal is output to the jack via 
resistor Rl. 
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CHAPTER 9 

THE FLOPPY DISK DRIVES 

The LISA system is equipped with two floppy disk drives 
for data file storage which are located one above the 
other at the right side of the machine. These interface to 
the system by means of a floppy disk controller, which is 
located on the I/O board and is described in Section 6.2. 

This chapter does not present an exhaustive documentation 
on the drive. Refer to other documentation on the disk 
drive for further details. 

9.1 Drive Specifications 

9.1.·1 Media Specifications 

Disk size • • • • • • • • • • • • • • 5 1/4 inch 
Media • • • • • • • • • • qualified double-sided 

10,000 FCPI 
Track density ••••••••••••• 62.5 TPI 

9.1.2 Speed Specifications 

Motor speed settle time ••••••• 150 msec 
Motor on time • • • • • • • • • • • • • 400 msec 
Head settling time ••• • • • • • •• 10 msec 
Carriage movement • • • .linear stepper actuator 
Spindle rotation • • • • • • • • • • • DC Motor 

9.1.3 Electrical Specifications 

+5VDC standby. 
+5VDC running 

• • • • • • • • • • • • 7SmA 
SOmA • • • • • • • • • • • • • • 

+12VDC standby • • • • • • • • • • 
+12VDC running • • • • • • • • • • • • 
+12VDC maximum (during motor start) •• 
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-SVDC standby • • • • • • • • • • • • • • 
-SVDC running . . . . . . . . . ... . . . 

9.1.4 Environmental Specifications 

Same as for main system. See Section 3.2. 

9.2 Drive Block Diagram 

SmA 
8mA 

The floppy disk drive is an assembly which enables 5 1/4-
flexible diskettes to be used as data storage media. In 
the LISA system, there are two functionally identical 
drives, which are controlled by logic on the I/O board. 

The drive itself can be thought of as consisting of a 
number of. component blocks, as shown in Figure 9-1. 

(Insert Figure 9-1) 

The motors, relays and detectors present in the drive 
chassis are directly controlled by the digital board, 
while the hea~ read/write functions are performed by the 
analog board under control of the digital board. 

9.3 Drive Interface 

The interface to the drives is performed in the LISA by. 
signals provided on motherboard connector Jl, under 
control of the I/O board's floppy disk controller. Refer 
to Section 6.2. 

9.3.1 Drive Interface Signals 

The interface signals to the drive are shown in Figure 9-
2. 

(Insert Figure 9-2) 

9.3.2 Drive Interface Timing 

The density of data writ'ten on the disk is a function of 
the FD controller and the capacity of the medium to store 
bit transitions. Refer to Sections 6.2 and 6.3 for a 
discussion of controller operation. 
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Signal Pin t Signal 

1 1 
+12VDC 1 1 1 2 Phase O/motor data/sense select 
+12VDC 1 3 1 4 1 Phase 1 
+12VDC 1 5 1 6 1 Phase 2 
+12VOC 1 7 1 8 1 Phase 3 
Ground 9 1 10 1 Write Data 
Ground 11 1 12 1 /Write Request 
Ground 13 1 14 1 Read Data 
Ground 15 16 /Drive Select 

not uS.ed 17 18 Head Select 
not used 19 20 Sense 

+SVDC 1 21 22 Motor Data Clock 
+5VDC 1 23 24 1 /IRQ 
+5VDC 1 2S 26 1 not used 

1 1 

Figure 9-2. Drive Interface Signals 

9-4 



September 7th 1982 LISA Hardware Manual 

Timing of the stepper motor which controls head movement 
is defined by the four phase lines on the interface. These 
are manipulated to move the heads forward or backwards. 

In order to avoid inaccurate head positioning due to 
mechanical tolerances in the carriage mechanism, all seeks 
in a LISA system finish with a final motion in a direction 
towards the towards the optical calibration point. Note 
that this means that the upper head is moving away from 
the spindle while the lower is moving towards it. Refer to 
Figure 6-11. 

In order to overcome the inertia during carriage 
acceleration and deceleration, three different periods are 
employed between speed transitions on the phi lines. This 
can be seen in Figure 9-3. 

(Insert Figure 9-3) 

In the quiescent state, all four phase lines- are 
deasserted. Motion is begun by asserting two of the lines. 
In the forward direction (towards the optical calibration 
point), this would mean phi3 and phiO. In the reverse 
direction, phiO and phil. At the end of the first period, 
one phase is deasserted and another asserted, as shown in 
Figttre 9-3. Note that one phase remains on while others 
are being changed. 

When the carriage is at the required position, phiO is 
always the last phase to remain asserted alone for the 
final period before all phases are again deasserted and 
the carriage is at rest. 

Note that for a seek in th~ reverse direction, the 
carriage will be brought to a halt four steps beyond the 
desired position, and then a seek forward of four steps 
will be made to restore the head to the center-track 
position. This operation is known as overshoot. 

Each.step corresponds to 1/8th of a track in the LISA 
system. Thus all tracks are eight steps apart. In the case 
of difficulty in reading data from the required track, the 
FD controller attempts to offset by l/8th tra'ck steps to 
allow for misalignment. 

The optical disk calibration signal is available to the 
controller as an aid in overcoming differences in 
mechanical alignment between disks. It provides an 
accurate radial reference point from which seeks can be 
made. This is a slo known as the rezero function. 
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9.4 Basic Drive Operation 

The drive is capable of performing a number of operations 
under control of the signals on the drive interface. 

9.4.1 Disk Insertion and Removal 

When a disk is inserted in the drive, the eject mechanism 
is armed and a switch is activated to indicate that the 
disk is in place. This can be detected by the controller 
on the STATUS signal line (pin 20) if both the READSEL 
(pin 18) and the OA(pin 2) are asserted by the 
controller. 

Pressing the eject button on the front of the drive causes 
a line to be asserted in the drive. This state can be 
detected on the STATUS line by holding the HEADSEL signal 
asserted with the OA signal deasserted. 

The cdntroller should then move the heads away from the 
disk until the disk-in-place signal b.ecomes deasserted. At 
this poi-nt, the beads should be moved nine tracks further 
in order to activate and reseat the eject mechanism. 

9.4.2 Head Loading 

When the presence of a disk in the drive is detected, the 
disk heads may be loaded. This is performed in the 
following sequence: 

*Thedrivemotor is activated andbroughtto speed 
* A centering cone is pressed into the disk hole 
* The spindle begins rotating 
* The disk is clamped to the spindle 
* The heads are moved inward towards track 4S 
* The head load mechanism presses the heads 

against the disk surfaces 

The steps in the above sequence are performed mechanically 
when the carriage is being moved to bring the heads over 
the disk surfa-ce. The spindle begins to rotate when clock 
pulses are presented to the spindle motor control via the 
MCLK line on pin 22. 

The spindle is already spinning before being brou9h into 
contact with the disk. The clamp_er forces the disk to be 
seated centrally on the spindle with the rotation of the 
spindle assisting in this. 
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The heads are moved by pulsing the four control. lines of 
the stepper motor OA (pin 2), OB (pin 4), OC (pin 6) and 
OD (pin 8) in the correct sequence. 

9.4.3 Head Positioning 

The two read/write heads in the drive are mounted on a 
single carriage, which is driven by a head positioning 
actuator. This consists of a linear stepper motor and lead 
screw. 

This mechanism not only provides head-to-track positioning 
but also actuates a disk clamping/unclamping mechanism. 
This clamps the disk as the heads are moved into the 
reading surface and unclamps it as the heads are moved 
clear of the surface. 

