














































































































































Engr Spec #062-0267 Rev.C Proposal 7/17/86 

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 adivator. The activator can be a special key 
on a keyboard or a mouse button. In order to aid in collision detection they will also 
n:place the address portion of the address field of Reamer 3 with a random number 

· in response 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 R2 
command. They enabled to talk and listen only after receiving a Listen R2 
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 information 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 Sen·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 Sen·ice Request 
on the bus, or conversely, clearing 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. 
Sening the bit causes the device to use High Speed modulation on the bus, or 
conversely, clearing the bit disables the use of High Speed modulation. 
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1514131211 8 7 0 

11111111111111111 
1111111111111 device handler ID 

device address 
high speed enable 

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

--------------0 (zero) 
Fig. 6 Register address 11 (3) 

Exceptional Event: 
The Exceptional Event bit in Rqister 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 trans:ictions. 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 ch:inge the the way 
a device functions by sending it a new Handler ID with a Listen R3 command. 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 indic:ue that the device is 
only to change the address ponion 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 comm:md 
and following it with a Listen R3 co~ with a new address in bits 8 to 11 and 
Handler m "FE" in bits 0 to 7 of the dam, 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 relocaa: mulriple devices of the same type after 
inirialiution 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 wim 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 Assianments 

Device ~nitialization Extended Handle~ Specification 
Address Address ID ~umber 

Transciever 01 0000 01 341-04..+0 
Keyboard 02 NIA 01 062-2068 
Mouse 03 NIA 01,02 669-0152 

-1 

Table 6 
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Excerpts from 
KEYBOARD SPECIFICATION 

7-17-cc 

6. 1 lHE KEYBOARD SHALL M:ET AU. REQUIREMENTS OF THE APPLE DESKTOP BUS 

SPECIFICATION t062-0267. 

6.2 THIS SPECIFICATION DEFINES THE REQUIREMENTS OF HANDLER LO. 0001H 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 TRANS11i11TTED 

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

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. 



key code 2 
key released 
key code 1 

-----------------------------------keyreleesed 

FIGURE 1 KEYBOARD REGISTER 0 

6. 6 THE STATUS OF THE FOLLOWING l<EYS WD..L BE INDICATED IN REGISTER 2 PER FIGURE 2 
CAPSLOCK (70) 
OPEN APPLE (72) 
SHIFT (53 & 64) 
OPTION (71) 
FESET (81) 
CONTR:)L (37) 
OEl.E'TE ( 14) 

6.6. 1 A DEPRESSED K£Y WILL BE INDICATED SY A ZERO ANO A RELEASED K£Y WILL BE 
INDICATED BY A ONE. 

Ei.6.2 THE STATUS INDICATED SHALL BE THE CURRENT STATUS OF THE KEY AND SHALL NOT 
BE BUFFERED. 



6. 7 arrs 0 TO 7 ANO 15 ARE RESERVED. 

RESERVED 

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

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

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

.._-------------------RESET 

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

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

""'----------------------------------RESERVED 

FIGURE 2 KEYBOARD REGISTER 2 

6.8 "A DEPRESSED RESET KEY (KEY 81) WILL BE INDICATED BY A ONE IN THE EXCEPTIONAL 
EVENT BIT (SIT 14) OF REGISTER 3 ANO A RELEASED RESET KEY WILL BE INDICATED BY 
A2ERO. 

6. 9 IN RESPONSE TO A FLUSH COMMAND. THE KEYBOARD SHAL.l 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. 

1 .o W. FQ..loVEB 

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 HAVE N·KEY ROLLOVER: 

CAPS LOCK 
OPEN APPLE 
SHIFT 
OPTION 
RESET 
CONTFCL 

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

7 .2.2 THE RIGHT ANO LEFT SHIFT KEYS SHALL BE WIRED IN PARALLEL 



7.2.3 THE KEYBOARD SHALL BE OESIGNEO SO THAT THE STATE OF THESE KEYS SHAU. BE 
OETECTEO FIRST FOLLOWING A POWER ON RESET. A RESET SIGNAL. OR A FLUSH 
COWMNO. 

7 .3 THE CAPS LOCK KEY IS A MECHANICAL. AL. TERNATE ACTION SWITCH. 

7 .4 IN AOOn"ION TO rrs FUNCTION CAU..EO 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 
CCNNECTOR) TO SIGNAL. GROUNC (PIN 4 OF THE CONNECTOR). 

8. 0 !SEX CCQES 

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

e 9 io i1 12 lJ 14 15 16 17 !E 

19 20 26 33 34 ·- -~ -- .:': 

44 .; ; _,, -- ... 
59 60 66 6i ~-

~-
~-

65 79 80 

FIGURE 4 KEYSWITCH DESIGNATION 

I-lea • / . 
7 8 9 -
4 5 6 . 

1 2 3 
ent! 

0 

FIGURE 5 U.S. LEGENDS 
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·11JOv•1"Mw 

'I'bl purpose ot this dccummt is to s1'CCify all the infomwion needed ID understand Apple 
- reqwrcmenas md siandards far scst device command proux:oL The aoal is to specify infonnation 
bae n:prdin1 Apple smdards dw should not cbanp and mer to odser SCSI mfomw:ion. In this 
cSoo1menr all SCSI de&ed dala will be ref med ID with the merenced lccation specified. Every 
aamapt will be made ID awid specifyin1 daaplicara intcmwion tD dm specified m cbe ANSI SCSI 
documenlS ID reduce c:ontusim and mainrerzance Only c:1uiticadons. cxu:nsians tD and differences 
from die ANSI SCSI docmm:ms will be speci&:d. 

1.l Logical Charat:l•rlsda . 

'I'bl following seciioD of tbis SCSI doc:wmm defines the logical charac=istics of the Apple 
implem=mion of a SCSI bus and ias amched devices. In general the logical characteristics set 
forth in ANSI X31'9.2182·2 Rev. 17B apply with the followin1 clarifications. oplions and 
additions. 

l.J.1 SCSI Bus 

An Apple SCSI Bus uses five phases. The SCSI bus can never be in more than one phase at any 
pvcn a.me. The phases am: 
Bt!SFREE 
ARBITRATION 
SELECTION 
RESEUcnON 
Infonnation Transfer 

Inf omwion transfer can be funhc:r defined to be: 
CO~"'ID Phase 
DATAPhase 
ST A TUS 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 users. See ANSI X3T9.2/82-2 Rev. l 7B SCSI Specification 
.S.1.1 for accurate detailing. 

ARBI'IRA TION ·The AR.SITRA TION phase allows one SCSI device to gain cona"Ol of the SCSI 
bus so that it can assume the role of an initiaror or mg~ See AJ.'lSI X3T9.2/82-2 Rev. l 7B SCSI 
Specification 5.1.2 for aceurate detailing. 

SELEC110N • "Ibe SELEcnON phase allows an initiaror to select a target for the purpose of 
initiating a target function (Example • READ or WRITE c:ommand). The SCSI device that won 
ARBI'IRA TION becomes an initiator by releasing 110. See A.'lSl X3T9.2/82-2 Rev. l 7B 
Specification .5.1.3 for aceurate dcramna. 

RESEl..EcnON • The RESELECTION phase allows a target to reconnect to an initiator for the 
purpose of c:ontinuing a previously started operation that was suspended by the target (T3.fget 
allowed a Bt;S FREE phase to oc:c:ur before the operation was c:ompietc:.) See ANSI X3T9.:.·S2·2 
Rev., l 7B SCSI Spec:ilication S.1.4 for accurate detailing. 

I 
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Jnfcnnarion Trmsfcr • 1be Inf'omwion Trmsfcrp~ are grouped because they use the DAT A 
bas to nmfcr elm or caarrol infomwioa. 'l'be COMMAND, STAnJS, DATA, and MESSAGE 
phases are comrollal by the CID, LO, and MSO signals. Information Transfer phases accompli~h 
tbe actual dara iransfcr of me SCSI bus. 
Sec ANSI X3T9.2182·2 Rcv.11B SCSI Spa:ifical:ion .5.1.5 !or detailing. 

1.l .l SCSI B111 Condltloa ·RESET 

As defined ill ANSI X3T9J182·2 Rn. 178 Seclioa !.2.2. Iniri•ton will implement the Soft 
~ OpQon and Taraeca will implement the Hartl RESET Opcicn. 

1.l .J Arbi.tratlon, DlsconMctlonlRes.i.t:tta.n 

The Apple SCSI bus implemenmion is an arbiuating, mulci-initWor, multi-rarget bus. All Apple 
SCSI devices dm aci as injz:iarrn will be arbilming devices and will allow 
disconnectionlnscJcctioa. Except in specific cues, it is recommended tlm all target devices be 
capable of disconmcUonlraclection. 

1.l .4 Message lmplementatian 

Implemenw:ion of messages requires the Command Complete message and Apple strengly 
n:c:ommcnds me !ollowin1 messa1es. If my of the followin1 masaaes are implemented. then all 
mmt be impleml:.:nrm. 

L Discmmcct 
2. Abolt 
3. Message Reject 
4. No Openlioa 
.5. Bus Device Reset 
6. Idmcify 

These messaces are not extended format messaces. 

2 
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2.0 Commands 

2.1 Direct Access Commands 
Tbe SCSI mandatory commands and me followin1 SCSI optional commands an: Apple 

- Mandatory. 

The Apple Mandatory Command Set: 
ecloes not substandall1 deviate from tlae propoMCI SCSI standard or preclude the 
use of additional commands. 
ecloes not limit tbe performance of tbe products conformin1 to the document. 

From Hen to 2.2 are Apple additions, clariftcarions and extensions 
toth1 ANSI SCSI Rev. l 7B doCUlll4nt: 

Bold tknot~s Appl• a.tltUd tat to aimnf SCSI Command.I. 

REQUIRED. Describes commands, messages, fields, byta, bits which shall be 
implc::me:ntcd in order to conform to the Apple requimnents. 

Table5·2 
Mesa1e Codes 

----·----.... --·----·----------,----·----·-------·--------------------------Code Description Type 
aa:msm,•ama•• a..m __ __,, _ _...... w:wma• mama•--••=• 
Br\SIC SET 

00 COMMAND COMPLETE REQUIRED 

SYSTE'1S SET 

06 
07 
08 
oc 

ABORT 
MESSAGE REJECT 
NO OPERATION 
BUS DEVICE RESET 

REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 

DISCO~'ECI SET 

' 04 
80-FF 

DISCONNECT REQUIRED 
IDE~IFY REQUIRED 
It is required that the taraet accept the Identify mes,,age. The 
initiator may or may not issue tbis message. The initiator may 
or may not set bit 6 of the Identify message indicating its ability 
to acromodate disconnection and reconnection. 

••=-:s=m=s:saaasm.a=----•m=--=r=aa=:s•==----••=•-..•sa••••m•=--==--

J 
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6.1.l Operation Code Types 

Operadoa 
Code Type Descripdoa 

.'Pie SCSI Command Procccol 062-2075 Revision 4 

REQUIRED: Commands so desi1711ted sball be implemcnr.ed by tbe maet in order to comply to 
- mis ctocumcnt. 

V Vendor Uni~ OpaacioD coda so desip•ted in the standard 
ad"°'"'-' m dUs docummc are anilable fer Vendcr defined 
CO'ftm•ndas 

U6 Control Byte. 

lie 7 Vendor Unique. To be checked by me taqet. 
Bit 6 Vendor Unique. To be checked by the target. 
Bit j Reserved 
Bit 4 R.cscrved 
lie 3 Rac:rYed 
lie 2 R.cscrved 
Bie 1 F1a1- Optional. To be checked by the target. 
Sic 0 LJnk. Optional. To be checked by the target. 

__ ... _. ... _. .................................. , ... ___ •mm--•H• ... ••--•••••••--

14. STATUS 

Status 

Table 14-0 
Status Codes 

Type ••--•--••--•w--•----------=---w--=w-w .. ----= ·----••= 
GOOD 
CHECK CONDmON 
BUSY 
RESERVATION CONFLICT 

REQUIRED 
REQUIRED 
REQUIRED 
REQUIRED 

---------------------------------W--a-al•W-------·----------------

' 
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COMMAND SET for Qires:t-Acs:ess Device3 

APPLE REQUIRED COMMANDS 

Qp&nam 
Code 
Hex 

00 
Q3 

°' fl1 

TEST UNIT READY 
REQUEST SENSE 
FORMAT tJNlT . 
REASSIGN BLOCKS 
READ 
WRlTE 

oa 
OA 
OE 
OF 
u 
13 
14 
1! 
16 
17 
1A 
1B 
1D 
2.5 
28 
2A 
37 
3B 
JC 

READ CNTRLEK OOOll.%\ TION (Tape Only) 
WRlTE CNTRLER JNFOll.'1ATION (Tape Only) 
INQUIRY 
READ QIC·lOO DATA(T~ Onl7) 
WRlTE OIC·lOO DATA crape Only) 
MODESELEcr 
R.ESERVE UNIT 
RELEASE UNIT 
MODE SENSE 
START/STOP UNn"{LOAD/UNLOAD (Tape Only)} 
SEND DIAGNOSTIC 
READ CAPACITY 
READ EXTENDED 
WRITE EXTENDED 
READ DEFECT DATA 
WRITE BUFFER(!/1/86) 
READ BUFFER(!/1/86) 

-- ----- - •. - ======= -----------------For all the followin1 commands, no chances or comnu:na are applied widtin this documenL Refer 
tD the ANSI 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 
JB 
JC 

--••••••••••rm•• a w •----•--mm----m•m•ma•--
7 .1.2 REQUEST SENSE Command <039) 

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

If 1M Allocation u11grh of rn. CDB u di/fere111 rltan zero,. the target shall return the Extended Sense 
FonnaL The eight (8) rmt byres of the Ext.ended Format. as defined in the SCSI specifications, are . 
to be supported by the wget. All addir:ional bytes are opr:ional. ". 

/f 1/ie Allocarion Lengrh byre 4 of rn. CDS is ser 10 zero, the target shall return four sense bytes of 
non Extended Sense data formaL 

5 
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EXTL'lDEDS&~SEDATA 

Tlae followin1 bytes are REQUIRED 

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

7 6 5 ' 3 2 1 

0 • Valid I Emr Caa I Em:rCode 
l Semmm Number 
2 FUeMait I EOM I JJ.J-1 R I sense Key 
3 mt'onmrioa By111 (MSB) 
4 InfcmmionByie 
5 rntcmmioaByie 
6 mtomwion Byte(LSB) 
7 Addirional Sense Length (n) 

0 

----

--------·----·----·--------------------·---··-----------------
Non~umded format may be implemented addltiDnally 11 the option of the mget as defined below. 

If IM Allocarian un1rh by• 4 of tJw CDS is 1a to :ao. the target shall return four sense byteS of 
Non-Ext=ded Sense dm !amw. The lmdarcr shall analyze the tint Sense byte io determine 
which Sense Fomm. either Extended (class 7) or Nm-Extended (classes Q.6) has been returned bv 
the mace. It is recommended dW N'on-Extcmfal Sense Fcmw be noc implemented by the tariet. • 

I JNl'IIATOR. SETS BYTE 4 otC::CB •ZERO? Noo------------41 ______________________ __ 
I 
I Yes 
I 

11Nii iATOR SHALL A.'J'Al?sE i 
!BYTE 0 ofR.ETUR..'lED miSE l 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I SE4.1'JsE s'i IE o • 70 or PO ? I 
I •ERR.OR a.ASS 7 I 
I Yc:s:----1 I 
I I ·-------------,-----------
! I No 
I I I 

REQCIRED 
EXTENDEDSENSEFOR.~T 
Length crater than 8 
is optional and depends on 
Byte 4 of CDS. 

6 

tARdE't sm n 1 t'lt'l 
NON EXTENDED FOR.\fAT of 4 BYTES 
Table 7-4 of ANSI documenL 
To be avoided by 
never returning any 
error class other than class 7. 
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EXTENDED SENSE DATA 

ne followin1 b,US an optioaal and follow the Required Extended Sense Data 
byte 7. 

