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PART 1 

Freeport 
Product Description 

7-10-86 

l=reepon is an enhanced Macintosh Plus that suppons internal and extrmal customized 
expansion options includina: 

from Apple Computer.Inc. 

• Inu:mal 20MB Hard Disk or a Second Internal Sony Floppy Disk Drive 

and from third party vendors 

• External Video Board 

• Ethernet/Token Ring Interface Board 

• Modem Board 

• Accelerator/Coprocessor Boards 

• Etc.(This list is suggestive only, not limiting) 

Freepon suppons the same peripherals as Macintosh Plus except that the keyboard and 
mouse follow the new corporate Apple DeskTop Bus design. 
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Product Desi2n 
External Features 

• Same overall form factor as Macintosh Plus 

• Apple DeskTop Bus keyboard and mouse (two connectors at rear) 

• Floppy disk slot meam1ined. compatible wilh new fro& styling 

•Restyled front bezel and rear housing, ventilalion slots added for better cooling 

• Optional pluggable slot in front housing, for a second internal floppy disk drive 

• Plastic snap-out door at rear to support out-of-box I/O 

Internal Features 

• Optional hard disk or optional second Sony, above the standard Sony disk drive 

• Higher capacity power supply to support die optional floppy or hard disks 

•Connectors for the optional floppy, optional ~CSI hard disk. and expansion 
hardware (daughterboard or external) 

• Fan for cooling 

•New swing-away logic board mounting to allow insertion with third-party 
daughterboard present 

Hardware 
Logic Board 

• 8 MHz 68000 CPU 

• Enhanced memory access yields 16.8% increase.cl speed when operating from 
RAM 

• Gate array implementation of PAL and discrete logic devices 

* Seven year lithium bane:y for clock and calendar 

* Internal- two Floppy Disk and SCSI connectors 

• Extcmal--two Serial, two Apple DeskTop Bus, SCSI, Floppy Disk. and Sound 
pon connectors 
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Analo& Section 

* New 80 Wan. wide input range power supply 

* Improved display sweep section 

*Fan 

Software 
System 

* New ROM with minimum changes from Macintosh Plus 

* Changes include new SCSI manager, support for Apple DeskTop Bus, and 
modifications to the AppleTalk drivers to support the new Apple serial pon 
azchiteemrc 

Application 

* Boot chooser to allow stan·up drive selection 

* Compatible with Macintosh Plus 

Options 
• Internal 20 Megabyte SCSI hard disk compatible with SCSI HD-20, or a second 

SOOK internal floppy disk drive 
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ONAL HARD DISK P~UCi 
LED IND IC ATOR 

~ N"', STANDARD SONY DISK 
SLOT 

Freeport INCORPORATES LA TEST 
"FROG" DESIGN WORK 

3-19-86 

PRODUCT OESC;(I ~7. 
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Optional, Third Party 
Expansion Port 

Snap-In/Out Door, 
Removable only from inside 
the housing. 

Apple 

Freeport 
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Modem 

CONNECTORS 
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FEATURE 
PROCESSOR: 

CLOCK FREQUENCY: 

FLOf'PY DISK DRIVE: 

HI SPEED PEAIPH.: 

HARD DISK: 

• 

SERIAL. PORTS: 

HARCWAF!E EXPANSION: 

SOUNC: 

RAM EXPANSION: 

ROM EXPANSION: 

Confidential 

: ............ ~ . . . -:-•·. 
i:..~I!'•. ,,.....,··ol!'•.. c-.... -1!'.:s-
.; &. n--. • '-'•··~•· • •· • 

7-17-86 

MACINTOSH 
68000 CPU (16 bit) 

7.8336 MHZ 

SOOK lmemal 
Floppy Drive, 
Optional SOOK 
External Drive 

SCSI Port 

Optional HD20, 
Optional SCSI HO 
(External) 

2 Mini·S Built-In 
Serial Ports 

No Provision 

Mac Sound 

1 MB Expandable 
to 4MB RAM 
(SLANTED SIMM) 

New 128 KB ROM 
with Hierarchical 
File System 

FREEPORT 
68000 CPU ( 1 6 bit). 
Increased speed 

7.8336 MHZ 

SOOK Internal 
Floppy Drive. 
Optional 2nd SOOK 
Internal Drive, 
Optional SOOK 
External Drive 

SCSI Port 

Optional H020. 
Optional SCSI H020 
(External) 
Optional SCSI H02C 
(Internal) 

2 Mini·S Built-In 
Serial Ports. wit~ ex:e~cec 

input handsna"'e ca::;a::; ... :y 

Access to 68000 p:!"!s 
Customizable 110 Por. :~ 
removable door at rear 

Mac Sound 

1 MB Expandabie 
to 4M8 RAM 
( SIMM) 

New 256 KB ROM 
with Hierarchical 
File System • ROM 
modified to supper: 
SCSI, AOTB. AppleTa:k 



KEYBOARD: 

VIDEO DISPLAY: 

-

'( 

Confidential 

Mac Plus vs Freepcrt 
Hardware Comparison. page 2 

Cursor and Numeric 
Keyboard 

Buih·ln Monitor 
1·. 512 x 342 B/W 

Cursor and Numeric 
Keyboard via Apple 
OeakTop Bus. 
Allows additional input 
devices e.g .. Graphics 
Tablet 

Built-In Monitor 
1•, 512 x 342 BtW 
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Freeport 'MAJN ttOGIC t>OARD 

m • ... ............. II• ..... • • 

PCB. Freeport 
120•017•·• 
~ SlJ:IE UYIJ' l 

TWO APPLE 
DESKTOP BUS 
CONNECTORS 

£XPA:\SIO., 
PORT 

co~~E:CTOR 

--•96 PIN HEAOER 

• 
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FOR DAUCHTEPl 
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PC Connectors G06/G60 
Two piece, high density pcb connectors 
per MIL·C-55302/DIN 41612 

CANNONITT ' 
The Giobci Cor .. "'l~c::: 
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G06 connectors are designed for printed circuit bo8rdl size 
3.93" • 6.30"' (100 x 160). They also can be used tor multilayer 
boards as tor flat ribbon cable. They comply with the requirements 
of the MIL-C·55302 and European spec:ific:ation DIN •1612. 
VG 9532• and IEC. 

Cont8cta 
32164196 contacts are spaced at .100" (2.54 mm) centers in 1he 
male and female connectors giving a high contact density and a 
space saving construction. The 64/96 contact connectors G06 
are also avail&Ole partially equipped with 32 contacts. (See the 
modification codes Shown in the Ordering Information on page 4.) 

Three different contact arrangements with cavities for coaxial. HP 
and/or HV-eontacts are also avair&Ole. 

Standard Data 

Temperat&n rqe 
(climatic category) 

Operating temperature 

GO( 

Female: Copper alloy CuNiSn ( ~ 
Male: Copper alloy CuZn 

Selective gold plate over nickel 
at contact area 
llnplated 

Polyester GF, not pigmented. 
UL9' V-0 rated 

32.8".96 
.100"/2,5' mm 
Female: Mini Wire Wrap post. 

short solder pins 

Male: short solder pins 9C° 

-551125°C 
(-67 /257°F) 

(long term) -551105°C 

Insertion force 

Gauge retention 
force per contact 

Durability 

(-67/221°F) 

35 N max. for 32 contacts 
65 N max. for 64 contacts 
15 N max. for 96 contacts 

0,15 Nmax. 

500 mating cyctes min. 

An extraction tool for these special contacts is designated Electrical Data 
CET-c&B. Rated current per contact 

Mounting 
Mounting is by screws for both the male and female connectors. 
Furthermore, a version of the female connector with snort solder 
posts can be soldered directly into PC boards. 

Coding 
Coding is possible without loss of contact. 
Coding key part no.: 201-8518-000 

mCANHON 

Operating voltage 
Test voltage 
Insulator resistance 
Contact resistance 

Wire and Tools 

300 v .... 
1000 v .... 
1 teraohm (1012) min. 
15 milliohms max. 

Wire Aecom~ Garoner-Oenve1 Tools 

-. -

Standard '. MOCS1fled Numoe~ c • 
Dia. Wrapping Wrapping Tums Sare 

AWG mm 811 .. -~ Bit Sleeve Wore 

- 30 - 0.25 .. - 507063 507100 , 
-- 28 _ 0.32 _ - - - 609278 507100 
__ 26 -· O.•O . _ 606445 507100 6 
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G06 

>rdering Information 

..,_ ~i1vi~~l3 ~11•11 
,. ; 'I I I i I 

- 'I i11 .... .....,.. eantKt8 ! I 

eoract.,......,.. I 
Number~ .. --------~ ................ ~----------
Con"-=tartype---------------
Contact IP'le"lftl----------------

Tennlnallon----------------------
Mounting meltlod-----------
Colour--------------------------
~ltlcatlon----------------------------' 

G - ITT CIMOft desi;nalion 
De - PC COi •lector per MIL-C-55302. - DIN .&1812 Ind VG 95324' 

FlrsMCMMke/ 
luMo-brutc contacts V- - first-to-make/ 

last-to-break contacts •1 

ttvee rows: a1 and c32. 

Contact arrangements D 
M 

Number of contacts 32 

two rows: a1 and b32 (standard. 
other upon request). 

-double read-out 11 

- three contact rows 21 

-6'-9631 

Insulator material 
Connector type 

P - Polyester GF 

3 -female 51 

.a -male 
5 - male, with coding part 

•indicate V only, if first-to-make/ 
last-to-break contact is required 

Cross Reference List 

Gove"'"'!!!!,Pesignation m Cannon·Oe11gnat10n 

M553021131-01 G06M96P4BEBL· 107 
M55302/131-02 G06M96P48EBL.()().a· 107 

M55302/132-01 G06M96P3BBBL·107 
•455302!132-02 G06M96P3BOBL· 107 

l53021132-Q3 G06M96P3BOBL-028 
i5302/132.()4 G06M96P3BBBL-Q04.107 • 

.553021132-05 G06M96P3BDBL-oo.a-107 
M553021132·06 G06M96P3BOBL-oo.a-o28 
M55302l133-01 G06064P4BEBL· 107 
'M55302/133-G2 G06064P48EBL-067·107 

• 

1132_ .. _ 

11•-

B -2.54 mm (.100") 

8 - lhoft solcler post 
(female and male) 

D - Mini wir9 wrap 
{f9m* only) II 

E - IO" IOldlr post (male only) 
K -ror nbbOn cele (Speedy only) 
L -far daily-chain (Speedy only) 

A - no maunling (Speedy only) 
8 - two ttvaugft-noles 

L -not pigrnenf8d 

OCM - M contacta. raw a 1nd c. 
in 96 contact insulator 

005- 32 contacts. in row a only. 
in 6' contact insulator 

ooe - 32 contacts. staggered. beginning 
• a 1. in 8' contact insulator 

019 -32 contacts. row a and c. 
cavities with even numbers only. 

028-Wire Wrap post 17 mm. 
female only (consult factory) 

029 - VG·versiOn 
034' - Short solder post length 

for female: .a mm (standard) 
WlthOut modification code 
length3mm 

067 - 32 contacts. row ti. 
in 96 contact insulator 

081 -64 contacts. row a ano t.l 
in 96 contact insulator 

090-"gold flash on contact tail 
107 - MIL version 
702 - industnat version 

,,,.. . .,._., __ .. ___ .... ......,_ 
., ..... ..,. 

0.1,,... •O.J,,...-C.......,I. l.o ..... -o.•---·...____,03, SI-...., fllr '-Ol"Y· ltmt NI 201-1$11.QOO .-.... ....... ---.~-i_., 

Government Designation ITT Cannon-Oes19na11on 

M55302/133-o3 G06064P4BEBL-005· 107 

M55302113'-01 G06064P3BBBL· 107 
M55302113'-02 G06064P3BOBL·107 
M55302113'-o3 G06064P3BOBL-028 
M55302113'-C>4 G06064P3BBBL·005· 107 
M553021134-0S G06064P3BOBL-005· 107 
M553021134-06 G06064P3BOBL·005·028 
MS5302113'-07 G06064P3BBBL·067·107 
MS5302113'-0S G06064P3BOBL·067·107 
M553021134-G9 G06D64P3BOBL·06i" ·028 

0""11111t0ftl luDteCt to Clllfttl 

' ') 
I 

' ' _.J 

' .) 

., 
...) 
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lllL-C-55302/DIN •1112, Veralon C 

FelMle Connector, N con&lctl 
Pan No. G06M96P3B" BL•• 

i~ 
; 

.,_ ___ ...... ._. __ . -·-

11 
I 

GO 

i I 01.0.! 
I • 

uJ.lL~ 

"~~~!!!:!!!~~:I:::::+ 
._---••ml• m:lll---..,rc1 

in.._-------IO'..,--------BiifilJ 

... ,. Connector H COnt8Cta 
Pan No. G06M96P4B" BL .. 

PC Board ... BEBL 

---·····----

• •· Ei 

= 
------:;~ -----' .1 

l••"C ._ _______ ....... ------.. -fil 

..• BBBL 

·~-- ..... - .......... ftr:c:otca:w• "''--•llC-CllC:C.--.-.-,.--

mCANNOH 

... 
''" ..,; 2.9 .... 

Contact Identification 

•••• • • • • 0 • • • • 
~ 

) 



G60 

( AppUC8tlon uamplff 

( 

• G06M96P38BBL 
G60M096P488BM ••• 

0 

GOIMHPCBEBL 
G60M096P3BEBM ••• O ••• 

T.,.minotion block 

GO&MHP3BDBL 
G60M096P4BOBM .•• 

l'tor1zontat mountng rad 

G60 ••• 096P ••• 8DBM ••• 
G60M096P ••• 8ES'M ••• D ••• 

G60 ••• 096P ••• BBBM ••• 
G60M096P ••• BEBM ••• D ••• 

"'"-·•··--· ........... ·- ...... . 

) 
I 

_) 

\ 

"\ 

' -· 

\ 

( 
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PART 5 

Apple DeskTop Bus and 

Human Interface Peripherals 



KEY KEY l<EY KEY l<EY KEY 

( NO. O:>OE LEGEN:> NO. cooe LE<ENO NO. COOE Lmel) 

81 7!'7FB Reset(~) 28 lFH 0 S6 08H c 
l 3SH Esc 29 23B p Si 09H v 
2 12B l 30 2lH [ SS OBH :e 
3 13H 2 31 lEB ] S9 2DH N 
4 14H 3 32 24B !let urn 60 2EH M 
s lSH 4 33 59H 7 61 2BH 
6 17B s 34 SBB 8 62 2!'H . 
i 16B 6 35 SCH 9 63 2CH I 
8 lAB 7 36 4EH 64 3SH Shif~ 

9 lCB 8 37 · 36H Control 6S 3EH UP ARRC':'i 
10 19B 9 38 OOH A 66 S3H l 
11 lDH 0 39 OlB s 67 S4H 2 
12 lBB 40 02B D 68 SSH 3 
13 18H - 41 03B F 69 4CH ENTER 
14 33B Delete 42 OSH G 70 39H caps Lock 
15 47B Clear 43 04B B 71 3AH Option 
16 51B - 44 26B J 72 378 APPLE 
li 4BH I 4S 2SH K 73 3lH (SPAC!) 
18 43H ... 46 2SH I. 74 32H 
19 30H Tal:> 4; 29H iS 2AH \ 

• 20 OCH 0 48 27H 76 3BH L. AR.':\::W 
21 OOH w 49 S6H 4 i7 3CE R. A..~~=~·: 

22 0£H E so SiH s 78 ~ ..... ... r.. ::Ci~ ;.-~~::·: 

23 OFH R Sl SSH 6 i9 S2H ~ .., 
24 llH T S2 45H + ec 4.:.: 
., c: ·- lOH '!. 53 38H S!':i!~ 

26 20H u 54 06H z 
27 22H I 55 OiH x 

TABLE 2 KEY CODES ANO LEGENDS 
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PART 6 . 

SCSI Interface to Hard Disk 
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Fiprc 6 ~ lbc I>B·2.5 pincMLt for ibe SCSI connccicr at tbe back of lbc 
- Freeport • 

ti t2 t t 10 t I · 1 a I 4 I 2 1 • • • • • • • • • • • • • @ 29 24 21 22 21 20 '' ti ,, '' 11 14 • • • • • • • • • • • • 
1 ~ 
2 EB(! 
3 ~ 
4 Rn 
I JZ!5l 
I BY 
7 e-c..rd 
I llSa 
I er-c..nd 

10 em 
,, l5IB 
12 EB 
13 rm 

14 ~ 
15 l:7D 
11 ~ 
17 lTR 
11 ~ 
11 !Et 
ZD flP 
Z1 ml 
zz tm 
Z3 tlR 
24 ~ 
2S 1PWP\ 

fi&un 6. Pmcut fer SCSI Ca"'«llX 
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FreeportscsI CONNECTOR PINOUT 

l2Q_ 

'"-
lll 
l.6_ 
IT 
il 

g 

NCR-5380 6 
4 
~ 
2 

18 

15 

ll2. 
lll 
A 
i 
5 

+5VF ~ ~ 
1N4001 

-.__ --

SO PIN HEADER OB-25 

-- (48 ;,, 
:. (42 
-: <SO 
-:: (40 
;, (38 
... (36 -- (7) ;., 
~ (2) 

(9) :: 
:: (8) 
~ (12 
... (14 .. (16 :. 

-:. (ll 

: (46 
;. (13 

(32 :: 
-:. (15 
;. (44 
;. (18 
: (4) 

(6) --.. (10 :: 
:- (15 
-.. (26 

(25 
• (** ... 

(***) 

-- (l) -::. 
;;,:, (2) 

:. (3) 

~ 
(4) 

:;,, (S) 
_:;,, (6) 

(7) _;,, 
... (8) .. 

(9) ;;,:, 
:. (10 

__:.. (ll 

-:. (12 
(13 ... .. 

:;, (14 
__:.. (15 
;. (16 
:: (17' -- (18) --;. (19, 
;. (20 

_;. (21 
-:: (22) ... (23 --_;,, (24~ - (25) 

N.C. 
) 

PINS 3,5,17,19,2 

§:Q/ 
MSG/ 
I/O/ 
RST/ 
ACK/ 
BSY/ 
GND 
OBO/ 
GND 
DB3/ 
DBS/ 
DB6/ 
DBi/ 
GND 
CID/ 
GND 
ATN/ 
GND 
SE!../ 
DBP/ 
DBl/ 
DB2/ 
DB4/ 
GND 
TP'WR 

021,22,23, 
33,35,3739,.;:, 24,27,29,31, 

43,45,47,49 

Jl..M 4/16/86 
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SCSI ELECTRICAL CHARACTERISTICS SPECIFICATION 092·2074, MARCH 18, 1986 

APPLE COMPUTER, INC. 
20525 Mariani Avenue 
Cupertino, CA 15014 

1.D INTRODUCTION 

This specification describes the electrical characteristics of the APPLE SCSI 
BUS system. 

2.0 APPLE REFERENCE DOCUMENTS 

2.1 SCSI CABLE SPECIFICATION: 569-0407 
2.2 APPLE SCSI COMMAND PROTOCOL : 062·2075 
2.3 SCSI TERMINATOR ASSEMBLY : 590-0348 
2.4 SCSI CONNECTORS : 

DB2S MALE 
PLUG 50 PIN MICRORIBBON D MALE 
PLUG SO PIN MICRORIBBON D FEMALE 

· 2.S ESD: 062·0302 

3.0 PHYSICAL CHARACTERISTICS 

520-0030 
519-0400 & 519-0401 
519-0410 & S19-0411 

This section contains the physical definition of the APPLE SCSI BUS. The 
connectors, cables, signals, terminators, and bus timing needed to implement 
SCSI are specified. 

3. 1 Physical Description. APPLE SCSI BUS is used to daisy-chain SCSI 
devices to APPLE personal computers. An APPLE computer connects the SCSI 
bus through its female DB2S connector. 

• 
APPLE SCSI BUS cable accessories consist of an 18 inch System Cable, 1.0 
meter long Peripheral Interlace Cable with SO pin male connectors at both ends. 
1.0 meter long Cable Extender with one SO pin female connector at one end and 
one SO pin male connector at the other end; and lastly, a terminator block with a 
50 pin female connector at one end and a SO pin male connector at the other end. 
The 50 pin connectors used in APPLE SCSI BUS are the alternative 2. shielded 
connectors described in the ANSI X3T9.2 document rev. 178 and are commonly 
called •btue ribbon connectors•. 

An 18 inch long System Cable, Assembly 590-0345, is used to connect an 
APPLE computer to a SCSI device.It has a male DB25 connector for the APPLE 
personal computer and a 50 pin male blue ribbon connector to attach the first 
SCSI bus device. 

1 

f 
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SCSI 11.!CTAICAL CHARACTERISTICS SP!CIPICATION 082•207•, MAFICH 11, 1186 

APPLE SCSI BUS should be terminated at both ends with termination resisters. 
APPLE Macintosh computer does not have internal bus terminator. All APPLE 
SCSI devices should not have an Internal terminator. The first SCSI device 
NqUires a terminator plugged to its output female connector if it ii the only bus 
device in the SCSI bus. Otherwise, a terminator block shall be connected 
between the male blue ribbon connector of the System Cable and the device's 
Input female connector. The last SCSI bus device should have a terminator block 
plugged to Its output connector. For further Information on APPLE SCSI 
terminator block. refer to APPLE TERMINATOR ASSEMBLY, specification 590-
0348. , 

A SCSI device shall provide tWo female 50 pin blue ribbon connectors. The 
output connector is used to daisy-chain the next SCSI device if it is not the last 
device In the bus, or to connect to th• terminator if it is the last device in the bus. 

A 38 wire, 1 .O meter long PERIPHERAL INTERFACE CABLE. Assembly 590-0346 
with 50 pin male blue ribbon connectors at both ends Is used to daisy-chain SCSI 
bus devices. A 38 wire, 1.0 meter long EXTENDER CABLE, Assembly 590·0347, 
with one male 50 pin blue ribbon connector at one end and one female so pin 
blue ribbon connector at the other end, is used to extend the former cable to more 

, than 1.0 meter • 

APPLE SCSI BUS uses single-ended drivers and receivers. The maximum total 
end-to-end cable length is six meters. 

3.2 Cable. All cables shall be shielded round cable with 38 conductors to form i 9 
twisted pairs within a shield and use a stranded conductor size of 26 AWG to 
minimize noise effect and ensure proper distribution of terminator power. The 
cable and connector shall conform APPLE SCSI cable and connector 
specification 569-0407. The cable shall have a characteristic impedance of i 00 
+/·10 ohms. 

A stub length of no more than 0.1 meters is allowed off the mainline 
interconnection within any connected equipment. 

• 

SCSI bus termination shall be external to the SCSI device that is at the end of the 
cable. A terminator block, APPLE TERMINATOR ASSEMBLY, specification 590· 
0348, shall be used for bus termination. 

3.3 Connector Re~uirements. Shielded connector shall be used. The cable and 
connector combination shall pass FCC class B and APPLE corporate ESD 
specification 062-0302 • 

3.3.1 Shielded Connectors. Alternative 2 of the Shielded SCSI Device 
Connector specified in ANSI X3T9.2 document rev. 16 is used. The specification 
of the shielded connector is described in APPLE specification 519-0410 & 519·-
041 1. The connector shielding system shall provide a de resistance of less than 

2 



SCSI ELECTRICAL CHARACTERISTICS SPECIFICATION Ol2·2074, MARCH 18, 1986 

\' 1 o milliohms from the cable shield at its termination point to the SCSI device 
enclosure. 

The cable shield shall be soldered 360 degree to the connector shield. The 
shield shall not connect to the signal ground at the connector. It shall be tied to 
device chassis ground. 

3.3.2 Pin assignment: 

50 Pin Connectgr QB25 Connectgr 

Signal Pin# Pin# 

OB"4NO 1 CDnnec:ted to 1 .. 
DB1-GNO 2 1 .. 
OB2-GNO 3 , .. 
DB3-GNO .. 16 
DB.c.GNO 5 16 
085-GNO 6 16 
OB&-GNO 7 18 

• 087-GNO 8 18 
OBP-GNO 9 18 
OIFFSENS-GNO 11 18 
ATN-GND 16 7 
BSY-GND 18 7 
ACK-GND 19 7 
RST-GND 20 9 
MSGGND 21 9 
SEL-GND 22 9 
CIO-GNO 23 24 
REQ.GNO 24 24 
vo-GNO 25 24 
·OB0 26 8 
·DB1 27 21 
·OB2 28 22 • 
·083 29 10 
·084 30 23 
·OBS 31 11 
·OB6 32 12 
·OB7 33 13 
·OBP 34 20 
TERMPWR 38 25 
·ATN .. 1 17 
-BSY 43 6 
·ACK 44 5 
·RST .. 5 4 
-MSG 46 2 
·SEL .. 7 19 
oCIO 48 15 
·REC .. 9 1 
-uo 50 3 

3 
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SCSI 11.ECTRICAL CHARACTERISTICS SPECIFICATION 082•2074, MARCH 18, 1986 

Pin 11, which is OIFFSENS in a differential cable system, shall be grounded at 
the APPLE OB25 connedor and to the device logical ground. 

Pin 13 shall be left open and unconnected inside the device. 

Pins 10, 12, 13, 14, 15 and17 of the blue ribbon 50 pin connedor shall be left 
open. No wire is conneded to these pins in the cable. 

3.4 Electrical Description. 

3.4.1 Single-Ended. All assigned signals shall be terminated at each end of the 
cable. All signals shall use open-colledor or three·state drivers. 

3.4.1.1 Output Charaderistics. Each signal driven by an SCSI device shall have 
the following output charaderistics when measured at the SCSI device's 
connedor: 

Signal assertion . • 0.0 volts de to 0.4 volts de 
Minimum driver output capability • • 48 mA (sinking) at 0.5 volt de 
Signal negation • 2.5 volts de to 5.25 volts de 

3.4.1.2 Input Characteristics. Each signal received by an SCSI device shall have 
the following input characteristics when measured at the SCSI device's 
connector: 

Signal true 
Maximum total input load 
Signal false 
Minimum input hysteresis 

• 0.0 volts de to O.S volts de 
• -0.4 mA at 0.4 volts de 
• 2.0 volts de to 5.25 volts de 
• 0.2 volts de 

3.4. 1 .3 Input Hysteresis. SCSI bus receivers shall have the following hysteresis 
characteristics: 

. Threshold from low to high 
Threshold from high to low 

• 1.48 volts 
• 1.18 volts 

3.4.1.4 Input clamp. The bus receiver shall have diode connected to ground to 
clamp any negative going input signal when the input becomes lower than -0. 7 
volt. This clamp will reduce ringing on the bus. 

3.4.1.5 Signal transition times. The 90 to 1 O °lo fall time for any high-to-low 
transition on the APPLE SCSI BUS shall be greater than 20 nanosec. 

• 

3.4.2 Terminator Power. All SCSI devices in APPLE SCSI BUS shall provide 
+SV terminator power (TERMPWR pin 38) through a diode or similar semi
conductor that prevents the backflow of power to the SCSI devic_e. The terminator 
power shall have the following characteristics: -

4 
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SCSI ELECTRICAL CHARACTERISTICS SPECIFICATION Ol2·2074, MARCH 18, 1986 

V1enn 

4.0 SCSI I US TIMING 

• 4.0 volts de to 5.25 volts de 
(800 mA minimum source drive 
capability, 1.0 mA maximum sink 
capability 1 with 1.0 _amp 
r8COmmended current limiting.) 

Detailed bus timing tolerances for SCSI READ: INITIATOR RECEIVES & 
TARGET SENDS are given in FtQUre 4.1. Tolerances for SCSI WRITE: 
INITIATOR SENDS & TARGET RECEIVES are given in Figure 4.2 • 

s 
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1Q ~~ 0 1 I• • 1 l+- 01 
/ACK _ ___,\\ I. 

--------·····/ 
~·4+~1 

:··
1 x-~r~--------

"*'· •. ...... uni: 
11 : Cable propagdon delar O 3 
12 : /REO lrue 10 /ACK true at lhe lnllator 20 150 180 M 
13 : /ACK true to /REO false at the target 25 110 125 M 
t4 : Data sepup time to /ACK true at the target 20 RI 
15 : Data hold time after /ACK true 50 RI 
16: /REO false to /ACK false at lhe lrilalor 145 nt 
t7 : /ACK false to IREO true at lhe larget 20 140 150 ns 

Figure 4.2 SCSI WRITE : INITIATOR SENDS I TARGET RECEIVES 

7 
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PART 6 

SCSI Interface to Hard Disk 

NOTE: Tbe documentation of tbe SCSI Interface, at this time, consists of 
Information from lnsib Macinto1h, Volum• IV and the interdependent 
referencina between two sources lnduded In this PART ': 

1) draft proposed American National Standard for information 
systems· SMALL COMPUTER SYSTEM INTERFACE (SCSI), REV! 7B, 
December 16, 1985 

2) Apple En1ineering Specification 062-2075 Revision 3, 
May 19,1986 
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Aupst 27,1986 Apple SCSI Command Protceol 062-2075 Revision 4 

lJJONrv16w 

the purpose of mis document ii to rpecify all die informarion needed ID undmtand Apple 
-~IS and standards far SCSI device command protceoL 1be ~ is to specify infonnation 

be.re reprdin& ~pple smdards dw should not change and refer to other SCSI information. In this 
doct•menc all SCSI defined dm will be refmed ID widl die referenced location specified. Every 
wmpc will be mlde ID avoid sper:ifyina duplicale int'cmw:ion ID dlll specified in me ANSI SCSI 
documcnll ID reduce c:onfuioD mi maintenm:L Only c:Jarificllioas, exiensions to and dilferences 
Crom cbe ANSI SCSI dccummm will be specified. 