9.4.4 Data Read/Write 

The ceramic heads in the drive operate in direct contact 
with the disk surfaces. Each head is a single element with 
straddle erase elements to clear the inter-track gap. 

During a read operation, the heads transform the polarity 
reversals on the disk surface into a stream of analog 
pulses. These are converted to seri,l digital data and 
presented to the controller as the RDATA signal on pin 14. 
It is the function of the controller to interpret this 
data as clocking, header or true data information in 
accordance with the scheme with which the disk has been 
formatted. 

The write circuitry takes the serial digital data 
presented on the WDATA line (pin 10) by the controller and 
converts it to the correct analog pulses for the write 
heads. 

Data will be written to whichever head is currently 
selected, irrespective of the write protection condition 
of the disk currently in place. The controller senses the 
write protection condition of a. disk by deasserting both 
the HEADSEL and AO signals before polling the SENSE line. 

The write~protect sense condition informs the controller 
that the disk currently inserted bas its write-protect 
slot uncover,ed. There is no hardware protection circuit in 
the drive to inhibit writing to a disk which is write­
protected. It is a function of the controller to decide 
whether or not the disk will be written to. currently, the 
LISA FD controller will not write to a protected disk. 
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CHAPTER 10 

POWER SUPPLY 

The LISA power supply is a flyback-type sw i teher supply. 
The circuit diagram is shown in schematic 050-4011, which 
can be found in Appendix F. The supply provides the power 
levels and voltages shown in Figure 10-1. 

(Insert Figure 10-1) 

In addition to the main power supply, an auxiliary standby 
supply is used to provide the minimal +5V power required 
to run the soft-power-on and real-time-clock circuitry 
which is active while the LISA is in a power-off 
condition. 

The focus and brightness controls for the video display 
are located on the power supply and are accessible from 
the rear of the LISA. They are placed here for the 
operator's convenience, there is no internal electrical 
connections between these controls and the power supply 
proper. 

All power output lines are fully-isolated from the input 
AC power by means of transformers or"opto-isolators, which. 
are tested to 3.7SkV on each power supply. 

10.1 Power Supply Block Diagram 

The LISA power supply consists of the followin9 major 
components shown in Figure 10-2: 

* AC Input Circuitry 
* Flyback Oscillator 
* DC Output Circuitry 
* Standby Power Supply 
* Video Focus/Brightness 

(Insert Figure 10-2) 
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Voltage Variance Current 

+5V +/-5% (5.25V/4.76V) 4 to a Amps 

+12V +/-8% (13.0V/ll.lV) 0.3S to 2.0 Amps 

+33V· +36V Max. +32V Min. 0.3 to 0.7 Amps 

-SV +/-10% (-5.5V/-4.5V) 0.0 to 0.2 Amps 

-12V +/-10% (-13.2V/ll.8V) 0.01 to 0.2 Amps 

+SVSTBY +/-S% (5.2SV/4.75V) 0.0 to 0.1 Amp 

NOTE: 

The standby +5 Volts is not switched off by the ON/OFF 
signal. 

Figure 10-1. LISA Supply Current Output 
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As can be seen from Figure 10-2, both conducted and 
radiated noise generated by the switcher is reduced by the 
input filter on the AC line. 

* Front Panel Control 
* Safety Interlock 
* Over-temperature Monitor 

The input AC power is then rectified and filtered before 
being presented to the main flyback oscillator. 

The flyback oscillator operates by storing a controlled 
amount of energy in the switcher-transformer core during 
the forward cycle as the core is being charged in the form 
of a magnetic field. During the flyback cycle, the 
core discharges this energy to the load placed across the 
secon<?ary windings. 

The secondary windings are connected to the secondary 
rectifier and filter circuits which provide the DC power 
outputs. 

These outputs are monitored by a regulator circuit, which 
senses the voltage level and adjusts the power being 
provided. In addition, there is a crowbar circuit which 
shuts the power supply down if the output voltages exceed 
the preset limits. 

10.2 AC Input Circuits 

Refer to schematic 050-4011 (Appendix F). The AC input 
circuits are shown in the upper left quadrant. 

10.2.1 AC Line Connection 

The AC connector P3 supplies power via the power cord and 
inductor L7 to the J2/P2 connector. This presents the 
power t6 the input line filter, which consists of 
transformer Tl, chokes Ll and L2, and capacitors Cl, e2, 
C3 andC4. 

Thermistor R9 and fusable resistor R8 are provided to 
limit the inrush current to the power supply. 

10.2.2 ON/OFF Control 

Powe~ ON/OFF is controlled by opto-isolators U3, which 
controls the switching triac CR2. U3 is provided with +5V 
from the standby supply via OS, which biases a light-
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emitting diode between pins 1 and 16. Pins 8 and 10 
operate as a photosensitive zero-crossing Triac. Power 
is switched to the main supply via CR2. 

Resistor R33 is a temperature-sensitive varistor, which 
biases 02. Excessive temperature will cause 06 to draw 
enough current to ground out pin X of the terminal 
block. 

The power supply is switched on by applying a high voltage 
level to the base of transistor OS, which causes 
transistor OS to conduct, which grounds pin 1 of U3. The 
power supply will switch on and stay on until this level 
is removed. 

A low level on the base of 05 keeps the power supply in 
the OFF condition. This may be achieved by either driving 
it low via the software ON/OFF or by grounding the safety 
interlock switch. 

10.2.3 Primary Rectification 

The jumper below R9 is used to select the inpu t AC vol tage 
which is being provided. 

If llOV is selected, the connection is made to the 
midpoint of C12 and Cl3. Using thes~ capacitors and the 
diodes CRs and eR6, the input voltage is doubled using 
half-wave rectification. The DC voltage output from this 
rectification and filtering is used to charge up the core 
of transformer '1'3 through the 84-turn primary winding 
between pins 23 and 24. 

In the case of a 220V AC line input, this voltage is full­
wave rectified, using diodes CR3, CR4, CRs and CRG. The 
resulting rectified DC voltage is again smoothed by the 
filtering capacitors C12 and Cl3. 

Residual voltage which might be stored in the filtering 
capacitors when the supply is shut OFF is bled to ground 
via the large resistance provided by Rl4 and R1S in 
series. 

10.3 The Flyback Oscillator 

The focus of the flyback switching oscillator is 
transistor 01 and its associated circuitry in the lower 
left of the schematic. 

A simplified diagram of the flyback oscillator circuit is 
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shown in Figure 10-3. 

(Insert Figure 10-3) 

The points labelled in Figure 10-3 refer to the locations 
where waveforms, given in the following figures, may be 
observed. 

10.3.1 Flyback Starting Bias 

In order for the oscillator to begin to oscillate when 
power is first applied, the emitter of 01 must be biased 
negative with respect to its base. 

This is done by isolation of the base from the emitter by 
means of diode CRIS. Approximately 1 milliamp of current 
will flow from the emitter to ground via resistors R20 and 
R2l. This is sufficient to forward bias 01 enough for it 
to switch and begin the oscillation cycle. 

10.3.2 Flyback Oscillator Operation 

Pulse transformer T4 receives a pulse of current each time 
the regulator circuit saturates. This provides a voltage 
to the programmable unijunction CR 17. When. the voltage at 
pin 2 exceeds that at pin 3, the unijunction effectively 
operates as an SCR and shorts the input. 

This grounds the base of 01 , causing it to switch off. To 
prevent the transistor from immediately switching on 
again, C30 holds the emitter positive for a short period 
of time, assuri~9 a negative base-to-emitter bias. 

Since current no longer flows in the collector and the 
primary windings of T3, the core begins to discharge its 
energy into the secondary windings which provide the 
output DC power. 