Bu 7 6 ' 4 3 I 2 I 1 

Byte I I 

a Opcioaal. acepc for use wim SEAR.CH and COPY 
duoush commands as per 7.1.4.2 
11 " " 
12 Additional Sense Cade 
13 Resem:d 
14 fRUfailed 

w -0 

15 FPV I OD I vu I vu I BPV I Bit Pointer 
16 P"1Cld Poine (MSB) 
17 " " (LSI) 
18- NIA 
ll+17 

Byte 12 Additional Sense code. 
The addiiional Senses may be applied wim the same code by the target ID Extended and 
Noa-Extended Sense Formaa. 'The mige of the Non-Extended Sense fomw is from 00 ID 6FH 
(Cass 0 ID 6), then:f'ore all codes are within these limils. . 
'Ibc Additional Sense code <Xii indic:ar.es mat me target does not suppon any additional sense code: 
for the related Sense Key or does not have any appropriate additional sense to retum for the Check 
Condition stams dw it creaa::d. 

7 
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DIRECT ACCESS DEVICES ADDmONAL SE.'ISE CODES (byte 12) 
Code Related Sense Keys 

00 No Addhirwl S... Jnfcamaiua 
-01 No IDdalScasipll 
oz No Slit Comp• 
03· WrillPml& 
01 DIMNol._, 
O! Ddw!fa1Slll:•I 
06 No Tm:tZ.a bmd 
f1I M ..... Driws SeJtemd 
01 1.oP:U Uldt Commaaic:ada9 Fail .. 
ot Tnck Followfa1.,... 
OA rbraqla OF 1--' 

10 

11 
12 
13 
14' 
15 

JD ate ar !CC mar 

U1acavind hall Illa' ol data blodls 
No Addnu Mn found in ID tilld 
No Addnu Mn found ill Ca fteld 
No NIDd t'ound 
Seek r.idaaill1 ...... 

Daca s~1 Mark enw 1• 
17 
11 
lt 

llecownd Rad dala widl maa's Rad rwies(noc wicb ECO 
lleco11aed Rad daQ widl tal'lll'S ECC axrecQan(noc widl mria) 
Detect Lilt error 

IA 
1B 
lC 

PaaanmrOvmaa 
Syndftnous Trmsf• error 
Primlry Otta List not found 

Comp;nemr lI> 
1E Reco•end m widl tarpl's ECC corncdoa 

'lP 1ltsmwd 

20 tavaUd Command Opeadoa Code 
21 DJ.eali LoP:al Block Addnss. Address purer chm die LBAIJJeaal Request 

remmed by die READ CM' ACfrY dam widl PMI nae sec 
- %2 Diep& ftmcaaD far drriCI lYPI 

23 1..-
24 mea11 fleJd ill CDB 
2S limlid LlJN 
26 Invalid (add in Pmmew Use 
1:1 Wri• P'IDlllCDiid 
21 Medium Changed 
29 Power On or Reset or Bus Device Reset occuml 
2A Modi Select Pmmems changed 
2B duough 2f Resawd 

a· 

No Sense 
Hlldwnmcr 
Hlrdwnmcr 
Hadwnmcr 
Nalltady 
Not Rady 
Hmdwnmcr 
Hlldwlrt mer 
Hardware error 
Hardware error 

Hlldwn mer er 
Medium mar 
Mediwnmor 
Mediwnmor 
Medbunmar 
Medil&lnmcr 
Hardware ttTOr or 
Medlamerrar 
Medlam error or 
RecoYend error 
R.lcovaed mer 
RcCMlftld emr 
Medium error or 
RtcaYered error 
IIJelli lequen 
Han:lwnmcr 
Medium crrar or 
DJeali lequest 
Miscom~are 
Mediam error or 
Reco•ered error 

IJJeali Request 
llJeaal Request 
IUegal Request 
lhrdw.nmcr 
Unit Aention 
Unit Aizention 
Unit Aizenaon 
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30 IDcmnpllible Onridp 
31 Medium Farmaa camapfld 
32 No Dda Spn I ozim AYllillbl9 
33 dllOl&b 3f lllll'Nd 

40 RAM ftlibn 
'1 0... Pldl DJ.pm* Faillln 
C Pvww'Oll Dl8pclllk Faillln 
'' Maule lleja Enar <-5.6.U) 
.- r........c • .....,Enw<-UJ.I> 
" ~fau.IC-s.6.L1.) 
4'6 u- .,.,,.. Saft._ 
'1 SCSI lDWfaa PuiCJ Enw <- M.1.) Hardware error 
4 lailila' Oesmd Enar (• !.6.1.4) 
.., ~-Mmace 
4A &brcqh 4F ~ '° rbloa&b $F ltmll'VWd 
60 dlroqb 6f 1lll11Wd 
10rbloap1F ..... 
IO droqh 9F Vmclar Unique 
AD BICkpmclNoisl Emr 
Al rbloap M Vmdar Uaiqm 
A1 1..op:al Lolli Emr 
Al Cmdp ii Ctmmdy Au&alaadiq 
A9 mroup AP Vendm' Unique 
BO No Onidp in Drive 
Bl dlroap FF Ve:ndar Uniqu. 

By• 14 'Field Replaceable Unit ('FRU) failed. A non zero value indicates fail~. A value of ze:o 
means that no FRU is to be reponed. 

Byi. lS dlfinition: 
·FPV (Field Pointer Value) Bit 7 of zero mdicares that me mpt does not implement the functions 
supponed by C'D & BPV bits and bytes 16 and 17, tht=fore these bits and fields ~not valid. Bit 
FPVot one indicates that the Field Pointer bytes 16 and 17, the CD and BPv bits~ significant. 
-CID bit of one indicates that the value reported in the 'Field Pointer is the CDB's byte number for 
which an ll.J...EQAL REQUEST Sense Key WIS issued. CD bit of mo indicares that the value 
repa a:d in the 'Field Pointer is the byu: number of the DATA phase for which an ILLEGAL 
REQUEST Sense Key was issued. 
·Bits .5 and 4 are wndar unique. 
·BPV bit of zero indicates that the wget does not implement this function. therefore the Bit Pointer 
field is not valid. BPV bit of one indicates dm the Bit Pointer field (bits 0 through 2) is significant. 
-Bizs 0 through 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 WIS issued. 

----------------·----·--------·-------------·-----··-----,----------------
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7.LJ INQUIRY Command Cllg) 
Bytes O daroup 48 of the Inquiry data are Required. 
(Parameters not med bJ Tape are noted by A) . 

INQUIRY DATA 

------------------------------------.... ----1~------l-----:--4 3 1 1 0 Bi& 7 6 

------------------------------~--~ .... ----------------,---Pai beral cmc. 'I'ype BYI'EO 
BYl'E 1 
BYl'El 
BYI'E3 

RMB I Devfce Type Qn•Hftr:P 
Vmim 

Raryem I Ra-..c.-= Data Fcnr.at 
B.espoase J2ata .Eormat: 

Caoimim 
Vmdcrt1nique 
Common Command Set (CCS) 

Reserved 

Tarpss con!orming to u least ccn!onnance level 2 u dermcd m Table El,. Appendix E, of :he 
standard., and conforming to this document shall set the Common Command Set code (la) in 
me Response Dara Format field. 

BYTE4 
BYTE$ 
BYIE6and7 
BYTES 
through 
BYTE 15 
BYTE 16 
through 
BTI! 31 
BYTE32 

. through 
BYT.E35 

Additional Length (n) 
Vendor Unique 
Resenecl 
Vendor ldentiftcation (in ASCII) 

Product Identification (in ASCD) 

Revision Level (in ASCU) 

Bcgbming a by11: 36 in the VENDOR UNIQUE area of the response are 
extension bytes to specify the nwnbc:r of extents supported by the RESE.RVE (comnwid S16) and 
REI.EASE (comm.and Sl 7) commands. Pollowin1 this is a list of SCSI commands supported by 
this device. Commands map into this list by their group code and command code values. Values 
are renamed by first specifyin1 a Oroup Code Specifier (a by11: for the Oroup Code value: 0 for 
Ooup o. 1 for Group 1. ea:). tben specifyina a 4 byte Command Bit Map representing the 

- commands implemcml:d widlin that lfOUP. The bic map is consuucted by setting a bit for an 
implemented command accord.ins to r.hu command's value. and clearin& a bit otherwise. Bits 
within the bit map are numbered in ascendina order beginnma wich the rust bit following the Group 
Cede Specifier. This list is terminaccd by speci('m1 a SPF for the Group Code (no additional 
command bit map bya:s are necessary). 

IO 
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Example: A deYice tlw implemmrs me mmdatnry eommmds specified by This document 
would have tbe farm: 

[Hi Order byte • number of Exumrs] 
(Low Order byte -number of Exumrs] 
[Qroup O commands] 
[Commands 0,3,4, 7] 
[Commands 1,10) 
(Commlnds 11,21,22,23) 
[Commands 26,29) 
[Qraap 01 commands] 
(CommandSJ 
(Commands 8,10 
(Command 23) 

Byie36:SOO 
Byte 37:508 
Byte 38:$00 
Byte 39:S99 
Byte 40-.sAO 
Bya:41:S27 
Bya:42:S24 
lyte43:S01 
Byte 44:$04 
Byus4S:SAO 
Byte 46:$01 
Byte47:SOO 
Byte 48:SFF 

(No ~onnmnds implemented in this ranee] 
[End of list] -

7.L6 SE~'D DIAGNOSTIC Command Cll>JI> 
SeltTest bit 2 byte 1 is the only Required function. 

WW& 

-----1---------------------------------------·----·-----------8.Ll FOR.\IA T l1NIT Command C04ff) 
Son-bold ~tis the rqular text of the ANSI documr:nL 

Periphcnl Device Type: Dinct Accas 
~m Code Type: Requind 

Operation Code: °'ff - .... = - WW 

'--------·---·---·----------------·---·-----------Bit 7 6 s 4 3 2 1 0 
Byte 

= ----- -----1----•--=-•==--•---=---------=------•=--•----•=nw ..... n =-no•-= 0 Opemion Code 
l LUN lf'zmDm ICmpl.st I 
2 Vendor Unique 
3 Interleave (MSB) 

Defect List Format 

4 Inu:ricave (LSB) 
s VU I VU I Rescned I flag I Link 

The fOR.\fA T t1NlT command (Table 1-3) ensmes that tbe medium is f'ormaued so that all or 
the initiator addressable data blocks can be accessed. There is no guarantee that tbe medium 
has or has not been altered. In addition, tbe medium may be certified and conaol structures be 

_ aeaied for the management of the medium and dcfeczs. 

The FOR.."IA T'li"Nrr command shall be rejected with RESERVATION CONFLICT swus if any 
extent (see 8.1.8.2) in the specified logical unit is reserved. 

It is recommended tbu the MODE SELECT Parameters [If any) are set properly prior to issuing the 
FORMAT UNIT command. 

The FOR.'AA T L "NIT command is both a Required and an Extended command. Bits 0 
through 4, byte l of the CDB, include three Required and multiple optional 
implementations or the command. 

11 
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Durin1 the execution ot the FOR.'IAT UNIT command, the taraet may perform a 
medium ftaw mana1ement scheme which can be selected by the initiator. Four 
aema ot flaws P, C, D and G are defined as follows: 

p • PRIMARY DEFECT LIST : This list refers to the list of defects supplied by 
tbe oripnal manutactw'er of the device considered-as permanent Ours. 

-n Is recommended tJlat tlae dmce manufacturer record the P list on a specific 
locadoa on the dnice and tllat w_aj~ acceu be prevented by the initiators to this 
IOcadoa. Duri111 tbe FOIL~T UNrr command the taraet intelligence shall bave 
access to tlais list iD order to remove tlle P list flaws from the initiator addressable 
~ ........ _..._ T1o:. Hd •hell'"" be ... h;_.t tft .. .,..,n~IVI• · ........ ~ ...... --· ·---~ -- ----.. ---.., ........ _ .. _ 
C a TAR GET CERTIFICATION : Indudes defects detected by the tarpt during 
an optional ftrify process aecuted durin1 tlae FOR.\fAT UNIT command. 
The C scheme indudes flaw area to be removed from the initiator addressable 
data blocks. The tarpt certiftcadoa flaws may or may not be saved or recorded 
u a list by the taraet. 
D •DATA DEFECT UST: This list is SUJ'plied to the taraet by the initiator in 
the Data Out phase of the FORMAT UNIT command as shown in tables 8-5, 8-6, 
and 8-7. The defect list lenath (Byte 2 and 3) of the Defect List Header may be 
null. ne Data Defect list may or may not be saved or recorded by the taraet. 

G • GROWN DEFECT LIST : This list indudes detects identified to or by the 
tarpt. This list does not incJude the Primary list of defects. The defects 
dassified as rwn are medium naws identified by or to the tar1et other than the 
PRIMARY list of defects. Entries to this Grown list may incJude (at the option of 
the tar&et) : 

• Defects provided to the target in Data Defect lists (D list) durin1 
previom FORMAT UNIT commands. 

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

• Defects appended by the result of succe5.1ful completion of the 
REASSIGN BLOCKS commands. 

• Defects identified by the tarpt and automatically bandied by the target. 
The detective blocks dauified in this crown list are automatically 
reassigned to an area on the locic:aJ unit resened for this purpose. 
ne implementation of this automatic bandlin& of detects is tarzet 
specific. 

- Afomta1 data fFmrDara) bit of one indicates that a DATA OUT PHASE takes place during 
the command execution. The defect list included with this dara(il Defect List Length is 
different than zero) specifies the defect list that shall be entered into the defect map. The flaw 
areas of this mal' shall be removed by the target f'rom the initiator addressable blocks. The format 
of the defect list is determined by the Defect List Fomw defined by bics 0 th.rough 2. A rmtOata 
bit of zero indicates that the DAT A OUT phase shall noc occur (no defect list he3der and no defect 
data shall be supplied by the initiator). 

A complete list (CmpLst) bit of one indicates dw the dm. supP.lied by the initiator during the DA TA 
OUT phase of the command execution is the complete list of known defectS. Any previous 
initiater-specified defect map or defect data shall be erased by the target. The result is co purge my 
previous initiator-specified defect list and to build a new defect list. Any previous C. Dor G lists 
(if any) shall be erased or removed by the target. 

12 
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The tlrlet may add to mis complcie list as it formaa the medium, when pedormin1 a target 
ccnif'ica&:ioa ~ (or a new C list).A Cmpl st bit of mo mdicams that me data supplied by the 
miciator during dle DATA OUT phase is in adctirion to aisl:ing defect dala a1mdy n:moved from 
inia'fm addmsa.blc blocks mi usiD1 the cmrem fomm. 

When usin1 die block farnm. tbe defeci list men tD dle =rent block length (m:l not to the new 
-block length, if it is cWferem) and die dcfa:i list refers to cmrmt loaical block addzesscs (not 
pl'.l)'sica1 addrmcs). 

n. dlf«t listfom1111JW4 (bia 0 dumP 2 ofb7e l) spedftes addicicaal mtormadon zeWed ro the 
defect lisL (See Table 8-4 far funhcr infonnmim.) 

TM inarlatlc fW/d requem dm tbe top:al blocks be mlafl:d in a specific fashion to the physical 
blocks to facilitate sl)eed man:mn1 between tile bait bus data transfer rate and the block 
data transfer rate from the dmce. An intaieave value ot zero requesis that the target use its 
default intaieave. An ina=rleave value of one requesis tlw c:omecutive logical blocks be placed in 
consecutive physical order. Values of two or~ are vendor unique. 

Bit 
Reference List 

4 3 2 1 0 Tne 

1 0 0 x x REQUIRED 

1 1 0 x x REQUIRED 

Tablel-4 

Flaw Detect 
Len&th Mana1ement Comments 

wttJa (1) 
or wftllout (0) 
P C G D 

NIA 0 0 
0 0 
0 l 
0 l 

Zao 

Zao 

1 0 
1 0 
l 1 
l l 

0 0 
0 1 
l 0 
1 l 

0 0 
0 1 
1 0 
1 l 

O 0 No Dm OUi phasc(no defect list 
l 0 header, no defect descriptors). 
0 0 'The target optionally defines 
1 0 what combination of P,C,G to 
0 0 use if flaw manqemcnt is 
1 0 pafonncd. 
0 0 
l 0 

1 0 Reformat usin10 list 
1 0 Defect List Lenlfh or zero 
1 0 
1 0 

0 0 With CmpI.st bit set to one. 
0 0 Tqet enses and/or removes 
0 0 cunent Q lisL 
0 0 Defect List Lenath or zero. 