1.1 Lofical Chartu:t•rlsda . 

the followina section of this SCSI docu.mem defims the logical characteristics of the Apple 
implemenrarion of a SCSI bus and its amched devices. In acneral the losical c:haracu:ristic:s set 
forth in ANSI X3T9.2/82-2 Rn. 17B apply with the followin1 clarifications, options and 
additions. 

l.J .l SCSI Bus 

An Apple SCSI Bus uses five phues. 'Ibe SCSI bus can never be in more than one phase at any 
pva rime. The phases are: 
Bl1SFR.EE 
ARBl"IRATION 
SELECI'ION 
RESEI..EcnON 
Information Transfer 

Information rransf er can be funher defined to be: 
COMMAND Phase 
OATAPhase 
ST A TIJS Phase 
~SAGE Phase 

BUS FREE • The BUS FREE phase is used to indicate that no SCSI device is actively using the 
SCSI bus and that it is available for usm. See ANSI X3T9.2/82-2 Rev. l 7B SCSI Specification 
.5.1.1 for accurate detailing. 

AR.BlTRA TION ·The AR.BlTRA TION phase allows one SCSI device to gain cona-ol of the SCSI 
bus so that it can assume the role or an initiar.or or rargeL See ~'lSI X3T9.2/82-2 Rev. l 7B SCSI 
Specification 5.1.2 for accurate det.ailing. 

SELECI"ION • 1be SEI.£CI"ION phase allows an iniriaror to select a target for the purpose of 
initiating a target function (Example • READ or WRITE command}. The SCSI device that won 
ARBITRATION becomes an initiator by releasing 110. See A.'ISI X3T9.2182-2 Rev. l 7B 
Specification 5.1.3 for accurate c1mmn1. 

RESELECI"ION • The RESEI..ECI"ION phase allows a target to reconnect to an initiator for the 
purpose of continuing a previously started operation that was suspended by the target (Target 
allowed a Bt;S FR.EE phase to occur before the operation was complete.) See ~\iSI X3T9 . .:..-s2-2 
Rev .• 17B SCSI Specification S.1.4 for :iccurate detailing. 

1 
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lnfomwion Transfer· The Information Transfer phases are poul)ed because they use the DAT A 
bus to uamf'erdaraor concrol infonnatioa. 1be COMMAND, St'AnJS, DATA. and MESSAGE 
phases arc c:omrolled by tbe CID, VO, mi MSO signals. Information Transfer phases accomplish 
me actual data 1r1mfer of the SCSI bus. 
See ANSI XJT9.ll82·2 Rev .17B SCSI Specification S.1..5 for detailing. 

1.1. .2 SCSI BIU Condltion1 ·RESET 

As deftnecl in ANSI X3T9.Z'82·2 Rn. 17B Seciion $.2.2. Initiators will implement the Soft 
RESET Opc:ion and Tqm will implemem the Hartl RESET Opcicn. 

1 .1. ..3 Arbitration, Dfsconuctlon/Resal«tla.n 

The Apple SCSI bus implc:mencuion is an arbitrating, multi·initialor, multi·target bus. All Apple 
SCSI devices that act as initiarors will be arbicrarin1 devices and will allow 
disc:onnec:tionlreselectioa. Except in specific cases, it is recommended that all target devices be 
capable of disconnectionln:seleaion. 

1.1. .4 Message Implementation 

Implemaltation of messages requires the Command Complete message and Apple sironpy 
recommends the followin1 messages. If any of the followin1 masa1es are implemented. then all 
:mist be implemmued. 

L Oisconmct 
2. Abon 
3. Message Reject 
4. No Operation 
S. Bus Device Reset 
6. Identify 

These me:suces are not extended format messaces. 

2 
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2.0 Commands 

2.1 Direct Access Commands 
The SCSI mandatorr eommadl and me followm1 SCSI opdoaal commands are Apple 

- Mandatory. 

Tiae Apple Mandatory Comnmnd Set: 
ecloes not substaadall1 cleriate from tlae propaud SCSI standard or preclude tbe 
me of addldonal collllllUcll. 
ecloes not limit tbe performance of tbe products conlormin1 to tbe document. 

From Hin to 2.2 are App" additio111, clarijicatio111and1zt1111ions 
toth1ANSI SCSI Rn.l7B doCWMnt: 

Bold unot•$ Appl• adJUd tat to aisdn1 SCSI Collllllllllll.r. 

REQUIRED. Describes commands, messa1es. fields, bytes, bics which shall be 
implc:mcnt.ed in order to conform to the Apple rcquiremcncs. 

Table5·2 
Messaae Codes 

--------:•·-----------·-w-•w-w-•----=wwawua-
Code Description Type ...... __.._. _________________________ ._.._ wasmm•••• 

BASIC SIT 

00 COMM"4'll> COMPLETE REQUIRED 

SYSTE~S SET 

06 
07 
08 oc 

ABORT 
MESSAGE REJECT 
NO OPERATION 
BUS DEVICE RESET 

REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 

DISCO~'Ec:t SU 

04 DISCONNECT REQUIRED 
80.FF IDE~IFY REQlJlRED 

It is required that the tariet accept the Identify message. The 
initiator may or may not issue tbis messa1e. The initiator may 
or may not set bit 6 or the Idendfy message indicatin1 its ability 
to accomodate disconnection and reconnection. -------------------------------------=--

J 
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6..U Operadoa Code Types 

Operadoa 
COcle Type Descripdoa 

.'Pie SCSI Command Prococ:ol 

REQUIRED: Commands so desipmd sbll1 be implemcnred by die maet in order to comply to 
- dlis document. . 

v Vendor Uai«\ue, Open.don codes so desip•ted m the standard 
ad 110t llMllfl m dlis dccummt are available fer Vcndcr defined 
comznandt 

U.. Control Byte. 

Bit7 
Bil6 
Bil$ 
Bit4 
Bil3 
Bill 
Bil 1 
BitO 

Vendor Unique. To be checked by the taqet. 
Vendor Unique. To be checked by the taraet. 
Reserved 
Reserted 
Reserved 
Reserved 
Fla.. Optional. To be checked by the tarset. 
Link. Opcional. To be checked by the taraet. 

._ .................. .._ __ ..,. ... ._ ...... _. .. ._, ..... _. __ _.•1••--=a-asa•-a•••--

14. STATUS 

Status 

Table 14-0 
Status Codes 

Type 

-·-----=-----•w--•-------------•-•w-w___ •••w••= 
GOOD 
CHECK CONDmON 
BUSY 
RESERVATION CONFLICf 

REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 

--------------·-----------·---•w------•••---•---•·-------•---•••• 

" 

} i 
1. 
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COMMAND SET roe Djrect-Acs:ess Deyices 

APPLE REQUIRED COMMANDS 

OpCnrim 
Code 
Hex 

00 
Q3 

TEST 1JNlT READY 
REQUEST SENSE 
FORMATUN!T . 
REASSIGN BLOCKS 
READ 
WRlTE 

CM 
rn 
08 
OA 
OE 
OF 
1l 
13 
14 
1! 
16 
17 
1A 
1B 
1D 
25 
28 
2A 
37 
38 
JC 

READ CNTRLER INFOR.'1ATION (Tape Only) 
WRlTE CNTRLER lNFOR.'1ATION (Tape Only) 
INQUIRY 
READ QIC·lOO DATA(Tape Only) 
WRlTE QIC·lOO DATA (Tape Only) 
MODESELECf 
RESERVE UNIT 
RELEASE UNIT 
MODE SENSE 
ST ART/STOP UN'IT{LOAD/UNLOAD (Tape Only)} 
SEND DL\GNOSTIC 
READ CAPACITY 
READ EXTENDED 
WRITE EXTENDED 
READ DEFECT DATA 
WRITE BUFFER(S/1/86) 
READ BUFFER(S/1/86) 

·- ---------------------------------------------------------------------For all the following commands, no changes or commenlS are applied within this document. Ref er 
to the Al'lSI document sections 7 and 8. 

Command Name 
TEST UNIT READY 
READ 
WRITE 
READ EXTENDED 
WRITE EXTENDED 
WRITE BUFFER 
READ BUFFER 

~ 
00 
08 
OA 
28 
2A 
38 
3C 

--•=-•=---•--masm--------•mm•--•••m=:mms=aa==•=m••-=-•==-= 
7.1.2 REQUEST SENSE Command (039) 

Extended Sense Data format is Required. Non Extended Sense is optional. 

If IM Allocation ungrh of CM CDB if differe111 tlran zero. the target shall return the Extended Sense 
Format. The eight (8) first bytcS of the Extended Format. as defined in the SCSI specifications, are 
to be supported by the target. All additional byteS are optional. 

If rht! Allocazion Lengrh byte 4 of tM CDB is set to zero, the target shall return four sense bytes of 
non Extended Sense data format. 

s 



Allpst 27,1986 Apple SC~ Command t. -":ol 

EXTENDED SL'iSE DATA 

Bit 
Byte 

7 

nae follcnrin1 bytes are REQUIRED 

6 5 4 3 2 1 ----0 

···----
0 • Valid I Emir Om I Emir Code 
l Seam= Number 
2 FlleMak I EOM I JU I ll I sense Key 
3 IDtommion BY18 (MSB) 
4 InfarmalionBY18 
$ l'ntammion B 
6 Jnfomwion B~) 
7 Addilicnal ScDse Length {n) 

--------·----·----·--------------------·----·-----------------
Non~t=ded format may be implemented addldofllllly ai the option of the w-get as defined below. 

If w Allacation Len1rh byi. 4 of w CDB is sa to um. the target shall return four sense byteS of 
Non·&t&mded Sense dm fcmm. Tac Imriucr shall analyze the tint Scme byte to dctmnine 
which Sense format, eirher Extended {class 7) or Ncn·&tended (classes 0-6) has been returned by 
m& tL-pL I: is recon-~..cd i,a..g Noa~Ex:cr.ded Sense fw-n-..a: be noc implemented by tbe target. 

I INI'tlATOll SETS BYTE 4 of CDB •ZERO? 
NoG------------~1. ______________________ ___ 
I I 
I I Ya 
I I 

11N f I !ATOR SHALL A.. '1ALVsE i 
!BYTE 0 of R.Enn~ .. 'lED mi SE ! 
I I 

I 
I 
I 
I 
I 
I 
I sENs! Bi IE o • 70 or PO ? 1 

I • ERROil CLASS 7 I 
I Ya--------i I 
I I ·-------~,------
! I No 
I I I 

REQCIRED 
EX~EDSENSEFOR.~T 
Lenatb greater than 8 
is optional and depends on 
Byte 4 of CDS. 

6 

TARdET sHALL KE 1 CRl.'1 
NON EXTENDED FOR.\tAT of 4 BYTES 
Table 7-4 of ANSI document. 
To be avoided by 
never returning any 
error class other than class 7. 

~------~ -- ---------·--

) 
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EXTENDED SENSE DATA 

The followin1 bytes an optional and follow the Required Extended Sense Data 
byte 7. 

Bit 

I 
through 
11 
12 
13 
14 

7 6 4 3 2 1 

Opci~ acepc for use with SEARCH and COPY 
commands as per 7.1.4.2 

" " 
Additional Sense Code 
Reserved 
fRU failed 

-- --0 

15 FPV I CID I VU I VU I BPV I Bit Pointer 
16 
17 
18-
D+l7 

81te U Additional Sense code. 

Field Pointer (MSB) 
" " (LSB) 

NIA 

The additional Senses may be applied with the same code by the target to Extended and 
Non-Exurnded Sense Formm. ~ iange of the Non-Extended Sense forma.t is from 00 to 6FH 
(Class 0 to 6), theref'ore all codes are widtin these limits. . 
1be Additional Sense code OO:fi indicares that the target does not suppon any additional sense code 
for the related Sense Key or does not have any appropriate additional sense to return for the Check 
Condition status that it created. 

7 
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DIRECT ACCESS DEVICES ADDMONAL SENSE CODES (byte 12) 
Code Related Sense Keys 

» ) 

00 No AcWl..._.S-. Iafcanwiuu NoSase 
-01 No lllda/Sclarsipll Blnlwa mer 
OJ No S..t Comp• Hlldwn mer 
03· WrillPIU& Hlldwntnar' 
()I DriwNa& ... Nacltady 
OS DliwNa1Sll1:1ai Noc lady 
06 No Tni:kZllO bDd Hardwntnar' 
f1'I Maldpl9 DliWI Selclllll Hlldwn mer 
01 l.op:al Ullit Commuiadall Fiii_.. Hardware error 
Gt Tndl Followfa1.,... Hardware error 
OA dll'aup OP R..-l 

10 ID CIC ar !CC Illa' Hardware crar er 
Medium mar 

11 UU&ECOVCld Jllllll mer d da blocb Medium mar 
12 No Addrm MD found iD ID field Mediwncrar 
13 No Addrm Mn found ia Da fteld Medium mar 
14' No l'llDd tbund Medium error 
15 Seek Palidollia1 .,... Harclwan tft'or or 

Mcd!aacn.w 
t• DaeaS~Mark enw Mldlma error or 

llecoYlnd error 
1'7 ~--lad da wicll maec's lad mries(noc willl ECO Rco.:aed crar 

' 11 lteco11aed Read da wicb ta11ll's !CC c:aneclion(noc widl reaies) Rcowndcrar J 
lt Detect Lilt enw Medium error or 

Reco•erld error 
tA PaamewOYmaa ?Desai Requm 
1B Synchranous Tnnsfs error Hardwn mer 
lC Prinm)' Dtfc List noc found ~um mar or 

IJJeaal Request 
10 Compare mer Miscompare 
1E RtCOYtnd ID wfda taraets ECC contedoa Mediam error or 

Reco•erld error 
'lf 1.--1 

20 Invalid Command Opeaioa Code Illeall Request 
21 DJeaal LoP:al Block Addn:ss. Address parer dtan che LBAilleaal llequest 

nnurned by die READ CAJ'Acrr:Y daca widl PMI noc set 
22 Illepl ftlDCCiaa for deYi::e rype Illeall Request 
23 R...-
24 IJleaal fleJd ia CDB 0Jeaa1 Request 
2S Invalid UJN Illeaal Request 
26 Invalid field in Panmew Lisi lDqal Request 
2'7 Wria Plwc..S Hardwn mer 
21 Medium Otanpd Unit Auntion 
29 Power On or Reset or 8111 Device R.esec occu.red Unit Auntion 
2A Mode Selct Pmmems changed Unit Auntion 
2B duotlgh 2f ReseMll 

\ 

a· 
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30 Iacompllib .. Cnidp 
31 Medhm Fanaac..,,.,.. 
32 No ClllCl Spa LOCl'im AYlillbJa 
33 lbrol&b 3F llllMll 

«> I.AM flibn 
_ •I Daca Padl Dia ...... F.a.n 

G Poww- Oii Dlapaldc F ...... 
'' Meaaae Rejcs lnar C• 5.6.U) ... ........ c ........ 1rnr C-MJ..I) 
., ~fliWC-5.6.L'7J 
416 Vm: •sfalSafta.. 
'1 SCSI lDtlrftla ParitJ Errw C-Ul.) 
41 lnilila Demcmd !ncr <• 5.6.1.4) 
49 ~alMmlle 
'A dlroqb 4PJl.....s 
50 dlloap ,, ...... 
60 dlraup 6P .. ....,.. 
10 dlrau&b " .. ....,.. 
10 dll'oqll 9F Vmdar Unique 
AD Bactpmd Noise Ezrcr 
Al dlloap M Vmdar Uaiqm 
A'7 t.op:al Laid !ncr 
Al Cmdp ii Clllftlldy Amloadint 
A!J dlroup AP Vendor Unique 
IO No Canridll in Drive 
11 dlroap FP Vendar Uniq• 

062-207:: ,. ~ &Sh ... l 4 

Medium mar 
Medium error 
Mecffnm mar 

Hardware tn'Or 

Byi.14 Field Replaceable Unit (f'RU) failed. A non zero value indicates failu.rc:. A value of zc:o 
means dw no FRU is ro be reported. 

Byre JS definition: 
-FPV (Field Pointer Value) Bit 7 of mo indicates tbal the mgei does not implement the functions 
supponed by C'D & BPV bits and bytes 16 and 17, therefore these bits and fields are not valid. Bit 
FPV of one indicates that tbe Field Pointer bytes 16 and 17, the CID and BPv bits are significant. 
-CID bit of one indicates that the value reported in the field Poinrc::r is the CDB's byte number for 
which an Ill.EOAL REQUEST Sense Key wu issued. OD bit of zero indicates that the value 
re;>or'1l:d in the field Pointer is the byu: number of the DATA phase for which an n.i.:EOAL 
R!QUEST Sense Key wu issued. 
·Bits .5 and 4 are ftlldor unique. 
-BPV bit of zero indicates that the target does not implement this function. therefore the Bit Pointer 
field is not valid. BPV bit of one indicates that the Bit Poinu:r field (bill 0 through 2) is significant. 
-Bits 0 throuch 2. Bit Pointer, indicates which bit of the byte number reported in bytes 16 and 17 is 
the bit for which the ILLEGAL REQUEST Sense Key wu issued. 

----------------------·--------·---------------------.. ·----·-----------------

9 
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7.LJ INQUIRY Command (Ilg) 
~- 0 tllroup 48 of the lnquif1 data an Required. 
{Parameters not used bJ Tape an noted bJ 4) 

INQUIRY DATA 

062-207.5 Revision 4 

----------------------------------------·--------·-----:•• Bi& 7 6 5 4 3 2 1 0 
I ______________________________________ .................... , ... 

Pai~CeW:e~ 
Dm:e Type Qulifter 

BYI'EO 
BYn!l 
8Yn!2 
BYI'E3 

RMB I 
Venion 

I Response Data Format 
Jlesponse Jlata Ionna&: 

J)csripricm 
Vmdcr Unique 
Common Command Set (CCS). 

Reserved 

Tarpt:S confonning to u least ccmformm:e level 2 as defined in Table El. Appendix E, of :he 
mndaJ'd, and conformmg to this document shall set the Common Command Set cede ( 1 H) in 
the Response Daia Format field. 

BYIE4 
BYTE.5 
BYTE6and7 
BYTES 
through 
BYI'E 15 
BYTE 16 
through 
BYTE 31 
BY'IE32 

·~jlh B ~ 

Additional Length (n) 
Vendor Unique 
Rese"ed 
Vendor Identincadoa (in ASCII) 

Product Identification (in ASCU) 

Revision Level (in ASCII) 

Beginning u byte 36 in the VENDOR UNlQUE azea of the response are 
extension bytes to specify the number of extents supported by the RESER. VE (command S 16) and 
RELEASE (command St 7) commands. Followin1 this is a list of SCSI commands supported by 
this device. Commands map into this list by their poup code and command code values. Values 
are mumed by first spccifyin1 a Group Code Specifier (a byte for the Group Cede value: 0 for 
Cioup 0, 1 for Group 1, ea:), tben specifying a 4 byte Command Bit Map representing the 
commands implemenu=d wi1flin that lfOUP· The bit map is consuucted by sening a bit for an 
implemenu:d command according to that command·s value, and clearing a bit otherwise. Bits 
within the bit map are numbered in ascending order beginning with the first bit following the Group 
Cede Specifier. This list is tenninarcd by specirm1 a SfF for the Group Code (no additional 
command bit map byres are necessary). 

IO 

-~-----~--
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Ewnple: A device dw implements the mandatory commands specified by this dccument 
would have the farm: 

(Hi Onkr byte· number of ExtentS] 
(Low Order byte -number of ExamtS] 
[Qroup 0 commands] 
[Commands 0,3,4,7] 
[Commands 8,10] 
[Commands 18,21.22,23] 
[Comznands 26.29) 
[Qroap 01 commands] 
[Cominand 51 
(Commands 8,10 
[Command 23} 

Byte36:SOO 
Byce37:S08 
Byte 38:$00 
Byte 39:$99 
Byte 40-.$AO 
Byie41:S27 
8yie42:S24 
Byte43:S01 
Byte 44:$04 
8}'1e 45:SAO 
Byte 46:$01 
Byte47:SOO 
Byte 48:SFF 

[No C(\lftmmds implemented in this range] 
(End of list] 

w WWW ----
1.L6 SE~1> DIAGNOSTIC Command <lDJI> 
SelfTest bit 2 byte 1 is the only Required function. 

-----·--------------------------------------·---·---------8.1.2 FOR.'1A T UNIT Command (04ff) 
Son-bo!d !Ot is the rqu1ar text of the ANSI document. 

Periphenl Device Type: Direct Access 
~on Code Type: Requir.ci 

Opcntion Code: 04ff 

----------------------·----··-------··---------·----·-··--------------·------------Bit 
Byte 

7 6 5 4 3 2 1 0 

------..... ·----·---------·-------·----·--------------------·----1••··------------0 
1 
2 
3 
4 
5 

LtJN 

VU I VU I 

Operazion Code 
lfmtDm ICmpLst I Defect List Format 

Vendor Unique 
Interleave (MSB) 
Intcieave (L.SB) 

Reserved I flag I Link 

The FOR.\iA T UNIT command (Table: 8-3) ensures that the medium is formatted so that all of 
the initiator addressable data blocks can be accessed. There is no guarantee that the medium 
has or has not been altered. In addition, the medium may be certified and conaol scructures be 
aeated for the management of the medium and dcfcctS. 

The FOR.\tATlJ"NTI' command shall be rejected widt RESERVATION CONFLICT swus if any 
extent (see 8.1.8.2) in the specified logical unit is reserved. 

It is recommended mu the MOOE SELECT Parametm (if any) are set properly prior to issuing the 
FOR..\tA T UNIT command. 

The FOR.\1AT L"NIT command is both a Required and an Extended command. Bits 0 
through 4, byte 1 of the CDS, include three Required and multiple optional · 
implementations of the command. 
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Durinc the exec:ution of the FOR.\lA T UNIT command, the tariet may perform a 
medium ftaw management scfleme which can be selected by tbe initiator. Four 
alaema of Daws P, C, D and G are defined as follows: 

p • PRIMARY DEFECT LIST : T1lis Ost refers to tbe list of defects supplied by 
die oriaiml manufacturer of the device considered as permanent naws. 

- B Is recommended that tbe dmce manufacturer record the P list on a specific 
locadoa on the device and tbat W)j~ ICCISS be prevented by the initiators to this 
lcicadoa. Durinc tbe FO&'L\T UNIT command the taraet intelligence sball have 
access to this list in order to remove the P Ost ftaws from the inidator addressable 
data blocks. This list shall not be subject to addidoas. · 

C •TAR GET CERTIFICATION : Indudes defects detected by the tarpt during 
an optional ftrily process aecuted durin1 tbe FOR.\fAT UNIT command. 
The C scheme indudes ftaw areas to be removed from tbe initiator addressable 
data blocks. The tarpt certiftc:adoa Daws may or may not be saved or recorded 
u a list by the taraet. 
D a DAT A DEFECT LIST : This list is supplied to tbe tarcet by the initiator in 
the Data Out phase or the FORMAT UNIT command as shown in tables 8-5, 8-6, 
and 8-7. The defect list lencth (Byte 2 and 3) of tbe Defect List Header may be 
mall. ne Data Defect list may or may not be saved or recorded by tbe tariet. 

G • GROWN DEFECT LIST : This list indudes defects identified to or by the 
tarpt. Tnis iist does not inciude the Primary iist or dcCccts. The def ccts 
dasifted as ~wn are medium Daws identified by or to the tarcet other than the 
PR.UdA.RY list of defects. Entries to this Grown list may include (at the option o( 
tbe taraet> : 

·Defects provided to the target in Data Defect lists (D list) during 
previous FORMAT UNrr commands. 

• The target certiftcation defects (C list) detected durin1 the previous 
FORMAT UNIT commands or vendor unique utilities. 

• Defects appended by the result of successful completion o( the 
REASSIGN BLOCKS commands. 

• Defects identified by the taraet and automatically handled by the target. 
The defective blocks classified in this 1rown list are automatically 
reaaigned to an area on tbe lo&ical unit reserved for this purpose. 
The implementation of this automatic bandlin& of defects is taraet 
specific. 

Afomtat dlJla fFmrDaza) bit of one indicates that a DATA OUT PHASE takes place during 
the command execution. The defect list included with this data(i( Defect List Length is 
different than zero) specifies the defect list that shall be entered into the defect map. The flaw 
areas of this map shall be ~ved by dle taraet from the initiator addressable blocks. The format 
of the defect list is determined by the Defect Ust Fomw defined by bim 0 through 2. A FmtOata 
bit ot zero indicates that the DAT A OUT phase shall noc occur (no defect list he3der and no defect 
dara shall be supplied by the initiator). 

A complete list (CmpLst) bit of one indicates that the data SUPP.lied by the initiator during the DA TA 
OUT phase of the command execution is dle complete list of known defectS. Any previous 
initia10r-specified defect map or defect data shall be erased by the target. The result is to purge lny 
previous initiator-specified defect list and to build a new defect lisL Anv previous C. Dor G lists 
(if any) \hall be erased or removed by the target. · 
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The maet may add to this compJcu: list as it fomws the medium, when pedorming a target 
cmificalicn ~ (or a new C list).A CmpLst bit of zero indicates dw the data supplied by the 
inidaror during the DATA OUT phase is in •cktidon to aisting defect data already removed from 
miri•ur addmsabJe blocks and Illini the c:mrem fcxma. 

When usin1 the block rcrmai. tbc cldect list refers to tbe c:mrent block length (and noc to the new 
· block length, jf it is diff'erem) and the dcfcci list refers to cum:nt lop:al block addresses (not 
~addresses). 

TM "6/«t lisrfonnaz/Wd (bits 0 dlroup 2 otbyie 1) speci&:s addicicaal information relared to the 
ddect list. (See Table 8-4 far tmtber iDfonnarim.) 

T1ttl ilttmcat1c fWld requesu dm tbe loeical blocks be relau:d in a specific fashion to the physical 
blocks to facilitate sl)eed maa:hin1 between tlle hast bus data transfer rate and tbe block 
data transfer rate from the dmce. An interleave value of zero requesu that the target use its 
default inu:rleave. An inu:rleave value of one requesa that consecutive losical blocks be placed in 
consecutive physical order. Values of two or pater are vendor unique. 

Bit 
Reference List 

4 3 2 1 0 Type 

o x x x x REQUIRED 

1 0 0 x x REQUIRED 

1 1 0 x x REQtJlR.ED 

Tablel-4 

Flaw Defect 
Len&th Mana1ement Comments 

with (1) 
or without (0) 
P C G D 

NIA 0 0 0 0 No Dara OUt phase(no defect list 

Zo=o 

Zero 

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

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

1 0 header, no defect descriptors). 
0 0 The target optionally defines 
1 0 what combination of P,C,G to 
0 0 use jf flaw manaaement is 
1 0 perl'ormed. 
0 0 
1 0 

1 0 Reformat usins G list 
1 0 Defect List Length of zero 
1 0 
1 0 

0 0 With CmpI..st bit set to one. 
0 0 Target erases and/or removes 
0 0 c:WTent G list. 
0 0 Defect List Lenath or zero. 

P,C,G, and D refer to the various lists or defects 
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Implementation of tbe Required variations : 
The followin1 refers to the confipmion of the bics 4 duough 0 in the table 8-4. 

0 x x x x REQUIRED: 
W'uh ems vlrialion, die initiaior requescs to have no concrol on how die format process is executed 
by die qet. 'Ibis is the case when the mmamr is confidmt in tbe target's inr.ellipnce to perform 

- die fcrmat acccrdinslY· 
The target determines if flaw management shall be performed or noc during the format process of 
mis varWica. If flaw manqemcnt is pcrfcrmed. tbc mpc shall define what combination of P .C.G 
defeca scheme be perfcxmed The target may remove or erase previous lisa of ftaws. except the P 
list. No DATA Otfr phase shall take place with chis variadm (no Defect list Header and no D list). 

Jn the following twO variarions, bit 2 is set to mo to preserve the bit combinations of the vendor 
unique and the racncd variatiODS(lxllO aad lxlll). Otherwise with Defect List length set to 
mo, bit 2 has DO ocher meaning with dlesc two varW:ions for which no defect descripton are 
involved. 