During this time, transistor Ol's emitter continues to be 
held positive by the .charge in e3l, which is discharging 
through R40/R41 and CRIS to ground via the primary winding 
28/22. 
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Figure 10-3. Flyback Oscillator Circuit 
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Once this charge has leaked away, the current on C25 
biases the emitter negative again to provide a starting 
bias as explained in Subsection 10.3.1 above, and 
transistor 01 begins to conduct. This causes current to 
flow through the collector and the primary winding 23/24. 
This induces a magnetic field in the transformer '1'3 core. 

The waveforms at several critical points in the f1yback 
section are shown in Figure 10-4. The letters correspond 
to the positions where these may be observed, as shown in 
Figure 10-4. 

(Insert Figure 10-4) 

The parasitic winding of transformer T3 provided by the 
primary 25/26 is used in conjunction with CRl2, CR23 and 
C23 to minimize high-voltage transients, which can be 
generated in T3 and which could damage 01. 

10.3.3 FlybackControl Circuit 

The amount of power output by the supply is a function of 
the amount of power which is permitted to be stored in the 
core before the discharge ·pulse transfers it to the 
secondary windings. . 

The discharge pulse is generated by the circuits at the 
lower right of the schematic, which are shown in block 
diagram form in Figure 10-5. 

(Insert Figure 10-5) 

The level of the +5V line is taken as the measure of all 
voltage levels being presented to their loads, since all 
voltages are effectively proportional in the switcher-type 
supply. This is sensed via pin N of the terminal block and 
presented to the the top of the voltage adjustment pot R29 
via resistors R26 and R27. 

A -5V reference from U2 is fed through resistor R30 and 
the temperature compensating diode 04 to the bottom of 
R29. When the voltages are in balance, the adjustment tap 
on R29 will have a nominal zero volt bias. Otherwise, a 
voltage bias is applied to the base of Q3, which operates 
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Figure 10-5. Flyback Control Block Diagram 
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as a voltage amplifier in conjunction with R25 and R32. 

The amplified voltage is presented to the base of 04 
through R28. This permits current to flow in proportion to 
the voltage applied to its base, operating then as a 
voltage-controlled current source. 

The path provided to the -l2V line via CR19 and R24 causes 
the voltage on C34 to start up from zero volts at the same 
time that transjstor 01 in the main flyback circuit is 
turned on. 

The voltage at C34 rises at a rate in proportion to the 
current being presented to it via 04. When the voltage 
reaches the +SV level being simiultaneously presented to 
pin 2 of programmable unijunction CR2l, the junction 
suddenly.conducts. This discharges C34 to ground, which 
generates a pulse through the secondary winding of '1'4, 
which generates a corr~sponding pulse in the primary 
windings, which is used to turn 01 off, as described 
above. 

The result is a sawtooth waveform at C34. The rate of 
voltage rise is controlled by the error current from the 
transconductance amplifier. The total energy stored in the 
switching transformer '1'3 is controlled by the rate of 
voltage rise across C34. 

10.4 DC Output Circuitry 

The DC output circuitry consists of the secondary circuits 
to the right of the switching transformer '1'3 in the 
schematic. The power supply provides five voltages from 
the main switcher. These are 

+5V 
-SV 

+12V 
-l2V 
+33V 

Of these voltages, the last three originate in their own 
separate secondary windings. The +5V supply originates in 
two windings in parallel, and the -sv supply is provided 
by a simple voltage r~gulator attached to the -12V supply. 
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10.4.1 DC Voltage Outputs 

The +33V supply comes from secondary winding 16/34 on T3, 
is smoothed by the C9, CIO and L3 network, and presented 
on pin D of the terminal block. Cll removes high frequency 
noise. 

The +12V supply originates in the 20/33 winding, with pin 
20 already being biased by the +SV supply section. It is 
smoothed by C14, C1S and L4 and presented on pins 
5,9,10,E,K and L on the terminal block. It is also 
equipped with a crowbar over-voltage protection circuit, 
described in Subsection 10.4.2. Capacitor C16 removes 
high-frequency noise on the voltage. The +l2V supply 
provides the power for the voltage-controlled current 
source in the oscillator control section. Refer to Section 
10.3.3. 

The +SV supply is taken from two secondary windings ganged 
together and passed through the smoothing circuit formed 
by C18, C19 and C21, with C22 removing high-frequency 
noise. It is available on pins 11, 12 and M of-the 
terminal block. 

The -12V supply comes from the 17/34 secondary winding of 
T3 and after smoothing through C27, C2S and L6 it is 
placed on pin W. The -12V supply is also used to provide 
the current being fed through 02 in the oscillator control 
circuit (see Section 10.3.3). 

The -SV supply is tapped from the -12V supply by means of 
the voltage regulator 02. It is smoothed with C24 and 
presented on pin 19. 

Diodes CR7, eRS, CRll and CRl8 prevent reverse power 
leakage through the transformer during the charg ing 
portion of the cycle. 

High-frequency noise originates in switching supplies and 
thus must be removed from the output voltages by the 0.1 
microfarad capacitors Cll, CIS, C16 and C29. 

10.4.2 DC Voltage Controls 

There are two mechanisms by which the output voltages are 
monitored in the LISA power supply: 

First, voltages are maintained at the level selected by 
potentiometer R29 by means of the oscillator control 
section described in Section 10.3.3. Adjustment of the pot 
raises and lowers all voltages proportionately. 
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Second, protection for the power supply load is provided 
by a crowbar circuit attached to the +12V supply line. The 
+12V level is presented to the l2-volt zener eRg through 
R12. Should the voltage rise enough above +l2V to trigge~ 
the diode breakdown, the voltage is applied to pin 3 of 
The SCR at CR10, causing it to conduct. This effectively 
shorts the +12V line to ground, which removes the current 
source for the oscillator control circuit at Q2~ This 
halts the oscillation, as no· fi~ing of CR2l can now take 
place. 01 is never sw itched off and the core ceases to be 
repetitively charged, causing all output voltages to decay 
to zero. 

10.5 Standby.and Auxiliary Video Circuits 

In addition to the main switcher supply itself, two other 
circuits are present i~ the LISA power supply. These are: 

* +5V standby supply 
* video focus/brightness adjustments 

These are described in this separate section because they 
function independently of the main supply. 

10.5.1 Th~ Standby Supply 

The standby +SV supply is a -brute force- type and is 
shown across the top of. the schematic. Input AC power from 
the line filter is presented to the transformer T2. The 
secondary windings 10/11 and 8/9 each provide 
approximately 10VAC 180 degrees out of phase. These are 
rectified by diodes CRl and CR22. 

The resulting DC voltage has its ripples smoothed by C7 
and AC transients removed by C17, before being presented 
to the S-volt regulator Ul. The resulting +SV output is 
made available on pin 20 of the terminal strip. 

Note that this line has a low current capacity and is not 
intended for general usage within the system. 

10.5.2 The Video Controls 

The video controls consist of the resistor network shown 
towards the upper right of the schematic. 

Focus is controlled by the potentiometer Rl, while 
brightness is control~ed by R5. Both potentiometers are 
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adjusted by means of the knobs projecting from the rear of 
the power supply. They receive their power from the video 
board via the +300V level on pin 1 and the -lOOV level on 
pin B. 
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CHAPTER 11 

SYSTEM ASSEMBLIES 

LISA Hardware Manual 

The Lisa system has been engineered to provide maximal 
serviceability of system components by the user. Refer to 
Sec t ion 3 .1 for a dis c u s s ion 0 f s ys tem pac kag i ng • A 
general view of the system assemblies is given in Figures 
3-1 and 3-2. 