P,C,G, and D refer to the various lists or defects 

13 
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Im12lementadon of tile Required variations : 
The fallowin& n:fcn CD the contipmion of the bics 4 through 0 m the table 8-4. 

0 x x x x REQUIRED : 
W'td:l this varialioa, the mmacor requescs to have no c:omrol on how the f cmw process is executed 
by the mg«. This is me case when the iniriaror is coatidcm m the raracrs intelligence to pe:fonn 

·· me fcnzm acccrdins1Y· 
The mget cSeu::rmmes if flaw management shall be pezfcrmed or not during the format process of 
dlis variation. If flaw management is pezformed. the maet sbail define what combination of P .C.G 
detca scheme be 1'Ctformect The mpt may n=move ar erase previous liscs of tlaws. except the P 
1· MA n&T..a. ntfT'...h dttll t2ke bee ·..a. .a...:_ • • ( "'--"' lis u--~- d D li .m. .. ~ .... -····· __ .,. •CA·- -P-- ~111 UJD_ vanaaon .no~ect t~ an no st). 

m the following two variations. bit 1 is set to mo to preserve the bit combinations of the vendor 
unique and the reserved Vlrial:iODS(lxllO ml lxll 1). Othc:wise with Defect List length set to 
mo, bit 2 has DO ocber meaninl widl these rM> variations for which no defect descriptors are 
involved. 

1 0 0 x x REQUIRED : 
The tlllet sbail perform the format process wim fiaw managemenr. This variation allows the 
initiator to request the target to use the a list ot medium grown defects as defects to be removed 

• from the initiator addn:ssable blocks. Tbis variacion is available for a reformat process ensuring 
dw all previously detected flaws be managed. DATA OUT phase with the Defect List Header shall 
tlk.e place during this variation, with the Defect Ust length of mo. 
'The wi= shall d.eu:rmmc whether or DOC CD implement the ce:n:ification process (C scheme). 

l 1 0 xx REQUIRED: 
The target shall perform the fomm proc:ess with flaw management This variation allows the 
initiator not to consider the G list of medium grown defects but return to the "as shipped" condition 
from the original manuf ¥turt:: of the =vice. This assumes that the list of =!ectS had grown 
durina the lifetime of the medium eit.bcr widl a C. D, or G lisu as =fined below. DA TA OL-r 
phase with the Defect List Header sba1l take place during this variation. with the Defect List length 
of zero. The target shall =termine 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 completion of die FOR.MAT UNIT command. some initiator 
addressable blocks may mclude flaws. The target may require a Vendor Unique certification utility 
to identity defects as an altemarive source to remove known flaws from initiator addressable 
blocks. It is recommended that this utility, in f onn of either a vendor unique command. or use of 

- the ~SSIGN BLOCKS command or a vendor unique process be implemented immediately upon 
compleuoa of the FORMAT UNTr command. 
_______ ._., ........ 1 ..... n ............ ..,. ____ ...,. ... _____________ aw=aaaa •--••---•••• 
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8.1. 7 MODE SELECT Command Cl5s) 
(Parameters not used bJ Tape are aoted bJ A) 

062-2075 Revision 4 

The Mede Sc:Jcct command (and Mom Sense) are rnandat01y commm!s. Wiibin the Mode Select 
commaml ii is possible to have functicm dm are not applicable co a specific device (i.e.. page code 
5: flalble disk dme tmaa:tCSlilll are not applicable to a hazd disk drive); the intent of this command 
is for each device to implement dlose ftmaXm dial make sense for tba1 specific device. although 

-cbae aze scvenJ funaiom dlat m """"''PY· 

MgnMtqa Pac C'tltlc,f ror Mgdc Sclcd agd Mode Sense 

1. Page Ccde:SO: Unit Aamial 
1. Page Code Sl: !nor Recovery hramean 
2. Pap Code S2: OisconnectlRecoa:t Ccnll'Ol Pmmn=rs 
3. Page Code SJ: Direct Access Device Formal Pmmc=s 
4. Pap Code S4: Rips Disk Drive Oeommy Pmme=s 
.5. Page Code S6: Ccn:iticalioa Pam:m 
6. Page Cede SlO: Serial Number 
7. Paae Cede S3F: R.epcm Values (Mode Sense only) 

Table 8·13 
Mode Select Command 

&a JAi WW---

Bit 7 6 ' 4 3 2 1 0 
Byte I 

== -------------..---------------------·--------r-----••----• .. 0 Opemion 
1 LUN I Reserved SP 
2 Reserved 
3 Reserved\ 
4 Panmem- List Lmcm 
.5 VU I vu I Reserve I Flag l Link 

The ~ODE SELECT command (Table 8·13) provides a means for the initiator to specify or 
change medium. logical unit, target or peripheral device parame=s to the mgeL Absolutely 
necessary to some targets, this command is Required within the Apple Common 
Command Set. 

SP (Save Mode Parameters) bit 0 byte 1 set to ou indicates that the tar1et shall 
update the Current mode values with the values defined in the rollowin1 Pages; 
shall save all Saveable Pages except the Paces defined by the Pa1e Codes 3, .& and 
S. Then the target shall report command complete with no Check Condition status 

· when successfwly completin1 the above. Saveable Pages are Pages ror which 
- preceding MODE SL~SE commands retumed tbe PS bit (bit 7 byte 0) of the P:a1e 
Header set to one. 

SP <Save Mode Parameters) bit 0 byte 1 set to uro indicates that the target shall 
update the Current mode values with the values defined in the followin1 Pages; 
shaJI not save the Saveable Pages; shall not modiry the saved panmeten of the 
Paces defined by the Page Codes 3, 4 and 5. 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 oe tr:msferrcd during the DAT A OUT phase. A parameter list length of zero indicltcs that no 

IS 
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dam shall be nmt'em:d. 'Ibis condition shall not be coasidcred an error. 

Tbe MODE SELECT parameu:r list (TABLE 8-14) comim a four-byte header, followed by zero or 
more block descripuxs, rollowed bJ zero or more Paps. 

TableS.14 
Mode Select Parameter List 

MODE SELEcr Reader 

Optional additional blocks or parameters called Para ma)' be sent to the taraet in 
the Data Out phase of the MODE SELECT command, followin1 either: 

~ • the MODE SELECT Header, ir the Block Descriptor lenpb is set to zero. 
• or all Block Descriptors. if tlle Block Descriptor lenpb is different from zero. 
The Block Descriptor Lenpb shall not indude the length of the Paps. 

Block lengths or .512 and .532 bytes in die Block Descriptor must be supported ror 
Disk products. 

Each defined Page is preceded by a Header of two bytes definin1 the P21e Code 
and the length of the pace. Following the Hader the Paces are separated into 
sub-blocks containing a list of related nags and/or values. 

Bits 7 and 6 ot byte 0 are reserved. 
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ne Page Code identifies tbe me:uain1 ot the followin1 bytes in the Pace. The 
Pale Code is either defined. reserTed or vmdor unique. The parameters in the 
de4ned Pases are clusifted in priority sequmce to ease implementadoa bJ the 
tarpt. 

- The Pge Lenlth value or acll deftned pap. shall not indude the Pa1e Lensth 
byte. The Pap 1.enctJI represents the number of bytes that the ~t supports in 
adl Pap. ne taraet ma1 retuna la tile Paps of tlle MODE SENSE commands as 
man1 c:omecutive bytes tllat It suppor11, for adl Pap that It supports, witllout 
splittfnc ftelds of muldple bytes. The Pap Len&tJl sball be set la tlle paces of the 
MODE SELECf commands to die exact same value (zero value included) retumed 
by the tarpt in tlle MODE SENSE Pap Lmctll brtes. Otherwise. the ~rget shall 
create Check Condition status with the Smse Ke, of ll.LEGAL REQUEST. 
The initiator shall issue a MODE SE."lfSE command requestin1 the taraet to retum 
all Chan1eable values (see PCF fteld c:onftpratioa 0 1 in byte 2 of the MODE 
SENSE CDS) prior to issuin1 any MODE SELECf commands, la order to find out 
which Paces an implemented bJ the taraet and the lenatll of each Pa1e for that 
particular LUN(Lo&ical Unit Number). 

Initiator Implementor Notes: 
• Those Paces, supported bJ the tarpt. la which the initiator requests parameters 
to be chan1ed sbaJI be sent to the taraet. 
• The initiator may send in MODE SELECT commands all Paps supported by the 
~ 
• The Pace are not nquincl to be sent la ascendln' order. 
• Inteflicent targets, versus tarcet.s supportin1 multiple LUNs. may autho~ze 
limited number of parameters to be cban1ed. Those parameters have been 
cfas.sified as the first sub blocks in the Paces. 

In the event ot a Hard Ra•t, the taraet shall ftnt attempt to reston the Saved 
Parameters. If Saved Parameters are not available, the tarcet shall restore to 
DefauJt Parameters. 

17 
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J>aoc Code 
Og 
tu 
29 
Ju 
49 
Su 
'R 
18 tllroup lFa 
20ft 
21& 
nu tllroup 39ff 
3Aa throup 389 
3Ce t1arou1b 3Ee 
3FH 

Apple SCSI Command Protocol 062·2075 Revision 4 

)fnnjn1 
Unit Attention 
Error Recovery parameters 
Disconnect/Reconnect Control parameters 
Dina Access Device Format parameters 
Rlpd Disk Drive Geometry parameters 
Flaible Disk Drive parameters 
Cerdllcadon Pattern 
Reserved 
Serial Number 
Format Umits(tape only) 
Vendor Unique Pap formats 
Rese"ed 
Vendor Unique 
Defined in MODE SENSE only. 

It LI recommended that tbe initiator issue the RESERVE UNIT command prior to 
esecutin1 the MODE SELECT command. then issue the RELEASE UNIT command 
after compledon of the FOR.\fAT tJNlT command. This procedure will prevent 
any other initiator from is.1uin1 ditrerent MODE SEl.ECT parameters to the unit 
prior to aecution ol the FORMAT UNIT command. The initiator may request that 
tbe parameters or Paces 1 and 2 be chan1ed at any time. 

The target may or may not save the block descripton and Pages for each LL"N and 
for each initiator. Ir the target supports 8 LUNs and the bws configuration 
indudes 1 hosts. the target would have to save 56 sets or MODE SELECT/ MODE 
SE~SE data. The data for each L UN for each host couJd be ditrerent. 

A ta.-get shall create the Check Condition Status with Sense Key of u"NTT 
ATTE~ION to the first command received from other initiators. when the target 
has changed Mode Select parameters for that LUN. The change may be due to a 
MODE SELECT command is.1ued from a dirrerent or from the same inidator. 
Inidators are recommended to save MODE SELCT parameters for each LL"N. 
Targets are recommended to record on disk those MODE SELECT parameters that 
are neces.ury to be is.sued prior to the FORMAT tJNlT command. The recordin1 
on the LUN disk may or may not indude Pages 3 and 4 or!, depending on the 
drive type. Parameters or Pages 1 and 2 that the target implements may or mav 

- not be recorded on the device, may or may not be saved by the target, for each · 
Ll-:'i. and tor ail initiaton. 
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UNIT ATTENTION PARAMETERS. Pap code Off· 

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

0 R R Pip~ 
. 1 Pap Lenph (in byla) 

2 V.U. I v.u.1 v.u. I Unit.4m I RPd. I llsvd I Rsvd I Rsvd 
3 Racned 

When bit 4 of byte 2 is SET (1), thm Unit Attendoa is loged In sense onJy; no 
Check Condition Status wiD be presented follcnrinl any reut. When this bit is 
RESET (0). then C1leck Condition is presented for all affected Initiaton followin1 
a nMt until Requesc Sense is issued by acb Initiator (as per current operation). 

Pap Zero is stored on the drive and is not claanpd by .r.wer off/on cycles or 
Mode Select commands that do not ac:cm pa1e zero. . be default state of 
UniWtn is Reset. 

ERROR RECOVERY PARAMETERS. Pa1e code lff· -- ---Bit 7 6 ' 3 2 1 0 
Byas 

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

R R 

AWRE I AR.REI 

Page Ccde-1 H 
Page t.encm cm byies) 

TB I RC ~I EEC ~I PER I DTE ~I DCR~ 
R=yCowu 
Cmreciion Span(Opt.) 
Head Offset Count (Opt.) 
.Data Strobe OtTset Count (Opt.l 
Recovel'1 Time Limit (Opt.) 

A DCR (Disable Correction) bit 0 set to one indicates dw the data shall be transf c:tred without 
applying correction. A DCR bit set to mo enables mer correction. 

A DTE (Disable Transfer on Error) bit 1 set to one and if the PER bit is set to one, indicates 
that the mget shall create the Cleek Condition sums and terminate the data transfer to the initiator 
immediately upon de:ection or an mar. The Transfer Length is then not exhausted. The data of 
the block in error, which is the rnt ming block encountered. may er may not be transf em:d re the 
initiaror depending· upon the semng of the TB bic. The DTE bit can only be set to one by the 
iniriuor if the PER bit is set to one. The target shall cream the Check Condition st.ams with mc:gal 
Request Sense Key, if it receives PER bit of 1='0 and DTE bit sci to one. 

A DTE bit Set to zero 'enables data U"anSfer for any daia which can be recovered within the limits of 
the: .Error 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 dw the rarget shall enable the reporting of the: 
Cncck Condition status for recovered errors. with the appropriate Sense: Key. The Check 
Condition shall happen during the data tt3nSfer depending either on the: DTE bit value or if m 
unrecoverable error occured. If multiple errors occur. the REQL'EST SENSE daa shall :-epon the 
block address of either the last block on which recovered c:nor occurcd or of the: first unrecoverable 
error. 
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A PER bit set to mo indicates tbal the target shall nee aear.e the Check Condition status for erTOrs 
n:ccwaed wUbiD the limia established by the odlCl Emx Recovery Flags. Recovery pnxcdures 
e:te=ting the limil:s established by the other Emr Recovery flags shall be post.eel accordingly by 
the tarpt. The nnsfer of data may tmnizwe prier to obausting the Trmsfer Length depending on 
the mor and the smi: of me other Emx' Recovay Fl.qs. 

AA EEC (Enable !arty Correction) bU 3 set to one incticarcs that the target shall enable the use 
of me most expedient !onn of mer recovery, such as m'DI' correction. before applyin1 retries. 
Seek ar posidoains retria and the reco,.C17 procedure mrics of me message syst.mn are not 
aff'ecu:d by tbe val1lc of cbis bit. Tqm implemencinl ma' correction schemes dw do not provide 
me most cxpedic:nt fcrm of mor recovery should ddaull to mo and repon the EEC bit as not 
chanpable iD the MODE SENSE Page code 3. EEC and DCR both of one is an invalid request. 
far which the mget shall czam the Check Condition stams with mega! Request Sense Key. 
AA EEC bit set to mo, incficua dm the target shall emust the defined r=y limit prior to 
enablin& mer ccm:cziaa. If OCR bit is set to one, the defined retry limit only is to be performed. 

A RC (Read Condnuous)bit 4 set to one requesis the tarpt to iransfer the entire requested 
length of data wimogt adding delays uw would increase or ensure dar.a integrity (ie. delays caused 
by the target's mor recovery schema). This implies that the target may send data which may be 
erroneous or fabricated in order to maintain a eoutinuous flow of data and avoid delavs. 
The target shall assign priority to this bit over contlictin1 error conuol bits (EEC, oCR. DTE, 
PER) within this byte. 
Imp~uxs nor. fabricau:d data may be data already in the buffer or any other mget scheme. 
This bit is typically to be used iD Im.qe Proccssins, Audio or Video applications. 

A RC bit set to ~ indicates that mor recovezy operations which cause reasonable delays are 
acceptable durin& the data transfer. Dara shall not be fabricated.. . 