1 0 0 x x REQUIRED : 
1bc target shall perform the format proc;ess with ftaw mana1ement. This variation allows the 
initiator to request the target to use the a list of medium grown defects as defects to be removed 

• f:om the initiator addressable blocks. This variation is available for a refonnat process ensuring 
tha1 all previously dcu:ctld flaws be managed. DATA OUT phase with the Defect List Header shall 

... tal= pl.ace during this variarioa, with the Defect List length of u:ro. 
The ~ shall determine whether or not to implement the certification process (C scheme). 

1 1 0 x x REQUIRED : 
1be target shall perf'orm the format precess with flaw management. This variation allows the 
initiator not to consider the Ci list of medium grown defects but return to the "as shipped" condition 
f:om the original manufacturer of the device. This assumes that the list of defects had grown 
du.Ma the lifetime of the medium eitbcr with a<:. D, or G lists as defined below. DATA OCT 
phase with the Defect List Headc:r shall take pl.ace during this variation. with the Defect List length 
of zero. The target shall determine whether or not to implement the certification process (C 
scheme). 

Notes 
• X bits are not analysed by the target. z value may be 1 or 0, but recommended to be set to zero 
by the initiatar. 

·With all the above variations, at compledon of the FORMAT UNIT command. some initiator 
addressable blocks may include flaws. 1be target may require a Vendor Unique cmification utility 
to identify defects as an alternative source to remove known flaws f'rom initiator addressable 
blocks. It is recommended that this utility, in form of either a vendor unique command. or use of 
the REASSIGN BLOCKS command or a vendor unique process be implemented immediatelv u1'on 
completion of the FORM.AT UNIT command. · · -----w ________.. __ , ______ •aamawrnaa •--••m•••• 
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8.1.7 MODE SELECT Command Cl!u) 
(Parameters not used bJ Tape an noted bf~) 

The Mode SeJcct c:omznand (and Mode Sense) are mandaiory commmls. Within the Mode Select 
commml ii is possible ID brle lunciicllll dm are nat applicable to a specific device (i.e., page cede 
5: flexible disk drM i*armdliill are nat applicable ID a b.azd disk drive); tbe intent of this command 
is for each device to implement dae fancDaas that mab sense for dw specific device. although 

-dll:re are several fmu:Uoas dial are mancl•ny. 

Mqndqtqa Pqrc Cmfti rqr Mode Sclcd and Mode Sens 

1. Page Ccde:SO: Unit Aarcm:ioa 
1. Pap: Code Sl: !nor Recovery Paramerm 
2. Pap Code 52: Disconnect/Recoect Cmmol Pmmetms 
3. Pase Code S3: Direcl Access OeYice Formal Pmmemn 
4. Pase Code S4: Rips Disk Drive Oeommy Pmmeu:rs 
5. Pap: Code S6: Certification PattaD 
6. Pase Code $20: Serial Number 
7. Pase Cede S3F: Repon Values (Mode Sense only) 

TableS·lJ 
Mode Select Command 

•-••w•••---
Bit 7 6 ' 4 3 2 1 0 

Byte I 
== 

____________________________________________ ,____________ --
0 Opcmica 
1 LUN I Reserved SP 
2 Reserved 
3 Reserved\ 
4 Parameter List Length 
5 VU I vu I Reserve I flag ! Link 

The MODE SELECT command (Table 8-13) provides a means for the initiator to specify or 
change medium. logical unit. taraet or periphc:r2l device parametm to the mget. AbsoluteJy 
necessary to some taraets, this command is Required within the Apple Common 
Command Set. 

SP (Save Mode Parameters) bit 0 byte 1 set to ou indicates that the taraet shall 
update the Current mode ftlues with the ftlues defined in the rollowin1 Pages; 
shall save all Saveable Pages except the Pases defined by the Paae Codes 3, .i and 
S. Then the target shall report command complete with no Check Condition status 

· when successfuJly completin1 the above. Savable Pages are Pages for which 
preceding MODE SL'lSE commands retumed tbe PS bit (bit 7 byte 0) of the Pa1e 
Header set to one. 

SP <Save Mode Parameters) bit 0 byte 1 set to uro indicates that the tar1et shall 
update the Current mode values with the values defined in the rollowin1 Pages; 
shall not save the Saveable Pages; shall not modify the saved parameters of the 
Pages defined by the Page Codes 3, 4 and S. Then the target shall report 
command complete with no Check Condition status when successfully completing 
the above. 

The parameter list length specifies the length in bytes of the MODE SELECT parameter list !...,at 
shall be tr:msferrcd during the DA TA OUT phase. A parameter list length of zero indic:ites that no 
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data shall be iransfe:rred. This condition shall not be caasiclc:red an error. 

The MODE SELEC! pazamec list (TABLE 8-14) comains a four-byte bada, followed by zero or 
mom block descriptors, followed bJ zero or more Paps. 

Tablel-14 
Mode Select Parameter List 

MODE SELECI' Bader ------------... --------------------------------·---------Bil 
Byte 

7 6 $ 4 3 2 1 0 

----0 Resawd 
1 Medium Type 
2 Reserved 
3 Bloct.Oacripror L=sth 

Block Descriptor(s) - - = ···------------Bit 7 6 $ 4 3 2. t 0 
Bym - rmarmmaama••• 

0 Demi&yCode 
1 Number of Blocks (MSB) ., Number of Blocks -3 Number of Blocks (LSB) 
4 Resawd 
5 Block Length (MSB) 
6 Block Length 
7 Block Length (LSB) 

Pap Descriptor(s) 

- ------------------------------------------------··· Bit 
Bym 

7 6 4 3 2 1 0 

·------------------------------·-----·----1------~---,---------------------0 R 
1 
2ton 

R Page Code 
Page Lcnph (in bytes) 
R.cfcr ID m:h page 

Optional additional blocks or parameters called Para may be sent to the taraet in 
the Data Out phase or the MODE SELECT command, followin1 either: 
• the MODE SELECT Header, if the Block Descriptor lenatb is set to zero.. 
• or all Block Descriptors, if the Block Descriptor lenatb is ditrerent from zero. 
The Block Descriptor Lenath shall not indude the lenatll of the Paces. 

Block lenaths or SU and 532 bytes in the Block Descriptor must be supported for 
Disk products. · 

Each defined Pap is preceded by a Header or two bytes deftnin1 tile P31e Code 
and the lenctll of tile pa1e. Following the Hader the Pages are separated into 
sub-blocks conuininc a list of related Rags and/or values. 

Bits 7 and 6 ot byte 0 are reserved. 
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The Page Code identities the meanin& of tlle roUowinc bytes in tbe Pa1e. The 
Pace Code is eitber defined, reserved or vendor unique. The parameten in the 
defined Paces are classified in priority sequence to ease implementation br tbe 
tarpt. 

The Pace Lenlth value or acta cleftned pap. shall not indude the Pace Lenath 
byte. Tbe Pace 1-enctb represents the number or bytes that tbe tariet supports in 
adl Pap. The taraet mar return in tile Paps of tbe MODE SENSE commands as 
man1 consecutive bytes that It sueports, for acll Pap that it supports, witbout 
splittinc ftelds of multiple bytes. ne Pace Len&th shall be set in tbe paces of the 
MODE SELECT commands to tbe end same value (zero Talue induded) returned 
bf the taraet in tbe MODE SENSE Pap Lencth bytes. Otherwise. the ~riet shall 
cnate Check Condition status with the Smse Ke1 of ll.LEGAL REQUEST. 
The initiator shall is.me a MODE SL"ISE command requestin1 tbe tariet to return 
all Changeable values (see PCF fteld contlpration 01 in byte 2 of the MODE 
SENSE CDS) prior to is.1uin1 an1 MODE SELECT commands, in order to find out 
wbich Paces are implemented by tbe taraet and the ten1th or each Pace ror that 
particular LUNCLoeical Unit Number). 

Initiator Implementor Notes: 
• Those Paces, supported b1 tbe taflltt in wbidl tbe initiator requests parameten 
to be chanced shall be sent to the tars& 
·The initiator may send in MODE SELECT commands all Paces supported by the 

~Paces are not required to be sent in ascendin' order. 
• lntellicent tar1ets, versus tarcets supportinc multiple LUNs, may autho~ze 
limited number of panmeters to be changed. Those panmeters bave been 
classified as tbe first sub blocks in the Pages. 

In tbe event ora Hard Ru~t, the tar1et shall first attempt to restore tbe Saved 
Parameten. If Saved Parameters are not available, the taraet shall restore to 
DefauJt Parameters. 
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.Paa Code 
Os 
le 
2a 
le 
4a 
Is 
'e 
18 throucta 1Fa 
20s 
21e 
n 8 tbroup 3'8 
3Ae daroup 389 
3Ce throu1b 3Ee 
3Fa 
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Mcanjng 
Unit Attendoa 
Error llecoYery parameters 
Dfscoaaec:tJReconnect Control parameters 
Direct Accts1 Device Format parameters 
Rlpd Disk Drive Geometl'J parameters 
Flexible Disk Drive parameters 
Cerdlladon Pattens 
Reserred . 
Serial Number 
Format Umits(tape onl1) 
Vendor Unique Pap formats 
Reserftd 
Vendor Unique 
Deftnecl in MODE SENSE only. 

It is recommended that the inidator Issue the RESERVE UNIT command prior to 
aecudn1 the MODE SELECT command. tben issue the RELEASE UNIT command 
after compiedon of tile FOit.\iAT iJNiT command. Til~_proceciure wiii prevent 
any other initiator from iauin1 different MODE S~ECT parameters to the unit 
prior to aecutioa of tile FORMAT UNIT command. ne initiator may request that 
the parameters or Paps 1 and l be chanced at any time. 

The target may or may not save tbe block descriptors and Paces for each LL"N and 
for each initiator. Ir tbe taraet supports 8 LUNs and the bus confi_l!lration 
indudes 1 basts, the taraet would have to save !6 sets of MODE SELECT/ MODE 
SE~SE data. The data for eacb L UN for eacb bost could be difrerenL 

A target shall create the Check Condition Status with Sense Key of 'UNlT 
A'TI'ENTION to the first command received from other initiato"9 when the tar1et 
has changed Mode Select parameters for that LUN. The change may be due to a 
MODE SELECT command is.1ued from a clifrerent or from the same initiator. 
Initiators are recommended to save MODE SELCT parameters for each LUN. 
Taraets are recommended to record on disk those MODE SELECT parameters that 
are necmary to be is.1ued prior to tbe FOIL\IA T UNIT command. The recordin1 
on the LUN disk may or may not indude Pages 3 and 4 or 5, dependin1 on the 
drive type. Parameters or Pages 1 and 2 that the taraet implements may or mav 
not be recorded on the device. may or may not be saved by the tarzet, ror each· 
Ll~ and ror all initiators. 
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tJNJT ATI'ENTION PARAMETERS. Pap code Os· 

Bk 1 6 5 4 3 2 1 0 
Byte I I 

0 R. R Pip Code-iOa 
. 1 Pap Laph rm byla) 

2 V.U. I v.u.1 v.u. I UnitAgpt I ... ' &svd I Rsvcl I Rsvd 
3 Ralmld 

When bit 4 ot byte 2 is SET (1), tllen Unit Attendoa 11 logecl In sense only; no 
Check Condition Status will be pnsented tollowiq any nul. When this bit is 
RESET (0), then C11eck Condition is presented tor all afl'edecl Initiaton tollowin1 
a nut until Request Sense is issued bJ eada Initiator (as per current operation). 

Pap Zero is stored on the drive and is not chanpd bJ per off/on cydes or 
Mode Select commands that do not ac:cea pa1e zero. . he default state of 
tJnitAttn is Reset. 

ERROR RECOVERY PARAMETERS. Pace code lff. 
uwwm 

Bit 7 6 5 4 3 2 1 
Bye 

WWW 

0 R R Pase Code-lH 
1 Pase Lenlf.b Cm byies) 

--0 

-
2 AWRE I ARRE I TB I RC Al EEC Al PER I DTE A I OCR~ 
3 RcuyCount 
4 Com:ction SJ?D(Opt.) 
s Had Offset Count(~) 
6 .Data Strobe Offset ount (Opt.) 
7 Recovery Time Limit (Opt.) 

A DCR (Disable Correaion) bit 0 set to one indicates tlw the data shall be transferred without 
applying correction. A DCR bit set to zc:ro enables C1TCr correction. 

A DTE (Disable Transfer on Error) bit 1 set to one and if the PER bit is set to one, indicates 
dw the target shall create the Check Condition status and rerminat.e the data transfer to the initiator 
immediately upon deu:ction of an c:rrcr. The Transfer Length is then noc exhausted. The data of 
the block in mor, which is the rnt ming block encountered. may or may not be transferred to the 
initiator depending upon the settin1 of the TB bir. The DTE bit can only be set to one by the 
initiuor if the PER bit is set to one. The rarget shall creaa: the Check Condition swus with lllegal 
Request Sense Key, if it receives PER bit of zero and DlE bit set to one. 

A DTE bit Set to zero ·enables data transfer fer any data which can be recovered within the limits of 
the £nor Recovery flags. Any erring block that would be posted, which is the last recovered block 
encountered. is not posted until the Transfer Length is exhausted. 

A PER (Post Error) bit 2 set to one indicates that the rarget shall enable the reporting of the 
Check Condition status for recovered cnors. with rbe appropriate Sense Key. The Check 
Condition shall happen during the data transfer depending either on the DlE bit value or if an 
unrecoverable error occured. If multiple errors occur. the REQL'EST SENSE dar.:i sh3ll report the 
block address of either the last block on which recovered error occured or of the first unrecoverable 
enor. 
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A PER bit set ro mo indices that the tar&« shill not c:zar.e the Check Condition status for errors 
mcovcmd wUbiD. rbl limils established by Cbe otbcr !nor Rccovay Flap. Recovezy procedures 1 t ..mn1 tile limi1s established by me ocher Emr Recovery Flap shall be pon:d acccm:lingly by 
die tapt. Tbc nmfer of daia may tenninate pria.- ro exhausting tbe Transler Length depending on 
die amr aad die me of me ocbcr &!Or Recovery flap. 

AA EEC (Enable Earl1 Corncdoa) bit 3 set ro om indicarcs tbaC the tarset shall enable the use 
of me most expedient toma of mm recove:ry, suds u mar comc:tion. bctcn applyina reuies. 
Seek arpositioaina rema IDd cbl ~ pioc:edme mries of me messaae systmn aze not 
lffecmd by tbe vaJae of tbil bit. Tarsca implcmendna mer comaion schemes tbaC do not provide 
die mmt apedimt term of mor recovery should default ro mo and repcrt the EEC bit as not 
cbanpable m me MODE SENSE Pacf~:- 3. EEC and OCR. both of one is an invalid request. 
far which cbl mget sba1l crea1D cbe Caaditi.on swas with mepl Request Sense Key. 
All EEC bit set ro mo, indicates tbaC the mpc shall exhaust cbe defined rmy limit prior to 
enabling mer ccrreciiaa. If OCR. bit is set ro one, the defined reuy limit only is to be pcrfonned. 

A RC (Read Condmaous)bit 4 set ro one requesis the taraet ro tnnsfer the entire requested 
lcnph of dm without adding delays tJm wov.ld increase or ensure data integrity (ie. delays caused 
by cbl target's mor teeovcry schema). This implies tJm the target may send data which may be 
erroneous or fabricated in order to maintain a coutinuous flow of dam and avoid delays. 
The target shall assign priority ro this bit over cont1ictin1 mor control bia (EEC, OCR. DTE, 
PER) within this byte. 
Implemenuxs note: Pabricared dm may be data aJzady in the buff'er or any ocher target scheme . 
.,.,.. ~ ' ' 211 "- ••• ...a' '-·- ----· A •• ...a: Vi...a- l' ' .ms uU !! typte_y tog& ~ m ---.~~ms, -.oar l~ app M:&Uons. 

A RC bit set to mo, indicala that error teeovay operations which cause reasonable delays are 
acceptable durina rhe data U1mfer. Data shall not be fabricaicd. . 

A TB(Transfer Block) bit 5 set to one indicates chat the failing data block (recovered or 
unrecoverable) data shall be rnmferred to the initiaror. A TB bit set to u:ro indicmes that the 
failing data block (recovered or unrecoverable) data shall not be transferred to the initiator. 
Implementor Note: In both cases, but panicularly when TB is zero, the block address reponed in 
the REQUEST SE.~SE data shall be of the mine block. noc of the preceding block. 

An ARRE (Automatic Read Reallocation ot defective data blocks Enabled) bit 6 of 
one indic:ares that the mget shall c:nablc auromatic reallocation of defective dara blocks during 
READ operations. The execution of the automatic reallocation is similar to che function of the 
REASSIGN BLOCKS command, but is initiated at the discretion of the target. The implementation 
is device specific:. · 

AzJ ARRE bit set ro mo indicates dw the tarpt shall not l)C(onn automatic reallocation of 
defective dara blocks during READ operations, but instead shall create the Check Condition Status 
wim Sense Key of Medium Error upon encounrcrin1 such defective dam blocks. 

An A WRE (Automatic Write Reallocation ol defective data blocks Enabled) bit 1 set 
to one indicaies that the rargei shall enable auromaric reallocation of defective dara blocks during 
WR!I'E operations. The execution of the automatic reallocation is similar to the function of the 
l\EASSIQN BLOCKS command, but is initialed at the discretion of the targei. The implementation 
is device specific. 

An A WRE bit set to mo indicates that the W'get shall not perfonn automatic re.allocation of 
defective data blocks during WRITE operations. but instead shall create the Check· Condition St.:irus 
with Sense Key of Medium Error upon encountering such defective data blocks. 

20 

) 



Aupst 27,1986 AV;.Jie SCSI Command Protccol 062-2075 Revision 4 

t( lbe followin~le summarizes all valid modrs of opemiaa. 
EEC PER DCB. Descripdcm 

0 0 0 0 Retries tbea COITldloa are aumnpted (EC A OCR oft). 
Recowred wJI« coaecr.ed dara (if any) is transfmed with no Cheek 
Condidon SCUDS (PER oft) ll tbc ml of tbc uansfer. 
• Tnmfer Lmcth is ahausmd. Dara U'IDSfer stopS only if an 
mncownble mar is IDCOUIUl:lld. ne mpt shall tbcD c:reare Check 
Caadiricm SW widl die~~- Sense Key. 
- The dara of me ~ le Jock (if my), may or may not be 
nnsfmed ro me initialer dependinc an me scums of the TB bit. 

0 0 0 1 Same u (0000) aboft but No Correctl°' Applied(EEC off'.DCR on) 

0 0 I 0 LiVilid tteijuat (DT! an. PEI Oft) 
O O 1 1 Invalid Request (DTE an. PER. off) 
EEC PER DTE DCR Descripdoa 

0 I 0 0 Report LiSt Data BIOCk in error at the end oftnnsfer. 
1lctries then Correction (EEC off, pcit oft') are attempted and recovered 
dm (if any) is uansfmed comcted. 
• 'lbe Trmsfc:r Length is exhausted if no unrecoverable mar occur= 
(DTEoff). 
• 1be farlet creases Check Canditioa status with RECOVERED ERROR 
Scmc ICcy and repons (in the information byteS field of the Extended 
Sense dara) the last block for which recovered c:rror cccured, if any. 
(PER on). 

(' : • The dara of the unrecoverable Bleck (if any), may or may not be 
1nnsfc:md to the initiator depending on lhe setting of the TB bit. 

0 1 0 1 Same u (0 1 0 0) above but No Correction Applied (EEC off, OCR 
on). 

0 I I u Stop Transfer on First Recovered Error Encounterea 
Rmies then Correction (EEC off, OCR off) are attempted and recovered 
dm (if any) is transferred comcted, but transfer stopS (DTE on) after the 
first recovered or unrecoverable mor is detected. 
·The target aeata Check Conditicn stm11 (PER on) with RECOVERED 
ERROR ~ Key on the fU"St blcck for wmch a recovered c:rror 
occured. if any. 
Implementer Nore: This mode is not recommended for use if TB is set 
ro zero. It is suggested that mode 0111 be used instead if TB is set to 
mo. 

0 1 1 1 Same as (0 1 1 0) above but no Correction Applied (EEC off. OCR 
on). The data of the mine Bleck (it any), may or may not be a-ansferred 
ID the initiator dependinc on the settinc of the TB bit. 

( 
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I 0 I ~ 0 CoiTiCdon then Umiiid Retries (OCR olf, at on). 
Same as Co 0 0 0) acepc apply ECC CcaecUon first 

1 0 0 1 tnnlid ~(EEC oa, DCR OD). 
1 0 1 0 tnnlid Request (DTE oa, PER oa). 

- 1 0 1 1 1imlid Request (DTE oa. PER oft). 

1 1 0 I Report Luc Data Block In error at tlle end of transfer. Same 
as Co 1 0 0) acepc lpplJ ECC Ccrrecdon tint 

1 1 0 1 tnnlid Request (EECoa, DCR on). 
1 1 1 0 Stop TranSter oa Firs& Recovered Error Encountered. Same as 

0110 accpt Ccxrection then Limia:d rmia am attempa:d. 
1 1 1 1 Invalid Request (EEC oa, OCR on). 

Retr7 Count is the number of times dm the Clrlet should attempt irs read recovery algorithm. 
T~y, chis is pafcnncd before applying comcdon. Jf bodl Retry Count and Recovery Tune 
Limit are specified in a MOOE SELECT command, me field which specif'ies the shone: time period 
of recovery actions shall domn•re Jn this case, me non dominant fiCld shall be mumed as zero in 
sub~uenc ~tODE SENSE commands requesu:d witb cummt values. I! the target does not support 
mis field, i& shall reaam a zero value in the MODE SENSE command. 

Correcdon Span is the size of the taracsc read data enor, in bhs, oa which com:ction may be 
iitefiipml. If me iai1st dces iM support this field, ii shall retum a zeiV v"ilue iii the ~10DE SE.'lSE 
eommand 

Head Offset Count is a two's complement value that specifies some incremental offset position 
from the cenm:r of the U'lek that indicates where shall the dist heads move. The effect of this field 
to WRm operations is QDSpecified. The value shall be applied and be maintained until another 
MODE SEI.Ecr command is successfuJly completed with a differem value. It the target does not 
support this field. it shall mum a zero value in the MODE SENSE command. 
• A value of zero indicates that no offset is to be applied. 
- A positive value {i.e. 1, 2, ·-> indicar.es an increasing distance in the direction of the next ( + 1) 
physical traek. This next physical track could be towards the innennost U'lek or towards the 
ouu:nnost U'lek. depend.ins upon whether U'lek zero was on the oucmnost or the innermost nck of 
the drive. 
·A two's complemented (i.e., FP, PE. ... ) value indicates an increasing distance in the opposite 
direction from a positive value. 1bis is in the direction of the previous { • 1) physical irack. 
The &:pee of offset for each incnmumtal value and the number of valid s:eps am device specific. It 
is recommended that devices suwan equal incremental positive and negative values. The target 
shall create die Check Condition Status with Dlepl Request Sense Key if it receives an invalid 
(larger or smaller) offset value than that supported by the device. In this case. the Infonnation 
bytes of the Extended Sense shall return rbe positive value of the maximum count that the device 
suppcxts. 

Data Strobe Ofl'set Count is a two's comccm value that specifics an incremental position 
the recovered data stn>be shall be adjusted nominal. This field awlies to READ operations 
only. 1be value shall be applied and be mainrained until anorber MODE SELECT command is 
successfully completed with a different value. If the target does not support this field. it shall 
return a zero value in the MODE SENSE command. 
• A value of zero indicates the nominal position. 
• A positive value (i.e. I. 2 •... ) indicates an increasing adjustment in the positive direction as 
defined by the device (such as moving the data saobe out in time by some number of 
nanoseconds). 

). 
ii 

- A two's complemented (i.e •• Ff. FE, .•• ) value indicates an increasing :idjusunc:nt in the negau..-e } 
direction. -
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The degree of adjusmu:m fer each incremmial value and the number of valid sieps are device 
sP:Cific. It is recommended dm ckYices suppon equal iacwwwtll pcsitiw and negative values. 
The mget shall cma111 die Check Cmdilian Sllml widl Dlep1 Request Scme Key if it receives an 
invalid ( larger ar smaDcr ) SlrObe offset ccant value man dw ~led by die drlice. In this case. 
dte lnfarm•rim .,,_of die EmMed Sense may mmm dte posiuw value of die maximum valid 
count that die device suppons. The target shall remm a mo value in cbe lnfcrmarion bytes if it 
docs noc have me capability ID mum a defined value. 

·~er'J Time Limit is tbe maximum time dm die tarpt shall •unapt mar m:overy actions to 
~ recowr elm. if such ncovcz7 ii allowed in acbcr ftelds of tbis pqe. The field is defined 
in 10 mllliscconds inczemmts. 11le tlrpt may IOtllld cbe value ID ill nearest convenient value. 
Sllbsequest MODE SENSE commands requested widl c:mrem values shall mum the rounded 
value. A mo value indic•rrs dw the time ii gnljmiied. If both hiry Count and Recove:y Tune 
IJmil arc specified in a MODE SET ffT commlnd. tbe field that specifics the shoru:r rime period of 
m:overy actions shall domin•m In rhis case. tbe nondominant field shall be returned as zero in 
subsequent MODE SENSE commands requested with cum:nt values. 
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DISCONNEC?/RECONNEC?CONTROL PARAMETERS. Pap code 29 
{Puameten not UMd bJ Tape are noted bJ A) 

----------------------------------------------------------Bit 7 6 5 4 
-- Bye 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

R 1l 

3 2 1 

Ea&la l'fllio paranuta ii tlM murNrator o/ a~tlonal midtiplYr thlll luu 256 a iU 
anombullor. 

0 

-

Buft'er Full Rado indicau:s m the tarpt. on READ commands, how full the buff er shill be prior 
CD rec:onm=cting. Targeis mat include a larger sranular buffer block si= shall round down to the 
nearest whole buffer block. (Field not used tor Tape) (0 equals Sot Implemented) 

Buff er Empty Ratio indicates to the target. on WRITE commands, how empty the buffer shall 
be prior to reconnecting to feteh more data. Targets that include a qer g:ranular buffer block size 
shall round up to the nearest whole buffer block. (Field not used for Tape) (0 equals Sot 
Implemented) 

Bus Inactivity Limit field (byta 4 and 5) indicates the maximum time in 100 microseconds 
increments that the target is allowed to maintain the bus busy without handshakes until it shall 
discoMect. The target may round to irs nearest capable value. A setting value of zero indicates that 
the target is allowed to maintain the bus busy indefinitely without handshakes until it determl:tes to 
disconnect. 

Disconnect Time Limit field (bytes 6 and 7) indicates the minimum time in 100 microseconds 
increments tha the target should remain disconnected until it aaempts to =:OMect. The target may 
round to irs nearest capable value. A scu:ing value of zero indicates that the target is allowed to 
reconnect i.mmediardy. 

Connect Time Limit field (byteS 8 Ind 9) indicares the maximum time in 100 microseconds 
increments rha the rarp:t should reinain comiected until it anempa to disconnect. The target may 
round to irs nearest capable value. A setting value of zero indicates that the target is allowed to 
remain connected indefinirdy until it detenn.incs to attempt disconnection. 
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DIRECl ACCESS DEVICE FORMAT PARAMETERS. Pap code Js. 
(Panmeters not used bJ Tape an DOtecl bJ A) 

Bk 7 6 S ' 3 2 
lye 

0 
1 

2 
3 

' ' 6 
7 
8 
9 

10 
11 

12 
13 
14 
l.S 
16 
17 
18 
19 

Sit 

.. 

7 

I I 

ll I Pap Coda• 3ff 
. Paae Lmadl (ill bytes) 
RANDDNG or DUEcrs FIELDS 

Tncb per Zoile (MSB) A 
Tracks per Zoae (I.SB) A 
Altemaa: Sccun per %.one (MSB) A 
Altmnare Sccu:n per Zone (I.SB) A 
Altc:n1111t Tncks per Zone (MSB) A 
IJrmwe Tncb per Zone (L.«"l) A 
A1temaa: Tnda pee volume (MSB) A 
Altcmale Tncks per volume (LSB) A 

TRACK FOR.\fAT FIELD 
Sccun per Track (MSB) A 
Sec110n per Track (LSB) A 

SECTOR FOIL\fA T FIELDS 
Dara Bytes per Physical Sector (MSB) 
Om. Bytes per Physical Sector (I.SB) 
tnrmeave (MSB) 
Interleave (I.SB) 
Track Skew factor (MSB) A 
Tnck Skew facicr (I.SB) A · 
Cylinder Skew factor (MSB) A 
Cylindc:r Skew factor (I.SB) A 

DRIVE TYPE nELD 
6 ' 4 3 

I I I I 
20 SSEC I HSEC I lt.'fe I SURF Al INS 
21 Reserved 
22 Reserved 
23 Reserved 

2 

1 

1 

I 
Reserved 

The following information is only valid to be sent to the target prior to the execution of the 
FORMAT tJNlT command. 