The LISA system assembly components are displayed in the 
LISA Product Tree (Appendix H). An overview of the maj·or 
components is shown in Figure 11-1. 

(Insert Figure 11-1) 

As can be seen from the figure, system components can be 
categorized into two classes -- user-~erviceable and non­
user-serviceable. This chapter is concerned principally 
with the latter as the former are discussed in other LISA 
documents. 

Note that any nuts or screws lost in the base of the LISA 
can be retrieved 'by tipping the unit forward. It will then 
slide out of the air vents at the lower front of the 
chassis. Removing the bottom cover should not be 
necessary. 

11.1 User-Serviceable Componel)ts 

Access to and replacement of user-serviceable components 
is described in step-by step detail in the user 
documentation. Refer to the list of documentation in the 
preface of this manual. 

Components which are user serviceable through replacement 
with a functioning unit are: 
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Figure 11-1. LISA Assembly Overview 
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* 
* 
* 
* 
* 
* 
* 
* 
* 

Floppy disk drive assembly 
Power supply 
Motherboard 
Processor board 
I/O board 
Memory boards 
Expansion boards 
Keyboard 
Mouse 

Servicing of the non-user-serviceable components requires 
a knowledge which includes high-voltage power supply and 
video electronics. Dangerous voltages are present and all 
service personnel must be trained in their use. 

11.2 CRT Monitor Assemblies 

The CRT monitor assembly includes the assemblies shown in 
Appendix H under ·subassembly, video one" (620-5115) 
branch of the tree. These are: 

* 
* 
* 
* 
* 

Cathode ray tube 707-0007 
Deflection yoke 159-0007 
Video board PCB assy.620-x12l 
Video board PCB fab. 820-4012 
Flyback transformer xxx-xxx x 

Refer to assembly drawing 620-5115 (Appendix I). This 
shows an exploded view of the basic LISA chassis with the 
CRT monitor components. 

11.2.1 Tube Access 

To remove the CRT tube itself, perform the following 
steps: 

a) Remove the front panel, rear panel, power supply 
and card cage, as shown in the Owner's Guide. 

b) Use a Phillips screwdriver to remove the two 
screws underneath the top rear of the unit. Lift 
the top of the unit up from the rear, unhook the 
front where it is hooked in place and remove the 
top. 

c) Remove the white ground lead from the CRT gun. 
This is attached to the chassis immediately above 
the gun. 
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d) Unplug the gun harness from the end of the CRT. 
Take care to to exert to much pressure on the tube 
itself. . 

e) Disconnect the two yoke cables (yellow/green and 
red/blue) from the video board by unplugging the 
two 6-pin connectors. 

f) Pry the plastic cover up from the HT lead which 
connects to the side of the CRT. Press in one side 
of the connector under the cover to disengage and 
remove the lead. 

9) The CRT tube itself is held in place by four 
screws, one at each corner of the tube. Prepare a 
cushioned area on which to place the tube upon 
removal. Remove the four screws with a 1/4" 
nutdriver. 

9) The tube may then be lifted out of the chassis 
with the yoke assembly still connected. 

The tube may be installed in the chassis in the reverse 
order to the above. Connect the gun cables with the CRT 
almost in place. Connect the HT lead and connectors to the 
video board after the tube has been screwed in place. 
Ensure that the correct yoke plugs are inserted in the 
corresponding sockets on the video b~ard. 

At all times, handle the tube with extreme care. 

11.2.2 Deflection Yoke 

Access to the deflection yoke is performed in a manner 
identical to the CRT tube. Once the tube has been removed 
from the chassis by following the steps in Subsection 
11.2.1, the deflection yoke may be slid off the rear of 
the CRT tube by loosening the clamping screw. 

Reassembly is performed in the reverse order. 

Readjustment of picture orientation by means of the video 
board controls may be necessary if this component has been 
changed. 
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11.2.3 Video Board 

Access to the video board is performed first by removing 
the CRT tube, as outlined in Subsection 11.2.1. The 
procedure is then continued as follows: 

a) Disconnect the cabling to the flyback transformer 
from connector P3 on the video board. 

b) Release the gun cable from the two cable tiedowns. 

. c) Use a Phillips screwdriver to remove the screws 
that hold the top of the video board onto the rear 
wall of the CRT enclosure. 

d) The board may now be removed from the conne.ctor on 
its lower edge and removed from the system. 

Replacement of the video board is performed by following 
the reverse order. 

A new video board will not have the correct adjustments 
for contrast and focus. These should be adjusted after the 
system is reassembled and operational by means of the 
controls at the rear of the power supply until the picture 
is of acceptable quality. 

Picture size and centering may be required after 
replacement of a video board. This is done by controls on 
the board itself. 

11.2.4 Flyback Transformer 

The ~lyb.ck transformer. is attached to the floor of the 
tube enclosure. It is removed by performing the following 
steps: 

a) Remove the CRT tube by following Subsection 
11.2.1. 

b) Disconnect the flyback transformer cable from P3 
on the video board. 

c) Remove the flyback transformer cable from any 
cable tiedowns. 

d) Remove the bottom panel of the main LISA chassis 
by removing the six screws in the logic enclosure. 
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e) Remove the two 4-40 nuts underneath the chassis, 
taking care to hold the transformer to prevent it 
falling once these are removed 

When replacing the assembly, ensure that the white HT lead 
is to the rear. Clip the bottom of the transformer at the 
front first and follow the disassembly procedure in the 
reverse order. 

11.3 System Cabling 

Due to the modular nature of the LISA logic electronics, 
the system interconnections within the LISA has been kept 
to a minimum. Interconnections fall into four categories: 

* 
* 
* 
* 

Power cabling 
Disk cabling 
Interface connections 
Logic connections 

11.3.1 Power Cabling 

Power is supplied to the LISA system through a normal 
three-wire wall connector and standard Apple power cable 
directly to a socket in the power supply assembly. 

The power supply assembly in turn provides power to the 
system via an edge connector which mates into a plug in 
the CRT tube enclosure. This plug is part of the power 
cabling harness which distributes power to the following 
assemblies in'the system: 

* 
* 
* 
* 

Motherboard 
Video board 
Speaker 
Cover interlock 

The power cable harness is assembly 591-0003 on the LIsa 
product tree (Appendix H). 

Should it become necessary to remove the power harness, 
the procedure in Subsection 11.2.1 must be followed to 
first remove the CRT tube. The following steps are 
then followed: 

a) Remove the two screws that hold the video board 
connector to the wall of the CRT enclosure. 
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b) Remove the two screws that hold the power supply 
connector plug to the rear wall of the CRT 
enclosure. Hold on ,to the nuts. 

c) Disconnect the speaker plug on the floor of the 
tube enclosure. 

d) Remove the screw which holds the cover interlock 
to the chassis beside the speaker. 

e) Remove the two screws that hold the motherboard 
connector to the wall of the log 1c board 
enclosure. Hold on to the nuts. 

f) Remove any tiedowns holding the cabling to the 
chassis. 

g) The harness may then be removed from the chassis. 

Installation of a power cable harness is performed in the 
reverse order. Before installing any tiedowns, ensure that 
the cable is correctly positioned and that all connectors 
can reach their proper locations. 

If difficulty is encountered mounting the motherboard 
connector, removal of the f1yback transformer makes this 
connector more accessible. 

Ensure that the ground connectors are correctly attached 
by one of the mounting screws for both the power supply 
and the video board connectors. 

11.3.2 Disk Cabling 

The dual floppy disk drives. in the LISA are installed as a 
sin9le unit in the right front of the chassis. They are 
connected to the system 109io by means of flat ribbon 
cables, one for each drive. 