A TB(Transfer Block) bit 5 set to one indicates that me failing data block (recovered or 
unrecovc:rable) data shall be transfem:d to the initiator. A TB bit set to z.i:ro indicates that the 
failin& data block (recovered or unrecoverable) data shall not be transfem:d to the initiator. 
Implementor Note: In both cases, but particularly when TB is zero, the block address reported in 
the REQUEST SE..'lSE dm. shall be of the errin& block. not of the preced!ng block. 

An ARRE (Automatic Read Reallocation or defective data blocks Enabled) bit 6 of 
one indicates that the mget shall enable automatic reallocation of defective data. blocks during 
READ operations. The execution of the auumwic reallocation is similar to the function of the 
REASSIGN BLOCKS command. but is initiated at the discretion of the rargei. The implementation 
is device specific. · 

An ARRE bit SCl to zero indicates dw the target shall not perform automatic reallocation of 
defective data blocks during READ operarions, but instead shall create the Check Condition Status 

_ wim Sense Key of Medium Error upon encouna:rin1 such defective dm. blocks. 

An A WRE (Automatic Write Reallocation or defective data blocks Enabled) bit 7 set 
to one indicates that the target shall enable automatic reallocation of defective data. blocks during 
WRlTE operations. The execution of the automatic reallocation is similar to the function of the 
REASSIGN BLOCKS comm.and, but is initialed ai the discretion of the target. The implementation 
is device specific. 

An A WRE bit set to r.ero indicates that the target shall not perform automatic reallocation of 
defective data blocks during WRITE operations. but instead shall cre3te the Check· Condition S 1:.1rus 
with Sense Key of Medium Error upon encountering such defective data blocks. 
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'l'bc following ~le summari:zr:s all valid modes of op:micn. 
EEC PER DTE DC1l Descripdoa 

0 0 

0 0 

O 0 Retries tbeD Corftdioa m utempa:d (EC & OCR otf). 
RecoYCred mrJ/t% cu11eczed dara (if any) is transfem:d with no Check 
Condition Stams (PER oft) a& tbc mi of the transfer • 
• Transfer Lencm is exhausted. Om transfer stDpS only if an 
anrecovenble mer is cmcouau:n=d. The maet shall then create Check 
Ccndirioa scams wida the appropriare Sense Key. 
-1'be dm of the umecownble Blcct (if any), may or may not be 
nnsfmed to me inirialcr dependin1 an me semna of the TB biL 

O 1 Same u (0000) above but No Cornction Applied(EEC off.DCR on) 

O O 1 O Invalid Request (01".E on. PER off) 
0 0 1 1 Invalid Request (DTE an. PER off) 
EEC PER DTE DCR Descripdoa 

o I 

0 1 

o I 

0 1 

o O Report taSt Data Bloat in error at the end of transfer. 
RCU"ies then Correction (EEC off, pcR off) are attempted and rec:ove:'Cd 
dara. (if any) is transferred corrected. 
·The Trmsfer Length is e.xbanst.ed if no unrecoverable mar occured 
(D'l'Eoff). 
• 1he t3r1ei aeau:s Check Condition status with RECOVERED ERROR 
Sense Key and n:pons (in me inf ormarion bytes field of the Extended 
Sense dm) the last block for which recovered error occured. if any. 
(PER on). 
- The data of the umecoverable Block (if any), may or may not be 
uansf med to the initiator depending on the setting of the TB biL 

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

I O Stop Transfer on First Recovered Error Encountered. 
Retries then Correction (EEC off, OCR off) are attempted and recovered 
data (if any) is transferred corrected. but transfer stopS (DTE on) after the 
tint recovered or unrecoverable error is detected. 
·The target creates Check Condition smus (PER on) with RECOVERED 
ERROR Sense Key on me rirst block for which a recovered error 
occured. if any. 
Implementor Nore: This mode is not recommended for use if TB is set 
to zero. It is suggested that mode 0111 be used inste3d if TB is set to 
zero. 

1 1 Same as (0 1 1 0) above but no Correction Applied (EEC off. OCR 
on). The data of the erring Block (i! any), may or may not be transfemd 
ID the initiator depending on the setting of the TB biL 
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I 0 0 .. 0 

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

1 1 0 0 

1 1 0 1 
1 1 1 0 

1 1 1 1 

Apple SCSI Command Protocol 062-2075 Revision 4 

Correction then Limited Retries (OCR olf, at on) • 
Sam: as (0 0 0 0) except apply ECC Conecticm first. 

Invalid Request (EEC on, OCR on). 
Invalid Request (DTE on. PER OD). 
Invalid Request (DTE on. PER off). 

Report Last Data Block In error at tlle end or transfer. Same 
u (0 1 0 0) ocepc apply ECC Camctioa first. 

Invalid Request (EEC on. OCR on). 
Stop Transfer on First Recovered Error Encountered. Sa.me as 
0110 acept Com:ction d1cn Limited :mies arc: attempted. 
Invalid Request (EEC on, OCR on). 

Retry Count is the number of times that the tarset should aucmpt its lad recovery algorithm. 
Typically, this is pedcrmed befm aplying correction. 1l boch Reay Count and Recovery Tune 
Limit are specified in a MODE er commazid. rbc field which specifies the shorcc:r time period 
of recovery actions shall dominate In this case. me non dominant field shall be ~turned as zero in 
subsequent ~IODE SENSE commands request.eel with cum:nt values. J! the target does not support 
chis field. it shall n:mm a zmo value in the MODE SENSE command. 

Correction Span is the size of the largest rad da%a error, in bits. on which correction may be 
aaempted. If the maet does noc suppon this field, it shall ~mm a zero value in the ~ODE SE.."l'SE 
commancL 

Head Offset Count is a two's complement value that specifies some incremental offset position 
from the center of the track that indicates where shall the disk heads move. The effect of this fieid 
to WRlT.E operations is unspecified. The value shall be applied and be maintained until another 
MODE SELECT command is successfully completed with a diffen:m vall.le. If the target does not 
support this field. it shall remm a zero value in the MODE SENSE comm.md. 
- A value of :ro indicates that no offset is to be ll'Plied. 
• A positive value (i.e. 1. 2, ·-> indicates an increasing distance in the dirastion of the: next ( • l) 
physical traek. This next physical track could be towards the innennost traek or towards the 
outermost tne~ depending upon whether 1nek zero was on the ourmnost or the innermost crack of 
the drive. 
- A two's complemented (i.e., Ff. FE. ·-> value indicates an increasing distance in the opposite 
di:ec:tion from a positive value. 'Ibis is in the direction of the previous ( • 1 ) physical rrac:k. 
The degree of offset for each increm=ral value and the number of valid stepS ~ device specific. It 
is recommended that devices support equal inc:n:mental positive and negative values. The W'gct 
shall aeau: che Check Condition Stams with IDepl Request Sense Key if it ~ceives an invalid 
(larger or smalle:r) offset value than that supported by the device. In this ease. the Information 

- bytes of the Extended Sense shall remm the positive value of the nwtimum count that the device 
suppotts. 

Data Strobe Offset Count is a two's complemcm value that specifies an incremental position 
the recovered data strobe shall be adjusted from nominal. This field applies to READ operations 
only. The value shall be applied and be maincamed until another MODE SELECT command is 
successfully completed with a different value. It the target docs noc support this field. it shall 
~tum a zero value in the MODE SENSE command. 
• A value of zero indicates the nominal position. 
- A positive value (i.e. 1. 2 •.•. ) indicates an increasing adjustment in the positive direction lS 
defined by the device (such as moving the data strobe out in time by some number of 
nanoseconds). 
• A two's complemented. (i.e .• Ff, FE, ... ) value indicates an inc~asing :idjusunent in the neg:mvc 
direction. 
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The degree of adjustment fa each inc:rr:mentli value and tb.e number of valid sieps are device 
si>eCific. I1 is n:commm:k:d dm di:W:es support equal inc:emeutal positive and negative values. 
1bc mget shall c:rem tbe Check CondiJ:ion Stams wim ll1ep1 Request Sense Key if it receives an 
invalid ( larger ar smaDc:r ) suobe offset ccum value than dw suppormd by tbe device. In this case, 
me Infcrmarim by1eS of tbe £'lfr!'ded Sense may taum the posi!ive Y'l1ue of tbe mujmum valid 
count that me device suwcns- Tbc target shall remm a mo value in tbe Infcmwion byteS if it 
docs noc have me capability 10 n:mrn a defined. value. 

RllCOYef'1 nme Umit is tbc mu.imum Time dw the farlet shall attempt mar recovery actions to 
comctly ftlCOWI' data. if such iecovery ii allowed in ocher fields ol this pap. 1bc field is defined 
in 10 miJUseconds Wc:zemena. The tazpt may ZOUDd tbe value co ia nearest convenient value. 
Subsequest MODE SENSE commands requesu:d with cmn:m values shall n:mm the rounded 
value.. A zrm value indicates that tbe time is 11nljmited. If both Rn')' Count and Recovery Tune 
I.imit :are spcc:ificd in a MODE m F1"T com~ the field that~ the shom:r time period of 
n=ovc:ry actions shall dominate In this ~ the nondominant fidd shall be returned. as zero in 
subsequent MODE SENSE commands requesu:d with cum:nt values. 
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DISCONNEC?/RECONNEcr CONTROL Pilk\IETERS. Pap code 29 
(Parameten not used by Tape an nated bJ A) 

----------------------------------------------------------Bk 7 6 5 4 3 2 1 0 
. Byte 

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

ll ll 

EtXI& rrllio paranuta ii tlY 1&11l'Mrator of a fl'a&tioMl mllltiplI.r tl&al luu 2.56 a.r iu 
tJ.nominlJlor. 

Buft'er Full Rado indicates to the target. on READ commands, how full the bWf er shall be prior 
ID reconm:cii.ng. Targm uw mclllde a larger granular bWfer block size 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 targt:i. on WRITE comm.ands, how empty the buffer shall 
be prior to reconnecting to fetch more dam. Targei:s t1m inclllde a larger granular buffer block size 
shall round up to the nearest whole buffer block. {Field not used tor Tape) {0 equals !'iot 
Implemented) 

Bus Inactivity Umit field (bytes 4 and 5) indicates the maximum time in 100 microseconds 
inaemenis that the target is allowed to mamrain the bus busy without handshakes until it shall 
disconnect. The target may round to ics nearest capable value. A setting value of ze:o indicates that 
the target is allowed to maintain the bus busy indd"mitdy without handshakes until it determines to 
disconnect. 

Disconnect Time Limit field (bytes 6 and 7) indicates the minimum ti.me in 100 microseconds 
incremencs that the mgei should remain disconnected uncil it auempcs to m:onnect The target may 
round to ics nearest capable value. A scmn1 value of zero indicates that the target is allowed to 
reconnect immecliaa:ly. 

Connect Time Limit field (bya=s 8 and 9) indicates the maximum time in 100 microseconds 
inc:emencs that the catget should remain connected until it mempcs to disconnect. The target may 
round to ics nearest capable value. A scums value of zero indicates that the target is allowed to 
remain connected indefinia:ly until it demmines to aacmpc disconnection. 
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DIRECT ACCESS DEVICE FORMAT PARAMETERS. Pap code Ja. 
(Pan.meters not used bf Tape an noted by A) 

Bk 7 6 ' 4 3 
Byu: 

0 
1 

2 
3 
4 
j 
6 
7 
a 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 

Bit 

ll 

7 

I I 

1l I Pap Code • 3ff 
RAND~iar, r~cts FIELDS 

Trleks per Zone (MSB) A 
Trxks per Zcm (LSB) A 
A1temaa: Sccicn per Zom (MSB) A 
Alt.anarc Sccuxs per Zone (I.SB) A 
AltenWD Tnck:s per Zone (MSB) A 
A1temaa: Trac.ks per Zone (1.. Ci) A 
A1tc:rrWe T?KJa pct volume (MSB) A 
AltcnWI: Tnck:s per volume (LSB) A 

TRACK FOR.\fA T FIELD 
Scctan per Track (MSB) A 
Sec=n per Track (LSB) A 

SECI"OR FOR!dAT FIELDS 
Om Bytes per Physical Sector (MSB) 
Om Bytes per Physical Sector (LSB) 
Ina::rleave (MSB) 
Interleave (I.SB) 
Track Skew Factor (MSB) A 
Track Skew fa.cur (LSB) A 
Cylinder Skew Factor (MSB) A 
Cylinder Skew Factor (LSB) A 

DRIVE TYPE FIELD 
6 5 4 3 

2 

2 

1 

1 

I I I I 
20 SSEC I HSEC I R..'vm I SURF Al INS 

I 
Reserved 

21 Reserved 
22 Reserved 
2.3 Reserved 

• 

- The following infonnation is only valid to be sent to the mgct prior to the execution of the 
FORMAT UNIT command.. 

Handling o/D1/1cu Fi.Ills : 

-0 

0 

The target may or may not accept the ex.act value requested by the initiator in these fields, but may 
round to its nearest most convenient value (which value may be zero). In this c:i.se. the target shall 
create the Check Condition statuS with II..LEOAL REQUEST Sense Key. The initiator may issue 
a MODE SE.'lSE command requesting the current Fonnat Parameters Page to be returned, in orC:Cr 
to be infonncd about which value has been set by the mget in response to the initially requested 
value of the MODE SELECT command. 
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Tracks per Zone incticaa:s that the tarzet shall divide the capacity of the device, prior to format. 
in equ1 number of nckl for tbe ~of allocadn1 widl the m=tt four bytes, an equal nwnber of 
a1lmWllS seem er ncb per zone fer handJ.in1 de!ecis. ne last zone of the dmcc may ar may 
me include the same number of acks as die previous 20DC(s). A value of zero means dw the sole 
mis ddincd as dle wboJe mm. The capacity of the device is ~-by die number of 
cylindc:rs and number of bads ramned in die Pap 4 er j ckpending on the device type. 

Alternate Seeton per Zone indicara die nmnbcr of seciDn tbu die target shall deallocue from 
me mmamr addressable blocks duriq me PORMA T t1NlJ" command. 1bese secu:n will be 
available to the mpt as n:placable sec:ras fer defec:live sec:tan.. The method used by the target to 
llCCCSI a1temalll: sectcrs when cncounrmin1 a defeciiw sectar is deYic:e specific. A value of zero 
mcticua ma no alll:D.DI secims ans to be ctnQncamd er tJw me MODE SENSE command 
indiC3tm that the mqet dccs not suppai1 Ibis field er does nae authorize this field to be changeable. 

Alternate Tracks per Zeme indicara the number of U'ICb that die target shall deallocate from 
the ini1ialm addressable blocks dmin& the FORMAT UNIT command. These tracks will be 
available to me aqet as n:pla:eable acks fer de!eciiw cncb. ne medlod used by the target to 

. access alrenwe cracks when encouna:dn1 a defeciiw tnck is vendor unique. A value of zero 
indicaim dw no alrmwa n:b are ID be dnllocat.ed er that rhe MODE SENSE command indicated 
ma me t111et does not suppcxi tbis fic1cl ar does nae aur.borize this field to be changeable. 

Alternate Tracks per Volume indicates the number of incks that die target shall deallocate 
from the initiaur addressable blocks dmin& the FORMAT UNIT command. These tracks will be 
available to the target as n:placeablc localions (rncks or secuxs) for defect handling. The method 
used by me tuJet to access these altmnale nets when encountering a defect is vendor unique. A 
value of mo indicaaes tJm no alflmWe ncks are ID be dealJo:u:d ar that the MODE SENSE 
command indicated that the t1ZJet does noc support this field or does not auchoriz: this field to be 
changeable. . 

When the initiator seis the three fields (Altmme Seeton per Zone. Altenwe T:-acks per Zone. 
Alternate Tracks per Volume) to zc:ro, it may n:zquest the target to set iis own default sc!le.-ne for 
handling defects or may request the target not to perform any defect handling. The target mav or 
may not mum Check Condition smus to this ccndicion. • 

Track F2rmat Field: 
Seeton per Tr3Ck ind.icares the number of physical sectors thai the target shall allocate per disk 
IDCk. This implies thai the target set an equal dara sector size to all sectors accordingly. Tne value 
of zero indicares that eicher the number of Sector per Track varies or thai the MOOE SENSE 
command reponcd that the rarget does not auchorizr: this field to be changeable or that other 
mechanism implemented is DOC specified. 