Handling of De/ms F;.llb : 

0 

0 

The target may or may not accept the exact value requested by the initiator in these fields, but may 
round to its nearest most convenient value (which value may be zero). In this case, the target shall 
create the Check Condition status with n.LEOAL REQUEST Sense Key. The initiater may issue 
a MODE SE..'ISE command requesting the cum:nt Format Parameters Page to be returned, in orcier 
to be informed about which value has been set by the target in response to the initially requested 
value of the MODE SELECT command. 
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Tracks per Zone indicates that tbe t.arpt shall divide the capacity of the device, prior to format. 
iD equal mmbc:r,of ncks for tbe pmposc of allocarin1 with die nat four bytes, an equal number of 
ll1mnaDS scct.en er tracks per zone fer hm:Din1 defecis. 1be last zone of tbe device may ar may 
noc iDdude the same nmnbcr of ncb a the pm'ious zone(s). A value of zero means tbai the sole 
1DDe is dmmd u the whole mm. ne capacity of tbe device is n:presented by the number of 
cylindln and number of heads iemmed in me Pap 4 ar' depending Oil the device type. 

Altlrnate Seeton per Zone indicates the number of seciDn dm the target shall deallocate from 
die illirimr addnmable blocks cluriDs tbe FORMAT tJNlT c:omman4 These sectcn will be 
&YlillbJe to the aarpt a Teplacable secun fer defec:iive secuxs.. Tbe method used by the target to 
ICCCll aJtenWe scct.en wbcn ellCOUllflllins a dctecliw secuir is deYice specific. A value of mo 
mcticws Iba& no alfl:'IWI: secuxs m to be dalJocned er dw die MODE SENSE command 
indica'fd dm cbe taqet docs not suppci't this fteJd er docs Dot amhorize this field to be changeable. 

Alternate Tracb per Zone indicates the number of cracks dm the taraet shall deallocate from 
me inilialm addzasable blocks dmin1 cbe FORMAT tJNrr command. These tracks will be 
available to the mset as replacablc nets far dctecliw tracks. 1be method used by the target to 

. access altmnate tracks when encouniain1 a defect:M fnCk is vendor unique. A value of mo 
indicates thac 110 alte:mate rracks are to be dallocar.ed er that the MODE SENSE command indicated 
dw tbe t:arzet docs not suppcn this ficld er docs not authorize this field to be changeable. 

Alternate Tracb per Volume indicates the number of tracks mat the target shall deallocate 
from tbe initiatcr addressable blocks dmin1 d1e FORMAT UNrl' command. These a"acks will be 
available to the target as replaceable locasions (tncks or secun) for defect handling. The method 
used bv me uanet ra access these altc:mare U'ICks when encouna:rint: a defect is vendor uniaue. A 
YaiU.-of mo uidicar.es t!m no alri::marc tracks an to be deallocar.ed ti thac the MOOE SENSE 
command indicar.ed mat tbe t:arzet dces DOC support this field or docs not authorize this field to be 
chmpable. 

When the initiator sets the three fields (Altema= Sectors per 2'.one, Al=nate Tracks per Zone, 
Altemat.e Tncks per Volume) to zero, it may n:rqucst the target to set its own default scheme for 
handling defects or may request the target nOt to perform any defect handling. The target mav or 
may not return Check Condition smus ro this condicion. • 

Tcac;k Format fldd; 
Seeton per Track inclic:aa:s the number of' physical sectors tha the target shall allocate per disk 
nck. 1his implies tha the target set an equal data sector size to all sectcn accordingly. The value 
of zero indicaa:s that either the number of Sector per Tnck varies or tha the MOOE SENSE 
command reponcd dw the target does not autbarizi: this field to be changeable or that other 
mechanism implemented is not specif"ied. 

Srs:tor Fgrm:wt Field; 
Data Bytes per Pbysical Sector indicates the number of data bytes tha the mget shall allocar.e 
per physical sector. This value may be different from the logical block size in the Block Descriptor 
sect1.on of the MODE SELEcr dara. This implies that the target set an equal number of sccton per 
U"ICk accordincly. The target shall c:reaie the Check Condition swus if it detmnines that the 
combination of this field and dle sectors pc:r fnCk values exceed the physical abilities of the 
medium. The value of zero indicates dm either the number of Dara ByteS per Physical sector varies 
ar tha the MODE SENSE command 1aponed dm the target does not authorize this field ro be 
changeable or that ocher' mechanism implemented is not specif"ied. 

Interleave is the same parameter passed in dle FOR.\IA T UNIT command. and is only rerumed 
by the MOOE SENSE conunand. The target shall report this field as nonc:hangeable in the 
com:spondinc MODE SENSE conunand. The target shall icnore this field in MODE SELECT 
commands. 
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Track Skew Factor indicates me number of physical sectors between the last logical block of 
cae cnck and the first lop:al block on me nw sequential net of the same cylinder. 

Cylinder Skew Factor indicua die number of physical sectcn between the last lolical block of 
aae s;ylindm' and me tint logical block on me nm scqucmial cylinder. 

-priyc Imc field; 

A ·SSEC bit set to cne indic:aia dm the tarpt sbaU uc soft sectcr formaa:in1. ~ 

A RSEC bit set to oae inc:Ucata dm die taraet shall uc ,,_.sector formaa:in1. 'Ille HSEC bit 
and the SSEC bit am T!!V!!11Dy aclusive ia MOOE SELEcr commands. 

Possible combinaiiom of MODE SENSE Repcxt Default Valw:s 
SSEC HSEC 
O O Tarpt DOC ll1owed 1D rcaam tbis combinaiion 
1 0 Tarpt 111ppons Soft sectcr formaa:ina only ~ 
o 1 Tarpi suppcns Hard sector fcrmaa:ina only 
1 1 Tarpt suppcns bodl Soft and Hard secter fomwti.n1 ~ 

Possible ccmbinalions of MODE SENSE Repon Chmpable Values 
SSEC HSEC 
o o Seu rcxmaum1 Not chanpable 
1 0 Taqei not allowed 1D retum tbis combination 
0 1 Tarpt noc allowed 1D retmn this combination 
1 1 Tarpt suppcns bod1 Soft and Hard sectDl' formatting ~ 

A R.-.r& (Rrmovable) bit set 1D one indicues that the loSical mm is removable. A R..\'IB bit set to 
zero indicau:s that the lopcal unit is not removable. 

The St.'RF (Surface) bit indicates how the meet shall map me logical block addressing into 
physical block ad.d:essin1. A SL'RF bit set to zero indicar.es that the target shall allocate 
propssive ad.dresses to all sectors within a cylinder prior to allocating sector addresses to the next 
cylinder. A SURF bit set to one indicates that the mget shall allocate propssive addresses to all 
sectors on a surface prior to allocatin1 sectcr addresses io cbc next surface. 

The INS (Inhibit Save) bit 3 byte 20 set to orw in MOOE SELECT commands indicates that the 
w-get shall inhibit the savin1 of any para.mer.en during the successfull completion of the next 
fOR..\iA T tJNlT command. The INS bit set 10 .,,.,, indicates that the parameters of the Pa1es 
def med by the Page Codes 3, 4 and 5 shall be saved by the target if such pages were indicated to 
be saveable (by PS bit 7 byte 0 set to one in Page Headers) in preceding MOOE 5£.'lSE 
commands. 

Asa~: 
·The Pages defined by Page Codes 3, 4 and 5, depending on device type. include all parameters 
necessary to be indicmed to the rarcei prior to me fOR..\tA T UNrr command. The saving, if 
implemented. shall therefore be performed only during the FOR.'\fA T UNrr command and not at 
any other time. 
• All other Saveable Pages not affect.ins the format may be saved in following MOOE SELECT 
commands if the SMP bit is set to one in the COB of these MODE SEI..Ecr commands. 
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RIGID DISK DRIVE GEOMETRY PARA.L~. Pap Code 49. A 
This Page is mainly int.ended far dc:f"ming pmm:u:rs of rigid disk drives. but may be used for 
tlaible disk drives if deemed applicable. 

- ------ ---Bit 7 6 4 3 2 1 0 
. Bye I I I 

-----------------------------------------------------------0 
1 
l 
3 
4 

' 6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ll 1. ll I - Pase Code • 4H 
Pap Length (in bytes) 

Number of Cylinders (MSB) 
Number of Cylindcn 
Number ol Cylindcr1 (LSB) 
Number of Hada 
Stan:ing Cylinder· Write Precompensation (MSB) 
Staning Cylinder· Write Precompensation 
Staning Cylinder· Write Precompensation (LSB) 
Scming Cylinder-Reduced Write Cummt ('MSB) 
Starting Cylinder-Reduced Write Current 
Stan:ing Cylinder·Reduced Write Current (LSB) 
Drive Step Raa: (MSB) 

pa~ Stc_p ~ ~) """'~· 
Lazldillg zone ~yunda' c .... w.1:1 J 
Landing ?.one Cylinder 
Landini Zone Cylinder (LSB) 
Reserved 
Rc:se:rved 
Reserved 

The target shall create the Check Condition Status with JI.LEGAL REQt."'.EST Sense Key if it 
receives values in Number of Cy linden and Number of Heads fields that are greater than the 
defaults values retu.med by the MODE SENSE command or greater than the actual values. 

The target shall create the Check Condition Status with JI.LEGAL REQUEST Sense Key if it 
receives values in Swting Cylinder-Write Precompenwion er Reduced Write Cu.rrent fields that 
are &rQter than the Number of Cylinders rlCld. 

Drive Step Rate is expressed in units of 100 nanosecoinds. The target shall use the lowest step 
rate, greater than or equal to the step rare required.that it is capable of implementing. A value of 
zero indicates that the mget is required to set its default value. 

The Landing Zone Cylinder field indicates two's complement location where the target shall 
position the disk heads prior to stop the spindle with the ST ARTiSTOP commanci This fie!d is 
only meaningful with drives that do not aworrwicaly seek to the Landing Z.One before stopping the 
spindle. A negative value sa:ps the device outside the recorded cylinders. A value greater than the 
number of cylinders su:ps the device beyond the recorded cylinden toward the spindle. 
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FLEXIBLE DISK DRIVE PARAMETERS. Pap Code !s. ~ 
'Ibis Pap is izuended for definm1 pmmem:rs of flaible disk drives. 

--------------------------------------------------------Bk 7 6 5 4 3 2 1 0 
Bye I I 

----------------------------------------------·----------0 SDP It Pap Code• 5ff 
1 Pap Lapb (ill bytes) 
2 Trlnsfer rm (MSB) 
3 Tamferma (LSB) 

TRACK FORMAT FIELD 
4 Number of Heads 
5 Secun p:r Track 

6 
7 
I 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

SECTOR FORMAT FIELDS 
Data Byu:s per Physical Sector (MSB) 
Data Byies ~Physical Secim (I.SB) 
Number of Cylinders (MSB) 
Number of Cylinders (I.SB) 
Scan:in1 Cylinder-Wrir.e Precompemation (MSB) 
Scan:ina Cylinda-Wrim Precompezisation (I.SB) 
Scartin1 Cylinder-Reducm Write Cum:nt (MSB) 
Scartina Cylinder-Reduced Wrim Cumnt (LSB) 
Drive Seep Ram (MSB) . 
Drive S1ep Rm (LSB) 
Drive Step Pulse Width 
Head Seule Delay 
Motor On Delay 
Mocor Off Delay 

TR.DY I Reserved 
. Head Load Delay 
Starting Sector Number, Side Zero 
Startin& Sector Number, Side One 

Transfer Rate (byte 2 and 3) is expressed in kilobits per second. As typical examples, the value 
in byte 2 and 3 shall be: 

..OOFAH to select 250 kbic/second tnnsf'er rate 
-012Ca to select 300 kbitlsecond tnnsf'er me 
..Q 1F4ff to select 500 kbit/second nnsfer rate 

-03ESH to select l megabit/second transfer rate 

-07D0ii to select 2 megabit/second transfer rate 

-1388a to select S megabirtsecond transfer rmc 

Motor On Delay depends on the stare of the 1RDY bit. I!TRDY is not set. the Motor On Delay 
indicates the amount of time in 1110 second that the target will delay, before trying to access data 
after asserting the motor-on signal to the drive. lf'TRDY is set. the Motor On Delay indicates the 
amount of time that the target will delay for drive n::u:iy status before aborting a dis~ access. 
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Motor Oft' DelaJ iDdic:ata the amount of time in 1/10 second chat the target will delay before ·. ) I) 
dassen:iq tbe motcr OD sipal ID die dlive after the tarpC has become idle. A value of FFH 
indicatn that tbe motors are to be left ca. Jn dDs case, tbe motmS can still be controlled by the 
START/STOP lJNil' commmt 

A TRDY (True RtadJ) bit of one indicates chat the drive provides a ready signal which indicates 
dm me spindle motor js up ID speed and the drive and medium are ready to transmit and receive 
elm. Jn mis case, the tarpt may mempc ID 1CC1S1 the disk immcdi•tely upon sen.sine drive ready. 

Drift Ste, Rate and Step Pulse Wlcltll are expressed in units of 1 microsecond. 'Ibe target 
shall round up co its next supponed value. · 

CERTIFICATION PATTERN. Pap code 'e· 

--------------------------------------------------------Bit 
Bye 

7 6 5 4 3 2 1 0 

----------------------------------·--------···------·------ --0 R R. P11c Code • 6ff 
1 Pap Lcnsth (in byta) 

2 Reserved 
3 1lcscned 
4 throuah 11 Vcndcr Unique 

This Page is intended to provide the pm:m ID be used by the target to till out the data blocks durin1 
the fOit.'dA T tJ'NlT command. 

Various schemes may be requested. all are vendor unique. Some examples may be: ; } 
- Fixed patu:m of mo 
- Pixed pattern of one 
- Fixed and repetitive patt.em of a defined value and of a defined length 
• Paucm becomin1 variable stmin1 with a rixcd value and increasin1 by a defined value for a 
dermcd length 
• Patu:m becoming variable startin1 with a fixed value and shifting by a cert.am number of bits for a 
dermed length 
• Blocks rilled with their Logical block address repeated 
- Blocb filled with their Physical block address (cylinder, head, sector) repeated ••mr-mr-•------1mr ____________ w __________ -=-•• 

SERIAL NUMBER. Pap Code 20ff. -··---·-----------·-™--· -------------------Bit 7 6 4 3 2 l 0 
Byte I -- ---- • ·--,-----··· --------------------··=··· 0 R. I R. Page Code • lOa 

1 Pase Lcn1th (in byta) 
ldiroup 9 Drive Serial Number in ASCII 

Initiators will not attempt to modify this page. 

---------------=-=--=--==-==···=··=·-==-···==···==······=-··=··=· 
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FORMAT LIMITS. Pap Code llff (Tape Onl7) 

---------------------------------------------------------Bit 7 6 
Bye 

0 R R 
1 
2 
3 

4 3 

Pqe Code• 21H 
Pap Lcnsm cm by•> 
Sllftina Track !or Format 
Endin1 Track for Fermat 

2 1 0 

- ----

-----------------------------------------·--------··----------
I.LS RESERVE UNIT Command Cl6ff) 

Third pany and &tent Reservation is Required. 

The RESERVE and REI.EASE commands are dermed to be mandatory commands. In addition to 
the protocol defined in the ANSI X3T9.2 /82-2 Revision l 7B document. these commands are to be 
implemented using £X'I'ENTS (extent resc:rvarion and exr.c:nt release). Apple requires a minimum 
of 8 extents to be supported on devices where emmcs are possible (Hard disk. floppy disk. Direct 
Access T3.pe, CD Rom. MIO disk, ... ). All four reservation types must be supported (Read 
Exclusive., Write &elusive, &elusive Access. Read Shared). Tbe command format is shown in 
Tables 8-15 md8-16ofX3T9.2.Rcv. 178. ---- ----w--
8.1.9 RELEASE UNIT Command (17ff) 

Third party and Extent Release is Required. The command format is shown in Tables 8-17 and 
8-16 of X3T9.2, Rev. 17B. ----- ----------------------------------·--= 
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S.LlO MODE SENSE Co~d (1Aff) 

Bil 7 6 
Bye 

0 
1 LUN 
2 PCF 
3 
4 

' vu I VU 

TableS.18 
Mode Sense Command 

' 4 3 
I 

Opemicn Cede 
I 

WWW -2 

-
Reserved 

Pap Code 

- 1 

-
I flag 

-------0 

-- ---

I Link 

The MOOE SENSE command (Table 8-18) provides a means for a target to report its medium. 
logical unic. taraet or peripheral device paramctm to the initiator. It is a complementary command 
to the MODE SELECT command. 

It is Required that tarpts implement this command. It is recommended that the 
MODE SL~SE command be iaued prior to the MODE SELECT command. 

The Allocation Lmlgth specifies the number of bytes that the initiaror has allocated for remmed 
?YiODE ~~SE da:a. An Alloca:icr. !..engt.h of uro ind;,.~u:s t.'1!1 no MOOE SJ;NSE d.at2. sball be 
transfmed. Tbis condition shall aot be considered an error. Ally other value indicaies the 
maximum number of bytes that shall be transferred. The target shall u:nninate the DAT A IN phase 
when the Allocation Length have been transferred or when all available MOOE SENSE data have ~ 
been transferred to the initiator, whichever is less. ' 

The MODE SENSE daza (TABLE 8-19) contains a four-byte header, followed by one or more 
eight-byte bloc:k descripton, rollowed by zero or more Paaes. 
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6 

Tablel-1' 
MODE SENSE DATA 
MODE SENSE Header 

5 4 3 2· 1 0 

-----------------------------------------------------------
0 
1 
2 VIP I 
3 

Bit 
Byre 

7 6 

Block Descriptor(s) .. ---
5 4 3 2 1 0 

I 

----·------------------,--------------------------------------------0 
1 
2 
3 
4 
5 
6 
7 

Density Code 
Number of Blocks (MSB) 
Number of Bloc.ks 
Number of Bloc.ks (I.SB) 
Reserved 
Block Length (MSB) 
Bleck Length 
Block L=sm CLSB> 

Paae Descriptor(s) 

.. ---••••-mr_,w-•--·--·sm•a.-m---------------mm--- ----••• 
Bit 7 6 4 3 2 1 0 

Byte I ---------•---w-•mr ..... a-wa ....... -------...--___._..mawwwa waam••m•• 
0 PS 
1 
2 ro n 

R I Page Code 
Page Length (in byteS) 
Refer to Pa1e definition in MODE SELECT 

The Sense Data Length byte specifies the length in byt.eS of the following MODE SENSE data that 
is available to be tnnsferred during the DATA IN phase. The Sense Data Length byte shall not 
include itself. Ir the Allocation Length of the CDB is too small to transfer all the 
sense data, the Sense Data Length shall not be adjusted to reftect the truncation. 

Refer tO the SCSI standard for the code val~ of the Medium Type field and of the Density Code 
field. 

Optional additional blocks of parameters called Pagts may be sent to the target in 
the Data Out phase of the MODE SELECT command, following either : 
·the MODE SELECT Header. if the Block Descriptor length is set to zero. 
• all Block Descriptors, if the Block Descriptor length is different than zero. 
The Block Descriptor Length shall not incJude the length of the Pages. 
Each defined Page is preceded by a Header of two bytes defining the Page Code 
and the length of the page. Following the Header the Pages are separated info 
subblocks containing a list of related nags and/or values. 

Bits 7 and 6 or bvte 0 are reserved. 
The Page Code identifies the meaning or the following bytes in the P:age. The 
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Pa1e Code is either defined, reserved or vendor uniquL The parameten in the 
cleftned Paces an dassifted in priority to ease lmplementadon by the tariet. 

Tile Pa1e Len2tb value of eada defined pap, shall not include the Paae Lenath 
bfte. TJie Pap I.enctJa represents the number of bytes that the tariet supports in 
each Pap. TJie taraet may return in the Paces of the MODE SENSE commands as 

many consecudve bytes dial it sueports, for each Pace that it supports, without 
sollttin~~~ds of multiple bytes. Tiie Pap Len&tll shall be set In the paces or the 

MODE S Cl' commands to the aact same value (zero value induded) returned 
b7 the tariet in tile MODE SENSE Pap Lenatll bytes. Otherwise, the tariet shall 

create Check Condition status with tile Sense Key or ILLEGAL REQl'EST. 
The initiator shall itsue a MODE SENSE command requestinc the ~t to return 
all Changeable values CPCF fteld conftpration 0 1 and Page Code 3EH in byte 2 
of the MODE SL~SE CDB) prior to issuia1 any MODE SELECT c:ommand.t, in 
order to find out wbicll Pac~ _are implemented by the tariet and the lenatb of each 
Paces for that particular LUN. 

An initiator may request a particular Pace to be returned by the tarcet by selectinc 
its code in byte one of tbe CDB. 

Bit 1 byte 0 or each Pa1e is reserved. 

Vendor t:nique ftelds shall be addressed in Vendor Unique Pa1es %Off throuch 
39ff, but not within tbe defined n1es. 

PS (Parameters Savable) bit 1byte0 of each Pa1e Header set to one by the target 
indicates that the supported parameters will be saved by the target. PS set to zero 
indicates that the supported parameters cannot be saved by the target. 

Pace Code Field bits 7 and 6 byte O or tbe CDB. 
7 6 
0 0 Report Cumnt Valua 

0 1 

• Utile Pace Code is equal to 3Fa, all Paces implemented by the 
tariet are to be returned to the initiator with fields and bits set to 
Current values. 
·It the Pap Code is different than 3Fe, the Page defined by the 
Paae Code, if supported bf the tariet is to be returned to the initiator 
with ftelds and bits set to Current vaJues. 
The CWTent values are one of the rollowing: 
·as set in tbe last succmfully completed MODE SELECT command. 
• identical to the Saved values ir saving is available and if no 

MODE SELECT command were yet issued since the last power on. 
• identical to the Default values if no savin1 is available or if 
no Saved values are availablL 

Fields and bits not supported by tbe tarpt shall be set to zero. 
The Page Lengtb byte value of each Page returned by the target 
indicates the last field supported within the particular Pace. 

Rewrt Cban2nbl' Vatua . 
• 1f the Page Code is equal to 3FH, all Pages implemented by the 
target are to be returned to the initiator with bits and fields that are 
allowed to be changed by the initiator set to one. Fields and bits 
not allowed to be chan~ed by the initiator shall be set to zero. 
·Ir the Page Code is other than JFH, the Page defined by the 
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1 1 

Pace Code. if supported by the tarpt, is to be returned to the initiator 
with bits and fields that are allowed to be chanced by the initiator set 
to one. Fields and bits not allowed to be dumaed by the initiator shall 
be set to m'Q. 

II no bits or ftelds are dwlpable witllin a Pap. the tarset may or 
may not return bytes 0 and 1 or the Pap. 11 the tarset returns these 
two b~ die Pap LeqtJa byte ftlue shall be set to zero by the 
~The Pap lenpb b,te ftlue of each Pace returned by tbe taraet 
indicates tlae last fteld supported witlaia the particular pa1e. 

Bcmrt Default Vplua. 
• Uthe Pace Code is equal to 3FH, aD Paces implemented by-the 
taraet are to be returned to the initiator witb tlelds and bits set to the 
taraet's or device's default vaJues. · 
• II the Pace Code is other than 3Fa, the Pap defined by the 
Pace Code, supported by the tarpt, is to be returned to the 
initiator with fields and bits set to the tariet's or device's default 
vaJues.FieJds and bits not supported by the taraet shall be set to zero. 

The Pace Lenath byte Ya.lue of each Pap returned by the taraet 
indicates tbe last fteld supported within the particular pa1e. 
The value of the ftelds returned with this code is intended to avoid 
confusion over whether the value of zero is tbe default or the 
noasupported vaJue. 

Bcwrt SavrsJ Valua, 
·If the Page Code is equal to 3Fa, all Pages implemented by the 
taraet are to be returned to the initiator with fields and bits set to the 
saved values if saving is supported by the taraet. 
·If the Pa1e Code is other than 3FH, the Page dermed by the 
Page Code, if supported by the target, is to be returned to the 
initiator with fields and bits set to the saved values if saving is 
supported by the taraet. 

The Saved values are one or the following: 
·the values saved during the last succe:s.sfully completed FORMAT 
UNrr or MODE SELECT commands. 
• or identical to the Default values if no savinc pouibility is 
available. 
The mode or saving is vendor unique, the values may either be 
recorded on disk or saved in another manner. 
Fields and bits not supported by the target shall be set to zero. 
The Page Length byte value or each Page returned by the target 
indicates which fields are supported within the particular pa1e. 

Current values may be modified by succe:s.sfully completed MODE SELECT 
commands. Saved values may be updated by a succe:s.sfully completed FORMAT 
L'NIT command. A FORMAT UNIT command completing with no Ch~ck 
Condition status shall indicate that the Saved values have been succe:s.sfully . 
saved. 
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Pap Codes (bits 0 t11rouP 5 of l>yte 2) 

raucm1c 
OJI 
lg 

.2s 
ls 
49 
!g 

's 
18 uaroup lFs 
2tJs 
218 
228 throu&h 39& 
3Ag tbroup 389 
3Ca throup 3£8 
3Fs 

W.""jnl iift Attendon 
Error Becove17 parameters 
Dlscoanect/Reconnect Control parameters 
Direct Accea DeYia Fonnat parameters 
Rlafd Disk Drift GeometrJ parameters 
Flaible Disk Drive parameters 
Cerdftcadoa Pattena 
Raes red 
Serial Number 
Format Umits 
Vendor Unique Pap formats 
Reserved 
Vendor Unique 
Return ID Paps to the initiator. See Per bit 
conftpntfoa. Pap Code valld tor ~ODE SE:iSE 
commands on11. 

The taraet shall return the same Pace Lenctll 'Value in each Pap_ that it supports 
with the 3FH Pap Code whatever the value or each bit or the PCF field is. 

After a power-on or r~ the actions to be taken by the tar1et followin1 :\IODE 
SE:iSE commands are : 
U MODE SE.'lSE is requesdn1 : Taraet ShaJI: 

Default Values 

Saved Values 

Current Values 

Report DerauJt Values 

Report existin1 valid restore or parameters. or 
execute a restore or parameters ir not 
previousl1 performed, or report Drive Not 
R""'1 II unable to access tbe specific location 
on the drive where the saved values have been 
stored. 

Report a valid set or saved parameters if 
aYU1able, or execute a restore of parameters if 
not previously perfonned,or report Driv1 .V ot 
R1ady it unable to accm the specific location 
on die drive where the saved values have been 
stored.or attempt to identify the parameters if 
no saYin1 .is. available (such as cyl., track. 
sector)or at all the above are unsuccessful, 
leaftimately report Default values. 

-------------------------------------------------------------···=·= 
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8.1.11 Start/Stop Unit{Load/Unload} Command lBb (For Tape OnJy) 
Tablel-20 

Bk 7 6 5 3 2 1 
Byte I 

0 

--------------------------------------------1----------0 Opcmial code 
1 LlJN · I 
2 lt.all'Nd 
3 1twrved 
4 laened I Mod I Remmn· ISran/Load 
5 VendorUnique I Reserved · I flag I Link 

The Load/Unload command causes me canridge ID be amoloaded('if the Stut/Load bit• 1), or 
unloaded. ID me a-of-cape Cil me Scan/Lold bic. O). 

An Immediate(lmma:l) bit of one indicara dial status and -nessa1e byta will be mumed to the 
iniliaror before the operation stms. An Im.med bit of mo indicau:s th.at star:us and messa1e bytes 
will be returned ID the Initiazcr after the opcracion has been completed. 

1be command function depends upon the semn1 of the Mod. Retension and Start/Load bits as 
indicated by the followm1 table. 