The cable also provides the logic connection to the 
board which carries the power switch and the keyboard 
phone jack at the lower right front of the chassis. 

To gain access to the cable, first remove the drive 
assembly 620-5107. Then all steps called for in Subsection 
11.2.1 must be performed to remove the card cage, power 
supply and CRT. 

The disk cable is then removed by performing the 
following: 
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a) Release the cable from the two tiedowns. 

b) Unplug the connector to the switch board which 
contains the power switch and the keyboard jack. 

c) Remove the two screws that hold the disk cable 
motherboard connector to the rear. of the log·ic 
enclosure wall. Hold on to the nuts. 

Installation is performed in.the reverse order. Ensure 
that the cable has sufficient slack to allow the drives to 
be placed in front of the system with the cable attached. 

11.3.3 Interface Connections 

Interface cabling in the LISA consists exclusively of 
those connectors at the rear of the motherboard. No 
disassambly procedure is required here. It is however 
recommended that connections are made and broken with 
power off. 

The interface connectors themselves are soldered to the 
motherboard and are not separately replaceable. 

11.3.4 Logic Connections 

All logic cabling in the LISA is made by means of edge 
connectors between logic cards, with the exception of the 
disk cable, described in Subsection 11.3.2 above. There is 
therefore no disassembly procedure. 

11.4 Disk Drive Assembly 

The disk drive assembly is shown as subassembly 620-5107 
in Appendix H. It consists of the following components: 

* 
* 
* 
* 

Drive carrier 805-4014 
Drive carrier shelf 805-4013 
Upper disk drive xxx-xxxx 
Lower disk drive xxx-xxxx 

There is no difference between the upper and lower drives. 
They are distinguished logically by the connections made 
by the two plugs on the disk drive cable. 
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To remove the bottom drive, remove the four 6-32 Phillips 
screws on the under surface of the assembly and slide the 
drive out. 

To remove the top drive, remove the six 6-32 Phillips 
screws which hold the drive carrier shelf in the middle of 
the assembly (three on each side). The shelf and top drive 
can than be slid out of the assembly. The shelf is 
detached by removal of the four screws on the underside. 

11.5 Miscellaneous 

The following assemblies are present in the chassis in 
addition to those covered in the Owner's Guide and the 
preceding sections. These are: 

* 
* 
* 
* 

Speaker assembly 
Power switch assembly 
Motherboard assembly 
Chassis assemblies 

11.5.1 Speaker Assembly 

The speaker is located on the floor of the CRT tube 
enclosure. In order to remove it, .it is 'necessary to 
remove the CRT, as described in Subsection 11.2.1. Then 
the following procedure is followed: 

a) Disconnect the speaker from the power cable 
harness by unplugging the plastic connector. 

b) Remove the three screws b~lding the' speaker to th.e 
chassis. 

c) Remove the speaker. 

The speaker,may be installed by following the steps in the 
reverse order. It is shown as assembly 620-0001 on the 
LISA product tree. 

11.5.2 Power Switch Board Assembly 

The power switch board is located on the lower right of 
the front of the system. In order to remove the power 
switch board, the disk drive assembly must first be 
removed from the system. Then perform the following: 

a) Unplug the disk cable from the connector on the 
switch board. 
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b) Use a long-reach Phillips screwdriver to remove 
the two screws which hold the board to the base of 
the chassis. 

c) Remove the board. 

Reassembly is performed in the reverse order. 

11.5.3 Motherboard Assembly 

The card cage assembly is shown as 620-5lxx in the product 
tree. The ·xx· is used to denote the size of the memory 
installed in the individual system. 

The motherboard assembly is the carrier unit for all the 
logic cards in the system. It consists of the basic PCB 
with card edge connectors and interface connectors 
attached plus card guides and a metal frame. 

The top of the· expansion board card guides can be removed 
by removing the three Phillips screws which hold it to the 
top of the left-hand main card guide. 

The 'card guides can be detached by removing the six 4-40 
Phillips screws that hold the main card guide assembly in 
place. The two main card guides a're attached to one 
another by three support bars, each of which is held at 
each end by a Phillips screw. 

The metal motherboard frame can be detached from the 
motherboard itself by removing the fifteen 4-40 Phillips 
screws that hold the two together. Eight of the screws 
hold the interface connectors in place. The other seven 
hold the motherboard to the frame. 

11.5.4 Chassis Assemblies 

The assemblies which comprise the main chassis do not have 
disassembly procedures. They are: 

* Chassis one 
* Chassis two 
* Back 
* Bezel 

620-5106 
620-5116 
620-5105 
620-5111 

11-10 



September 7th-l982 LISA Hardware Manual 

11.6 leyboard and Mouse 

The keyboard and mouse are not part of the main LISA, 
assembly as they are physically separate units. Both may 
be disassembled if the need arises. 

11.6.1 Keyboard Assembly 

The keyboard consists of a single PCB which carries all 
the keys sandwiched between two halves of the case. 

To access the assembly, perform the following: 

a) Disconnect the keyboard from the LISA by removing 
the keyboard jack from the plug at the lower right 
of the LISA chassis. 

b) Using a Phillips screwdriver, remove the five 
plastic screws that hold the keyboard together. 

c) Remove the keyboard PCB and place it on a flat 
surface. 

Reassembly is performed in the reverse order. Care must be 
taken not to apply excessive torque to the threads of the 
plas tic screws. 

The keyboard cable is held in place by a Molex-type 
connector, which provides strain ,relief. This can be 
removed as required. 

11.6.2 Mouse Assembly 

The mouse is a stand-alo~e unit which has a f~w moving 
parts. To access the mouse assembly, disconnect its plug 
from the rear of the LISA and remove the three plastic 
screws on the underside which hold the body together. 
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APPENDIX A. TECHNICAL APPENDIX 

OVERVIEW -------------------------------------------------------
The two ports on the board are electronically similar to 
the parallel port built into the Lisa system. so 
software driving the internal port can also drive the 
external parallel ports with little modification. There 
is also a ROM on the board which contains self-test 
diagnosic software as well as a program that allows Lisa 
to boot from peripherals attached to the ports. 

TECHNICAL SPECIFICATIONS -----------------------------------------
• Two parallel interface ports 

• Standard Apple parallel interface protocol 

• 2K Bytes on-board ROM 

• Allows system booting from port 

• Self-test diagnostics 

• 625K bytes/se~ond maximum data transfer rate 

• Port control based on 6522 Versatile Interface 
Adapters 

• Supports several read/write handshake modes 

• 4 programmable timers 

• Interrupt capability 

• Parity check on data lines 

• Dimensions: 9.3" high x 5" wide x 0.7" deep 
(236mm x 127mm x IBmm) 

• Power consumption: I Amp @ 5 Volts 
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ELECTRICAL DESCRIPTION -------------------------------------------
The parallel port electronics consist basically of two 
6522 Versatile Interface Adapter (VIA) chips. Each VIA 
contains two 8-bit parallel ports, associated handshake 
signals, programmable timer/counter and shift register. 
See the 6522 data sheet for more information. One 6522 
is dedicated to each parallel port. 

The pin functions are as follows: 

000-007 Eight bidirectional data lines. 007 is the 
most significant bit. 

RW 

PARITY 

PSTRB/ 

CMO/ 

BSY/ 

oeD 

CRES/ 

CHK/ 

Read/write. The Lisa drives this line high to 
indicate that it expects data to be input on 
the data lines. The Lisa drives this line low 
when the~iS data to output. 

Bi~{1HOil81 '1 ine which must be configured on 
the basis of data currently on the data lines 
to give odd parity. 