5mpr F?rm;wt Fjeld: 
Data Bytes per Physical Sector indicau:s the number of daa. byteS thai the W'get shall allocate 

_ per physical sector. This value may be different from the logical block size in the Block Descriptor 
secuon of me MODE SEI..Ecr dara. This ~lies dw the raraec set an equal number of sec:on per 
n:k accordingly. The target sh.all c:rear.e the Check Condicion smus if it determines cha :he 
combination of this field and rhe sectors per 1DCk values exceed the physical abilities of the 
medium. The value of mo indicases dw either the nwnber of Om Byces per Physical sector varies 
er that the MOOE SENSE command naponed that the target does not authorize this field to be 
changeable or that odu:r mechanism implemented is not specified. 

Interleave is the same parameter passed in the FOR.\fA T UNIT command. and is only r=tumed 
by the MODE SENSE command. The w-get shall report this field as nonchange3ble in the 
corresponding MOOE SENSE command. The target shall ignore this field in MODE SELECT 
commands. 
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Track Skew Factor indicates the number of physical sectcn between the last logical block of 
oae n:k and tbc tint lop:al block on me n=i scquc:ai:ial trick of the same cylinder. 

Cylinder Skew Factor indiclllll die number of physical sect.on between the last loaical block of 
oae FYlinda::r and the rnt Jop:al block on me mm scqucmial cylinder. 

-Qriu Tmc flgld; 

A ·SSEC bit set to one mdicam dm the mpi sball ue soft sccur formaa:in1. A 

A RSEC bit set to ODI indic:ms dm die caraet shall use"°"' sec=r formamn1. The HSEC bit 
and the SSEC bit are mumaJly aclusift in MODE SEL.Ecr comm1ms 

Possible combinations of MODE SENSE Repon Default Values 
SSEC HSEC 
0 0 
1 0 
0 1 
1 1 

Tarpt DOC allowed to raum this combinaiion 
Tarpt suppons Soft sectcr fmmaa:ing only A 
Tarpt suppcns Had sectrr fcrmauing only 
Tarpt suppcns boch Soft and Hard sect.er fomwting A 

Possible combinadom of MODE SENSE Report Chmpable Values 
SSEC HSEC 
0 0 
1 0 
0 1 
1 1 

Sect.er fomwz:ing Noc c:hanpable 
Tarpt DOC allowed ID raum this combUwion 
Tarpt nae allowed ID mum this combination 
Tarpt suppcns boch Soft and Hard sector fonnaaing A 

A RMB (Rrmovable) bit set ID one indicates dm the loaical mm is removable. A R..~ bit set to 
zero imilcm:s that the logical unit is not n:movable. 

The St.JRF (Surface) bit indicates how the mgei shall map the logical block addressing into 
physical block ad.Cressing. A SL"RF bit set to zero indicares that the target shall allocate 
progressive ~ to all sectars within a cylinder prior to allocmg sector addresses to the next 
cylinder. A SURF bit set ID one indicates that the taqet shall allocate progressive addresses to all 
sectors on a surface prior ID allocm1 secur addresses iD the next surface._ 

The JNS (lnhibit Save) bit 3 byte 20 set to OM in MODE SELECT commands indicates that the 
target shall inhibit the savin1 of any parameters during the successfull completion of the next 
FOR.~ T ti"NIT command. The INS bit sa 10 uro indicates that the panmcterS of the Pages 
dermed by the Page Codes 3, 4 and 5 shall be saved by the mget if such pages were indicated to 
be saveable (by PS bit 7 byte 0 set ID one in Page Headers) in preceding MODE SE.'-JSE 
commands. 

As a raninder: 
_ - The Pages defined by Page Codes 3, 4 and 5, depending on device type. include all paramete:s 

necesmy to be indicmd to the target prior ID the fOR.\tA T tJN1T command. The saving, if 
implemented. shall then:fon: be pedonned only during the FOR."IAT ti"NlT command and not at 
any other time. 
• All ocher Saveable Pages not affecrins the format may be saved in following MODE SEI..ECI' 
commands if the SMP bit is set to one in the CDB of these MODE SELECT commands. 
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RIGm DISK DRIVE GEOMETRY PA.Rk~. Pap Code 'H· 4 
'This Page is maiD.ly intended fer dcrming parameu:rs of rigid disk drives. but may be. used for 
fJaiblc disk drives it deemed applicable. 

- .. --- ---
Bil 7 6 4 3 2 1 0 

. Bye 
__________________________________________________ , __ ______ 

0 
1 
2 
3 

' $ 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1$ 
16 
17 
18 
19 

R. ! . R. ! - PqeCodc•4H 
Pqe Lmgdl (in byta) 

Number of Cylinders (MSB) 
Number of Cylinders 
Number m~ders (LSB) 
Number of 
Scarrm1 Cylindlr-Wrim Precompcnsation (MSB) 
Scarring Cylinder-Write Precompenwion 
Stm:in1 Cylinder-Writ& Precompauarion (I.SB) 
Scmin1 Cylinder-Reduced Wrir.e Cum:at (MSB) 
Starring Cylinder-Reduced Wrir.e Cmr=t 
Scarring Cylmdcr-Reduced Wrir.e Current (I.SB) 
Drive Step Ram (MSB) 
Drive Seep Ram (l.sB) 
I.anding Zone Cylinder (MSB) 
Landini Zone Cylinder 
Landing Zone Cylinder (I.SB) 
Reserved 
Reserved 
Reserved 

The target shall create the Check Condidon Stams with IU.EOAL REQL'EST Sense Key if it 
receives values in Number of Cylinders and Number of Heads fields thai are greater than the 
d.e!aulis values returned by the MODE SENSE command or peara than the actual values. 

The tar&et shall cn:aie the Check Condition Scams with Ill.EOAL REQUEST Sense Key if it 
receives values in Starting Cylinder· Wrir.e Precompensalion er Reduced Write Cu.rmit fields that 
are areater than the Number of Cy linden field. 

Drive Step Rate is expressed in unics of 100 nanosecoinds. The target shall use the lowest step 
rate, peara than or equal to die step rate required.that it is capable of implementing. A value of 
zero indic:ams that the target is required to set ics default value. 

- The Landini Zone Cylinder field indicaa:s two's complement location where the tariet shall 
position the disk heads prior to stop die spindle widl the ST ARTlSTOP command. This field is 
only meaningful with drives that do not auromaticaly seek to the Lanclinc Zone before stepping the 
spindle. A nepriw: value su:ps dle device oulSide the recorded cylinders. A value greater than the 
number of cylindcn su:ps the device beyond the recorded cylindcn toward the spindle. 
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FLEXJBLE DISK DRIVE PA.RA.METERS. Pap Code 5g. ~ 
This Pap is mamded for definin1 pm.mmrs of flaible disk dzives. 

Bk 7 6 $ 4 3 1 1 0 
Bye I I 

--------------------------------~-----------------------0 SDP 1l Pap Code • 5ff 
1 Pap I.mph (in byies) 
2 Trlnsfcr rm (MSB) 
3 Tnmfcrnra (LSB) 

TRACK FORMAT FIELD 
4 Number of Heads 
5 Sect.an per Tnck 

SECTOR FORMAT FIELDS 
6 Dm. Syta per Physjcal Secicr (MSB) 
7 Dm. Byies ~Physical Sec1Dr (LSB) 
8 Number of Cylinda's (MSB) 
9 Number of Cylindm (LSB) 
10 Scan:in1 Cylillder-WritePrecompenwion (MSB) 
11 Scan:in1 Cylindc:r· Wrim Precompensation (LSB) 
12 Sman1 Cylinc:kr-R.educed Write Current (MSB) 
13 Stanin1 Cylinda·Reduccd Write Cmrent (LSB) 
14 Drive Seep Ra (MSB) 
15 DriYe Saep Rm (LSB) 
16 Drive Seep Pulse Widih 
17 Head Seme Delay 
18 Motcr On Delay 
19 Moror Off Delay 
20 TR.DY I Reserved 
21 . Head Load Delay 
22 Stan:in1 Sector Number, Side Zero 
23 Stan:in1 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: 

-OOF AH to select 2SO kbictsecond U"anS!c:r rare 
-012Ca ID select 300 kbitlsecond IZ'lnSfc:r rue 
-01F4ff to select 500 kbit/seccnd IZ'lnSfc:r rare 
-03E8H to select 1 megabit/second nnsfc:r rare 
-0'7D0a to select 2 megabit/second inmfe:r rare 
• 1388H ID select 5 megabit/second inmfc:r me 

Motor On Delay depends on the stare of the TR.DY biL I!TRDY is not set. the Motor On Delay 
indicau:s the amount of time in 1110 second that r.he target will delay, befon: trying to access data 
afu:r asserting the motor-on signal to the drive. lf'TRDY is set. r.he Motor On Delay indicates the 
amount of time that the target will delay for drive n::idy status befon: aborting a dis~ access. 
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Motor Oft' Delay indicates the amoum of time in UlO second tJm the maet will delay before 
cfasscn:iD1 ibe mour Oil sipal ID me drive after die fal'let hu become idle. A value of F'Fff 
indicma that me motors me ID be Id ca. In this case, the moccn rm srill be controlled by the 
START/STOP tJN1T CQ"U"mi. 

A TRDY (True Ready) bit of one indicates that the drive provides a ready signal which indicates 
dm tbe spindle moD' is up 1D speed and me dme and medium are ready to transmit azu:l receive 
elm. In mis case, tbe tarpt may aaempc 1D access the disk immedjarely upon sensing drive ready. 

Drift Ste, Rate and Step Puise W1ciiil are aprascci in units oi i microsecond. 'The target 
shall round up to ia na.t supponal value. · 

CERTIFICATION PATTERN. Pap code 6g. 

----------------------·-------------------------·----------Bi& 
Byus 

7 3 2· 1 0 

--------------------...... ------------·--------------------- --0 R R PapCode•6ff 
1 Paae Lcnam <in bytes> 
2 Racwd 
3 Rcsawd 
4 through D Vendor Unique 

1bis Page is intended to provide the paaem to be used by the taraet to fill out the data blocks during 
the FOR.'dAT UNlT command. 

Various schemes may be requested. all are vendor unique. Some examples may be: 
- Fixed pam:m of zero 
- Fixed pauem of one 
- Fixed and rqietitive parr&:m of a defined value and of a defined length 
- Paaem becoming variable startin1 with a rixed value and inaeasin1 by a defined value for a 
defined length · -
- Paacm becoming variable startin1 with a fixed value and shifting by a certain number of bits for a 
defined length 
- Blocks filled with their Logical block address repeated 
- Blocks filled with their Physical block address (cylinder, head, sector) repeated 

·--------·------·--·-------m--m--••••••-
SERIAL NUMBER. Pap Code 20ff. --1-----------------•---m-m••••m-•••-Bit 7 6 4 3 2 l 0 

Bye I I 
• • .. maw ··-:--·--· ... --·------ -------------------=-0 R I R I Page Code • 20ff 

1 Pase Lcnsm Cm bya:s> 
2 throu&h 9 Drive Serial Number in ASCII 

tnitiators will not attempt to modify this page. 
·--=-====···--·--·==-==--==-==·····=·--=---·=-=====-==·=·=····=·=· 
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FORMAT LJMITS. Pap Code llff (Tape Only) 

---------------------------------------------------------Bit 7 6 5 4 3 2 1 0 
Bye 

__________________________________________________ , ____ __ 
0 R R Pap Code• 21H 
1 Pap Lcnph (in bytes) 
2 Scmm1 Track f'or Fomm 
3 Endin1 Tnck for f'amm 

LLS RESERVE UNIT Command Cl's> 

'?bird pany and Extent Rc:sc:rvation is Required. 

- aw 

Tbe RESERVE and REI.EASE commands are defined to be mandatory commands. In addition to 
the protoeol defined in the ANSI X3T9.2 /82-2 Revision 178 document. these commands are to be 
impl.em=ced using EXTENTS (exu:nt reservation and m=t release). App.le requjres a minimum 
of 8 exu:na t.o be supported on devices where m=a are possible (Hard disk. Floppy disk. Di.r=t 
Access T,pe, CD Rom, MIO disk. ... ). All four rcservarion typeS must be supponed (Read 
Exclusive, Write Exclusive.. Exclusive Access. Read Shared). The command fomw is shown in 
Tables 8-U and 8-16 of X3T9.2, Rev. 17B. 

= ===w--

8.1.9 RELEASE t.;~ Command (17a> 

Third party and Extent Release is Required. The command format is shown in Tables 8-17 and 
8-16 of X3T9 .2, Rev. 17B. 
-••·-n11a1a•--•--•-w-•w--·••w-•-w-•--------------------------•••= 
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8.LlO MODE SENSE Co~nd ClAu> 

Bil 7 6 
Bye 

0 , LUN • 
2 PCF 
3 
4 

' vu I VU 

TableS.11 
Mode Sense Command 

' 4 3 

Operuica Code 
I 
I 

2 

~ 
Pap Code 

---1 0 

, ....... 

I flag I I.ink 

The MODE SENSE command (Table 8-18) provides a means for a tarset to report its mediwn. 
lopcal unit. target or periphcnl device pan.meters to the initiator. It is a complementary command 
to the MODE SEI..Ecr command. 

It is Required that tarpts implement thi.t command. It i.t recommended that the 
MODE SL'iSE command be iaued prior to Use MODE SELECT command. 

The Allocation Length specifies the number of bytes tlm tbe initiaror bas allocated for returned 
MODE SENSE dm. Az1 Allocation Length of :u::ro indicates that no MODE SENSE data shall be 
tramfem:d. This condition shall not be c:onside:red an error. AzJ.y other value indicates the 
maximum number of bytes tlm shall be tnnsfmed. The target shall u:mtinare the DA TA IN phase 
when the Allocation Length have be=! tramfc:md or when all available MODE SENSE data have 
been transferred to the iniriator, whichever is less. 

The MODE SENSE data (TABLE 8-19) contains a four-byte header, followed by one or more 
eight-byte block descriptors, followed by zero or more Pages. 
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6 

Tablel-19 
MODE SENSE DATA 
MODE SENSE Rader 

3 1 0 

----------------------------------------------------------
0 
1 
2 WP I 
3 

Blade Descriptor(s) 

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

7 6 
' ' 3 ., 2 1 0 

----·----·--------------------------··----------------··----------------0 Density Code 
1 Number of Blocks (MSB) 
2 Number of Blocks 
3 Number of Blocks (I.SB) 
4 ReserYed 
5 BlockLengm (MSB) 
6 Block Lensm 
7 Block Lengm (LSB) 

Pa1e Descriptor(s) 

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

--------··----------·-----------------------·-----·------------·------·-·-----------------0 PS 
1 
2to n 

R I Pase Code 
Page Lcnsth Cm byies) 
Refer to Page definition m MODE SELECT 

The Sense Data Length byte specifics the length m byu:s of the following MODE SENSE: data that 
is available to be tr2n5fem:d during the DATA ~phase. The Sense Dara Length byte shall not 
include itself. Ir the Allocation Lenath of the CDS is too small to transfer all the 
sense data, the Sense Data Lenath shall not be adjusted to reftect the truncation. 

- Refer to the SCSI standard for.the cede val~ of the Medium Type field and of the Density Code 
field. 

Optional additional blocks of parameters called Pagts may be sent to the tar1et in 
the Data Out phase or the MODE SELECT command. followinc either : 
• the MODE SELECT Header, if the Bloclc Descriptor length is set to zero • 
• all Block Descriptors. ir the Block Descriptor length is different than zero. 
The Block Descriptor Length shall not inciude the length of the Pages. 
Each defined Page is preceded by a Header or two bytes defining the Page Code 
and the length of the page. Following the Header the Pages are separated info 
subbloc:ks containing a list of related nags and/or values. 

Bits 7 and 6 or byte 0 are reserved. 
The Page Code identifies the me:ming or the following bytes in the Page. The 
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Pap Code is either defined, reserved or vendor unique. The parameters in the 
defined Paces an dassifted in priority to ase lmplementadon by the tarpt. 