MU Rctcn:sjm Start/l,qad Dasription 

0 0 0 Nc:irmal Unload 
0 0 1 Narmall.oad 
0 1 0 Ret=sion Only 
0 1 1 Norma!Load 
1 0 0 Unload w/o Tape Movement 
1 0 1 Load w/o Condition Pass 
1 1 0 Rer.ension only 
1 1 1 Reserved -------------------- -- WW- - ------

READ QIC·lOO DATA Command (13b) (For Tape Only) 
maw =·m----------,---==--•--n-----w.,.ar.11a1aw:•w-• .. w-awc 

Bit 
Byu: 

7 6 5 . 4 3 2 1 0 

wwww •------------------• --m--•-·--------------•--0 
1 
2 
3 
4 
5 

LUN 
Operation coda: 

I 
Reserved 
Reserved 
Reserved 
Reserved 

Reserved 

w .. maww:aw:aaawu w----. w----=saS1•-----••mamas••--••• 
This command allows the host to read QIC-100 related information from the controller. 
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DATA.JN I.Amur 

----------------------------------------------------6 3 2 1 0 

au E ··-
0. MSB (I)efault 0) 
0.. I.SB (Default 0) 
Tlllll MSB (Default 0) 
Time I.SB (DefauJt 0) 
Loe Number MSB (Ddaalt 0) 
Loe Number LSI (Default 0) 
Manufacaarcr MSB (Default 0) 
Manufaciinr LSI '(Default 0) 
Fnma per Track MSB 
Frames per Track I.SB 
Track Offset MSB 
Tl'ICk Offset I.SB 
Stop Tune MSB(in number of frames) 
Stop Tune LSB(in number of frames) 
fnmleave 
Transfer Size(o-8192b,l-a320b) 
Number of Bad Sleeks on Tape (MSB) 
Number of Bad Blocks on Tape (I.SB) 
~..uimum !!W"'..bcr of Bad B!Of!..ks Allowed CY.SB) 
MWmwn number of Bad Blccks Allowed (LSB) 
Nwriberof Altanate Blocks Assiped (MSB) 
Number of Altmnate Blocks Assigned (I.SB) 
Maximum Number of Altemare Blocks Allowed r..tSB) 
Maximum Number of Alienwe Blocks Allowed (1.SB) ------·-----------------·----·--··--···---------------===== 

WRITE QIC·lOO DATA Command (14b) (For Tape Only) 

-· - -- -- ----,--·--···------···-------------·---Bit 7 6 5 4 3 2 1 0 
Byte 

wwww •www 

-- =· --------------0 Opcralion code 
1 LUN I Reserved 
2 Reserved 
3 Rescrwd 
4 Reserved 
5 Reserved - &WW 

____ , __ , ___________________________ _ 
This command allows the host to wrice QIC· ioo n:Wcd information to the conaoUer. 
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READ DEFECT DATA Command (31ff) 
Pmpheral Device Type: Dimct Access 
Operation. Cede Type: Mandar.ary 
Operation Code: 37H -------------w-----=w-==1---=•-rsa-=---:ama•••=-=-•• 

Bit 
Byu= 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

7 6 

LUN 
Reserved 

5 

Operation Code 
I 
I P 

Reserved 
Reserved 
Reserved 
Reserved 

3 

Reserved 
I Ci I 

Allocation Length (MSB) 
Allocation Length (LSB) 

Ccnuol Byu: 

2 1 0 

= ---------

Defect List Ponnat 

The READ DEFEcr DATA command requests dw the wiet transfer the medium defect data to the 
initiator. 
The meamng of bits O through 2 of byte l is similar to the bit definition of the bia 0 through 2 of 
the byte 1 of the FOR.~ T UNTr command. The initiator indicateS with this field a prefe:red 
fomw for die defect list to be n:tumed by the maet. This Defect List Ponnat field is intended for 
those targets capable of n:tuming various fonnais. A wiet unable to n:tum various formats may 
return it's def a.ult format and create the Check Condition status with RECOVERED ERROR Sense 
Key at the end of the Read Defect Data data transfer. 
• The P set to one indicates that the initiator requests the Primary list of defects be returned. The P 
bit of zero indicates that the w-get shall not n:tUm the Primary list of defects. . 
• The G bit set to one indicates that the initiator requests that the Growing list of defects be 
returned. The target shall include the Certification list of defects. if implemented. to be returned 
with this selection. The G bit of zero indicates that the target shall not return the Growing list of 
defects. 
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• With bill P and 0 both set to one, the mpt is n:qucsa:d to mum the Primary and the Growing 
list of defects. Tbe mget shall detamine the crdcr in which the lists are to be returned and shall 
deU':mUnc if the listS will be mapl or not. 
·With bill P aDd 0 bodl set to mo, the Defect List Hader only is to be retumed. 
Tbe Allccadon L=gd:l specilics the number of bytes that the initiator has allocated for returned 

- READ DEFECT DATA. AD Allocation Leap of mo mdicar.es that no READ DEFECT DA TA 
sblll be nmferred. Any other value iacHcares the mnimum number of byteS tbat shall be 
UIDSfmed. 
Tbe mpt shall taminam die DATA JN phase when die Allocation Length dm have been 
nmfc:rred er when all available READ DEfECI' DATA haw been transfem:d to the initiator, 
wbichcvcr is less. 

The READ Da:ECI' DATA contains a !our-byte bcadcr, followed by zero or more defect 
dt:scriptors. 

Detect Ust Reader 

--------·-----------------------------.. ----------------------w 

Bit 7 6 3 2 1 0 
Byu: 

----·----------------------·--------·----·---------------------0 Reserved 
1 Reserved I P a Defect List Format 

Dd~ U1&t L!!np (MSB) 
Defect List Length (I.SB) 

2 
3 

The meanings of biis 0 throuah 2 of byte 1 are similar to the Defect List Format in Table 8-4 of the 
FORMAT tJNlT command. The bits P, 0, and the Defect List Formai indicate which defect list is 
actually rem.med by the tar&et. 

The format of the defect descripton. it the Defect list length is different than zero, arc shown in 
Table 8-S, 8-6, 8-7 in the FOR..~T tJNIT command. The length of cacti defect descriptor may be 
four byu:s or eight byu:s depending upon the Defect List format code. The defect list length 
specifies the total length in byt.eS of the defect descriptors that follow. The Defect List Length is 
equal to four or eight times the number of defect descriptors. 

If the Allocation Length of the COB is too small to transfer all the defect descriptors. the Defect List 
Length shall not be adjusted to reflect the truncation. The target shall not aeate a Check Condition 
Sta.NS. It is n:commc:nded that the iniciator compucs the Defect List Length to the Allocation 
Length to ensure that it did noc receive a pania1 list due to a tco small Allocation Length. 
The defect descripron may or may noc be sent in ascending orda. 

The initialer may be infonnc:d about the exact number of defecis by dividing the Defect List Length 
by t.be Defect Desaiptcr Length. 

•••--•--•----a ________ , ________________ , __ ._.. __ .._1••-----------------•••••a•= 
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SCSI ERROR CONDITIONS 
• 

Tlais section describes tbe 'fariou.s SCSI bus-related errors can occur durin1 tbe 
aecudon or a command and the actions taken by tile tarcet in response to these 
errors. A proper handlinl or tile SCSI bus-related errors is by tbe implementation 
ol: 
• most mesups of the Error Rec:DYe17 Set, by botll tarpt and initiator 
• Bus PuiQ' enabled ia both tarpt and initiator . 

5.&.l Tar&et Mode Error Conditions 

Under several error conditions. the taraet may chan1e the phase to Bus Free. 
without correctly tenninadn1 the command (Le..No Disconnect or Command 
Complete mesu1es .sent to the initiator). The tariet shall then dear all 
information reprdin1 tbe command, with the acep_tion of Sense Data (if any), 
and shall not attempt to reconnect to the initiator. The initiator shall consider this 
a catastrophic error. The initiator may issue a REQUEST SENSE command 
attemptin1 to recover further information concemin1 the catastrophic error. 

!.6.Ll Messace Out Phase Parity Error 

Parity is optional, the tollowin1 does not apply to those SCSI devices 
communicatin1 on the bus and are not confipred Witb Parity enabled. 
When the target detects a Parity error durin1 the Messap Out Phase, it may retry 
the Messa1e Out Phase using the rollowing sequence (see section S.1.9.l) : 

1 ·Continue the REQ/ACK handshakes until the initiator neptes ATN (all 
message bytes received). 
2 • Notify the initiator to resend all previous Message Out bytes within the 
current phase, by not changing the phase and by as.1ening REQ. 
3 • The initiator shall then resend all previous messaae bytes. 

Ir the message is not received correctly, the tar1et may process the error usina 
one oC the following sequences: 

1 • Immediately ao to Bus Free phase with DO Sense Key/Sense Code 
inrormation set. 
2 ·Terminate the present command with a Chick Condition status and set 
the Sense Key/Sense Code t0Abort1d Command Parily En-of'. This error 
does not prevent the initiator rrom retrying the command. 
Note : This method can be used only if the addressed LUN is known 
from an Identify messa1e or rrom the LUN field in the CDB. 

5.6.1.l Command Phase Parity En"Or 

Parity is optional, the rollowing does not apply to those SCSI devices 
communicating on the bus and that are not confipred with Parity enabled. 
When the target detects a parity error during the Command phase, it may retrv the 
Command Phase using the following sequence : • 

1 • Change the phase to Message In, send the initiator a Restore Pointers 
message to reset the command pointer to byte 0 or the command. 
2 • Attempt to receive all command bytes again. · 

Ir the command is not received successfully, the target will abort the command 
using one of the following sequences : 

1 ·Immediately go to the Bus Frtt Phase with No Sense Kev/Sense Code 
inform:ition set. . · ~ 
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• 

2 • Terminate tlae command with a Cuu Condllion statu.t and set the 
Sense Ke7/Seme Code to Abo,,., Co"'1111l11111Poriq El'l'Or. This error 
clots noc prevent the initiator fioom retryin1 the command. 
Notr. Ttiis method CUI be used only If the addressed LUN is known from 
u Idendf1 mesap. 

5-'.1.3 Data Out Plaase Parity Error 

Parity Is opdonal. the toUowin1 does not apply to those SCSI clmces 
communicatin1 on the bus and that are noc conft~red with Parity enabled. 
When the !U'let detects a parity enor durin1 the Data Out phase, it may retry the 
Data Out PhaSe usin1 the foUowin1 sequence : 

· l • Chance the phase to Message In. send to the initiator tbe Restore 
Pointers meuap to reset the data pointer to the ftrst byte. 
2. Chance the phase to Data Out to naive tbe data apia. 

It the data is not received successfuDy, the tarset will terminate tbe command with 
a CINck Condition status and set the Sense Key/Smse Code to AbortMI 
Command/Parity El'l'Or. Tbis error does not prevent the initiator from retryin1 the 
command. 

!.'9L4. Initiator Detected Error Messap 

!! the tar;et reo.eives an Initiator Det.ct«l E.l't'Or mes.up, It mar retry the previous 
operation usin1 the t0Uowin1 sequenci : 

1 • Chanp tbe phase to Meaap In, send to the lnidator the Restore 
Pointers rnessap. 
2 • Retum to the phase just prior to the receipt of the Initiator D1t1cud 
Error mes.sap and retry the operation. · 

Ir the operadon cannot be completed successfully, tbe tarpt will abort the 
command usin1 one of tbe followin1 sequences : 

1 • Immediately ao to tbe Bus Free Phase with no Sense Kev/Sense Code 
information set. • 
2 •Terminate the current command with a Chick Condilion status and set 
the Sense Key/Sense Code to Abortltl Co"'1Nlllll \Jnitialor D1t1ctMI 
Error. This error does not prevent the initiator rrom retl')'in1 the 
command. 

5.6.1.! Rejected Messaps 

When the tariet receives a Masar• R1j1ct meaa1e rrom tbe initiator, it may retrv 
the operation by resendin1 tbe original messa1e. Ir the message cannot be sent • 
successfully, tile taraet will take tbe r0Howin1 action, based on which messa1e 
was rejected. 

Command Compl«• : The Tarpt shall p to Bus Free phase and not consider this 
an error. 

Disconnm : The target shall not disconnect and shall condnue the current 
command. This condition does not predude the tarpt from attemptinc to 
disconnect at a later time. 
Sote : The tariet shall not send the Disconnect message to an initiator which 
indicated previously in the fdentiry message that it does not support the 
disconaectlreconnect option. 

Identify : Sent to reconnect. The target shall immediately 10 to the Bus Free 
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phase and abort the command. No l'urtber reconnection shall be attempted, and no 
Status or Messace In phase with Command Complete mesnge shall be created by 
tbe taraet. The tarpt sball set the Sense Key/Sense Code to Hardwtln 
£rror!Masar1 R1jtct £nor. 

Linad Co"'111111111 Compl6t1 or LinUd Comnuuul Compla. with Fra,: The tarset 
_shall immedlately ao to the Bus Free phase and sJlaJI not attempt to chanp the L':: to Command phase. The link shall be broken. The tar1et shall set the 

Key/Sense Code to Hardwan EnorlMUlllfl R1j1ct Error. 

M1ssar1 R1j1ct : The tarpt shall immediately terminate the command with Check 
Condition status and set the Sense Key/Sense Code to Hardwan Enorl,V1ssag1 
R1j1ct Error. 

Risto,., Pointns : S"mce the Restore Pointen messap is normally used durin1 
retries or error recovery, the taraet sbaD abort the retry or recovery attemp~ shall 
assume that the error is unrecoverable, then complete che command accordinc to 
the error condition. 

Savi Data PoiJtur : The taraet shall assume that the initiator does not support the 
Save Data Pointer messa1e, shall not attempt to disconnect from the bus, but shall 
complete the command. 

Sy~hronoru Da1a TlfllU/tr : The taraet shall assume that the initiator does not 
support the Synchronous Transfer mode, and shall continue execution usin1 
asynchronous tnns!er. · 

5.6.1.6 Initiator Messa1e Parity Error 

When the tarzet receives a Message Parity Ern>r message from the initiator, it may 
retry the operation by resending the original message once. If the message cannot 
be sent successfully, the target shall immediately 10 to the Bus Free phase and 
abort the current SCSI command. No further reconnection shall be attempted, no 
status or Command Complete message shall be returned ror the command. The 
target shall set Sense Key/Sense Code to Abort•d Command/Parity Error. 

5.6.1.7 Reselection Timeout 

When the target attempts to reselect to the initiator and the initiator does not 
respond within a Selection Timeout Delay, the reselection shall be aborted. The 
target may attempt reselection one or more times. The tar1et shall determine after 
how many attempts to abort the command. So further reconnection shall be 
~tempted and no status or Command Complete message shall be created ror the 
command. The target shall set Sense Key/Sense Code to Hardwan 
En'orlS•l•ct·R•s•l«t Timeout. 

Implementors Note : The initiator shall implement an overall command timeout 
delay to detect this ern>r. 

S.6.1.8 Internal Target Errors 

IC an error occurs within the target which is related to the SCSI hardware or. 
firmware, the target shall terminate the present command with a Check Condition 
status and set the Sense Kev/Error Code to Hardware En-or/SCSI Hardware En-or. 
This error does not prevent the initiator from retrying the command. 
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2.l Sequential Access Commands 
T.B.S. 

2.3 Printer Commands 
T.B.S. 

2.4 Scanner Commands 
T.B.S. 

3.0 Boot Procedures (For Bootable Dmces> 

3.1 Macintosh Boot Procedures 

To allow tor boot capability from any bootable SCSI device from the MacintoSh 128K ROM. a data 
swcm:e tor logical &lock 0 bas been ddined. 'Ibis dm swctme will allow the ROM cede to 
locate the various driven available !or upl,oad to the host. These driven can be located anywhere 
on the drive and can be as large as required. Additionally, there is a data structure for logical 
block l describes the allocmioa. of bloca on tbe device for different partitions and tor operating 
sys ems. 

Tne ROM code, in order to boot propc:riy, must be able to read blocks from the SCSI device and be 
able to iiiily1.e logieil blocks 0,1. 

A typical Macintosh boot procedure would proceed as follows: 

0. Hard Reset 
l. Attempt to select the device by its SCSI ID. 

1->l. Read the &st 256 bytes of logical block 0 and check for proper sicnarure indicating a 

\ valid Driver Descriptor Map (DOM). Read the 256 byta of Device Panition ~tap from 
logical block 1 and check for proper sisnatun=-

1< If mor, else 

3. Search the DOM for a driver for the host machine. 
4. Upload the driver from the indicated logical blocks into system R.A...'\i by using 

standard READ commands. Check for proper driver signature. 
'· Call the driver to install iiself, also Passini a poin• to the DPM for examination by 

the driver. 
6. Pezfonn these StcpS for all other SCSI m·s on the bus. 

Once the driver is installed in the host's disk environment. the boot operation can continue 
nonnally. For example, in the Macintosh world. a ntJd of 1,ogicai blocks 0 and 1 would feteh the 
appropriate Macintosh boot blocks. (Macintosh 1,ogit:al. or any other partition logical. is DP.~ 
Srani.ng Blodr. Addrc.s.r"greaier than SCSI logical.) 

\ 
~~· _· -'"-----·---·· -' ~~-- ___, _______ _ 
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3.2 6502 Boot Procedure 
Because the ProDos Apple// operuing sysa:m does not support loadable device driven, die SCSI 
driver will reside, in rora1. in ROM on the SCSI inrerface boani. In m eft'on ID provide flexibility, 

-die inte:rface bocd will allow some SCSI proeram mcdu1r.s (RAM modules) to be loaded into the 
imaface baud RAM. The iatrmrica is ID allow a sperjal SCSI dcYic:e me ability to provide cede that 
wis not Jnccrpcnted inlD me imcdacc bolld ROM. This code can thCA be executed as a module 
anxbed ID me nmmal SCSI ftrmwn. 

the ProDos boot procedun from a SCSI dcYice would proceed u fallows: 

1. Scleci device by SCSI ID. 
2. Look far a valid Drivc:r Dcscriptcr Map (DOM). Rad me 256 byes o( Device 

Panition Map (OPM) from physical block 1 and check !or FOF sipamre. 
3. Look through tbe DOM to see ii a driY.,. !er the bosi machine is presenL 
"· Do a mode sense of the SCSI dmce, usin1 the pmmeim ID pi pertinent device 

infonnation and help construd a cable of device infonnation in interface card RA-vi. 
$. Load the driv.,. RAM module izllD interface boud RAM. fillin& the RA..'\i heap from 

die top. 
6. Repeat sieps 1 tbroup 5 for all valid SCSI ID's found ca die bus. 
1. LoCace the ProDos Boot dcYicc. 
a. Load ProDos st:artin1 at $0800 in system RAM. 
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' ' 

ii ' 

Oevice Partition Map (OPM) 

Logical Block 1 

DPM Signature $5453 (word) 

Starting Bicek Address {long) 

.. Block Count (long) 

File System 10 (or Zero ) (long) 

~artition 
/escriptors 
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SCSI Boot Data Structures 

Driver Descriptor Map (COM) 

Logical Block 0 

OOM Signature $4552 (word) 

Slocksize (word) 

Block Count (long) 

Oevice Type (word) 

Oevice 10 (word) 

Cata Area Start (long) 

Count of Oriver Descriptors (word) 

Block Address of Oriver (long) 

Oriver Size in Blocks (word) 

Oriver System Type (word) 

47 
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IREO 

/ACK 

IDB0 .. 7 
IDBP 

~ 

• 

~11,. I 

\\ L/ U 
..f 12 l+f+ t3 ..f I• ta ~ l+-11...f 

---'\1\ I/ 
f.-t4 ...f+-as...f ________ x---=x..___ _______ _ 

mr. 'f· max. unit 
t1 : Cabla propagation delay 
t2 : /REO true to /ACK true at the Initiator 20 150 180 ,. 
t3 : /ACK true to /REO false at the target 25 110 125 ,. 
t4 : Data setup time to IREO true at the lnllator 20 ,. 
t5 : .Data hold time from IREO true 50 ,. 
16 : IREO false to /ACK false at the lnllator 15 120 140 .. 
17 : /ACK false to /REO true at the target 20 140 150 .. 

Figure 4.1 SCSI READ: INITIATOR RECEIVES I TARGET SENDS 
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INTRODUCTION 
The Apple DeskTop Bus is a method and protocol for interconnecting computers 
with human input and other devices. This specification covers the Physical, 
Datalink, and Network layers of the Apple DeskTop Bus . In this specification 
the computer is refer.red to as the host. Peripherals coMected to the bus ~ referred 
to as devices. 

The host is the undisputed bus master. It con1r0ls the flow of data by issuing 
Commands and it is the only device permitted to issue them. Talk is the command 
used for a data transaction from a device to the host. Listen is the command used 
for a data rransaction from the host to a device. 

PHYSICAL LAYER 

Interconnection: 

All devices will communicate with the host via a four pin Mini-4 jack, as specified in 
Apple Specification, 519-0370., with the following connector assignments; 

1. Data 
2.·Reserved 
3. Power(V+) 
4. Return 

They will be connected with three conductor cables, which do not exceed 100 pf per 
meter, terminated with four pin Mini-4 plugs, as specified in Apple Specification. 
S 19-0320 The maximum length of all cables shall be five meters. 

Cable Plug PCB Jack 

Connector Pin Out 

Copyright Apple Computer Inc., Sept.16, 1985 
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Host: 

Data: 
The data line will be pulled up in the host with a 470 n ± 10% resistor and shall have 
the characteristics outlined in Table 1. 

Power: 
The Host will supply 5.0 Vdc ::t: 10% at .5 Amp minimum to the devices. The power 
line will be current limited by the host to prevent systemS damage in the event of a 
Power to Power Return short. One Apple DeskTop Bus Load (ADBL) is defined 
as a power consumption by a device of twenty five milliamps. Each system shall 
clearly state in its documentation the number of Apple DeskTop Bus Loads it 
can support. 

FDB Host Electrical Characteristics 

Symbol Parameter Test Condition :\1in. 1\1ax. Unit 

VIL L ow-Level Input Voltage ·0.2 0.8 v 

VIH High-Level Input Voltage 2.4 v ... v 

VOL Low-Level Output Voltage loL s12mA - 0.45 v 

VOH High-Level Output Voltage loH • ·4.0 mA 2.4 v -
Table 1 

Devices: 

Data: 
The data line shall have the characteristics outlined in Table 2. 

Power: 
Each device shall be clearly marked on the device and in its documentation with the 
number of Apple DeskTop Bus Loads it represents. which is equal to the devices 
maximum power consumption divided by twenty five milliamps. 

Copyright Apple Computer Inc .• Sept.16. 1985 
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FDB Device Electrical Characterist ics 

Symbol Parameter Test Condition Min. l\lax. t:nit 

VIL L ow-Level Input Voltage ·0.2 0.8 v 

VIH High-Level Input Voltage 2.4 V+ v 

VOL Low-Level OU1put Voltage IOL a12mA 0.45 v -
I OZ Off State Output Current v, •0.4 v ·20 uA -
CIN Input Capacitance 150 pF -

Table 2 

Modulation: 
There are three fonns of modulation on the bus; Nonna! modul3tion which transmits 
commands and data. High Speed modulation which transmits data, and Signals 
which broadcast global messages such as Service Request and Reset. 

Normal ~lodulation: 
An RZ code for modulation has been adopted for the Apple DeskTop Bus. Each 
bit cell boundJry is signified by a falling edge on the bus. The period of each bit cell 
is the time between two falling edges on the bus. The time for a normal modulation 
bit cell, Tcvc• is 100 usec ± 30%. All devices must suppon, initialize, and reset in 
normal modulation. 

The data is encoded as the ratio of low to high time of each bit cell. Thus a "O" is 
encoded as a bit cell in which the low time is mater than the high time. Conversely, 
a "l" is encoded as a bit cell in which the low time is lw than the high time. A Start 
is defined as a "l ".A Stop is similar to a "O", in that it has a low time of TO , but it 
does not have another negative edge to define the bit cell time. It is used to 
synchronize the stopping of a transaction. 

High Speed Modulation: 
High speed modulation is used only for data and not commands. A device will not 
send data with high speed modulation unless it has been enabled to do so by the host. 
The time for a high speed modulation bit cell is SO usec ± 1 % . 

Copyright Apple Computer Inc., Sept.16, 1985 
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O 1 RESET 

LS LI 1-•• ,.-1 
l+T~J T1 l+j L - I 
~Tcyc eye Tres___J 

Fig. 1 FOB ~o·' ·1 • and RESET Time s 

Signals: 
Certain uansactions fall under the category of neither commands nor data 
transactions. These are special ttansactions which globally broadcast swus to 
devices on the bus. There are four special nnsactions in thi~ group. 

Attention and Sync: 
To signal the Stan of a command, a long attention pulse is sent. This is followed by 
a synch pulse to give the initial bus timing. The falling edge of the synch pulse is 
used as a timing reference for the first bit of the command . 

Reset: 
Reset issues a break on the bus by holding the bus low for a minimum of T res· 

Service Request: 
Sen·ice Request is a tr:i.nsaction that devices can use to signal the host that they 
require service, i.e. have data to send. Following any command transaction, a 
requesting device can signal by holding the bus low during the low portion of the 
stop bit of the Command transaction. The requesting device holds the bus low Tint 
beyond the bit cell bound:iry to signal. 

Once a device has requested service by asserting a Service Request on the bus, it 
shall request service repeatedly until serviced. When the requesting device is 
addressed to Talk to any register, it will not assen Service Request. When the 
requesting device is addressed to Talk to the register which contains the data causing 
the Service Request condition, it will not assen Sen·ice Request , shall be 
considered serviced, and not request service again until it again needs to be serviced. 

The ability for a device to assen a Service Request can be enabled :ind disabled by 
the host. All devices shall be initialized with the Service Request capability 
enabled. 
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+I f--Tsynch t:::=nr .... 
I attention + synch I 1 I command 

cell boundaf{ry _ 

:4-Tint 
' 

I o I stop I service 
request 

Fig. 2 Service Request Transaction 

FOB Interface Characteristics 

Symbol Parameter Min. Max. Unit Fig. Definition 

TO ·o· 1owtime 60 70 o/o Tcyc 1 
T1 ·1· 1owtime 30 40 0/o T~c 1 

Tattn ATIENTION signal -560 1040 usec 2 8 • Tc_y_c 
Tcyc FDS-clt cell time 70 130 usec 1 
Tint r~jE.RRGEJ s!g_naI 140 ~60 usec 2 -z·Tcyc 
Tres RESET signal 2.8 5.2 msec , 40 • Tcyc 

Tsyncn -Synch pulse width 60 70 0/o Tcyc 2 
lit _§_to_Q_ to start time 140 _g_so usec 3 2·rcxc 

Ts top Stop pulse width 49 91 usec 3 

Table 3 

Transactions: 

Commands: 
The format of a command is an attention signal, followed by a sync signal, then 
by eight data bits.and to synchronize the stopping of the tr:ins:iction, a stop bit. 
Following the imaginary bit cell boundary after the stop bit, the transaction is 
complete and the host releases its active drive of the bus. 
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(or service request rising edge) f L .. ___IU • • ;----It-- • • 
I attention + synch I 1 I command I stop I I 1 I data 

start 
Fig. 3 Command Stop to Data Start 

Data: 
The fonnat of a data ttansaction is a start bit ,followed by N times 8 bits of data 
with the most si1nificant data bit sent tirst. where N may be from 2 to 8, followed by 
a stop biL The specific length of the data iransaction for a specific device is defined 
at a hi&her level of the protocol 

MSB LSB 

• • • • 
1 I 1 I I o I 

start r---- 16 to 64 data bits ---•~1 stop 
1 

Fig. 4 Data Transaction Example 

DATA LINK: 
Each device on the bus has an address. There shall be only one active talker on the 
bus at any time. ( see colision detection) this may be the host or an addressed device. 
A device addressed to talk. with data to send. "untalks" itself after it sends its data. If 
a device has no data to send. it "untalks" itself immediately and allows the bus to 
time-ouL The host may also send data after a command. 

Apple DeskTop Bus Peripherals: 

Addresses: 
All devices have a four bit command address which is defined by device type 
assignmenL A device will always respond to that address on either power on or after 
a reset signal. The Soft Address locations are places were devices may be moved 
to by the host. The Addresses are assigned as shown in Table 4. 

Copyright Apple Computer Inc .• Sept.16. 1985 
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Device Table 

Address Device type Addressing Example 

0000 (0) ADAPSO keys extended 
0001 (1) A_QQ_liances extended 
0010 (2) Encoded devices movable Keyboard 

0011 (3) Relative devices movable Mouse 
0100 (4) Absolute devices movable Tablet 

0101 (5) Reserved -
0110 (6) Reserved -
0111 (7) Reserved -
1000 (8) Soft address -

. . . 

. . . 
111, (15) Soft address -

Table 4 

Registers: 
All devices have at most four locations to receive data, and at most four locJ.tions to 
send data. These locations are called registers and are referred to as RO to R3. 
They depend on addressing mode supponed and are defined as follows: 

Register 0 Talk: OJ.ta Register, Device specific as to meaning. 

Register 0 Listen: Data Register, Device specific as to meaning. 

Register 1 Talk: Data Register, Device specific as to meaning. 

Register 1 Listen: Data Register, Device specific as to meaning. 

Register 2 Talk: Data Register.Device specific as to meaning. 

Register 2 Listen: Movable Devices: Device specific as to meaning. 
Extended Address Devices: Enabling Extended Address 

Register 3 Talk: Status infonnation, ie: device address. handler. 

Register 3 Listen: Status infonnation, ie: device address, handler. 

Commands: 
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Commands may be sent only by the host. There are four commands; Talk, Listen, 
SendReset, and Flush. A command is an eight bit value with the following 
syntax. 'Ibe most significant nibble is the address which ran1es from 0 • 15 (A3-AO 
). The next two bits fomi the command. The last field is a two bit register address 
field (RB,RA). 'Ibis field. which is optional, allows a specific register, RO to R3, 
within an addressed device to be specified. An example of where this might be used 
is to differentiate a data register (in a keyboard, the specific keystreke) from a status 
or configuration register (in a keyboard. a response that signifies the model of the 
keyboard). 