Processor strobe line used as a signal by the J 
Lisa to indicate valid data being outPut"('~~I, 

The Lisa asserts this line to indicate that a 
command has been placed o~ the data lines. 

The attached periperhal asserts this line to 
i ndi cate that it; s busy and unpb 1 e to procf~s t 
commands on the interface. \J~ a..) "i\ ~"~lVf 
If this line is high, Lisa assumes no device is 
connected to the port. 

Lisa asserts this line to reset the peripheral 
to its power-on state. 

This signal may be used to interrupt the CPU in 
the event that a" fault condition has occurred 
in the device connected to the port. 

Table 1 shows the signals on the parallel port 08-25 
connector and their respective connections to a 6522 
chip. PBx corresponds to port B, bit x on a 6522 chip, 
and CAx and CBx are control input/output bits. See the 
6522 data sheet for more information. 
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Signal Pin Port Connection 

PSTRS 15 CA2 
R/W 3 PS3 
CMD 17 PS4 
CHK 25 CS1 
BSY 16 PS1.CAl 
OCD 19 PSO \ 
CRES (out) 21 PS7 
CRES (in) 21 PBS 
Reset Parity PBS 
Parity Latch CB2 

Table 1. Parallel Port Pin Assignments and Connections 

SOF~ARE CONSIDERATIONS.~~~~~~~~~~~~~~~~~~_ 

See the 6522 data sheet fo r information regarding 
programming the 6522 chip registers and I/O ports. 
Basic port addresses are shown in Tab1e 2: add 2000H' 
6000H, or AOOOH to these addresses depending on whether 
the Parallel Soard is in slot 1, 2, or 3 respectively. 
Note that these addresses are in system I/O space, as 
defined in the Lisa Hardware Reference Manual. 

The built-in 2K byte ROM starts at 0, 4000H1 or 8000H, 
depending on which slot is being used. The byte-wide 
ROM appears in the low (00-07) byte of each word. 
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Port A Port B 
Register ~! Address (Hex) Address (Hex) 

ORB/IRS 0 a 800 
ORA/IRA (w/hndshk) 1 09 809 
DORB 2 11 811 
DORA 3 19 819 
T1C-L 4 21 R2l 
T1C-H 5 29 829 
T1L-L 6 31 831 
T1L-H 7 39 839 
T2C-L 8 41 841 
T2C-H 9 49 849 
SR 10 51 851 
ACR 11 59 859 
PCR 12 61 861 
IFR 13 69 869 
IER 14 71 871 
ORA/IRA 15 79 879 

(no hndshk) 

Table 2. 6522 Register Addresses 

DIFFERENCES FROM LISA INTERNAL PORT 
--------------~--------------

As mentioned above, both the Lisa and the Parallel 
Interface Board use 6522 VIAs to drive the parallel 
ports. However, there are a few minor differences that 
the programmer should note. 

1. Timing. The Lisa parallel port is driven by a 500 
kHz clock. The Parallel Board s~pports a faster 
clock operating at 1.25 MHz. This affects software 
using 6522 internal timers. 

2. Port Connections. Software driving the Lisa 
internal port references signals through two 6522 
chips (see the Lisa Hardware Reference Manual for 
more information). The Parallel Board connects 
signals for a single port in a single 6522. 

A-4· 



September 7th, 1982 LISA Hardware Manual 

GLOSSARY 

Acknowledge A signal which is used during 
handshake operations to indicate that the current 
step has been completed. 

Arithmetic Unit An optional peripheral device in 
LISA implemented by a dedicated device located on" 
the I/O board. Its purpose is to free the CPU of 
tasks which involve considerable calculation. 

Asserted A signal is said to be asserted when 
it is in a true state. This means that the term 
SIGNAL would be in a "h igh" or "1" s ta te. The term 
SIGNAL/ would be in a "low" or "0" state if it is 
asserted. 

Asynchronous modem A modem which handles asynchronous 
transmissions. ' In asynchronous communication, each 
character is transmitted with its own framing 
information telling the receiver where the 
character starts and stops. Since each character 
is a complete message, the time interval· between 
successive characters need not. be fixed. 

Autovector To handle certain interrupts, the 68000 
automatically jumps to a location predefined for 
the given interrupt. The jump to the interrupt 
handler preloaded at this location is called an 
autovector. 

Battery Backup The LISA I/O board is equipped with 
rechargeable Nickel/Cadmium batteries. Whenever the 
LISA is disconnected from a power source, the COPS 
device continues to receive power from these 
batteries to allow it to provide a true Real Time 
Clock and also initiate software-controlled power­
up. 

Baud rate The rate at which a Modem sends and/or 

Bit 

receives information. 110 baud means the Modem is 
handling approximately 110 bits per second. If 
there are two stop bits, a start bit, a parity bit, 
and a seven bit ASCII character code, 110 bits per 
second translates into about 10 characters per 
second. 

An acronym for binary digit. A bit is an 
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item of data with only two possible states, 1 or O. 

Bitslip A technique of data encoding on the LISA 
floppy disk whereby two zero bits are inserted 
between each byte written to the disk. This is 
quite separate from data encoding and is used for 
data synchronization. 

Block A contiguous set of data in the system. It 
normally refers to a unit of data written to and 
read from disk (524 bytes). When referring to 
memory, it may be of any length, but all addresses 
of the block are contiguous. 

Boot When a computer is turned on, it has to 
"bootstrap" itself into a useable state. The 
process of getting the operating system software 
into place and executing is called booting. 

Buffer A logic device used as a bus driver, 
whether it had latch capability or not. 

Bus A set.of parallel wires (traces, paths) 
which carry related data and control information 
from one device to another. 

Bus Timeout A feature of the LISA which permits the 

Byte 

CPU to give peripherals a large amount of time in 
which to respond to a transfer request. If the 
peripheral does not respond to a cycle after 
approximately 30 microseconds, a bus timeout occurs 
and the CPU logs an error. 

A group of bits. On the Lisa, a byte is 
always 8 bits. 

Byte parity When bytes of data are being moved around, 
one or more bits in the byte can get improperly 
flipped. These incorrect bits can sometimes be 
detected by checking the byte parity. The byte's 
parity is odd if there is an 6dd number of 1 bits 
in the byte. If another bit is available in the 
byte, the sender can insure that every byte has 
even parity upon being transmitted. The receiver 
can then check each byte's parity, and if any are 
odd, it can inform the system that something has 
gone wrong. 

Calc/Check Refers to the two modes in which the MMU 
may find itself. During calculation, the physical 
address of the page being accessed is calculated. 
During check, the validity of the access is 
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checked. 

Card cage The metal frame in which the printed 
circuit boards reside. 

Checksum Similar to byte parity. .A number used to 
ensure that data has not suffered degradation 
during' transfer. A checksum is usually generated by 
addition of all the bytes in a block in a certain 
pattern. It is written at the end of blocks of data 
written to disk on the LISA. 

Clock A continuous, regular waveform used to 
control the timing of logic decisions. 

CMOS Complementary Metal Oxide Semiconductor. 
CMOS combines N-c;hannel and P-channel MOS 
transistors to give rather high speed operation, 
good noise rejection,' low power consumption, and 
large fan-out. Since the non-volatile parameter 
memory must not· consume much power, it is 
implemented with CMOS chips. 

Context The LISA system is configured to operate 
in one of four contexts. Each context has a 
complete set of 128 pairs of registers within the 
MMU. The operating system normally executes in 
context o. Switching between programs can be 
quickly done simply be changing context. 

COPS Control Oriented Processor System. In the 
LISA, this slave processor is used as a controller 
at both ends of the keyboard interface. 

counter A logic device which sequentially 
increments or decrements each time a clocking pulse 
occurs. 