TJae Pa1e Len2th Yalue ot eacla defined pap, sball not indude the Pace Lenath 
bJte. TJie Pap I.enctJa represents die number of bytes that the tarpt supports in 
ach Pap. TJie tarset may return in die Paps ot die MODE S~"lSE commands as 

many consecutive b,US dlat it sue~ for each Pap that it supports, without 
splltdn!:fids of multiple bytes. Tiie Pap Lenctll shall be set In die paces or the 

MODE S er commands to die aact same vaJue (zero Yalue included) retumed 
bJ die ~ in the MODE SENSE Pap Lenatll bytes. Otherwise, the target shaJI 

create Check Condition status with tlleSeme Key of ILLEGAL REQl'EST. 
The initiator sllall issue a MODE SENSE command requesdn1 the ~t to retum 
all Changeable values (PCF fteld conftpradoa 0 1 and Pap Code JEH in byte 2 
of the MODE SENSE CDB) prior to issuin1 any MODE SELECT commands, in 
order to find out wllida Pa~ an Implemented bJ the taraet and the lenatb or each 
Paces tor that particular LlJN. 

An initiator may request a pardc:uJar Pa1e ta be retumed by the tar1et by selectin1 
its code in byte one of the CDB. 

Bit 7 byte 0 of each Pa1e is resened. 

Vendor Cnique ftelds sball be addresHd in Vendor Unique Paps 20ff throu1h 
3'e, but not within the deftned Paps. 

PS (Parameters Savable) bit 7 byte 0 of each Pap Header set to one by the tariet 
indicates that the supported parameters will be saved by the tarpt. PS set to zero 
indicates that the supported parameters cannot be saved by the tariet. 

Pace Code Field bits 7 and ' byte O of the CDB. 
7 ' O O BcPOrt Cumnt Values _ 

0 1 

• Utile Pace Code is equal to lF9, all Paces implemented by the 
tarpt are to be returned to the inidator with fields and bits set to 
Current vaJues. 
• It tlle Pace Code is dift'erent than lFH, the Pace denned by the 
Paae Code, if supported bf the taraet is to be returned to the initiator 
with ftelds and bits set ta Current vaJues. 
The Current values are one ot tbe tollowins: 
• u set ia tbe last successftlUy completed MODE SELECT command. 
• identical to tbe Saved vaJues ir savin1 is available and if no 
~ODE SELECT command wen 1et issued since the last power on. 

• identical to tbe Default values it no savin1 is available or if 
no Saved values an available. 

Fields and bits not supported by tbe tariet shall be set to zero. 
The Pa1e Lenctb byte value or each Pace retumed by the tar1et 
indicates the last field supported within the particular Pace. 

Hemet Qanmblc V;alucs . 
·Uthe Pace Code is equal to 3FH, all P:aaes implemented by the 
target are to be retumed to the initiator with bits and Relds that are 
allowed to be changed by the initiator set to one. Fields and bits 
not allowed to be cham:ed by the initiator sh:all be set to zero. 
·If the Page Code is other than JFH, the Page defined by the 
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1 0 

1 1 

Pap Code. If supported bf tlae tarpt, is to be returned to the initiator 
witll bits and ftelds tbat are iDowed to be c:hanpd bf tile inidator set 
to one. Fields and bits not allowed to be dlanpd bf tlae initiator shall 
be set to zero. 

Uno bits or ftelds are cllanpable witlaln a Pap. the taraet may or 
may not return b~ 0 and 1 ot tbe Pap. JI tbe taraet returns these 
two b~ die Pap Least' byte ftlue Uall be set to zero bf tile 
~ne Pap Lmpta byte ftlue ot eadl Pap returned by tbe taraet 
Indicates tile last fteld supported witJain tlae particular pace. 

Bcmn Qcf1ult Valun, 
• U tlae Pap Code is equal to 3Fs, aD Paps implemented by·tbe 
taraet are to be retumed to tile initiator witll ftelds and bits set to the 
taraet's or device's default ft.lua · 
• II tile Pap Code is other than 3Fs, tlae Pap defined by tbe 
Pace Code. supported bf tile tarpt. lt to be returned to tile 
initiator witb fields and bits set to the taraet's or device's default 
Yalues.Fields and bits not supported bf the taraet shall be set to zero. 

The Pap Lenatll byte value of each Pap retumed by the taraet 
indicates tbe last fteld supported within tbe particular pace. 
The value of the fields returned with this code is intended to avoid 
confusion over whether tbe value of zero is tile default or the 
noasupported ftlue. 

Bcmn Savcst Varu,,. . · · 
• U tbe Pace Code is equal to 3FH, all Pages implemented by the 
taraet are to be returned to the initiator with ftelds and bits set to the 
saved values if saving is supported by the taraet. 
• Ir the Pace Code is other than JF H• the Pace dermed by the 
Page Code. if supported by the taraet. is to be returned to the 
initiator with ftelds and bits set to the saved values if saving is 
supported by the taraet. 

The Saved Yalues are one of the following: 
• tbe Yalues saved during_!he last successfully completed FORMAT 
UNrr or MODE SELECT commands. 
• or identical to the Default Yalues if no savin1 pcmibility 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 tar1et shall be set to zero. 
The Pace Lensth byte value or each Page returned by the taraet 
indicates which fields are supported within the panicular pace. 

Current values may be modifted by successlully completed MODE SELECT 
commands. Saved values may be updated by a successfully completed FOR!\IAT 
li'NIT command. A FORMAT UNIT command completing with no Ch,ck 
Condition status shall indicate that the Saved values have been successfully . 
saved. 
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Pqe Codes (bits 0 throup ! of byte 2) 

PauCQdc 
Off 
lff 

_2g 
3H 
4H 
!H 
6a 
79 throup lFa 
20s 
21u 
22a throucb 39ff 
3Au throup JBu 
JC9 throu1b JEH 
3Fff 

Mnnjn1 
Unit Attendon 
Error Recovery parameters 
Dllcoanect/Reconnect Control parameters 
Direct Accea Device Format parameters 
Rl&id Disk Drift Geometr)' parameters 
Flexible Disk Drive parameters 
Certiftcadoa Pattern 
Resened 
Serial Number 
Format Limits 
Vendor Unique Pace formats 
Reserved 
Vendor Unique 
Return aD Paps to the initiator. See PCF bit 
conftpration. Pap Code valid tor MODE SENSE 
commands only. 

The tlf'let shall retum the same Page Lenctb value in each Page that it supports 
with the 3F H Pap Code whatever the value or each bit or the PCF field is. 

After a power-on or reset, the actions to be taken by the tar1et following :\IODE 
SENSE commands are : 
If ~ODE SE."JSE is requestin1 : Taraet Shall: 

Default Values 

Saved Values 

Current Values 

Report Default Values 

Report existing valid restore of parameters. or 
execute a restore or parameters if not 
previously performed, or report Drive Not 
R1ody ii unable to acces.t the specific location 
on the drive where the saved values have been 
stored. 

Report a valid set or saved parameters if 
aftilable, or execute a restore of parameters if 
not previously perf'ormed,or report Driv• .Vot 
R1ody ii unable to accm the specific location 
on the drive where the saved values have been 
stored.or attempt to identify the parameters if 
no saving is. avail:able (such as cvL. track. 
sector)or if all the above are un5ucce.ssful, 
lecitimately report Default values. 
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Ll.11 Start/Stop Unit{Load/Unload} Command lBb (For Tape Only) 
Table S-20 

Bk 7 6 5 3 2 1 
BY1& I 

0 

--------------------------------------------------------0 Opcmiaa code 
1 LVN · I 
2 Rall"Nd 
3 lwrved 
• Resaved I Mod I Reamsn· !Start/Load 
5 Vendor Unique I Racned · I Rag I Link 

1bc Load/Unload command causes tbe canridge tD be amoloaded('d' tbe Scan/Load bit • 1 ), or 
unloaded. ID tbe c:nd-of·tape (if tbe Scanll.old bit • 0). 

A11 Immediatc(lmmai) bit of om indicaca dial stams and oncssaae byta will be retumed to the 
initiator before the operuion srans. A11 Immcd bit of mo indicau:s that stams and message bytes 
will be remmed to tbe Iniliau:lr afu:r the opcra&ion has been completed. 

The command function depends upon tbe semn1 of the Mod. Retension and Start/Load bitS as 
indicaiai by me followm1 table. 

Mad Bcrcnsfon Start/Lgad D§oiptign 

0 0 0 Ncrmal Unload 
0 0 1 NcrmalLoad 
0 1 0 Retension Only 
0 1 1 Norma!Load 
1 0 0 Unload w/o Tape ~ovement 
1 0 1 Load w/o Condition Pass 
1 1 0 Retension only 
1 1 l Reserved ._ _____ ....,. _________ 

-- ____ ....,... -- ----·· 
READ QIC·lOO DAT A Command (13h) (For Tape Only) 

mawww =·m-m----------------··----·-•-•r•m-•.,.w-•w• Bit 
Byu: 

7 6 5 . 4 3 2 1 0 

----- ---------------------------------- -----0 
1 
2 
3 
4 
5 

LUN 
Opc:ntion code 

I 
Reserved 
Reserved 
Reserved 
Reserved 

Reserved 

w .. m.,=•-• .. w--•==--•-=w-m.-. w---=-•-·-------••msaaa:a:a:sc--••• 
1'bis command allows the host to read QIC-100 related infonnation from the controller. 
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DAT:\.JN l1AYOUC ______________________________ l ____________ l ______ q ______ _ 

Bit 
Byu= 

0 
1 
2 
3 

' 5 

-

6 
7 
8 
9 
A 
B 
c 
D 
E 
p 
10 
11 
12 
13 
14 
1$ 
16 
17 

7 6 3 2 1 0 

-=wwwwwwww--

D• MSB (Dct'ault 0) 
Om I.SB (Default 0) 
Tune MSB (Default 0) 
Tune LSB (Det'au1t 0) 
Loe Number MSB (Default 0) 
Lot Nmnbc LSB (Default 0) 
Mmuf~ MSB (Oetault 0) 
Manut'Ktm"Cr I.SB '(Default 0) 
Frames per Track MSB 
mmes per Track LSB 
Tnck OffsetMSB 
Tnck Otfsa LSB 
Stop Tune MSB(in number of fi'ama) 
Stop Tune LSB(m number of frames) 
Intl:rlcave 
Transfer Size(0-8192b,1•8320b) 
Number of Bad Blocks on Tape (MSB) 
Number of Bad Blocks on Tape (I.SB) 
Maximum number of Bad Blocks Allowed (MSB) 
Maximum number of Bad Blocks Allowed (LSB) 
Nwriber of Altamre Blocks Assigned (MSB) 
Number of Alta:maa: Blocks Assigned (LS'B) 
Maximum Number of Altcnwe Blcx:ks Allowed 0-v!SB) 
Maximum Number of Alternate Blocks Allowed (LSB) 

a •• ··-a:ww•• wm---·--·---••••ia•a:aaaa--=-•-====== 

WRITE QIC-100 DATA Command (14h) (For Tape Oncy) 

--·--·-·--··---------------3 2 1 0 

aaawac aw ------••••••=• 

Reserved 

____ , __ , ____________________________ _ 
Th.is command allows the host to write QlC-iOO n=lated information to the controller. 
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Bit 
Bye 

0 
l 
2 
3 
4 

' 6 
7 
8 
9 
A 

7 
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QATA.QIIT J,AYOJIT 

6 4 3 1 0 

----·--------------1----1-------------·--------·--------.. ·-------
READ DEFECT DATA Command C37u> 
P:iphcnl Device Type: Direct Access 
Opcmon Code Type: Mandatmy 
Opemion CoQ:: 37s 

-------- -__,...., ... _.••=•••m•a1w....,. ... w1www----•----••ww._-.. ........ 1-w.-. .. a----•----•••••••• 
Bit 

Bye 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

7 6 

LUN 
Rescned 

Operation Code 
I 
I P 

Resaved 
Rescned 
Reserved 
Rescned 

3 

Reserved 
I 0 I 

Alloc:arica Length (MSB) 

Alloc:arion t.encm (LSI> 
Ccauol Byu: 

2 1 0 

= ==maw .. 

Defect List Format 

The READ DEFECT DATA command requests that the W'ICl iransfc:r the medium defect data to the 
initiator. 
The meanmg of bia 0 through 2 of byte 2 is similar U> the bit definition of the bits 0 through :? of 
the byte 1 of the FOR.MAT UNIT command. The initiator indicateS with this field a prefe:red 
format for die defect list to be remmed by the target. This Defect List Format rield is intended for 
those w-gets capable of retuming various fonnau. A target unable to return various f ormm may 
return it's default format and aeare the Check Condition status with RECOVERED ERROR Sense 
Key at the end of the Read Defect Dam dam tr3nSfc:r. 
- The P set to one indicates that the initiator requests the Primary list or defects be returned. The P 
bit of zero indicateS that the target shall not mum 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 indic:itcs that the target shall not retwn the Growing list of 
defects. 
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• Wid:& bill P and 0 bocb set to one, die mpc is requar.ed ID mum the Primary and the: Growing 
list of defects. 1be target shall dc&mmiue the crdcr in which the lists are ID be mu.med and shall 
detftmine if the liS1S will be merged or nae. 
- Wid:& bia p md 0 bodl sec ID ma, tbe Defect List Hader only is ID be retumed. 
The Allocarioll L=gdl. specifics me number of byf.CS dm me initiaror bas allocared for returned 

- READ DEfECTDATA.. AD A.lkalicxl Lmph '4 mo mdicms dm no READ DEFECT DA TA 
sball be tramfcrred. My ocbcr value indV:ua die mHimpm number of byta that shall be 
UIDSfmed. 
Tbe mpt sba11 =minam tbe DATA IN oluase wbm tbe Allocation Length d.m have been 
nnsfmed er when all available READ DEfECT DATA have been amst'em:d to the: initiator. 
wbichcYcr ii lesl. 

The READ DEPECTDATA ccataim a four-by1e bader, followed by mo or more defect 
dacripun. 

Defect LJst Reader 

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

7 6 3 2 1 0 

---------·--------------------------·----·---------------------0 
1 
2 
3 

Defect List Format 

The manings of bill O through 2 ofbyu: 1 are similar to the Defect List Format m Table: 8-4 of the 
FORMAT L'NIT command. The bits P, 0, and the: Defect List Fomm indicate which defect list is 
actually remmed by the carpc. 

The format of the defect descriptOn. it the Defect list length is different than zero. are shown in 
Table 8-5, 8-6, 8-7 m the FOIUdAT L~ commm:l. lbe lengih of each defect descriptor :r.ay be 
four byteS or eight byta dr:pendin1 upon the Defect List format code. The: defect list length 
specifies the total lengih in byteS of the defect descripton tJw follow. The: l:>efect List Length is 
equal to four or ei&ht times the number of defect dc:scripton. 

lf the Allocation L=gth of the CDB is IDO small ID tnnsfc:r all the: defect descriptors. the Defect List 
U:ngm shall not be adjusa:d to reflect the truncation. lbe target shall not create a Check Condition 
swus. It is recommended that the iniriaar compaza the Defect List L=gth to the Allocation 
U:ncm to ensure dm it did noc receive a pan:ia1 list due to a too small Allocarion L=gih. 
The defect descripan may or may not be sent in ucendin1 order. 

- The initialer may be informed abcuc the exact number of defects by dividing the Defect List Length 
by the Defect Oescripur Lena& 

---------·-------------------------------·----.----------------
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SCSI ERROR CONDITIONS 
• 

This section describes the ...nous SCSI bm-related erron cm occur durin1 the 
aecudoa of a command and the actions taken by Ule taraet in response to these 
erron. A proper balldllnl of tile SCSI bus-related errors is by the implementation 
ol: 
• mast mesaps of tile Error Rec:ot~ Set, bf both tarpt and bdtiator 
• Bus ParitJ enabled la both tarpt and initiator . 