Command Syntax 

7654 32 10 Command 

xxxx ()() ()() SENDRESET* 
A3·AO ()() 01 FLUSH 
xxxx ()() 10 RESERVED 
xxxx ()() 11 RESERVED 
xxxx 01 xx RESERVED 

A3-AO 10 RBRA LISTEN 
A3-AO 11 RBRA TALK 

• forces RESET signal on FDB 

Table S · 

To allow for future expansion of the command structure, a group of "place holder" 
Reserved instructions has been defined. These instructions shall be treated as no 
response and immediate bus release. 

As a specific example, a Talk command to Register 0 of device S would be 
encoded as "01011100". The bus would be modulated with the following: 

L .. 
I attention + synch I 0 I 1 I 0 I 1 11 I 1 I 0 I 0 

address 5 I TALK I reg O 

Fig. 5 TALK Command Example 
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Talk: 
All devices on the bus must suppon Talk and Listen commands. Whtn a device is 
addressed to Talk, it must respond before being timed out by the host. This timeout 
shall be Tit max. after the risin1 edge of the stop bit of the Talk command. 

The selected device, if it does not timeout, becomes active on the bus. It perf onns its 
data transaction no sooner then Tit min after the rising edge of the stop bit of the Talk 
command then "untalks" itself and goes inactive on the bus. 

Listen: 
When a device is addressed to Listen, it is enabled to receive the data birs that are 
·placed on the bus by the host. The host .pelf onns its data ttansaction within Tit min 

Page 9 of 13 

to Tit max. after the rising edge of the stop bit of the Listen command After the data 
bits are received, the ttansaction is complete and the device "unlistens" itself. If a 
device is addressed to Listen and it receives another command on the bus before it 
receives any data, then by definition the ttansaction is immediately complete and the 
device "unlistens" itself. Any "handshak:in& "will be handled at a hi&her level. 

SendReset: 
The SendReset command bit panem does not go out on the bus. It causes a Reset 
signal to be put on the bus. The Reset has the effect of resetting all pending Sen·ice 
Requests; enabling the service request mode of all devices to enable; and in general 
puts the devices in a mode in which they will accept commands. 

Copyright Apple Computer Inc., Sept.16, 1985 
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Flush: 
The effect of the Flush command is defined by the device. It can be used for such 
functions as clearing a fifo and resetting all keys on a keyboard so they will be sent 
again. -

Collision Detection: 
All devices will deiect a collision of data. If a device is trying to output a one and the 
data line is or goes to a zero, it has lost a collision to another device. If another 
device sends data before the device is able to assen its start bit. it has lost a collision. 
The losing device should jTTJJ'Dediately "untalk" itself and preserve the data that was 
being sent for retransmission. The device will set an internal flag if it loses a 
collision. 

The device will clear the intcmal flag each time it is able to Talk without detecting a 
collision. 

In order to aid in collision detection, devices using intc:rnal clocks that operate within 
± 1 % should attempt to assen their start bit at a random time within the limits of the 
line tum around time, Ttt· 

Error Conditions: 
If the data line gets hung low for Tres• all devices will reset themselves and output a 
one. If a corrunand transaction is incomplete by staying high beyond the ma.ximum 
bit cell time, all devices will ignore the command and seek another attention sign:il. 

NET\VORK LA YER: 

Preferred Systems Implementation: 

Assumptions: 
The Apple DeskTop Bus is designed to be used primarily for human input 
devices. These types of devices have three characteristics which should be taken into 
consideration when designing systems software to use the bus. First, the rate of 
information coming from an input device is slow relative to the systems visual 
update. Second, only one device is used for input at any given time. Third, the time 
moving from one device to another is very long compared to the systems visual 
update. 

Activity: 
In order to allow for the use of inexpensive electronics in Apple DeskTop Bus 
devices the preferred systems inplemention minimizes activity on the bus by only 
polling the active device once each vertical retrace interval. If a Sen·ice Request is 
detected a polling sequence of Register 0 is initiated to determine the device which 
has data and is requesting service. Once located, this device becomes the aetive 
device, it's Service Requst Enable is disabled, and the old active device's 
Service Request Enable is enabled. The default active device should be the 
relative positioning device. 
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Apple DeskTop Bus Peripheral Types: 

Movable devices: 
These devices will have the capability of being moved by the host to a Soft 
Address location. Movable device will optionally have a switch on them to 
indicate activity, which is called the activator. The activator can be a special key 
on a keyboazd or a mouse button. In order to aid in collision deteetion they will also 
replace the address ~ of the address field of Resister 3 with a nndom number 

· in n:sponse to a Talk R3 command. . . . 

Extended Address devices: 
These devices all have the same command address as well as a unique 16 to 64 bit 
extended address which is stored in the device. Their command address may not be 
changed. On power up or after Reset they will only accept the Listen Rl 
command. They are enabled to talk and listen only after n:ceiving a Listen Rl 
command in which the data matches their stored address. Once enabled they will 
respond to all commands addressed to them and have the capability to assen a Service 
Request. These devices become disabled after receiving a Listen R2 command in 
which the data does not match their stored address. 

Register 3: 
Register 3 contains the infonn:ition which tells the device how to behave relative to 
the host. 

Service Request and High Speed Enabling: 
The Listen R3 command can be used to enable and disable Ser,·ice Request and 
High Speed modulation. They are enabled by setting the appropriate bit in 
Register3 to a one and disabled by sening the appropriate bit to a zero. 

Enabling the Service Request bit gives devices on the bus the ability to request 
service from the host. Setting the bit allows the device to signal a Ser,·ice Request 
on the bus, or conversely. cle3ring the bit disables the signalling of a Service 
Request. This is useful in systems where the Sen·ice Request response time in a 
polled system is longer than desired. Or. when only specific devices are required for 
an application. the others could be disabled. 

Enabling the High Speed bit causes the device to use High Speed modulation. 
Setting the bit causes the device to use High Speed modulation on the bus. or 
conversely. cle3ring the bit disables the use of High Speed modulation. 

Page 11of13 Copyright Apple Computer Inc .• Sept.16, 1985 



-

( 

Engr Spec #062-0267 Rev.C Proposal 7/17186 

1514131211 8 7 0 

I 1111 I 1111 1111 I I I 
1111111111111 device handler ID 

device address 
high speed enable 

...... ------------service request enable 
--------------exceptional event 

--------------O {zero) 
Fig. 6 Register address 11 (3) 

Exceptional Event: 
The Exceptional Event bit in Re&ister 3 can be cleared by a device to indicate an 
exceptional input condition such as reset or a failure.This bit shall be set to a one if 
not used. The specific application is defined at a higher level. 

Handlers: 
Handlers define a set of capabilities in both the host and the device such as the 
meaning of the data in each of the registers, the length of data transactions. ect. The 
host is able to interact with devices to modify thier function with a Handler ID 
which is stored by the device in Register 3. The host is able to change the the way 
a device functions by sending it a new Handler ID with a Listen R3 comm:md. If 
the receiving device is able to match the Handler ID to a function in the device, the 
new Handler ID will be stored and sent in response to a Talk R3 command. 

Reserved Handler ID's 
The Handler ID "FF" hex is reserved for the self test mode for all devices. The ID 
in Register 3 prior to command shall be perserved. 

The Handler ID "00" hex, in response to a talk is reserved to indicate a failed self 
test. 
The Handler ID "00" hex sent with a listen is reserved to indicate that the device is 
only to change unconditionally bits 8 to 13 of Register 3. The ID in Register 3 
prior to command shall be perserved. 

The Handler ID "FE" hex sent with a listen is reserved to indicate that the device is 
only to change the address portion of Register 3 if no collision has been detected. 
The ID in Register 3 prior to command shall be perserved. 

The Handler ID "FD" hex sent with a listen is reserved to indicate that the device is 
only to change the address portion of Register 3 if the devices switch is depresed. 
The ID in Register 3 prior to command shall be preserved. 
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Changing Addresses: 

Systems Level: . -
At the systems level a host can change the address of Movable devices by forcing 
the collision of devices sharing the same address. By issuing a Talk R3 command 
and following it with a Listen R3 command, with a new address in bits 8 to 11 and 
HanclJer m "FE" in bits 0 to 7 of the data, the device which did not detect a 
collision will be moved to the new address. This process can be repeated at the 
initialization address until the response to the Talk R3 command is a time out. This 
can be used to identify and relocate multiple devices of the same type after 
imtfalization of the system. 

Applications Level: 
At the applications level addresses can by changed by displaying a message 
requesting a user to use the devices activator. The host then issues a Listen R3 
command with a Handler ID of "FD" to a new address and the device with the 
activator being used is moved. This can be used to identify and locate individual 
devices in multi-user applications. 

Device Assignments 

Device ~nitialization Extended Handlerj Specification 
Address Address ID ~umber 

Transciever 01 0000 01 341-0440 
Keyboard 02 N/A 01 062-2068 
Mouse 03 N/A 01,02 669-0152 

Table 6 
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Excerpts from 
KEYBOARD SPECIFICATION 

7-17-66 

l.D CXWMJNICATION peotQCQb 

6. 1 1HE l<EYBOARO SHALL IVEET ALL REOUIRE?IENTS OF THE APPLE DESKTOP BUS 

SPECIFICATION t062-0267. 

6.2 THIS SPECIFICATION DEFINES THE REOUIREtvENTS OF HANDLER LO. 0001 H FOR ENCODED 

DEVICES . 

6.3 THE ACTIVATOR SHALL BE THE OPEN APPLE KEY (KEY #72). 

6.4 ANY VALID KEY DEPRESSION OR RELEASE SHALL CAUSE DATA TO BE TRANSMITTED 

THROUGH REGISTER 0 PER SECTION 8. IF THERE IS DATA IN REGISTER O. SRO SHALL BE 

ASSERTED IF ENABLED. 

6. 5 IF THERE IS ONLY A SINGLE CHARACTER TO BE TRANSMITTED A FILL CHARACTER OF 

FFH WILL BE INSERTED FOR EITHER KEY CODE. THE EARLIEST KEY PRESSED SHALL 

ALWAYS BE IN KEY CODE 1. 
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rri 1111 !'i71 6

111111°1 

11111111' '
11111 key code 2 

key released 
key code 1 ..._ _________________________________ key released 

FIGURE 1 KEYBOARD REGISTER 0 

6.6 THE STATUS OF THE FOLLOWING KEYS Wll BE INDICATED IN REGISTER 2 PER FIGURE 2 
CAPS LOCK (70) 
OPEN APPLE (72) 
SHIFT (53 & 64) 
OPTION (71) 
FESET (81) 
CONTR:)L (3 7) 
CE1.ETE ( 14) 

6. 6. 1 A DEPRESSED KEY WILL BE INOICATEO BY A ZERO ANO A RELEASED KEY WILL BE 
INDICATED BY AONE. 

6.6.2 THE STATUS INDICATED SHAJ..L BE THE CURRENT STATUS OF THE KEY ANO SHALL NOT 
BE SUFFERED. 
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6. 7 errs 0 TO 7 ANO 15 ARE RESERVED. 

rrrrrTr I' 1
7

1 n·111 n 
111111111 RESERVED 

OPEN APPLE 
------------OPTION 

-------------SHIFT 

----------------CONTROL 

-----------------------------RESET 

--------------------CAPS LOCK 

---------------------------------DELETE 

------------------------------------RESERVED 

FIGURE 2 KEYBOARD REGISTER 2 

6. B 'A DEPRESSED RESET KEY (KEY 81) WILL BE INDICATED BY A ONE IN THE EXCEPTIONAL 
EVENT BIT (BIT 14) OF REGISTER 3 ANO A RELEASED RESET KEY WILL BE INDICATED BY 
A ZERO. 

6. 9 IN RESPONSE TO A FLUSH COMMAND. THE KEYBOARD SHALL CLEAR ANY INTERNAL FIFO 
ANO SET ANY INTERNAL KEY MATRIX HISTORY RECORD TO AN •ALL KEYS up· STATE. 
THIS SHALL RESULT IN THE CODE FOR ANY KEYS WHICH ARE DOWN BEING TRANSMITTED 
AGAIN. 

7. o W. f30U.OVEB 

7 .1 TWO-KEY LOCKOUT: IF THERE ARE TWO SIMULTANEOUS VALID KEYS DOWN. 
SUBSEQUENT KEY DEPRESSIONS WILL BE IGNORED. 

7. 1 .1 ALL KEYS EXCEPT THOSE LISTED IN 7.2 WILL HAVE TWO-KEY LOCKOUT. 

7 .2 N-KEY ROLLOVER: A KEY DEPRESSION WILL BE ACKNOWLEDGED REGARDLESS OF THE 
POSITION OF ALL OTHER KEYS. 

7.2. 1 THE FOLLOWING KEYS WILL HAVEN-KEY ROLLOVER: 

CAPS LOCK 
OPEN APPLE 
SHIFT 
OPTION 
RESET 
CONTFn. 

(70) 
(72) 
(53 & 64) 
(71) 
(81) 
(37) 

7 .2.2 THE RIGHT ANO LEFT SHIFT KEYS SHALL BE WIRED IN PARALLEL. 
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7.2.3 THE KEYBOARD SHALL BE DESIGNED SO THAT THE ST ATE OF THESE KEYS SHAU. BE 
DETECTED FIRST FOU.OWING A POWER ON RESET, A RESET SIGNAL. OR A FLUSH 
COMMAND. 

7.3 THE CAPS LOCK KEY IS A MECHANICAL ALTERNATE ACTION SWITCH. 

7.4 IN ADDITION TO ITS FUNCTION CALLEO OUT IN SECTION 6.6. 6.8, ANO 7.2. DEPRESSION 
OF THE RESET SWITCH (NO 81) SHALL CONNECT THE SOFT POWER ON LINE (PIN 2 OF THE 
CONNECTOR) TO SIGNAL GAOUNO (PtN 4 OF THE CONNECTOR). 

8.o m~ 

8.1 AH'f KEY DEPRESSION WILL GENERATE A COOE AS INDICATED IN TABLE 2. 
RELEASING A KEY WILL GENERATE THE SAME CODE WITH BIT 7 SET (EX. 'S' KEY: 
DEPRESS• 001 H, RELEASE • 081 H). 

~ 
l 2 3 4 5 6 B 15 16 17 ~= 

19 20 23 26 31 33 34 :: .... .:'; 

37 38 41 44 32 49 _,, -· ... 
53 54 59 60 66 

,.._ 
~- ~-01 

70 71 73 65 79 80 

FIGURE 4 KEYSWITCH DESIGNATION 

@] 
4 7 8 lea • ,. . 

tab 7 8 9 . 
4 5 6 . 

, 2 3 
ent~ 

0 

FIGURE 5 U.S. LEGENDS 
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Appie JeskTop Bus 
Mlefntosb SoftWltt Arc;blttctyrt Sptclftcatlon 

lntrpdyctlpn 

Aevlllon 1.01 

October27,198S 

l"- who rlda • ag.r annot dlamount) 
.Chil*8 Pravert> 

The advent of the Apple DeskTop Bus (ADB) hardware on Macintosh machines 
creates the need for a standard technique for installing devices which use this bus. 
These devices are likaly to be suppUed by a third pany vendor. This means that device 
driver software for these devices must be installed dynamically, ao that the drivers can 
be distnbuted independently of th• Macintolh. system software. 

la addition. the Apple DeskTop Bus ~ports th• standard keyboard and mouse 
peripherals. To provide maximum flexibility, the ADB standard support software must 
allow th~se devices or the drivers which service them to be replaced dynamically. 

This document describes the technique which will be used to meet these goals. The 
·intended audience is the development team, management, and third party vendors 
with a need fer earty documentation. · 

Hardware Backgrpynd 

The Apple OeskTop Bus Is a simple local area network. This networi( connects the 
computer system (master) with up to 16 low-speed input devices. Each device on the 
network has up to ' data areas (called registers) which can be read or written over 
the M'tWOrk. Each register is 2·8 bytes long, and can have different meanings for read 
and write operations. (The bus can support variable length registers. from 2·8 bytes.). 

The Macintosh accesses the network devices through port B of the VIA. Each byte 
transferred takes approximately 220 microseconds. 

Command Format 
. 

The AOB uses a polling protocol. The Macintosh must initiate each operation. The _. 
network supports 4 operations, called commands. A command is an S·bit quantity 
which is sent from the Macintosh to the desired device on the network. The 4 

AOB Mac Software An:hitecture Rev 1.0 1 



.. ""• s. • ..;wn in Figure 1. '"""'"" ' t. 

Command 7 I I 4 3 2 1 O 

~Reset~ 0 I 0 I 0 0 I 
Flush I Network Addi'... I o I O I 0 1 I 
Listen I Netwark Addr... I 1 I 0 I Register I 
Talk I Network Address I 1 I 1 I Rsglster I 

Figure 1. ADB Command Bytes 

The $tndB11tt cemmand Issues a hardware reset to an devices on th• network. The 
haraware i"ffet dwa..-s ill per.ding tnansactfor.a, a.id places ill net..voik devices In a 
stat• in which they will accept commands. • 

The f1u1b command performs a device-dependent Initialization for a single device. 
This command is intended to be used for resetting a single device. Any user input 
stored by the device (such as typeahead in a keyboard device) is discarded. 

The Listen command initiates a data transfer from the Macintosh to a network device 
Ngister. Both the device address and the register number are encoded in the 
command byte. 

The IaJk command is the opposite of a llsten. Cata is transferred from a register in 
the device to the Macintosh. 

Al other bit patterns ant reseMld for futuN expansion. 

Deyte1 Beglstera 

Botn the Hsten and talk commands transfer tram 2·8 bytes of information between the 
Macintosh and a register on the network device. Transfers are performed one byte at a 
time, with the Macintosh taking an interrupt at the end of each byte transfer. Once data 
from an AOB device has been read by the Macintosh, the data may no longer be 
available. 

Two of the device registers have a standardized format. Oevice Register o is used for 
interrupt polling. This register. if present in eonjundion with an interrupt request (a 
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"Service Request" in ADS terminology) contains the Interrupt data from ; .:> . 
talk command to Register O will time out if the device is not l'lqUesting service. >evic..11 
Register 3 is an ID register which describes the device type. This register is 16 bits 
wide, and has the following format: 

11 14 13 12 11 10 I I 7 0 

0 
Device Device Handler ID 

Address 
4• ~ • 4~ 

High Speed Enable 
Service Request En able 

Exce ti nal po E vent 

Figure 2. Layout of ADB Device Register 3. 

This register may be both read and written (talk'ld and llaten'1d) by Macintosh 
software. The Dtyfce Hp"dfer ID Is basically a signature which indicates the type of 
device. This quantity may be changed by th• host with a llaten command. If the device 
supports the new handler ID, It will appear In subsequent talk commands. Cenain 
vaiues of this fteld have special meanings. These values have different meanings 
depending on th• command (talk or llaten) as foDows: • 

• y11u1 

OOH 
OOH 
FEH 
FOH 
FFH 

Cpmmand 

Usten 
Talk 
Usten 
Usten 
Listen 

M11nlnq 

Change only bits 8-13 of Register 3 
Self Test Failure 
Change address if no colDsion detected 
Change· address if device switch depressed 
Initiate device self test 

The values OOH, FEH, and FOH on a llst1n command do not change the value of the 
device handler field retumed by a subsequent talk command. The self-test process 
changes this field only on test failuna. 

The Dtvfce Address field may be set by the Macintosh with a llsten command. This 
causes the device to appear at a different place on the bus. This field Is set to a random 
pattern on a talk command, to enhance the collision detection feature. 

The Exceptfonal Eyent bit is a device-dependent flag which can be used by the 
device and the Macintosh driver to communicate a significant event. 

The Service Request Enable bit allows a device to assert the ADB service reQuest 
ine, which causes the Macintosh to (eventually) poll the device for service. See the 
•interrupt Mechanism• section below for details on the Service Request below. 

AOB Mac Software Architectunt Rev 1.0 3 
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The Hlqh·Spnd lnablt bit enables a differeni (hiyi1ar IP•ed) modulation technique 
for the device on.the ADB. 

p1t1 Tran1flr M1eb1nf1m 

The Macintosh transfers data to and from bus devices via the shift register on the VIA . 
·· _There .,. two other lignaJ Dnes called ·sTO• and ·ST1 • which designate to the Apple 

DelkTop Bua 1ran8Ctivtr how the dala in the shift IWgister la to be Ulld. These two Ones 
define a atate. When the Macintosh Changes tht value of these two bits, the 
transceiver Initiates a bul tranllCdon. There are four possible states, as follows: 

Stitt 

0 
1 
2 
3 

M11nlng 

Start a new command 
Transfer even data byte 
Transfer odd data byte 
kl• 

State 3 is the initial (power up) state. To execute an AOB command, the Macintosh 
loads the command bytt Into th• VIA shift register, and sets state o. Upon getting the 
shift out intenupt, tht Macintosh altemates between states 1 and 2 to transfer the data in 
or out. An lnt9"UPt occurs after tach bytt la transft~. After tl'lt last completion 
intem.;pt, the Madntosti sa6'5 eru.,er state C or 3 to complete th• comma..,d. You can abort 
a partially executed command by setting the state to O at any time. 

For a talk command (device to Macintosh), the end of data is indicated by the presence 
of the JD1 signal at the end of state 1 or any state 2 after the first state 2. 

When in state 3, the transceiver re-executes the last talk command every 16. 7 msec. 
This eliminates the need for the Macintosh to continuously poll the Apple OeskTop Sus 
to see if a device requires service. In the event that the Macintosh initiates a command 
while the transceiver contains data from a successful poU, the transceiver will initiate the 
Jal signal at th• end of state O. If the Macintosh proceeds to state 1, it will receive data 
from the pol&ng operation. The command which. the Macintosh attempted to send is 
discarded, and must be re-issued at the end of the polling data. 

Interrupt M1cb1nl1m 

When a device on the Apple OeskTop Bus needs to present an unsolicited interrupt to 
the Macintosh, it asserts a System Request (SRQ) Dne on the bus. This shows up as the 
JD1 signal on the Macintosh VIA. at the end of the first state 2 in a command sequence. 
When the signal is assened, the Macintosh must than poll each device on the bus to 
determine whether that device needs service. 

The polling mechanism works as follows: The Macintosh will issue a talk command for 
register o on each device on the bus in tum. If a device has data to send, it·wm respond 
to the talk command. If the device has no data to send, the transceiver will assen the 

ADB Mac Softwai. An:hitecture Rev 1.0 

) ' 

) 



t( 

JD1 signaJ at the end of state 1, lnak...ltlng that no data wu •nt. 

The presenee of data after state 1 (indicated by th• lack of an lD1 signal) means that the 
device did 1'9qUire •Nice. The Macintosh must retrieve aH data from the device before 
pollng the next dftlce. The tranlC8iver will mert th• 1Dl signal betwMn state 1 and 
aD but the first state 2 when the data II exhllulted. The Jal signal wiD be asaertec::t at the 
end of the first 1ta1e 2 if a clevic8 la r9q&181tlng •Nice. A device ,.questing MrviC* will 
continue generate this signal until the Macintosh llsues a talk command for the 
device's Ngister o. 
Qtbtr Cpn1ld1r1Qpn1 

The devices on the Apple DeskTop Bus typically utilize Inexpensive (slow) single-chip 
micraprocauors. The same processor typically handles both the 1xtemal device and 
th• device's ADB interface. The Macintosh must leave the ADS idle at least 50% of the 
time to allow th• external devices time to function. · 

The Apple DeskTop Bus also supports a feature known u extended 1ddr11slng. 
Using this feature, a single AOB address can be usld for multiple devices •. These 
devices have a fixed address. from 16 to 64 bits. An extended address device is 
•fected by issuing a llsten command to register 2. The device whose address 
matches the data sent to register 2 becomes selected. 

. 
II is also possible to connect several devices to a single non-extended AOB address. 
T.be Macintosh code may separate these devices by issuing a talk command to register 
3. This will force a collision. The Macintosh should then Issue a llsten command to 
register 3 with the special code FE hex in the device handler ID field. If there is more 
than one device connlded to the address specified in the Osten command byte, then , 
there is a high probabiUty that only one device will change its address to the value 
specified in the data field. When performing this operation in software, you must move 
all the devices from an address to other addresses. To isolate a device to a unique 
address, you must have moved the device at least~ times from one address to a free 
address using the collision det8dion mechanism. 

Adding a device to the Apple DeskTop Bus while the system is running can be 
disastrous. Connecting the device will, in all likelihood, reset all devices on the bus to 
their power-up addresses. Worse, there is no way for the Macintosh to tell that this has 
occurred. Therefore, adding a device to a •hot' system is not supported. Note that the 
power-on addresses for the keyboard and mouse are not changed by the initialization 
code to allow a graceful shutdown in this situation. There is currently no way of 
notifying a Macintosh application, and no plans to support this feature. 

Softwlre oVervltw 

The software to support the Apple OeskTop Bus resides in the Macintosh ROM. This 
code has four components: 

• Apple OeskTop Bus Initialization Code 

AOB Mac Software Architecture Rev 1 .0 5 
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• Apple CeskTop Bus Interrupt and Polling Code 
• Universal Keyboard Driver 
• Mouse Driver 

Thia code mull be designed In u:h a way a to perml the addition of extra devices in a 
minimally painful fashion. Th• software to handle these devices must work with new 
versions of the Macintosh system IOflware (lncludlng ROM code). It must also be 
possible to replace the keyboard and/or mouse devices and drivers with new devices 

-and drivers withOut disrupting the rest of th• system • 
. 

lgt1m1lly VJ1lbl1 p1t1 Struetur11 

Ther9 II only one extemafly·visable data structure associated with Apple CeskTop Bus 
support software. This is th• device table, placed in the system heap by the ROM code 
during initialization. This table is shown in F1gure 3. 

ADBBase (Sxm) ADI vnt111 But .w.. 

0-. Olfi. ADI s.w.--~ O..ANaMnll Tp Miii ""'* . (OJ 
~----- ---

a.. Orit- - s.w. Rola Mdrm DllaANaMdrm (1 J ,.,,. Mii ""'* • (System Heap) • • 

1=-I:! l:m--- I°"'-- I (15) 

Figure 3. ADI Device Table. 

Low memory location •AC Blase• contains the address of this table which is also the 
base address of th• ACB variables. There are 18 entries in the table, corresponding to 
the 16 possible network addresses. Each entry consists of the D1yfc1 Type (8 bits). 
the Odgfnal ADB Address (8 bits), the ADB Address (8 bits), one unused byte(S 
bits). the Stryfc1 Boutf 01 Address (32 bits), and the Data Area Address. The 
Device Type field is a copy of the device handler ID from the device's register 3. This 
field is updated by the driver to retied any Changes made to this field with a listen 
command to the device. The Orlglnal ADS address is the address the device first 
responsed to. The ADB address is the current Apple OeskTop Bus address of the 
device. The unused byte is reserved for future use, this byte makes the entries of even 
length. The Service Routine Address is the address of the code which handles a 
request for service from the device. Sea the sedion on Polling code for the calling 
sequence for this routine. The Data Area Address is passed to the service routine in 
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APB R1yle1 Qrlyttl 

Two standard drivers .,.. inside th• Apple DeskTop Sus Manager. They are the mouse 
driver and th• universal keyboard driver. Th• mouse driver will be able to support 
Apple's ADS mouse and th• universal lcayboard driver will be able to support all 
Apple's ADS k9yboalda. All non-Apple ADS mouse or keyboard devices may reQuire 
ltl own device driver. Al ADS device drivers .,.. put Into a new l'910urce called 'AOBS' 
and it has to be instded Inside the System Fiie. 

The 'ADBS' 1'910urce has two MCtlona: a lnitla•zation cod• uction which starts at the 
beginning of the resource and an optional driver code section. The Start Manager calls 
the initialization cod• to Mt up the driver In a fixed system heap location and update the 
device table with the Service Routine Address and the Data Area Addresa. The 
initialization code should first check if the device it is for is presently connected to the 
Macintosh by checking the Device Type and th• Original ADS Address fields of the 
device table. If no corresponding entry is found in th• table, it should just exit. 

lnltl1fl1etron Cpd1. 

On power up, a section of code must be executed which will Initialize the Apple 
Oesk.T°" Sus end Its associated devices. This code Is called by the Start Manager, and 
performs the following actions: · 

1. AUocate memory for th• ADS device table and Mt th• low memory address to 
point to th• first byte of this table. 

2. lnitiafize the table to binary zeros. 

3. Issue a talk command to register 3 on each network address. For all devices 
which do not time out, place the address and device handler ID in the next slot in 
the table. 

4. Ensure that each address on the network has at most one (non-extended type) 
device, using the technique described previously. Maka a mouse in the system 
address 3 and the keyboard address 2. ff one of these devices does not exist, do 
not make an entry for it. Place the entries (If any) in the first slots in the table. 

5. Initialize the Service routine address for the mouse and keyboard table entries (if 
any) 10 point to the proper driver eode. 

e. Issue a talk register 3 command for the mouse. This command is the auto-poll 
command until there is any activity from another device. 