CPU Central Processing Unit: Motorola 68000 
16-bit general-purpose device in the case of the 
LISA. 

CVSD Continuously Variable Slope Delta 
Modulator: type of analog to digital and digital 
to analog converter. 

Cycle The interval between the same phase 
position of two adjacent clock pulses. 

Daisy chain A daisy chain is a method of connecting 
several devices to a single I/O port. All devices 
share the same signal lines and are usually 
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selected by means of an addressing cycle on the 
bus. 

Deasserted A signal is considered deasserted when it 
is in a false state. This means that the term 
SIGNAL would be deasserted if it is Mlow M or wOw. 
The term SIGNAL/ is deasserted if it is Mhigh W or 
Mlw. 

Decode The opposite of a select. The decoder's 
input address determines which of its many outputs 
be asserted. 

Disable A term used to mean hold ing any signal in 
a deasserted state, irrespective of other inputs. 

DMA Direct Memory Access. Normal memory 
access goes through the 68000 and its memory 
manager. A device can, however, read and write 
memory locations directly, without any intervention 
from the cpo. 

Driver A logic device capable of driving signals 
which have a large electrical load, such as occurs 
on a bus. 

D/A Digital to Analog. W~en a digital signal 
is used to control an analog device, the bits in 
th~ digital word must be converted into analog 
vol tage levels. 

ECC Error Correction Code. Used in memory 
storage as a method to regenerate erroneous data 
bits which have occurred in memory storage. Not yet 
implemented on LISA. 

Edge Detector Logic which is capable of detecting a 
signal transition high-to-low or low-to-high. 

Enable A term used to mean either allowing a 
signal to respond to its gating inputs or the act 
of gating data into a further stage of the logic. 

Expansion Bus In the LISA, this refers to the signal 
subset of the internal system bus which is made 
available on three card slots in the chassis for 
the addition of other logic components. 

FI FO Fir s tIn Fir s t 0 u t : de vic e use d to 
transmit data between interfaces at an 
asynchronous rate. The storage RAM in the disk 
controller 'in LISA operates in this fashion when 
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transferring data to and from floppy disk. 

Flag A s tat usb i t w h i chi n d i cat est he 
occurrence of some condition in the LISA. It is 
usually available for interrogation by the cpu. 

Flip flop A digital circuit used to store one bit of 
data. There are variants on the basic theme but 
generally, the state changes synchronously with a 
clock edge, depending on the input state. Also 
known as -flop- and -FF-. 

Format An exact description of the sequence of 
bits as they are organized on a disk. 

Gate A gate is a switch which controls the flow 
of data according to some Boolean function of its 
inputs. An AND gate, for instance, has two inputs, 
a data line and a control line. If the control 
line deasserted, data from the input line cannot 
ge t to the ou tpu t. I f the con trol line is 
asserted, any data on the data line is allowed to 
pass through.the gate. 

Gobyte The flag byte used to tell the FD 
controller that the cpu wishes to have a macro 
instruction executed. 

Handshake Handshaking" controls the transfer of data 

Hang 

between devices. Each device has a way to tell the 
other that its side of the operation is complete. 
For example, a processor writes data to a register, 
then sends a signal to a device that data is ready 
to be read. The device reads the data, then sends 
the processor a signal that it has finished reading 
and is. ready for more. The handshaking insures 
that the processor does not write new data to the 
register (destroying' the old data) before the 
device has had a chance to read the old data. 

A computer hangs when it gets into some 
infinite loop or wait state. If the 9perating 
system is unable to recover from this, the only 
recourse is to reboot the machine. 

Hard disk A disk that is not floppy. Higher data 
densities can be supported by a hard disk because 
it does not change size and position as much as 
the floppy disk does. 

Hard error A non-recoverable error during· access~'" to 
the main memory. 
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Header The series of bytes at the beginning of a 
sector on disk which identifies the sector. 

Hexadecimal The number system used within LISA. The 
digits in this base-l6 system are 0-9 and A-F. All 
addresses and data are expressed in terms of 
hexadecimal numbers 

High A voltage state. A high voltage can 
signify either true or false, depending on the 
logic being used. 

Horizontal retrace 
The period of time when the electron beam 

in the monitor screen is returning from the end of 
a line to begin the next. 

KHz Kilo-Hertz: 1,000 cycles per second. 

I/O Input/Output: generic term used to 
describe the peripheral system with which the CPU 
communicates with the outside world or with data 
storage other than main memory. 

lOB' lnpu·t/Output Block: block of memory used 
to control and communicate with the floppy disk 
controller. . 

Interrupt A method used by portions of the system to 
cause the CPU to suspend its current operation and 
establish what the portion of the system requires 
to have done. 

Latch A register which contains data for a 
transient period of time. Usually it stores data 
until read. 

LED Light Emitting Diode: semiconductor device 
that emits light when a small current passes 
through it. 

Logical An expression used to describe the address 
space generated by the CPU. Since logical addresses 
are translated into physical addresses by the HMU, 
these are not physical addresses. They can 
therefore remain constant even if physical 
addresses change, provided the MMU is informed of 
the change. 

Loop A part of a program which repeats itself 
indefinitely. It is normally used to wait for an 
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interrupt which provides a way out. 

Low A voltage state: low voltage can signify 
either true or false, depending on the logic being 
used. 

ma Milliampere: common measurement of current 
in a digital system. 

Main memory. A term which refers to the RAM located on 
the memory boards in LISA. It is used as memory 
storage by the CPU only and can vary in size 
installed from 256 Kbytes to 2 Mbytes. 

Memory bus The collection of signals which interface 

Map 

Mask 

the memory boards with the processor board. 

A term used to mean the transformation of 
one addressing system into another. In the LISA, it 
is used to describe the process of logical 
addresses being converted into physical addresses. 

A pattern of bits used to control the 
contents of a register. Mask bits need not be 
contiguous. 

Matrix A term used to describe the two-
dimensional array of bits in memory. 

MHz Mega-Hertz: 1,000,000 cycles per second. 

HMU Memory Management Unit: bardware· in the 
LISA which is used to provide a feature called 
relocation. This allows. the CPU and therefore 
resident software to operate on logical addresses, 
which are translated into physical addresses by the 
HMO. 

Modem Modulator/Demodulator: to send digital 
data over a telephone line, the Modem transforms 
the bit patterns into a stream of modulations of a 
carrier signal. At the receiving end,· the signal 
is demodulated to recover the data. 

Motherboard The printed circuit board whose main 
function is to provide interconnection between the 
other PCB's in the system. 

Mouse A device connected to the LISA system 
which is rolled across a flat surface to direct 
cursor movement on the screen. 
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ms Millisecond: l/lOOOth of a second. 

mV Millivolt: l/IOOOth of a Volt. 

Nested A software term which applies particularly 
to subroutines. It means that subroutines may 
themselves have subroutines. The number of times 
this may be repeated is called the degree of 
nesting. 

N-key rollover Nearly all keyboard interfaces work by 
scanning the "keys and forming a two dimensional 
matrix representation of the state of the keys. 
The log ic invol ved can tell when two keys are be ing 
pressed simul taneously (rollover), but when three 
or more keys are he~d down, phantom keys can 
appear. (There are hidden paths through the logic 
array.) N-key rollover design adds a diode in 
series with every key switch to eliminate the 
hidden paths. 

Nibble A set of bits smaller than a byte. On the 
Lis.a, a nibble is 4 bits. 