!9'-1 Taraet Mode Error Conditions 

Under snenJ error condldons. the taraet may chan1e the ptaue to Bus Free. 
without correctly tenninadn1 the command (Le..No Disconnect or Command 
Complete mesa1es sent to tbe initiator). ne tarpt sball then dear all 
Information reprdln1 tile command, witla the acee_tion of Sense Data (if any), 
and shall not attempt to reconnect to tbe 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 Messa1e Out Phase ParitJ Error 

Parity is optional. the tollowin1 does not applJ to those SCSI devices 
communicatin1 on the bus and are not confipred Witb Parity enabled. 
Wben the target detects a Parity error durinc the Messap Out Phase, it may retn 
the Mes.sap Out Phase usin1 the following sequence (see section 5.1.9.2) : • 

1 • Continue the REQ/ ACK handshakes until tbe initiator neptes A TN (all 
mes.sage bytes received). 
2 • Notify the initiator to resend all previous Messace Out bytes within the 
current phase, by not chanainc the phase and by assertinc REQ. 
3 • The initiator shall then resend all previous messa1e bytes. 

tr the message is not received correctly, the tar1et may process the irror usin1 
one ot the following sequences: 

1 • Immediately &O to Bus Free phase with no Sense Key/Sense Code 
information set. 
2 •Terminate the present command with a Chick Condition status and set 
the Sense Key/Sense Code to Abon1d Command Parity Error. This error 
does not prevent the initiator rrom retrying the command. 
Note : This method can be used only ir the addressed LUN is known 
from an Identity messa1e or rrom the LUN field in the CDB. 

!.6.1.2 Command Phase P:arity Error 

P:arity is optional. the rollowin1 does not apply to those SCSI devices 
communicating on the bus and that are not conlicured with Parity enabled. 
When the target detects a parity error durin1 the Command phase, it may retrv the 
Command Phase using the ro11owin1 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 tar1et will abort the command 
using one or the following sequences : 

1 • Immediately go to the Bus Free Phase with No Sense Kev/Sense Code 
inrorm:uion set. . · • 
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% • Terminate tile command witll a CUd Condition statm and set the 
Sense Ke7/Sense Code to Aborud ConunandlPanq Error. This error 
doll DOC prevent tlle initiator from retryin1 the command. 
Note This method can be used onJ7 if tlle acldnmed LUN is known rrom 
ID Idendfy messap. 

!AU Data Out P!aue Parity Error 

Parity Is opdonal. ell• foUowia1 does not apply to those SCSI dmces 
communicatin1 on the bus an~ that are _n~ conft~red '!ftll Parity enabled. 
When the ~ cletedl a parity. error dwilll die Data Out phase, it may retry the 
Data Out PhaSe usin1 die foUowtn1 sequence : 

1 • Cllanp tlle phase to Mes.up In, send to die inidator the Restore 
Pointen messap to reset the data pointer to tlle ftrst byte. 
2 • Chanp the phase to Data Out to receive tile data 1pin. 

It the data is not received successfuDy, the ta~ will terminate the command witll 
a Cla.ck Condition statm and set die Sense Key/Sense Code to AbortMI 
Command/Parity Error. This error does not prevent tlle initiator from retryin1 the 
command. 

!-'.L4. Initiator Detected Error Mes.sap 

It the tar&et receives an lnidalor D•t.ctlll Error messap, it may retry tile previous 
operadon usin1 tlle followin1 sequence : 

1 • Chanp the phase to Messap In, send to tlle initiator the Restore 
Pointen mes.sap. 
2 • Return to the phase just prior to tlle receipt of the lnitialor D•t•ct•tl 
Error messa1e and retry the operation. 

Uthe operation cannot be completed successfully, tbe taraet will abort the 
command usinc one of the followinc sequences : 

1 • Immediately ao to the Bus Free Phase with no Sense Key/~ense Code 
infonnadon set. 
2 ·Terminate the current command with a Ch•ckCondition status and set 
the Sense Key/Sense Code to Abort.a Command \Jnitialor D•t•ct•tl 
Error. This error does not prevent the initiator f'rom reb')in1 the 
command. 

5.6.1.! Rejected Mesaps 

\Vhen the tariet receives a Masar• R•i•ct meaace from the initiator, it may retrv 
- the operation by resendin1 the original messa1e. Ir the messace cannot be sent • 

succesd'ully, the tarpt will take tbe roUowin& action, based on which messap 
was rejected. 

Command Compl«• : The Tar1et shall p to Bus Free phase and not consider this 
an error. 

Duconn«t : The tarpt shall not disconnect and shall continue the current 
command. This condition does not preclude the target rrom attempting to 
disconnect at a later time. 
:'llote : The tarset shall not send the Disconnect messace to an initiator which 
indicated previously in the [dentify message that it does not support the 
disconnect/reconnect option. 

ltl•ntify : Sent to reconnect. The t:irget sh:ill immediately go to the Bus Free 
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phase and abort the command. No furtber reconnection shall be attempted, and no 
Status or Messap In phase with Command Complete mmac~ shall be created by 
die tarset- ne tarpt shall set die Sense Ke1/Sense Code to Htmlwtln 
ErrorlMasar• R1jet:t Error. 

Unk.ld CollU'llllllll Cornpllt1 or LinW Command C omplltl with FTar : ne tarset 
_shall immediatet1 ao to the Bus Free--pbale and itwl not attempt to chance the I!: to Command pllue. The link slu&JI be broken. The !U'let shall set the 

Key/Sense Code to Htzrdwtln ErrorlMumr1 R1j1Ct Error. 

Mamr1 R1j1t:t : The tarpt shall lmmedlatel1 terminate the command with Check 
Condition status and set the Sense Key/Sense Code to Hlll'tlwan Errorl!rl11mr1 
R1j1c1 Error. 

Raton Pointas : S-mce the Restore Pointers messap is normally used durin1 
retries or error recovery, the tar&et sbaD abort the retry or recovery attempt, shall 
uswne tllat tlle error is unrecoverable, then complete 'be command accordin1 to 
the error condidon. 

Soi Data Poillur : The taraet shall assume that the inidator does not support the 
Save Data Pointer messa1e, shall not attempt to disconnect rrom tlle bus, but shall 
complete the command. 

Synchronoru D• TlfllU/1r : The tar;et shall assume that tlle inidator does not 
111pport the Synchronous Transfer mode, and shall continue execution usin1 
asynchronous transfer. · 

5.6.1.6 Initiator Messap Parity Error 

When the tariet receives a Message Parity Error message from the initiator, it may 
retry the operation by resending the original message once. It the message cannot 
be sent successfully, the tar&et shall immediately Co 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 
tarzet shall set Sense Key/Sense Code to Aboncd CommlJ1UJJPariry Error. 

!.6.L 1 Reselection Timeout 

When the tariet attempts to reselect to the initiator and the initiator does not 
respond within a Selection Timeout DeJay, the reselection shall be aborted. The 
target may attempt reselection one or more times. The taraet 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 for the 

- command. The tarpt shall set Sense Key/Sense Code to Hanlwan 
Errorf Sclcct·R1s1l.c1 TiluoUL 

Implementors Sote : The initiator shall implement an ovenall command timeout 
delay to detect this error. 

5.6.1.8 Internal Target Errors 

Ir 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 Key/Error Code to Hardwari En'orlSCS/ Hardware En-or. 
This error does not prevent the initiator from retrying the command. 
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2.2 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 Devices) 

3.1 Macintosh Boot Procedures 

To allow for boot capabilicy from any bootable SCSI device from the MacintoSh 128K ROM. a data 
suw:mn for loeic&l &lock 0 bas been defined. 11Us dam SIZ'Ueture will allow the ROM code to 
Iocat.e tbe various drivers available for upload to the host. These driven can be located anywhere 
on the drive and can be as large as required. Additionally, there is a dara structure for logical 
block 1 describes the allocation of blocks on tbe device for different partitions and /or operating 
sys ems. 

Tne ROM code. in order io booc propcriy, muse be able io rad blocks from the SCSI device and be 
able to analyze lor;ical blocks 0,1. 

A typical M2cintosh boot prccedme would proceed as follows: 

o. Hard Reset 
1. Attempt to select the dconce by ics SCSI ID. 

1->2. Read the firSt 256 bytes o! loeical block 0 and check fer proper sipacure indicating a 

\ valid Driver Descriptor Map (DCM). Read the 256 bytes of Deonce Panition ~lap from 
logical block 1 and check !or proper sisnamze. 

I< Itmor, else 

3. Search the DCM for a driver for the host machine. 
4. Upload the driver from the indicated logical blocks inio system RA.."vl by using 

srandard READ commands. Check for proper driver signature. 
5. Call the driver io install itself, also pmin1 a poina:r to the DPM for examination by 

the driver. 
6. Pezform these Step& for all other SCSI m·s on the bus. 

Once the driver is insialled in the host's disk environment. the booc operation can continue 
- nonnally. For example, in the MacintoSh world. a na4 of logical blocks 0 and l would fetch the 

appropriate Macintosh booc blocks. (Macimosh logical or any ocher pan:ition logical is DP.~ 
Starring Blodc Addl'c.u"greater than SCSI logical.) 
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3.2 6502 Boot Procedure 
Because me ProDos Awlt:ll operating sys=n does DO( support loadable device drivers, the SCSI 
driver will raide, in toca1. in ROM on tbe SCSI ina:rt'ace boazd. In an effort 1D provide flexibility, 
· me interface board will allow som: SCSI P'oenm modules (RAM modules) to be loaded into the 
intaface board RAM. Tbc inn:naca is 1D allow a special SCSI device tbc ability to provide code that 
wis not iDccrponr.ed in10 me imcrface board ROM. This code can then be executed as a module 
mar.bed 10 me normal SCSI firmware. 

The ProDos boot procedme from a SCSI device would proceed as fallows: 

1. Select device by SCSI JD. 
2. Look far a valid Driver Dcscripu:r Map (DOM). Read the 256 byes of Device 

Partition Map (DPM) from physical block 1 and check for proper signature. 
3. Look through the DOM to see if a driv.,. fer the host macmne is present. 
4. Do a mode sense of the SCSI device., usm1 the pan.me=s 1D get pertinent device 

information and help conszruct a table of device information in interface card RA.'vi. 
5. Load the driva- RAM module m1D intcface board RAM, fillin& the RA.."i heap from 

the top. 
6. Repeal sieps 1through5 for all valid SCSI ID's found on tbe bus. 
7. Locate the ProDos Boot device. 
8. Load ProDos starting at $0800 in system RAM. 
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Device Partition Map (OPM) 

Logical Block 1 

CPM Signature $5453 (word) 

Starting Block Address (long) 

.. Block Count (long) 

File System IC (or Zero ) (long) 
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SCSIBootD~aS~u~u~s 

Criver Cescriptcr Map (DCM) 

Logicaf Block 0 

COM Signature $4552 (word) 

Block.size (word) 

Block Count (long) 

Oevice Type (word) 

Oevice 10 (word) 

Cata Area Start (long) 

Count of Oriver Oescnptors (word) 

Block Address of Oriver (long) 

Driver Size in Blocks (word) 

Oriver System Type (word) 
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PART 7 

Floppy Disk Interface 



Floppy Disk Connector Pinout 

to t I 1 6 S 4 I 2 t • • • • • • • • • • ~ '' '' ,., " tS 14 11 12 11 . ~ 
,~ \ • • • • • • • • •I~, 

1 GrO\l'\d 
2 CSro~ 
3 C!ro'6\d 
4 . C5r0\l'\d 
5 -12 volts 
I +S volts 
7 •12 volts 
I •1Z volts 

- 9 (not comected) 
10 Motor speed contra I 

11 CAO 
12 CA1 
13 CAZ 
14 L!TAB 
1 S Write request 
16 SEL 
17 Extemel drive enable 
11 Aeed date 
19 Write dete 
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Serial Ports 



Freeport Serial Ports 
14July 1986 

lhe Aladdin extends the copobinties of the Macintosh serial ports, 
primarily for better support of synchronous modems. This serial port 
enhancement inctudes the following: 

Production Hardware (DVT ·2 and later> 
1. Freeport provides on addltlonal handshake Input, GPi <General 

Purpose Input), on each serial port. lhis Input Is accessible at pin 7 of 
the mini-8 serial comectors. GPI Is received, inverted. at the SCC's 
DCD/ CDota 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 are used to detect interrupts 
from the mouse, o function taken over by the Apple DeskTop Bus on 
Freeport. 

2. For port A (the •modem• port) only, a software accessible switch 
· directs either the usual 3.672 MHz clock signal or on externally supplied 

clock to the SCC's RTxCA/ (Receive/Transmit Clock - channel A) input. 
This switch is set by the V1A's PA3 output: when PA3 is high (1, the default) 
RTxCA/ receives the 3.672 MHz clock; when PA3 is low CO> RTxCA/ 
receives the some inverted GPiA signal that appears ot the SCC's 
DCDA/ input. On the Macintosh Plus and Macintosh 512K. the VIA's PA3 :s 
used os on output called SND.PG2/. which selects the oltemote sound 
buffer when low. The oltemate sound buffer is not ovailcble on 
Freeport. 

DVT • 1 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 (back to the 
Macintosh Plus definition) for all subsequent revisions, beginning with 
Rev. 2 Freeport prototypes to be built in August, 1986, for DVT 2. 



1. The TXD+ and TXD-CTronsmit Doto+&-) outputs, accessible at pins 6 
o.nd 3 of the mini-8 serial connectors, ore enabled by the SCC's DTR/ 
(Data Terminal Ready) output: If DTR/ is low CO> the lXD outputs ore 
enabled; if DTR/ is high (1) the TXO outputs ore placed in a high­
impedonce state. 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 
comectors, ls driven inverted from the SCC's RTS/ CRec:iuest 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. ls received Inverted at the SCC's CTS/ (Clear to Send) 
and TRxC/ (Transmit /Receive Clock) Inputs. On the final Freeport, 
Macintosh Plus and Macintosh S12K. 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. 

Fr .. port, All Rev's. 
Minj-8 

Pin 7: GPl. received 
inverted at OCO/ 
con port A. cmo 
received at rrxCA/ 
r VIA's PA3 Is set low> 

Freeport Rev .1, 
Only 

Minj-8 

Pin 1: HSKo. driven 
inverted from ITS/ 

Pin 2: HSl<l. received 
Inverted at CTS/ 
end TRxC/ 

Pins 8 & 5: RXO+ & •• 
received differenticlly 
ct RxO 

Pins 6 & 3: TXO+ & •• 
driven differenticlly 
from TxO; encbled 
from DTI/ 

Pin 4 & Shell: Ground 

(No +SV supplied) 

CNO + 12V supplied) 

Macintosh Plus 
. Mjnj-8 

Pin 7: CNot connected> 

Production Freeport 
and 

Macintosh Plus 
Mfnl-8 

Pin 1: HSKo. driven 
Inverted from DTI/ 

Pin 2: HSl<J. received 
un•lnverted at CTS/ 
and TRxC/ 

Pins 8 & 5: RXO+ & •• 
received differentially 
ct lbO 

Pins 6 & 3: TXO+ & •• 
driven differenticlly 
from TxO; enabled 
from ITS/ 

Pin 4 & Shelt Ground 

CNo +SV supplied) 

CNo + 12V supplled) 

Maclntosh128K/512K 
DB-9 

CNo Genercl Puri:cse :~ci.:~) 

Macintosh 128K/512K 
QB-9 

CNo Handshake Outc~t) 

Pin 7: HSKl. received 
un-inverted ct CTS/ 
and TRxC/ 

Pins a & 9: RXD+ & •. 
received differer.r;c::y 
atRxO 

Pins 4 & 5: TXD+ & •. · 
driven differer.tic!!y 
from TxD: enct:led 
from RTS/ 

Pins 1. 3. & SheiL Gr:: ... :-= 
Pin2: +&/ 

Pin6: +12V 



Freeport Rev. 1 Prototype Serial Ports 17 May 1986 

8530 (SCC) 

3.672 tdiZ 

6522 (VIA) 
_;.::::.t;+-~....,.91 PA3 .._ __ __ 

W/REQA 6522 (VIA) 
w1REQ8 ..-..--wPA7 ____ ... 