7. The Start Manager will then call the lnitAOBOrvr routine which would load the 
AOBS resources and execute them one by one. 
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Note-that following lnitlaDzation, th\J taD•;.; will c.·rcltain the standard mouse and keyboard 
devices. Any other devices connected will have the Service Routine Address field and 
th• Cata Area Address updated by the corresponding AOBS resources if they are in the 
system lie, Olherwisa they will 1'9main uni~alized. 1 •t .. 
IOI lylttm C.111 

-Six new OS traps ar9 lddld to support the Apple DeskTop Bus. They are AOBRelnit, 
ADBOp, CountADBs, GetlndADB, GetADBlnfo, and SetADBlnfo. 

ADBRelnlt is the call to reinitlalzt the whole 'Apple DlskTop Bua. First, the ACB 
device table la zeroed out, then a Aellt command i. Issued to reset all ADS devices to 
their original addresses. Thin the inillalzatlon sequence described above is executed. 
ADB lddress for any device cannot bl count on to remain th• same. No argument is 
19qUired for thia call. 

ADBOp la th• call to Issue an ADB command to any device currently connected. 
Register DO.S contains th• desired command and 1'9Qister AO is the pointer to the 
ADBOp paarameter block as shown In figure 4. If the command can be successfully 
Issued, it wiU retum a zero In register co.a, otherwise a ·1 will be retumed. The data 
bytfec b15 tg be at least 9 bytes fgng with tht first bytt 11 the !enattJ cgynt, 

0 addre11 of data buffer (4 bytes> 

4 Service routine.address (4 bytes> 

• optional data area address (4 l:lytes> 

~ -
l'igu• •. UBOp luaaet•~ lloc:k 

CountADBs is the cal to count the number of entries in the device table, no argument 
is required and the result is returned In register Do. W. 

GetlndADB is the call to retum information from the device table by the entry index. 
Register 00.W contains the entry index of the device table, the value can be from 1 to 
the vatue returned by CountAOBs. Register AO is a pointer to the ACB Cata parameter 
block (as shown in figure 5) containing fields for device type, original AOB address. 
service routine address and the data area address. On exit, register co.a will contain 
the error code. 
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0 Device Type (1 byte) 

l Oriqinal ADB Address (l byte) 

2 Service Routine Address (4 bytes) 

• Data Area Addresa (4 bytes> 

GetADBJnfo is the call 1o retum information from thedevice table by the ACB address. 
RegiS1er CO.a contains the ACB address. Register AO II a pointer to the AOB Cata 
parameter block (as shown in figure 5) containing fields for device type. original AOB 
address, service routine address and the data area address. On exit, register 00.S will 
contain the error code. 

SetADBJnfo is the call to set the service routine address and the data area address in 
the device table. Register co.a contains the AOB address. Register AO is a pointer to 
the Setlnfo parameter block (as shown In figure 6) containing the service routine 
address and the data area address. On exit. register DO.a will contain the error code. 

0 Service ~outine Address (4 bytes) 

4 Data Area Address (4 bytes> 

Flow Chan of some lmDortant routines 

Flow charts for the ADBOp and Shift-Register Interrupt are shown in figures 7 and 8. 
They are here as a reference only, and the actual implementation is not an exact 
duplicate of the flow chart. 
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ADaop: 

I.a -.a variabllc 
ADICnr • (AG)+ 
ADIB•• AO.L 
ADICmd • DCLI 
ADICaftlp • A1J. 
AD.._•O 
AOaa.,.1 

S.C STo-sT1 bit1 ro 
ADIState 

1-.~inOU 

Zlro DO.L 

RTS 

... DO.I.. ·1 

Figure 7. ADBop Flow Chart. 
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fl-.•• aa1111W11i 

ADBSAQ.1 

EXIT 

Figure 8. Shift-Register Interrupt Flowchart. 
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Belated Dgcumentatlon 

The foDowing documents are helpful in getting a better understanding of the Apple 
DeskTop Bus: 

• FOBOvrS.Asm sample code for Macintosh (Larry Kenyon I Mike Clark, 
2/20/86) 

• frpnt Dnk Bua SpeclflcatlQn (Mike Olark. 2/11/SS) 

• Macfntpsb to fDB Transcetyer Interface (Mike Clark, 2/24186) 

• Apple Desktop Bus Specification Bey. P.2 (Bill Marino, 8/13186) 
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Floppy Disk Connector Pinout 

10 ' I 1 6 S 4 I 2 1 • • • • • • • • • • r,:::... ,, ,, ,, " 15 14 11 12 11 "1(5\ 
~ . . . . . . . . . ~ 

1 GroU'\d 
2 GroU'\d 
3 Gro'6\d 
4 . Ground 
S •12 volts 
6 +S volts 
7 •12 volts 
I •12 volts 

- 9 (not connected) 
10 Motor speed control 

11 CAO 
12 CA1 
13 CA2 
14 LSTAS 
15 Write reQuest 
16 SEL. 
17 Externel drive enable 
18 Reed date 
19 Write date 
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Freeport Serial Ports 
14July 1986 

The Aladdin extends the copobilities of the Macintosh serial ports, 
primarily for better support of synchronous modems. This serial port 
enhancement includes the following: 

Production Hardware <DVT ·2 and later) 

1. Freeport provides on addltlonal handshake Input, GPi (General 
Purpose Input), on each serial port. This input is accessible ot pin 7 of 
the mini-8 serial connectors. GPi is received, inverted, at the SCC's 
DCD/ (Doto Carrier Detect) Input. On the Macintosh Plus serial 
connectors, pin 7 is not connected. On the Macintosh Plus and 
Macintosh 512K. the SCC's DCD/ inputs ore used to detect interrupts 
from the mouse. o function token over by the Apple DeskTop Bus on 
Freeport. 

2. For port A (the ·modem· port) only, o software accessible switch 
· directs either the usuc! 3.672 Ml-l.z c!ock signal or on externally supplied 

clock to the SCC's RTxCA/ (Receive/Transmit Clock- channel A) input. 
This switch is set by the VIA's PA3 output: when PA3 is high (1. the default) 
RTxCA/ receives the 3.672 MHz clock; when PA3 is low (0) RTxCA/ 
receives the some inverted GPiA signal that appears at the SCC's 
DCOA/ input. On the Macintosh Plus and Macintosh 512K. the VIA's PA3 is 
used os on output coiled SND.PG2/, which selects the alternate sound 
buffer when low. The alternate sound buffer is not available on 
Freeport. 

DVT·l Prototype Hardware 
The following changes were introduced on the first-revision Freeport 
prototypes only, built in July, 1986. In the interest of backwards 
compatibility. it was decided to reverse these changes (bock to the 
Macintosh Plus definition) for oil subsequent revisions, beginning with 
Rev. 2 Freeport prototypes to be built in August, 1986, for DVT 2. 

i~ 
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1. The TXD+ and TXD- (Transmit Doto+ & ·>outputs, accessible ot pins 6 
and 3 of the mini-8 serial connectors, are enabled by the SCC's DTR/ 
(Doto Terminal Ready) output: If OTR/ is low CO> the lXD outputs ore 
enabled; if OTR/ is high Cl) the TXD outputs ore placed in a high
lmpedonce stote. On the final Freeport, Macintosh Plus and Macintosh 
512K, the TXD outputs are enabled by the SCC's RTS/ (Request to 
Send) output. 

2. HSKo, the Handshake Output accessible at pin 1 of the mlnl-8 serial 
connectors, Is driven inverted from the SCC's RTS/ (Request to Send) 
output. On the final Freeport and Macintosh Plus, the HSKo output is 
driven inverted from the SCC's OTR/ output. 

3. HSKi, the Handshake Input accessible at pin 2 of the mini-8 serial 
connectors, is received Inverted at the SCC's CTS/ (Clear to Send) 
and TIO:C/ (Transmit /Receive Clock) Inputs. On the final Freeport, 
Macintosh Plus and Macintosh 512K. the HSKi signal is received without 
inversion . 



Here's a quick pin-by-pin comparison of the Freeport, Macintosh Plus,cr.d 
the Macintosh 512K serial ports. i 11 

I 

Frffport, AU Rev•s. Macintosh Plus Macintosh 128K/512K 
Minj-8 . Mjni-8 08-9 

Pin 7: GPI. received Pin 7: <Not connected> CNo General Pu~ose !r:c~:-) 
nverted at OCO/ 
(en port A. also 
received at ITxCA/ 
If VIA's PA3 Is •t low) 

Production Frffport 
Freeport Rev .1, and 

Only Macintosh Plus Macintosh 128K/512K 
Mini-8 Mfrj.8 QB-9 

Pin 1: HSKo. driVen Pin 1: HSKo. driVen CNo Handshake Outi:~t) 
inverted from ITS/ Inverted from DTI/ 

Pin 2: HSl<l. received Pin 2: HSKJ. received Pin 7: HSl<J. received 

• Inverted at CTS/ un·lnverted at CTS/ un-inverted ct CTS/ 
and mxc; and TRxC/ and mxC/ 

Pins 8 & 5: RXO+ & •• Pins 8 & S: RXO+ & •• Pins 8 & 9: RXD+ & -. 
received differentially received differentially received differermc::y 
atlhD at RxO otRxO 

Pins 6 & 3: TXO+ & •• Pins 6 & 3: TXO+ & •• Pins 4 & 5: TXD+ & -. · 
driven differentially driven differentially driven differer.tic:ly 
from TxO: enabled from TxO: enabled from TxO: enct:led 
from DTR/ from ITS/ from RTS/ 

Pin 4 & Shen: Ground Pin 4 & Shell: Ground Pins 1. 3. & Sheil: Grc ... :-:: 

CNo +SV supplied) CNo +SV supplied) Pin2: +SV 

CNo + 12V s~plied) CNo + 12V sur;>pUed) Pin6: +12V 

) 
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Freeport Rev. 1 Prototype Serial Ports 17 May 1986 
8530 (SCC) 

15m,.. 

Axe,.. 

rn,.. 
~ ... 

. m,.. 

W/REQA 
W/REQe 

TxOe 
rne 

PCLK 
~B 

~B 

Rx De 

me 
TRiCe 

l!\T!e 

0 

0 

3.672MHz 
8522 (VIA) 

;;:~~~~PA3 ..._ __ .... 

112 of 9636A (or 3488A) 
I o-

8522 (VIA) 

PA7 

+sv 
-sv 

3.672MHz 

3/4 of 26LS32 

0 

0 

0 

112 ot 9636A (or 3488A) 

I o-
+12V 'tc We.Ye 
-i2v "f E Sheoe 

(i7) 
~ 

HSl<OA 

Note: Ai R2 

-<!EIEliE>- • T 

T><De-
TXO + 

HSKoe 

(R1+R2 • 40 to 60 ohms, 
c • iso to 300 pF) 
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Freeport Production Serial Ports 14July 1986 

8530 {SCC) 

1--:--+'--~~~-<::!EIEllii:>---------:TXO::=~"'~-~------~---, TxDA . , TXOA + 
Pfr!At--t:~_;;;;;;;:;J 

ESC5A 

Ax DA 

rnA 
TJ!rxeA 

.mA 

WIR!QA 
WIR!Qe 

Txo8 

RT!e 

PCLK 

~B 

rsme 
Ax De 

me 
~a 

me 

0 

0 

3.172MHz 
6522 (VIA) 

;:;:::l'~~~PA3 
.._ __ __ 

1/Zo# 9636A {or3488A) 
I o-

6522 (VIA) 
PA7 

+sv 
-sv 

3.172MHz 

0 

0 

1/Z of 9636A {or 3488A) 

I o-
+12V \tc Wave 
-12v "EE Sheoe 

HSKiA 

HSKOA 

Note: R1 R2 
-<m!ilIW- • ~ 

;;;c 
(R1+R2 • 40 to 60 ohm,, 

C • 150 to 300 pF) 

TXO -
TXO + 

GPi ~ a 

/77 

HSKoe 

) 



- FREEPORT ..... . _,. 

'•..'. . 
-~! S'JPPLEMENTAL 

tlOCUMENTATION 
l 

December, 1986 

Introduction ' 
The documentation contained herein will supplemern: '.£f14Jt~~,16fi;~~:;1··: 
that you received earlier. All duplicate infonnatior. cc·~ M;: this · · · 
document should supercede all previous do;cufl'.lonts. 

" 
The design of the Freeport is now stable .. Changes ba~een D~.2.· t;nits 

- (thA units you received in early November) and productiOfl·Unitx;,wHi .De 
minor and should not effect your product plans. You shouid ·h~\t~f··:-' 
reservations about committing to your designs from thl~·pob~ .fp~Y .. ~ii.rd.~ -: r.1~·. 
doc~mentation should accompany the final pre-production-p1~~("A,pG 
Freeport (Called a "PVT" unit). · · 

Changes between the various prototype levels (DVT1, DVI"~ -~11d 
PVT/Production) are all detailed in this document. 

Documentation Outline 
Th.· :e sections are replaced (from the early package): . 11 Difft~r~p~~r::: 
be1·~,een Freeport and Macintosh 512K , Macintosh Plus" (l_n~~~~·n .:~~~·-:1 r; 
updated and redistributed to different sections), "Expansion~P.c~ri c,)iff·L\"ic/' 
diagram replaced (See amended and enhanced informatio_n t·f!lo~·.1); .S:"~r:··; 
and ADS software specifications (specifications updated). 

This documentation packet includes the following sections: 
I. Rom Daugtherboards 
II. Changes between DVT1 and DVT2 prototypes 
Ill. Changes between DVT2 and PVT/Production units 
IV. New Expansion Features (of Freeport) - Description, Warranty Issues 
V. Custom Card Expansion - Features of the 96 pin CUI:i1~~:Z:~7,~·~·: 
VI. Disk Drive Expansion - SCSI Hard Disks, BOOK Drive~ 
VII. Apple Desktop Bus - Input Device Bus 
VIII. Feature Changes From Previous Macintosh Syste_nts 
IX. General System Enhancements 
X. Power Budget Considerations 
XI. Heat Dissipation Guidelines 
XII. Memory Map 
XIII. System Timing Diagrams 
XIV. Mechanical Drawings 

i.. ~ 'X>J. = ~test SCSI Software Specification 
XVI. ~ . .atest ADB Software Specification 

12186 Apple Computer Ccnfid<;itila! 
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I. ROM daugf:lterboar,ds 
Enclosed with this documentation are a new set of ROMS. Also included is a 
new System Tools disk. The ROMs will work properly in your PVT units only. 

The final Freeport system will ship with 256K of ROM which will plug directly 
into the ROM sockets on the logic board. Because EPROMs of this size are 
not readily available, we have provided you with a ROM daughterboard that 
holds four EPROMs. Taken together, the four EPROMs contain the ROM 
image of the final 256K Freeport ROM. 

Since you may be developing expansion card products which might 
interfere with the ROM daughterboard, we have also provided you with a set 
of masked ROMs that are electrically and mechanically identical to the final 
ROM. However, these ROMs have many known bugs. They are provided 
for your convenience only. 

12186 Apple Computer Confidential Page 2 
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II. Changes between first (DVT1) and second 
(DVT2) prototypes 

• Serial Ports are now Macintosh Plus compatible (This change was 
previously detailed in section 8 of the "Freeport Hardware Preliminary 
Notes"). -

• 96 Pin expansion connector is reversed and several pins have been 
changed (See Section V. Custom Card Expansion). However, these 
changes should not have a major impact on your products. 

• Internal SCSI connector has been turned around. Reset feature on drive is 
now functional. 

•Hard drive firmware now supports 2:1 interleave. 
•Minor mechanical revisions (See mechanical drawings). 

Ill. Changes between DVT2 and PVT/Production 
Units 

The PVT units you have received are functionally identical to the final 
production units in every detail except for some appearance changes to the 
housing (however mechanical size/location features will not change). 
These units pass FCC emissions standards. The only meaningful 
differences between DVT2 units and production units will be that PVT units 
will be the first units to include the SCSI IRQ feature and the removable 
Accessory Access Port door at the rear. 

12186 Apple Computer Confidential Page 3 
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IV. New Expansion Features 
The Freeport includes three new and powerful expansion capabilities. 
These are: Provisions for an internal custom expansion card, provisions 
for an internal 3.5 Hard Disk (or Second Internal SOOK Drive), and 
provisions for flexible connections of input devices by way of the Apple 
Desktop Bus. 

The internal expansion features provide logic and power connections as 
well as a fan for coolin~. Third-party products that adhere to the 
recommended expansion guidelines (power dissipation, mounting, 
cooling, connedions, etc), use the Apple supplied expansion features 
and do not require physical alteration of the Freeport will not void the 

· Apple Limited Warranty. 
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V. Custom Card Expansion 
The Freeport is the first Macintosh to provide the capability for internal 
hardware expansion. The Freeport supports one internal expansion 
card of approximately 4"x8" in size (See included drawings). 

Custom card expansion of the Freeport is supported by these f~atures: 
• 96 Pin Expansion Connector (Euro-DIN type) that provides power, 
timing and direct access to the 68000 microprocessor bus. 
• Standoff mounting features for physical card support. 
• Revised logic board installation and layout features. 
• Accessory Access Port for custom external connector support. 

96 Pin Connector _ 
The 96-pin Euro-DIN bus conneetor, on the CPU board, has all of th~ .. 
68000 signals, plus the 15.6672 MHz system clock, a signal which carf:: 
tri-state the CPU board's DTACK/ line, +12V, +SV, -SV, and -12V power, 
and ground. 

The majority of the signals on the expansion connector are connected 
directly to the 68000 microprocessor, with no buffering. See 68000 
documentation for additional detail, timing and use. 

::: , 
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CHANGES TO 96 Pin Expansion Conneptor Pinout 
The information below applies to DVT2 and later (including production) 
systems. 

In order to accomodate potential future enhancements, several changes 
have been made to the connector pinout. The changes fall into three 
categories: 

• label Changed only (seven pins and connector reversed*), 
• label Changed to Reserved (Signals still intact, but could be 

changed, without notice to support system enhancements - six pins} 
• Functional Change (2 Pins) · 

• While all signals are physically in the same position relative to the logic 
board, the connector has been physically reversed. The ~ effect that 
this has is to renumber the labeling of the pins. The charts below follow 
the new numbering scheme. 

Functional Changes 
fin Old Description 
C31 -12V 
C11 Spare 

New Description 
Spare 
PMCYC/ 

Impact 
Can't Use 
Adds New Function 

Label Changed Only, But Reserved For Possible Future Change 
Pin Old Description New Description Impact 
827 E Reserved Use Pin A27 
826 A23 Reserved Use Pin A26 
825 A22 Reserved Use Pin A25 
824 A21 Reserved Use Pin A24 
823 A20 Reserved Use Pin A23 
81 o AS/ Reserved Use Pin C1 o 

Label Changed Only 
fin Old Description 
C10 AS.CPU/ 
811 Spare 
A27 E.CPU 
A26 A23.CPU 
A25 A22.CPU 
A24 A21.CPU 
A23 A20.CPU 

New Description 
AS/ 
Reserved 
E 
A23 
A22 
A21 
A20 

12186 Apple Computer Confidential 

Impact 
None. Labeling Change 
None. Labeling Change 
None. Labeling Change 
None. Labeling Change 
None. Labeling Change 
None. Labeling Change 
None. Labeling Change 
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Signal by Signal Description 

Connector Signal Signal 
.Bgyt fin Name Desedptjon 

A 

A 

A 

1 

2 

3 

A 4 

A 5 

A 6 

A 7 

A 8 

A 9 

A 10 

A 11 

A 12 

A 13 

A 14 

A 15 

A 16 

A 17 

A 18 

A 19 

A 20 

FC2 

FC1 

FCO 

A1 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

A17 

Function Code 2 

Function Code 1 

' 
Function Code o 

Address 1 

Address2 

Address3 
, 

Address 4 

AddressS 

Address 6 

Address 7 

Address 8 

Address 9 

Address 10 

Address 11 

Address 12 

Address 13 

Address 14 

Address 15 

Address 16 

Address 17 

Input or Loading or Drive 
Output Capabjlity tHjgh/ Low) 

Output Drive: 40 uAl.4 mA, 30 pF 
(Input) (Load: 100 uA/ 100 uA, 50 pF) 
Output Drive: 40 uAl.4 mA, 30 pF 
(Input) (Load: 100 uA/ 100 uA, 50 pF) 
Output Drive: 40 uAl.4 mA, 30 pF 
(Input) . (Load: 100 uA/ 100 uA, 50 pF) 
In/Out Load: 250uA/1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uAl.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 1 oo pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uAI 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uAl.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250uA/1 mA, 100 pF 

Drive: 40 uA/.4 mA. 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uAl.4 mA, 30 pF 
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FREEPORT 96-PIN BUS CONNECTOR 
December 1986 

(Dvr2 and Lat• Systems) 
J13 

0 
I 

I ·12V I ·IV I I •12V I II 

1-... I •12V I I •1tv " 
I Gillund I •12V II Gillund H 

I 01s I GIDund 11 C11M II 

01' 1 I Ext.OT~ CIM II 

013 IAeH-i e 17 

012 AeH-i A23 II 

011 Rne-i A22 u 
010 Reservei A2, 2• 

09 I Re~eNei A20 u 
08 ISM .. A111 22 

07 laeR~ A1 I 21 

CG I 1ft1 111'111 I 

In-~"' ... ~' :e 
05 IPI. 11 A,6 ,. 

°' I IPLOi A15 ,. 
03 .sv I A,, 17 

02 .sv I A,3 I 11 

0, .sv I A12 15 

00 .sv ... ,, ,. 
.sv I .sv A10 1S 

RESETI HMALTi I A9 12 

I PMCVCI 11 R-N•i A8 I 1 1 

I AS/ I IR-Nei A7 10 

I UOSI 1~n0 A6 • 
LDSI I G111Uftd AS • 
RIW/ I Grouncs A' T 

OTACKi I Grou..a A3 • 
BGt I GlllUfld A2 I 

IBGACK/ I Gn!Ufld I I A, . ' 
IBRI I Grouncs 11 FCO a 
I VMA/ I GnMicl 11 FCI 2 

IVPA/ I Ground 11 FC2 

l 
0 

c B A 

L 
0 
G 
I. 
c 

B 
0 
A 
R 
0 

E 
0 
G 
E 



Connector Signal Signal Input or Loading or Drive 

.( &2w fie. ~ams Cascr:iQliac Cwgui Cagabili!~ (fligbl La~l 
A 21 A18 Address 18 In/Out Load: 250 uA/ ~ mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
A 22 A19 Address 19 In/Out Load: 250 uA/ 1 mA, 1 oo pF 

Drive: 40 uA/.4 mA, 30 pF 
A 23 A20 Address 20 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uAl.4 mA, 30 pF 
A 24 A21 Address 21 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
A 25 A22 Address22 In/Out . Load: 250uA/1 mA, 100 pF 

Drive: 40 uAl.4 mA, 30 pF 
A 26 A23 Address 23 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
A 27 E E clock, Output Drive: 40 uA/.4 mA, 30 pF 

to main board (Load: 100 uA/ 100 uA. 50 pF) 
A 28 CSM 7.8336 MHz Output Drive: 20 uA/.2 mA, 20 pF 

clock 

A 29 C16.M 15.6672 MHz Output Drive: 20 uA/.2 mA, 20 pF 
clock 

A 30 GNO Logic ground 

A 31 +12V +12 volts Output Drive: 150 mA total, from 
A 32 +12V +12 volts Output all +12V pins 

8 1 GND Logic ground 
8 2 GNO Logic ground 
8 3 GND Logic ground 
8 4 GND Logic ground 
8 5 GND Logic ground 
8 6 GND Logic ground 
8 7 GND Logic ground 
8 8 GND Logic ground 
8 9 GND Logic ground 
8 10 Rsrvd Reserved 
8 11 Rsrvd Reserved 

8 12 HALT/ 68000 Halt In/Out Load: 300 uA/ 6 mA, 50 pF 
(without RESET/: 50 uA/ 50 uA) 

Drive: O uA/ 0 uA, 30 pF 
(without RESET/: 40 uA/ .4 mA} 

B 13 +5V +5 volts Output 
8 14 +5V +5 volts Output 

c· 8 15 +5V +5 volts Output Drive:1.5 A total, 
from all +5V pins 

8 16 +5V +5 volts Output 

12186 Apple Computer Confidential Page 8 



Connector Signal Signal Input or Loading or Drive 
~ fin t.JaDJI Cl&Cci'2liCD Cutg1.11 Cagabili~ (l::!ig hl LCrs!) 

{ B 17 +5V +5 volts Output 
B 18 IPLO/ Interrupt level O In/Out Load: 100 uA/ 2 mA, 50 pF 

(VIA, SCSl.IRO) Drive: 40 uA/.4 mA, 30 pF 
(Open collector; 

3.3K ohm pullup) 
B 19 IPL1/ Interrupt level 1 In/Out Load: 100 uA/ 2 mA, 50 pF 

(SCC) Drive: 40 uA/.4 mA, 30 pF 
(Open collector; 

3.3K ohm pullup) 
B 20 IPL2/ Interrupt level 2 In/Out Load: 100 uA/ 2 mA, 50 pF 

(NMI switch) Drive: 40 uA/.4 mA. 30 pF 
(Open collector; 

3.3K ohm pullup) 
B 21 BERRI Bus Error In/Out Load: 100 uA/ 2 mA, 50 pF 

Drive: 40 uA/.4 mA. 30 pF 
(Open collector; 

3.3K ohm pullup) 

B 22 Spare Spare 

B 23 Rsrvd Reserved 
B 24 Rsrvd Reserved 
B 25 Rsrvd Reserved 
8 26 Rsrvd Reserved 
8 27 Rsrvd Reserved 

8 28 Ext.OTK/ External OTACK/ Input Load: 100 uA/ 2 mA, 50 pF 
(tri-states main (3.3K ohm pullup) 

board's OT ACK/) 

8 29 GND Logic ground 
B 30 +12V +12 volts Output Drive: 150 mA total, from 
B 31 +12V +12 volts Output all + 12V pins 

B 32 -sv -5 volts Output Drive: 100 mA 

c 1 VPA/ Valid Periph. Output Drive: 40 uA/.4 mA, 30 pF 
Address 

c 2 VMA/ Valid Memory Output Drive: 40 uA/.4 mA. 30 pF 
Address (Input) (Load: 100 uA/ 100 uA. 50 pF) 

c 3 BR/ Bus Request Input Load: 100 uAI 2 r.nA, 50 pF 
(3.3K ohm pullup) 

c 4 BGACK/ Bus Grant Input Load: 100 uA/ 2 mA, 50 pF --- ) 
\ 

Acknowledge (3.3K ohm pullup) 
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Connector Signal Signal Input or Loading or Drive 
.Bgw fiil t:Jama Ca&ccimiac QUlgJ.ll Cigabili!X U:figbl Lc»:l 
c 5 BG/ Bus Grant Output Drive: 40 uAJ.4 mA, 30 pF 

( c 6 DTACK/ Data Transfer In/Out Load: 100 uAJ 2 mA, 50 pF 
Acknowledge Drive: 40 uA/.4 mA, 30 pF 

(Ext.DTK/ low tri·states main 
board's DTACK/; 

3.3K ohm pullup) 

c 7 R/W/ Read/Write Output Drive: 40 uA/.4 mA, 30 pF 
(Input) · (Load: 200 uA/ 2 mA, 50 pF) 

c 8 LOS/ Lower Data Output Drive: 40 uAl.4 mA, 30 pF 
Strobe (Input) (Load: 100 uAJ 1 mA, 50 pF) 

c 9 UDS/ Upper Data Output Drive: 40 uA/.4 mA, 30 pF 
Strobe (Input) (Load: 100 uAJ 1 mA, 50 pF) 

-c 10 AS/ Address Strobe, Output Drive: 40 uAJ.4 mA, 30 pF 
to main board (Input) (Load: 200 uA/ 3.2 mA, 50 pF; 

3.3K ohm pullup) 

c 11 PMCYC/ Processor Output Drive: 40 uAJ.4 mA, 30 pF 
Memory Cycle (High during video 

access to RAM) 

:;- c 12 RESET/ Reset In/Out Load: 300 uAI 6 mA, 50 pF 
Drive: 40 uA/ .4 mA 

(Open collector; 1 K ohm pullup) 
c 13 +5V +5 volts Output Drive: 1.5 A total, 

from all +5V pins 

c 14 DO Data bus, bit O. In/Out Load: 250 uAJ 1 mA, 100 pF 
Drive: 40 uA/.4 mA, 30 pF 

c 15 01 Data bus, bit 1 In/Out . Load: 250 uAI 1 mA, 100 pF 
Drive: 40 uAl.4 mA, 30 pF 

c 16 D2 Data bus, bit 2 In/Out Load: 250 uAI 1 mA, 100 pF 
Drive: 40 uAl.4 mA, 30 pF 

c 17 D3 Data bus, bit 3 In/Out Load: 250uAI1 mA, 100 pF 
Drive: 40 uA/.4 mA, 30 pF 

c 18 D4 Data bus, bit 4 In/Out Load: 250uA/1 mA, 100 pF 
Drive: 40 uA/.4 mA, 30 pF 

c 19 DS Data bus, bit 5 In/Out Load: 250 uAI 1 mA, 1 oo pF 
Drive: 40 uAJ.4 mA, 30 pF 

c 20 06 Data bus, bit 6 In/Out Load: 250uAI1 mA, 100 pF 
Drive: 40 uA/.4 mA, 30 pF 

c 21 D7 Data bus. bit 7 In/Out Load: 250uAI1 mA, 100 pF 
Drive: 40 uAJ.4 mA, 30 pF 

r 
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Connector Signal Signal Input or Loading or Drive 
~ Ein t:i&OJI Ce5ccig!igc Cu1gw Cagabili~ (t::iigbl L.g:tl} 
c 22 DS Data bus, bit 8 In/Out Load: 250uA/1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
c 23 D9 Data bus, bit 9 In/Out Load: 250uA/1 mA, 100 pF 

Drive: 40 uA/.4 ·mA, 30 pF 
c 24 D10 Data bus, bit 1 o In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
c 25 D11 Data bus, bit 1 1 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
c 26 D12 Data bus, bit 12 In/Out Load: 250 uA/ 1 mA, 100 pF 

· Drive: 40 uA/.4 mA, 30 pF 
c 27 D13 Data bus, bit 13 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
c 28 D14 Data bus, bit 14 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 
c 29 D15 Data bus, bit 15 In/Out Load: 250 uA/ 1 mA, 100 pF 

Drive: 40 uA/.4 mA, 30 pF 

c 30 GND Logic ground 

c 31 Spare Spare 

c 32 ·12V -12 volts Output Drive: 100 mA 

~Ql~~ Qn Bus LQading/Qriving: 
The following lines are pulled high, using 3.3K ohms to +SV, so that they go 
to a known level when the lines are put in a high-impedance state: AS/, 
DTACK/, EXT.OTACK/, IPLO/, IPL 1/, IPL2/, BR/, BGACK/, BERRI. The 
following lines are pulled high using 1.0K ohms to +SV: RESET/, HALT/. 
The DC load and drive specifications are indicated in the format 
"signal-high/signal-low." 