NMI Non-Maskable Interrupt. When the 
processor receives an interrupt, it usually checks 
a mask to see whether it should pass control to 
that interrupt's handler. A nori-maskable interrupt 
is always honored. 

ns Nan 0 sec 0 n d • 1/ 1 ,000 ,00 0 , 000 t h ( a 
billionth) of a second. Also abbreviated as nsec. 

Oscillator A device "which provides an accurate 
period. It is usually used in clock generation. 

Page In the LISA, this 'is used to def ine a 
contiguous area of main memory which is 512 bytes 
long. A logical page is this size of area within 
the CPU's logical address space. A physical page is 
this size of area within the main memory. 

Parameter memory 
A non-volatile block of RAM set aside for 

such things as the system serial number, 
configuration data, and user-defined information. 

Parity Par i ty is a function of the number of bits 
in a word which are high. If there are an even 
number,--the-word has even parity. Paritycan-- be­
checked to insure that one bit in a word has not 
been incorrectly flipped during transmission. 
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PC . Program Counter. A register within the CPU 
itself used to keep track of the next instruction 
to be executed after the current one is complete. 

PIA Peripheral Interface Adapter. An LSI logic 
device which assists the CPU in interfacing to 
peripheral logic. On the LISA, Motorola 6522 
VIA devices are used. 

Pixel The smallest- controllable unit of area on 
the CRT screen. It corresponds to one bit of video 
data and can only be on or off (black or white). 

Port An I/O address location within I/O space. 
In general, any group of addresses within the same 
PIA is termed a port also. 

Privilegeviolation The 68000 has two state of 
p r i v i leg e' ,Os era n d S u·p e r vis 0 r • C e r t a i n 
instructions (RESET, for example) can occur only in 
supervisor state. An attempt to execute a 
privileged instruction from user state causes a 
privilege violation interrupt to be generated. 

PROM' Programmable Read Only Memory. This refers 
to the fact that the device can be programmed after 
it has been fabricated. It is not usually alterable 
while it is within a computer system. 
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RAM Random Access Memory (actually ROM is also 
random access memory--RAM, however, is read/write 
memory) • 

Real Time Clock A function implemented on the LISA I/O . 
board by the COPS device. Since power is always 
available to this device, it is used to calculate 
the real elapsed time at all times. This is 
available to software for interrogation. 

Refresh The operation whereby the dynamic RAM's 
used for data storage are refreshed with the data 
they contain. 

Relocation The technique implemented in the LISA MMU 
to map the logical address space used by the CPU 
into the physical address space which reflects the 
actual configuration of the LISA system. 

Retry The act of repeating the execution of an 
instruction or routine in an attempt to avoid an 
error result. Used most frequently on disk access. 

Return Address A software term for the address at which 
program execution will resume upon completion of a 
subroutine. 

Rezero A technique of establishing absolute 
track position of the disk heads be returning to a 
known position. 

ROM Read Only Memory. Consists of memory 
devices which are fabricated with a program already 
present. The contents cannot be altered. 

RS232-C This refers to an interface standard which 
defines a bit-serial interface for use in 
conjunction with a modem, plus a corresponding 
communication protocol. 

RWTS Read/Write/Track/Sector. This refers to 
the controlling routines that drive the floppy disk 
in the LISA. The RWTS is that part of the FO 
controller's resident program which interrupts the 
CPU upon completion since it involves actual disk 
control. 

Schematic A drawing which represents the logical 
interconnections within a piece of hardware. Also 
.known as a logic diagram •. 
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Sector The smallest addressable portion of a 
disk. Each track normally contains. several 

. segments. 

Seek The act of moving the heads across the 
disk surface to position them above a particular 
track. 

Segment A segment is an area of the system address 
space. It is the main unit of memory~ealt with by 
the MMO. A logical segment is a contiguous block of 
128 Kbytes in the CPO addressing space (logical 
address space). It consists of 256 logical pages. A 
physical segment consists of between 1 and 256 
physical pages, depending on the size allocated to 
it by software via the MMU. Each logical s~gment 
has a corresponding physical segment. There are 128 
of each in LISA. 

Sense The operation of ihterrogating status. 

Shared Memory An area of memory that can be accessed by 
more than one processor. In the LISA, the disk 
controller storage area is shared between the 6504 
slave processor and the CPU. 

Shift register A register is a device which can store 
information. A shift register'is able to shift all 
its bits left or right. 

Slave Hardware that is dependent on another 
section of hardware for instructions. 

Slot A term used to refer to one of the three 
expansion slots available in LISA. 

SLR Segment Limit Register. One of the 
registers within' the four sets of 128 such 
registers contained in the MMU. It is used to 
define both the size of the physical segment being 
accessed in 1 page increments and the type of 
storage being accessed. 

SOR Segment Origin Register. On~ of the 
registers within the four sets of 128 such 
registers contained in the MMU. It is used to 
defin·e the lowest address of the physical segment 
being accessed in terms of pages from the lowest 
address in memory. 

Speed In this context refers to the rotational 
speed of a disk. 

Glossary-ll 



September 7th, 1982 LISA Hardware Manual 

SSP Supervisor Stack Pointer. This is a 
register in the CPU used to keep track of the 
return addresses for subroutines in Supervisor 
mode. See also Privilege violation. 

Stack A software term that refers to the 
area of memory used to store return addresses from 
subroutines. 

Standby Refers to the power available from the 
system battery when all other power sources have 
been disconnected. 

State Machine A collection of logic devices capable of 
e x e cut i n 9 a ve r y s im p 1 e s e r i e s 0 f s t e p s 
sequentially. It is the simplest form of computer. 

Status An array of bits which is available to the 
CPU to inform it of the state of certain portions 
of the LISA. 

Strobe A signal used to indicate that data is 
being transferred for the time that the strobe 
signal is asserted. 

Subroutine Any portion of a program which is executed 

Sync 

within the body of another portion of program 
although it would not normally be sequentially 
accessed in the order executed. Subroutines may be 
nested. 

A synchronization signal which permits 
other signals to assume a known state at a known 
time. 

Synchronous Modem 
Synchronous transmission puts the framing 

information around a group of ~haracters. The 
transmitter then automatically inserts fill 
characters into the stream whenever 
necessary to maintain synchronicity. Because more 
of the bits are data (there are fewer stop and 
start bits than in asynchronous transmission), data 
transfers can go at a faster rate. 

System Bus The main bus within LISA that is used to 
communicate between the processor and I/O boards. 
A subset of it extends to the expansion slots and 
is called the expansion bus. 
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Tristate A logic output that can be inactive, 
asserted or deasserted. These three states may 
also be termed active high, active low, and open. 

TTL Transistor-Transistor Logic. The most 
common type of digital device in the LISA. A logic 
"high" is usually over 3.5V and a logic "low" 
usually below lV. 

Vertical Retrace 
The period of time during which the 

electron beam in the monitor is returned from the 
bottom of the screen to the top. 

VIA Versatile Interface Adapter: name used by 
Motorola for the 6522 peripheral port control 
devices. 

Video A term used generally to describe items 
that have to do with the monitor screen and its 
control circuitry. 

Word A group of bytes. On the Lisa, a word is 
usually 16 bits, or two bytes. Long Words are 32 
bits or four bytes. 

Write Protect An operation which inhibits .any writing 
operation to the item protected. This technique can 
be used for both memory and disks. 

Yoke 

ZIF 

The control windin9s on the CRT tube which 
are used to control the amount of beam deflection. 

Zero Insertion Force. This refers to the 
type of connectors used for the three expansion 
slots in the LISA. Since the slots are accessed 
from the side, a locking device is used to open the 
connector and permit the PCB'S to be slid in from 
the side of the connector before being locked in 
place. 
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