TxoeL---11--_....~:t:-t-<~:trrliLJ 
me--.-..-

PCLK 

+sv 
-sv 

~e ..... --3.672 MHz 

me'-~~o-<''t-7-t"::l 
TRXCe 

1/2 ot 9636A (or 3488A) 

FffSe-__._ .... I - o­
+12V 'kc Weve -1zv "!E Sheoe _..,... __ -----

titer 

Note: 
-<m:EIIIID- • 

R1 R2 

T 

TXOe-
TXDs+ 

GPi 

HSKie 

HSKoe 

(R1+R2 • 40 to 60 ohm,, 
C • 150 to 300 pF) 



Freeport Production Serial Ports 14 July 1986 

8530 (SCC) 

1 -~.IJ.--r--c~=t-<!ElCEIIli>---------=TXO~•~-~-----------, TxDAI- TXDA+ 
m!At--t:~:...==:1' 

3.672MHz 
6522 (VIA) 

;;:::::r-~~~PA3 ..._ __ _. 

w I REQA 6522 (VIA) 
W/REQe....___..PA7 ____ __. 

TxoeL-__J~_,...~~-<~~iiU 
RT!e L.---1~.,, 

Slew-rate 
+sv Vee controls 
-sv ~ Mode 

PCL.1< 

~e ..... --3.672MHz 
--

1/Z of 9636A (or 3488A) 

Note: Ai AZ 
-<mEJliD- • ~ 

~c 

TXOe-
TXO + 

(F\1+F\2 • 40 to 60 ohm,, 
C • 150 to 300 pF) ./ 

~ I ~~Oc-.1--~~!iit.:::"\..--...!:!H~SK~o~eL.. __ ....;..__J 

B +12V Vee 
-12V 'JeE -------- ___ ;;._ __ __ 



Appie JeskTop Bus 
Macintosh Softwam Arcblttcture Sacfftcatfqn 

lntroductlpn 

Revision 1.01 

OdotMr 27, 1986 

(Ha who rid•• ag.r e11nnot dismount} 
-Ctlnese Proverb 

The advent of the Apple OeskTop Bus (AOB) hardware on Macintosh machines 
creates the need for a standard technique for installing devicas which use this bus. 
These devices are likaly to be supp6ed by a third party vendor. This means that device 
driver software for these devices must tM installed dynamically, so that the drivers can 
be distributed independently of the Macintosh_ system software. 

IQ addition, the Apple OeskTop Bus ~ports the standard keyboard and mouse 
peripheraJs. To provide maximum flexibifaty. the AOB standard support software must 
allow these devices or the drivers which service them to be replaced dynamically. 

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

Hardware Backgrgynd 

The Apple OeskTop Bus is a simple local area network. This network connects the 
computer system (master) with up to 16 low-speed input devices. Each device on the 
network has up to 4 data areas (called registers) which can be read or written over 
the network. 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 
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.Afe s1 ,.,,wn in Figure 1 . 
~,.._,,.~ .. e. 

Command 7 I 5 4 3 2 1 0 

SendReset~ 0 I 0 I 0 0 I 
Flush I Network Address I 0 I 0 I 0 1 I 
Listen I Network Address I 1 I 0 I Register I 
Talk I Network Address I 1 I 1 I Register I 

Figure 1. AD B Command Bytes 

The StndB111t cemmand issues a hardware reset to an devices on the network. The 
hardware reset dears all pending transactiona, and places all network devices in a 
state in which they will accept commandS. · 

The Flush 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 
register. Both the device address and the register number-are encoded in the 
command byte. 

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

Al other bit patterns are reserved for future expansion. 

_Qeylet Registers 

Both the lfsten and talk commands transfer from 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 ACS device has been read by the Macintosh, the data may no longer be 
available. 

Two of the device registers have a standardized format. Device Register O is used for 
interrupt polling. This register, if present in conjunction with an interrupt request (a 
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• 

-S.rvic1 Request" In ADS terminology) contains th• interrupt data from : . :> . 
talk ccmmand to Register O will time out if the device is not 1'9qUesting servica. levic,;111 
Register 3 is an 10 register which describes the device type. This register is 16 bits 
wide, and has th• following format: 

11 1' 13 12 11 10 I I 1 0 

0 
Device Devlca Handler ID Address 

0 .. ~ ~~ 

High Speed Enable 
Service Request En able . n v n Exceptio al E e t 

figure 2. Layout of ADB Device Register 3. 

This register may be both read and written (talk'ed and llsten'ed) by Macintosh 
software. The Deyfce Hr"dfer ID Is basicaJly a signature which indicates the type of 
device. This quantity may be changed by the host with a llsten command. If the device 
supports th• new handler ID, It will appear In subsequent talk commands. Certain 
vatues of this fleld have special meanings. These values have different meanings 
depending on the command (talk or listen) as follows: • 

• y11u1 

OOH 
OOH 
FEH 
FOH 
FFH 

Cpmm1nd 

Usten 
Taik 
Usten 
Usten 
Usten 

M11nlng 

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 llsten 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 Dtylct Address field may be set by the Macintosh with a llsten command. This 
causes the device to aJ)pear at a different place on th• bus. This field is set to a random 
pattern on a talk command, to enhance the collision detection feature. 

The Exceptlgnal 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 Reguest Enable bit allows a device to assert the AOB service re~uest 
in&, which causes the Macintosh to (eventually) poll the device for service. See the 
•1ntem.ipt Mechanism· section below for details on the Service Request below. 
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The Hlgh-Sp11d Enablt bit enables a different (hiyi1ar se>•ed) modulation techniQue 
for the device on. the ADS. 

Q1t1 nan1~r M1eb1nl1m 

The Macintosh transfers data to and from bus devices via the shift register on the VIA . 
There are two other signal Ines called •sTo· and •ST1• which designate to the Apple 
DakTop Bua 1nlnsctMr how the dara In 1ht shift register la to be uud. These two Ones 
dtflnt a state. When the Macintosh changes tht value of these two bits, the 
transceiver Initiates a bus transaction. There are four possible states, as follows: 

lt1t1 

0 
1 
2 
3 

M11nlnq 

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

State 3 is the initial (power up) state. To execute an AOB command, the Macintosh 
loads the command byte into the VIA shift register, and sets state o. Upon getting the 
lhift out interrupt. th• Macintosh attemates between states 1 and 2 to transfer the data in 
or out. An intenupt occurs after each byte is transfe~. After tl'I• last eompletion 
intem.ipt, the Macintosh sets either state O or 3 to complete the command. You can abort 
a pattiajly executed command by setting th• state to O at any time. 

For a talk command (device to Macintosh), the end of data is indicated by the presence 
of th• JD.t 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 Bus 
to see if a device requires service. In the event that the Macintosh initiates a command 
while the transceiver contains data from a successful poll, the transceiver will initiate the 
Ja1 signal at th• end of state O. If th• Macintosh proceeds to state 1, it will receive data 
from the pol&ng operation. The command which. the Macintosh attempted to send is 
dscarded. and must be re-issued at the end of the polDng data. 

Interrupt M1cb1nf1m 

When a device on the Apple OeskTop Bus needs to present an unsolicited interrupt to 
the Macintosh. it asserts a System Request (SAQ) Ina 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 asserted, the Macintosh must then 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 assert the 
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Jal signaJ at th• end of state i, lnak..lting that no data wu unt. 

Th• presence of data attar state 1 (indicated by the lack of an lDl signaJ) means that the 
dftica did NqUint •rvic8. The Macintosh muat retrieve au data from the device before 
pollng the next de*e. The tranaceiver wiU mert th• IDl signal between state 1 and 
al but the first stat• 2 when the data ii exhaullld. The Jal signal wlD be uurtld at the 
end of the ftrst state 2 if a clevice 11 r9q&1esting Mrvice. A device 1'9qUesting service will 
continue generate this siQnaJ until th• Macintosh ilaues a talk command for the 
device'• rwgiar o. 
Qtbtr Cpn:sld1t1tlpn1 

Th• devices on the Apple DeskTop Bus typically utilize inexpensive (slow) single-chip 
micraproc:asscrs. The same ~rocauor typically handles both the extamal device and 
th• device's ADS interface. The Macintosh must leave the ADS idle at least 50% of the 
time to allow th• external devices time to function. · 

The Apple CeskTop Bus also suppons a feature known as •xtended 1ddc1sslng. 
Using this feature. a single ACS address can be used for multiple devices. _These 
devices have a fixed address. from 16 to 64 bits. An extended address device is 
selected by issuing a llsten command to register 2. The device whose address 
matches the data sent to register 2 becomes selected. 

. 
tt is also possible to connect several devices to a single non-extended ACB address. 
The Macintosh cede 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 coda FE hex in the device handler ID field. If there is more 
than one device connected to the address specified in the llsten command byte, than 
there is a high probability that only one device will change its address to the value 
specified in the data field. When per1onning this operation in software, you must move 
au the devices from an address to other addresses. To isolate a device to a unique 
address, you must have moved the device at least 40 times from one address to a free 
address using the collision detection mechanism. 

Adding a device to the Apple DeskTop Bus while the system Is running can be 
disastrous. Connecting the device wiU. In all HkeUhood, resat all devices on the bus to 
their power-up addresses. Worse, there is no way for the Macintosh to tell that this has 
occurred. Therefont, 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 
coda to anew a graceful shutdown in this situation. There is currently no way of 
notifying a Macintosh application, and no plans to support this feature. 

Softwam Overview 

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

• Apple OeskTop Bus Initialization Code 
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• Apple CeskTop Bus Interrupt and Polling COde 
• Universal Keyboard Criver 
• Mousa Driver 

Thia code must be designed in such a way u to permit the addition of extra devices in a 
minimally painful fashion. Th• software to handle these devices must work with new 
versions of th• Macintosh system software (inctudlng ROM code). It must aJso be 
possible to replace th• keyboard and/or mouse devices and drivers with new devices 
and drivers withOut disrupting the rest cf th• system. 

!gt1m1fly Y11lbl1 Data Structur11 

There is only one externally-visible data structure associated with Apple OeskTop Bus 
support software. This is the device table, placed in the system heap by the ROM code 
during initialization. This table is shown in F't;ure 3. 

AOSSase (Sxxxx) ADI Vlril!lll au. Adml9 

o.a Orig. ADI SerW:e Aoullnl MS-. Diii Alu AddNll Type Addi ,. . [OJ 

a.. Orig. ADI s.rw. Aoullnl Ad*.- Olla AIM Adltla [1 J Type Mii Mt* 

• (System Heap) • • 

1=-1~ 1:11--- lea-- I (15] 

Figure 3. ADB Device Table. 

Low memory location • AOBBase• contains the address of this table which is also the 
base address of th• AOB variables. There are 18 entries in the table. corresponding to 
tM 16 possible netwcrk addresses. Eacta entry consists of the Deyfee Tvpe (8 bits). 
the Orfgfnal ADB Address (8 bits). the ADB Address (8 bits), one unused byte(S 

_ bits). the Service Roytlne Address (32 bits). and the Data Area Address. The 
Device Type field is a ccpy of the device handler ID from the device's register 3. This 
field is updated by the driver to refled any changes made to this field with a listen 
command to the device. The Orlglnal ADS address is the address the device first 
responsad 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. See the section 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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lgister A2. 

APB D1yte1 Drlyers 

Two standard drivers .,.. inside th• A~le OeskTop Bus Manager. They ant the mouse 
driver and the universal keyboard driver. Th• mouse driver will be able to support 
Apple's ADB mouse and th• universal keyboard driver will be able to support all 
Apple's ADB keyboards. All non-Apple ADS mouse or keyboard devices may ~uire 
Its own device driver. All ADB device drivers are put into a new resource caJled 'AOBS' 
and it has to be installed Inside the System Ale. 

The 'ADBS' resource hu two Hdlons: a lnitlalzation cod• Mdion which starts at the 
beginning of the resource and an optional driver code sec:tion. The Stan Manager cans 
th• initialization cod• to set ~ the driver in a fixed system h•ai> location and update the 
device tabla with the Service Routine Address and the Data Area Address. The 
initiaJization code should first check if the device it is for is presentfy connected to the 
Macintosh by checking the Device Type and the Original ADB Address fields of the 
device table. If no corresponding entry is found in th• table, It should just exit. 

lnltlafl:etfon eodt. 

On power up, a section of code must be executed which will initialize the Ap;ile 
DesKT~ Sus end Its associated devices. This code Is called by the Start Manager, and 
performs the following actions: · 

1. Allocate memory for the AOB device table and sat the low memory address to 
point to the 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 JO in the next slot in 
the table. 

'· 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. If one of these devices does not exist, do 
not make an entry for it. Place the entries (if any) in the first slots in th• tabla. 

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

S. 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 initialization, thiJ tao·~ will~· 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 file. otherwise they will remain uninitialized. . . 
APB Snttm Calft 

Six new OS traps are lddld to support 1h• Apple DeskTop Bua. They are ACBRetnit, 
ADBOp. CountADBs, G.UndADB, GetAOBlnfo, and SetADBlnfo. 

ADBRelnlt ia th• call to Ninitlalze the whole 'Apple DeskTop Bua. First, the ACS 
a.w. tabi9 ia urad OUi, ih•n a A•Ai command it issued to reset aii ADS devices to 
their original addresses. Then the inillalzation sequence described above is executed. 
ADS address for any device cannot be count on to ntmain the same. No argument is 
NqUired for this call. 

ADBOp 11 ttl• call to Issue an ADB command to any devica currently connected. 
Register DO.S contains the desired command and nt;ister AO is the pointer to the 
AOBOp paarameter block as shown in figure 4. If the command can be successfully 
issued, it wiD retum a zero in register DO.a, otherwise a ·1 will be retumect. The data 
byffer bi$ to be at leam g b,ytes !gag wjth the fic$f byte ;us the length mynt . 

0 add.re•• of data !Nffer (4 bytes) 

4 Service routine_address (4 bytes) 

• optional data area address (4 1'ytes) 

~ -

CountADBs is the caD to count the number of entries in the device table, no argument 
is required and the result is returned in ragister Do. w. 
GetlndADB is the call to return information from the device table by the entry index. 
Register 00.W contans the entry index of the device table, the value can be from 1 to 
the value returned by CountACBs. Register AO is a pointer to the AOB Cata ?arameter 
block (as shown in figure 5) containing fields for device type, original ACB address. 
service routine address and the data area address. On exit, register co.a will contain 
the error code. 
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0 Oevice Type (l l)yte) 

l Oriqinal ADB Add:'eas (l ~yte) 

2 Service Routine Address (4 bytes) 

' l)ata ~•• Add.re•• (4 bytes) 

GetADBlnfo is the call to return information from thedevice table by the ACB address. 
Register CC.B contains the ACB address. Register AO la a pointer to the AOB Cata 
parameter bled< (as shewn in figure 5) containing fields for device type, original ACS 
address, service routine address and the data area address. On exit, register cc.a will 
contain the errer code. 

SetADBlnfo is the caJI to set the service routine address and th• data area address in 
the device table. Register 00.B contains the AOB address. Register AC is a pointer to 
the Setlnfo parameter block (as shewn in figure 6) containing the service routine 
address and th• data area address. On exit. register 00.B will contain the error code. 

0 Service aoutine Address (4 bytes) 

4 Data Area Address (4 bytes) 

FJow Chan of some Important routlna 

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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AD lop: 

S.C locaf v~ 
ADBCllC • (AO)+ 
~-AO.L 
ADBCmd • DQ.B 
AD&Comp • A1.L 
ADU..•O 
ADaa.,•1 
l 

Set STo-sT1 bita tD 
lOBState 

ATS 

Set 00.1. 1D ·1 

Figure 7. ADBop Flow Chart. 

ADS Mac Software Ard'lnecnn Rev 1 .o 1 o 

lnu" Command in 
CommarGO 



0 3 

0 

Stan Poll al nut d9wa 

Figure 8. Shift-Register Interrupt Flowchart~ 
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Belated Documentatlgn 

The foDowing documents are helpful In getting a better understanding of tha 
DeskTop Sus: 

• FDBDvrB.Asm sample code for Macintosh (Larry Kenyon I Mike c 
2/20/86) 

• prpnt 011k Bua Sp1clflcat1on (Mike Clark. 2111/88) 

• Maplntpsb to fQS Transceiver fnttrfac1 (Mike Clark, 2124188) 

• Apple Desktop Bus Sptclflcatrqn Bey. P.2 (Biii Marino, 8113/SE 
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