The C8M and C16M clock outputs are specified to drive one 74LS input (a 
standard 74LS input load is 20 uA high, .2 mA low). All other outputs have 
been specified to drive two 74LS inputs. 

The terms "Input" and "Output" are defined relative to the Freep'ort main 
logic board. 

Where (Input) is in parentheses, the pin carries a signal which is usually an 
output driven by the 68000, but which is put in a high-impedance state by 
the 68000 after responding to a Bus Request. When put in a 
high-impedance state by the 68000, this pin may be driven as an input from 
the 96-pin connector. 

12186 Apple Computer Confidential ·Page 11 
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Additional Signal Description: 
FCO-FC2 - 68000 Function Code lines. 
A 1-A23 - 68000 Address lines. 
E - 68000 E Clock 
C8M - Microprocessor clock - 7.8336 MH~ • C1 SM divided by 2. 
C16M -Gate Array Clock-15.6672MHz. 
HAL Tl - 68000 Hall Wired directly to RESET/. 
IPLO/-IPL2/ - 68000 Interrupt Priority Level lines. 
BERRI - 68000 Bus Error. Generated by gate array due to SCSI 

Ext.DTK/ 

VPAI 

VMAI 
BR/ 
BGACK/ 
BG/ 
DTACK/ 

RN// 
LOS/ 
UPS/ 
AS/ 
PMCYC/ 

RESET/ 
D0-015 

12/86 

access timeout. See •General Enhancements Section" of this 
document, Section 3. 
- Pull low to put the Gate Array generated OT ACK/ into a 
high-impedance state. The expansion board is then 
responsible for generating the OT ACK/ signal (as an output to 
the microprocessor, through the DTACK/ signal line). 
- 68000 Valid Peripheral Address. Supplied to 68000. For 
Freeport, VPA space is $EO 0000 to $FF FFFF. 
- 68000 Valid Memory Address. 
- 68000 Bus Request. 
- 68000 Bus Grant Acknowledge. 
- 68000 Bus Grant. 
- 68000 Data Transfer Acknowledge. Inserts wait states until 
data bus is available. Normally supplied by the gate array. 
Gate array generation of OT ACK/ can be suppressed (put into 
a high-impedance state) by pulling the EXT.DTACK/ line low; 
this allows OT ACK/ to be externally generated by an add-on 
device. DTACK/ is not supplied for accesses to VPA space, is 
held off to separate 2 successive accesses to the sec and is 
held off during RAM access by video. 

- 68000 Read/Write. 
- 68000 Lower Data Strobe. 
- 68000 Upper Data Strobe. 
- 68000 Address Strobe. 
- Processor-Memory Cycle. Used to synchronize with the gate 
array for RAM accesses. PMCYC/ is low when RAM is 
available for microprocessor accesses and is high during 
video accesses. PMCYC/ is always high during SO. See 
attached timing diagrams. 
- 68000 Reset. Wired directly to HALT I. 
- 68000 Data Bus. 

Apple Computer Confidential Page 12 
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Physical Mounting features 
Two mounting holes are provided on the CPU board, for standoffs, to 
mechanically hold an expansion board in place. (See Mechanical Drawings 
and Logic Board itself) 

Logic Board Installation features 
The CPU board has been altered so that it can be fastened into the chassis 
without sliding in from the rear. as on the Macintosh 512K and Macintosh 
Plus. This feature will accommodate the extra height of a CPU board with an 
expansion board mounted on top of it. In addition. to leave more room for 
mounting components on the bottom side of an expansion board, the SIMM 
sockets have been placed side by side. at the extreme front edge of the CPU 
board. 

Installation and removal of the Freeport logic board is accomplished by 
sliding the board out, about one-half inch, along the rails. The slotted side of 
the logic board then swings out for removal. 

Accessory Access port 
The Accessory Access Port provides connector mounting features and 
out-of-case connector access to external peripherals (e.g. external monitor, 
telephone line, disk drive, local area network, etc). Mounting features are 
provided by a bracket at the rear of the chassis. Out-of-case access is 
provided by a removable plastic door (door not included on DVT2 systems). 

The Connector Bracket will shield a third-party supplied connector and 
physically support a Connector Mounting Card. A Connector Mounting Card 
is a PCB that holds the custom connector and could also contain some 
electronic components, if necessary. Developers should pay close attention 
to EMI, heat, CRT interaction and hard drive interaction when placing 
components on this card. 

The removable plastic door is similar to the battery door on previous 
Macintosh systems, however it can only be removed from the inside of the 
case. Developers may choose to replace the plastic door with one that has a 
cut-out for their custom connector. It is also acceptable to have no 
replacement plastic insert, provided that the entire case opening is 
blocked or covered, from the Inside, to prevent inadvertent access to 
the high voltages inside of the case. 
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VI. Disk Drive Expansion 
The Freeport provides the capability to add an internal 3.5 SCSI hard disk or 
second internal SOOK drive. 

Add-on disk drive support of the Freeport is supported by these features: 
• A standard 50-pin SCSI connector on the logic board. 
• A standard 4-pin hard disk power connector. 
• A front-mounted hard disk activity lens. 
• IRQ line support for asynchronous transfers. 
• Improved hardware handshaking. 
• Second internal .IWM connector. . _ 

INTERNAL HARD DISK SUPPORT 

50-pin SCSI Connector 
Details in SCSI documentation. 

4-Pin Hard Disk Power Connection 
See manufacturer's hard disk documentation. 

Front-Mounted Activity Lens 
See drawings. 

Asynchronous Transfers 
A CPU interrupt from the SCSI IRQ line has been added to support 
asynchronous SCSI operations. On production Freeports (not on DVT1 or 
DVT2), the SCSI chip's IRQ line can generate a level 1 interrupt (the same 
level as the VIA interrupt) when the IRQ goes high, indicating that the 
NCR5380 (SCSI chip) has detected one of the conditions for IRQ (see 
NCR5380 documentation for details). This interrupt is normally masked, but 
it can be enabled by setting the VIA's PBS output low (while waiting for the 
first byte of a block transfer to arrive, for instance). 

Hardware Handshaking 
Hardware handshaking to the SCSI port has been improved. On Macintosh 
Plus, a data strobe (OT ACKl·O) is sent to the CPU whenever the SCSI chip is 
addressed. On Freeport when accessing SCSI in OMA mode (address bit 
A9·1), DACK/ is not sent to the SCSI chip, and DTACK/ is not sent to the 
CPU, until the SCSI chip's DRQ line goes high, indicating that a byte of data 
has been received or transmitted. If OT ACK/ is not set low for 265 
milliseconds after AS/ goes low, a bus error (BERRI· O) is sent to the CPU. 
[Actually, BERRI may be generated at any time greater than 265 mS, and is -
certain to have been generated by the time OT ACK/ has been held off for 
284 ms. J 
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( $econd Internal BOOK Drive 
On Macintosh 512K and Macintosh Plus, the IWM's ENBL1/ signal enables 
the internal floppy disk for reading or writing. On Freeport, ENBL 1/ has been 
further decoded to provide two enable lines: one enables the lower internal 
drive, which is always present, while the other enables the optional, upper 
internal drive. A bit in the VIA (DRIVE1 B/, on PA4) selects between the two 
Internal drives. When DRIVE1B/ is high (the default: PA4·1), ENBL1/ 
enables the lower drive, while setting DRIVE1 B/ low (PA4·0) allows ENBL 1/ 
to select the upper drive. 
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VII. Apple Desktop Bus 
The Apple Desktop Bus is a flexible input bus that provides the capability for 
concurrent connection of multiple input devices. The Freeport_includes two 
Apple Desktop Bus connectors that can be used interchangeably. The two 
connectors on the keyboard can be used to connect the keyboard to the 
system and to daisy-chain another device. See Apple Desktop Bus 
documentation for details. 
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VIII. Feature Changes From Previous Macintosh 
Systems 
As with any new system, some old features have been changed to support 
new features. These changes are detailed below. 

1. The alternate sound/disk-speed buffer Is not available on 
Freeport. On Macintosh 512K and Macintosh Plus, this buffer was 
accessed by setting SND.PG2/ (VIA's PA3) low. On Freeport, the VIA's PA3 
is used for MODEM/ (see Freeport Serial Ports document). 

2. The horizontal retrace input to the VIA Is not available on 
Freeport. On Macintosh 512K and Macintosh Plus, this input was called 
H4, and was received at the VIA's PBS input. It allowed a program to count 
horizontal .screen lines. On Freeport, the VIA's PBS is used as an output. to 
mask SCSI IRQ interrupts (see the SCSI discussion). 

3. The OVERLAY function is handled automatically on Freeport. 
OVERLAY causes ROM to appear at the bottom of memory, in addition to its 
usual location at $400000, when first booting the machine. Later on, RAM is 
re-mapped to appear at the bottom of memory.. On Macintosh 512K and 
Macintosh Plus, this function was under software control, through the VIA's 
PA4. When OVERLAY was high (the default: PA4·1), ROM was at the 
bottom of memory. When OVERLAY was set low (PA4==0), RAM was at the 
bottom. On Freeport, ROM is at the bottom of memory at power-on, but the 
first access to the $400000-$5FFFFF space automatically re-maps RAM to 
the bottom of memory. The VIA's PA4 is now used for selecting between two 
internal floppy disk drives (see section Disk Drive Expansion, above). 

4. The positions of certain components have been changed. Of 
possible interest to various hardware developers for Macintosh: the locations 
of the SIMM sockets have changed (they are now side by side, at the 
extreme front edge of the CPU board), and the ROMs and the CPU are also 
in slightly altered positions, compared to a Macintosh 512K or Macintosh 
Plus. 
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IX. General Enhancements 
Several system enhancements have been made to Freeport. They include: 

1. Speed of operation out of RAM has been Improved. On Macintosh 
512K and Macintosh Plus, during the display of a horizontal line on the video 
screen the CPU and the video are given alternating accesses to RAM, so 
that the CPU's use of RAM slows to 50o/o of the maximum rate. On Freeport 
every other video access point is given back to the CPU, and the video takes 
a double word at each remaining video access point, to make up. This gives 
the CPU three accesses to every one for video during a horizontal line, and 
the CPU can run at 75°/o of the maximum rate. This results in an average 
increase in overall speed of approximately 16%, more for RAM only tasks. 
Software timing loops written for Macintosh 512K and Macintosh Plus may 
have to be adjusted to work correctly on Freeport. 

2. More address ranges in the memory map are available for use 
by other hardware. Through additional decoding in Freeport, memory 
map spaces have been recovered which were off limits in the Macintosh 
512K because they were used for Phase Read or because they turned on 
multiple devices at once. These spaces include the ranges $800000 -
$8FFFFF,$AOOOOO-$AFFFFF,$COOOOO-$CFFFFF,$EOOOOO
$E7FFFF, and $FOOOOO - $F7FFFF. 

Note: On DVT1 Freeport units (~}.the address space $600000-$7FFFFF 
contains a duplicate image of the upper row of RAM. On Mac 512, MacPlus 
and on production Freeport units, that space is available for use by other 
hardware after startup. 

3. Hardware handshaking to the SCC has been improved. On 
Macintosh 512K and Macintosh Plus, it was possible for consecutive sec 
accesses to follow each other so quickly that the SCC specification was 
violated. This required a software delay between such accesses. On 
Freeport, hardware delays an SCC access if it attempts to follow the 
previous access in less than 2.25 microseconds. 

4. Timing phase adjustment is eliminated on Freeport. On 
Macintosh 512K and Macintosh Plus, the high-frequency CPU timing was 
adjusted at boot time, using Phase Read and word-wide accesses to the 
sec. This adjustment is not necessary on Freeport. 

5. Serial Ports. The serial ports have been enhanced with the addition of a 
backwards compatible handshake line. See serial port documer:ltaion. 
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6. Battery changed. On Mac 512 and Plus, the real-time clock and 
parameter RAM were powered by a rechargeable NiCad battery which could 
be replaced through a door on the back of the Macintosh case. On Freeport, 
a lithium battery provides this function; it is soldered onto the main logic 
board and has an estimated life of at least seven years. The Freeport case 
does not have a battery door. 
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X. Power Budget Considerations 
The capacity of the power supply has been increased to support the 
requirements of an expansion board, internal hard disk, etc. This increased 
power is budgeted approximately as follows: 

Ec~agcrl Ca~ica Amps Amps Amps Amps 
11±5~ il ·5V il±l2~ a.1 -12~ 

DeskTop Bus 0.5 
Internal SCSI Hard Disk 1.5 0.9 
Expansion Board 1.5 0.1 0.15 0.1 

Notes: 

The supply will support a surge of an additional 2 Amps at + 12V for up to 
1 O Seconds. This is provided to accomodate required startup currents 
for the internal hard disk. 
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XI. Heat Dissipation Guidelines 
Freeport expansion cards, by their own heat dissipation, will change the 
overall temperature profile of the CPU product. Because excessive heat 
can have a detrimental effect on product performance and reliability, we 
recommend the following as guidelines: . : 

1. Optimum cooling for both the logic and expansion boards can be 
achieved by positioning the expansion card as far above the logic board 
as possible (without running into the chassis - the maximum possible is 
16.5mm). In addition, placing components on the top side of the 
expansion board is optimal. 

2. Hot components should be placed away from the front bezel. This 
provides for better cooling by the air flow from the fan. 

3. Dissipation by the expansion board of up to- 7 .5 watts of power 
provides a comfortable margin for the major product components. 
Dissipation of more than 7.5 watts of power may cause excessive 
temperature rise on certain critical components. Our studies indicate 
that at an ambient temperature of about 24°C, 7.5 watts of dissipated 
power from the expansion board will cause an acceptable rise to about 
53°C on the CPU components iocated directiy under the expansion card 
(Studies conducted with internal hard drive installed). 

4. Components placed on a connector board mounted to the Accessory 
Access Port features should cool without significant impact to the rest of 
the product. 

5. The CPU components to be most concerned with include the 68000 
and the DRAM modules. 

6. Disk products should not cause an inside the box ambient 
temperature rise of more than 15°C over external ambient air 
temperature. 

7. Installation of an expansion board should not cause the case 
temperature of the hard disk to rise more than 15° C over external 
ambient air temperature. 
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Memory Map and Address Decodes 

The main purpose of the address decoder is to generate chip selects for 
different address spaces. The address space is divided into 16 equal spaces. 
There are two different address space maps depending on OVE ALA Y. 
OVERLAY is a node internal to the gate array. It is set by RESET/ and .cleared 
by addressing normal ROM space. (Specifically cleared by 400000 - SFFFFF.) 
The table below shows the address mapping. axxxxx indicates the hex 
address. For example 3xxxxx means any address in the range 
300000-3FFFFF (A23•0, A22•0, A21•1, A20•1, and A19-AO any value). 

MEMORY MAP 
Address 
Range Oyerlay=O Overlay= 1 Other Regujrements 

ROM ROM if RN-1=1 

ROM if Am ·1 

Ox xxxx 
1x xxxx 
2x xxxx 
3x xxxx 
4x xxxx 
Sx xxxx 
6x xxxx 
7x xxxx 
ax xxxx 
9x xxxx 
Ax xxxx 
Bx xxxx 
Cx xxxx 
Ox xxxx 
Ex xxxx 
Fx xxxx 

RAM 
RAM 
RAM 
RAM 
ROM 
SCSI 

ROM 
SCSI 
RAM 
RAM 

A19=1 note 1 

sec 
EXP.EN 
sec 

sec 
EXP.EN 
sec 

A19=1, A17=1 
note 2 

note 3 

IWM 
VPA, VIA 
VPA 

IWM 
VPA, VIA 
VPA 

VIA if A 19=1 note 4 

Note 1: If A9=0 then the operation is a normal SCSI access: 
SCSl/=0, DACK/=1, DTACK/ functions normally. 
If A9=1 then the operation is a pseudo-OMA access: 
SCSI/= 1, DACK!= DTACK/, DTACK/ waits for SCSI.ORO= 1. 

Note 2: If Rm =1 and LDS/=1, then read SCC. 
If RN"I = 1 and LDS/=0, then reset sec. 

Note 3: If Rm =0 and LDS/=0, then write SCC. 

Note 4: VIA does not require AS/ 
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Address Decodes (cont) 

Address space 9xxxxx with R/W • 1 and LDS/= 1 is for SCC Read. Address 
space Bxxxxx with R/W ·O and LDS/·O is for SCC Write. Address space 9xxxxx 
with R/W -1 and LDS/·O is for hardware reset of the sec. Read modify write 
instructions like BCLR are not legal (also not legal in MAC) since the address 
space for reads is different from the address space for writes. 

The timing for SCC decodes is complicated. OT ACK/ is returned 8 clocks later 
than it would be normally. This additional 500 ns is required for the long access 
time of the SCC. If doing an SCC Read, SCCRD/ falls 125 ns after SCCEN/ (the 
SCC's CE/) falls. Delays in the gate array keep SCCEN/ from rising until slightly 
after SCCRO/ rises (due to AS/ rising). If doing an SCC Write, IOW/ (the SCC's 
WR/) falls 125 ns after SCCEN/ falls. Delays in the gate array keep SCCEN/ from 
rising until slightly after IOW/ rises (due to AS/ rising). In addition, hardware 
prevents two SCC accesses from being too close together. An SCCEN/ falling 
will be held off (and no OT ACK/ returned) for 36 cycles after the first SCC 
operation finishes with SCCEN/ rising. 

SCSI write operations require R/\N -o. Read modify write instructions like BCLR 
are not legal (also not legal in MAC) since the data strobe for reads is different 
fr,..l"l't +h .... ~~·~ ... +r,.. ........ f,..r ...... : ....... , .... ,.,. e1""e1• ... 11"'\0/ : ... ..a .. : •• -- ...... I lf"'\c:'.'/\ .,. ... _ •:-=--
" \,1111 u 1g \olCUQ .:>ll\ollJO '""' nu Lo~ \LI iv .,;,v'-11., 1'\Jn/ 1;:, u11vc11 uy ULJ.;;;;Jt /• 111c m 11111y 

for the SCSI write operation involves IOW/. IOW/ falls due to R/W falling (S2). 
IOW/ rises during SS. This early ending of the write is done to meet the data hold 
requirement of the SCSI chip. 

DTACK/ falls on multiples of 4 clocks (SO,S4) and rises 5 clocks later. It may be 
held off in some address spaces. Space EOOOOO-FFFFFF is VPA space and 
does not return DTACKI. SCC space (9xxxxx or Bxxxxx) holds off OTACK/ for 8 
clocks longer than normal. In addition the hold off between two sec accesses 
holds off OT ACK/ until the time-out occurs. RAM accesses are restricted to occur 
on 8 clock boundries so OT ACK/ falls only on (S4) and only for valid RAM 
operations with AS/ low. In addition, RAM accesses which occur during video or 
sound cycles are held off until the video or sound OMA cycle completes. For 
SCSI operations in pseudo-OMA mode, DTACK/ is not returned until the next 
occurance of the time slot (SO,S4) after SCSl.OR0-1. DTACK/ can be tri-stated 
by holding EXT.OTK/ low. 

EN245/ enables the tranceivers which connect the RAM data bus to the 
microprocessor data bus during RAM operations. Microprocessor RAM 
operations which are held off during video/sound cycles have EN245/ disabled 
during the video/sound cycle. 
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Timing of Uideo ond 68000 Recesses to Freeport RAM 

I UIDEO ., SOllNO CYCL£1 CPll CY(( ( I CPH CYCLE I CPU CYCLE 
RllM RI 1111 llRM Ullllll llllM 111111 

SD u Sl n H S5 S6 S1 '° u S1 n "' ,., " S1 \0 u S1 SJ "' S5 S6 n SI SI S1 SJ S4 S5 H n SI 

111111111111111111111111111111111 
Ct6M fNote ti 

CBM CNote ti 

C4M __.----;~i.__;__r-:-~ : ~ : ~ : ~ : ~--:-i.__;__r--~---; fNole21 . . . . . . . . . . . " . . . . . . . . . . . . . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • t • • • • 

C2M ~ ; ; ; ' : : : ! ; ; ; ' : : : ! ; : ' : : : ! ; ; ; ' : : : r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [ 'M : : : : : : I : : : : : : ; r: : : : : : : I ; ; ; ; ; ; ; I : : : (Note 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I I I I I i I I I i I ~: : : : :~ i ";:: : : : :~ i "-.; : : : ~ f ) RS . . . . . . . . . . ~ , . . ",Q". . :'); , , • ;q: . . . . 1 • • Note t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 

RRM Date Bus 
Burrer Enable/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
: : : : . . : : . . :"'% : : : :P: . ': : : : =I': : ': : : : :,,...-: . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RAM R/W 

LOS/, DOS/ 

RAS/ 

CRSOL,H/ 
or CHS I l,H/ 

PMCYC/ 

. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
: : : : : : : : : . : . : : : "" : : : :1. : : : : : : : : : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I I I I ' I I ' I I ~ 0 0 ":I. I I I I 0 I ;A I '1llaiii. I I I •. ';---! .......... ~ ... -; ... ,..~ ..... . 
:::::::.::: : . : ... :: ... :: .. :: (Note I) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f-h======r---t-;== :· ··::::····::::H :11::1::·· ii .1····1::1····: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(Note J) 

fNetH I, 4) 

'
""t--J::::::····;;·:; ·;;;········;···· • OCYC • • • . • . . I . . . . . . . . . . . . . . . . . . . . . . . . ; Notes 2, 4, . ,,,,,, ........................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

DTRC IC I : : : ; : : ; : : : : : I : : : : I : : I : : : : I : ! I : : : : I fNote 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
RRM Addresses: : : : : : : : : : : : : : : : : : : : : : : : : : 

RR7, RR9 :CllJJMlll : : cm UMN : : tltllHN: : ca1MN : : fNote 4) . . . . . .. . . . . . . . . . . . . ~= : : : : : : . : : . . : : 
RRO-RR6, ARB ~ fllPMlf : :8 i 110!11X : CDIUMN :~ ~ .. ~ x : UHl!IN :x ~11! x : Ul•l'1N :~ tN01e "' 

RAM date snmpled for Uldeo 

RAM dnle snmpled for Sound 

.,., •. t ~.,. 2t 
lne HJortl t Note 1: This slgnnl ls 11u11lleble 11t the 96-pln eHpenslo_n board connector. 

Nole 2: This slgnel eHlsts only within the gate array. 

--:: ......,. 

Note 1: In 11 Sound cytle, CRS/ remains 10111 during S6 (shown by dashed tine). 

Note 4: If DCYCI Is lom, gate err11y supplies RRD-6,8 ; If PMCYC/ ls low, 
12-ll-% r2~ 1's s•"•Ol!I nnn-6,8. r.nte nrrn!J nlmnys supplies RA7,9. 
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RS/ 

RD DRESS 

DATA 

C16M 

C8M 

r"'· 

Reading and Writing Freeport RHM from an Eupanslon Board 
IZ·l-86 

ns/ must not fall 
during lhts lime 

. . . . I' . •I . 
~ ~ ~ ~ l N .... ~--~-~ ... ·-~-----------
; ~ ~ ~ ... l2ons ~ ... f 2on!i ~ . . . . . . . . . . . . 
. x . 

f+45nS-~ ~o •:1 
. )(i UeHd mrlte pele X 

. OOOOOOOOOOQ()(Ueild Reed Pete 

. ~-+f 15nS . . . . . . . . . . . . . . . . . . 
-f I ! I ! I ! I ! L--f I I I I ! . . . . . . . . 

: SO : SI : 52 : 53 : 54 : 55 56 : 57 . . . . . . . . . . . . . . . . . . . . . 
j i i i i --; i r--

(Note: CIM shown for reference to state sequence, only. 
Actual CIM Is delayed from CI 6M bg up to 50 nS.) 

Minimum RDDRUS setup time ta RS/ Is 15nS. 

Minimum RS/ hold Ume after ADDRUS becomes ualld 11 15nS. 

Minimum RDDRUS setup time lo start of SJ Is 45nS unless RS/ fells efler start of SJ, In which 
cese minimum ADDRESS setup time to AS/ Is 45nS • 

AS/ falling must occ11r not later than 20nS Into n~ If AS/ has nol! fallen by that time, AS/ must 
not fall until ofter the first 20nS of 54 (data mill be read or written In the neut RAM access). 

DTACK/ rises 25nS monlmum follomlng start of on odd S-slote ofler AS/ rises. 
/-



R Note on Reading and Writing 
Freeport RAM from an EHpansion Board 

12-8-86 

To speed up RAM access, the Freeport gete errey lnternnlly generates 
e RRS-Eneble If It sees e RRM-spece address anytime during S2 or the 
first 20 nS or S3, without welting for RS/ to tell It the address is uelid. 
Then, If RS/ fells before the end of 53, end e RRM-spece address is still 
present, RAS/ Is generated. 

Howeuer, the RAM-address multipleHors switch from row addresses 
to column addresses at the beginning of S4, regardless of when RAS/ 
occurred. If RS/ falls later then the first 20nS of S3, the RAM 
addresses will change too soon after RAS/, causing RAM errors. 

Furthermore, If RS/ has not fallen by the end of 53, RAS-Enable is 
negated, e process that takes the first 20 nS of S4. If RS/ fells during 
that 20 nS, end e RAM-space address is still present, a RAS/ spike is 
generated which can cause RAM errors. 

These restrictions mean that, to auoid problems when addressing the 
Freeport RAM, e>epension board logic must neuer let RS/ fell during the 
period from 20 ns into 53 through 20 ns into 54. 

(There is one e>eception to this: if it is guaranteed that the gate array 
did not see e RAM-space address (euen on a floating address bus) 
during 52 or the first 20 ns of 53, no RAS-Enable is generated, so that a 
RAM-space address and RS/ anytime after the first 20 nS of 53 will not 
cause a RAS/ until the usual point in the neHt RRM-access·cycle.) 
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Freeport Uideo 12~8-86 

28 lines 

342 
. lines 

1· 32JIS fc 12pS 

llerticnl Blanking 

Ltue Uldeo 342 H 512 dots 
Horizon I al 

(342 lines bg 32 H 16 dots) Blanldng 

., 

r 

l:i 
I/ 
L 

f 
Sound 

llue uldeo: while the dlsplny Is actluely tracing a horizontnl llne of dots on the screen, uldeo accesses 
to RRM (two words of dntn nre rend In ench video 11ccess) nltnrnete with three 68000 accesses. 

Horizontn~ blanking: at the end of e11ch horizontal screen line, while the display beam Is returning 
from the right end of one line to begin the left end of a new Hne, the 68000 has uninterrupted use 
of RRM, eHtept for one sound-buffer access (one word of dnt11 Is rend) ench line. 

IJerticnl blnnlcing: nt the end of ench full screen, mhile the dbplny benm is returning from the bottom 
of the screen to begin nt the top ngnin, the turned-off benm inuisihl!J trnces 28 more horizontal lines. 
During this time, the (aRflOO fun full use of RflM, eHcept for on•~ so11nd-h11ffer nccess ench inuisihle line. 

;. 
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