























































































































































































































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

1514 1312 11 8 7 0

device address

high speed enable
service request enable
exceptional event

0 (zero)

' l | ‘ I l ‘ ' l l ' ' ' device handler ID

Fig. 6 Register address 11 (3)

Exceptional Event:
The Exceptional Event bit in Register 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 capabilites in both the host and the device such as the
meaning of the data in each of the registers, the length of data ransactons. ect. The
host is able to interact with devices to modify thier functdon with a Handler ID
which is stored by the device in Register 3. The host is able to change the the way
a device functions by sending it a new Handler ID with a Listen R3 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 indicate that the device is
only to change the address portion of Register 3 if no collision has been detected.
The ID in Register 3 prior to command shall be perserved.

The Handler ID "FD" hex sent with a listen is reserved to indicate that the device is

only to change the address portion of Register 3 if the devices switch is depresed.
The ID in Register 3 prior to command shall be preserved.
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Changing Addresses:

Systems Level:
At the systems level a host can change the address of Movable devices by forcing
the collision of devices sharing the same address. By issuing a Talk R3 command
and following it with a Listen R3 command, with a new address in bits 8 to 11 and

Handler ID "FE" in bits 0 to 7 of the data, the device which did not detect a

collision will be moved to the new address. This process

can be repeated at the

initalization address untl the re to the Talk R3 command is a time out. This
can be used to identify and relocate mulnplc devices of the same type after
initialization of the system.

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

Device Assignments
Device ([[nitialization [Extended|Handlerj{Specification
Address |Address ID Number
Transciever 01 0000 01 341-0440
Keyboard 02 N/A 01 062-2068
Mouse 03 N/A 01,02 | 669-0152
4
Table 6
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6.0

6.1

6.2

6.3

6.4

6.5

7-17-2¢6
Excerpts from
KEYBOARD SPECIFICATION

COMMUNICATION PROTOCOL

THE KEYBOARD SHALL MEET ALL REQUIREMENTS OF THE AéPLE DESKTOP BUS
SPECIFICATION #062-0267.

THIS SPECIFICATION DEFINES THE REQUIREMENTS OF HANDLER LD. 0001H FOR ENCODED
DEVICES.

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

ANY VALID KEY DEPRESSION OR RELEASE SHALL CAUSE DATA TO BE TRANSMITTED
THROUGH REGISTER 0 PER SECTION 8. IF THERE IS DATA IN REGISTER 0, SRQ SHALL BE

ASSERTED [F ENABLED. -

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.



15 14 8 7 6 0

I ' ' | ' ' 'kegcodez
, key released

key code 1
key released

FIGURE 1 KEYBOARD REGISTER O

6.6 THE STATUS OF THE FOLLOWING KEYS WILL BE INDICATED IN REGISTER 2 PER FIGURE 2
CAPS LOCK (70)
OPENAPPLE (72)

SHIFT (53 & 64)
OPTION (71)
RESET (81)
CONTROL  (37)
DELETE (14)

6.6.1 ADEPRESSED KEY WILL BE INDICATED BY A ZERO AND A RELEASED KEY WILL BE
INDICATED BY A ONE. :

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



6.7

6.8

6.9

7.0

7.1

7.1

7.2

7.2.1

BITS 0 TO 7 AND 15 ARE RESERVED.

15 14 1312 1110 O 8 7 S 4 0
p—— —

Ill’llill RESERVED

OPEN APPLE
OPTION
SHIFT
CONTROL
RESET

CAPS LOCK
DELETE

RESERVED

FIGURE 2 KEYBOARD REGISTER 2

A DEPRESSED RESETKEY (KEY 81) WILL BE INDICATED BY A ONE IN THE EXCEPTIONAL
EVENT BIT (BIT 14) OF REGISTER 3 AND A RELEASED RESET KEY WILL BE INDICATED BY
AZERQ.

IN RESPONSE TO A FLUSH COMMAND, THE KEYBOARD SHALL CLEAR ANY INTERNAL FiIFO
AND 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. A

KEY. ROLLOVER

TWO-KEY LOCKOUT: IF THERE ARE TWO SIMULTANEOQUS VALID KEYS DOWN,
SUBSEQUENT KEY DEPRESSIONS WILL BE IGNORED.

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

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

THE FOLLOWING KEYS WILL HAVE N-KEY ROLLOVER:

CAPS LOCK (70)

OPEN APPLE (72)
SHIFT (53 & 64)
OPTION (71)
RESET (81)
CONTROL (37)

7.2.2 THE RIGHT AND LEFT SHIFT KEYS SHALL BE WIRED IN PARALLEL.



7.2.3 THE KEYBOARD SHALL BE DESIGNED SO THAT THE STATE OF THESE KEYS SHALL BE

7.3

7.4

8.0

8.1

DETECTED FIRST FOLLOWING A POWER ON RESET, A RESET SIGNAL, OR A FLUSH
COMMAND.

THE CAPS LOCK KEY IS A MECHANICAL ALTERNATE ACTION SWITCH.
IN ADDITION TO ITS FUNCTION CALLED OUT IN SECTION 6.6, 6.8, AND 7.2, DEPRESSION
OF THE RESET SWITCH (NO 81) SHALL CONNECT THE SOFT POWER ON LINE (PIN 2 OF THE
CONNECTOR) TO SIGNAL GROUND (PIN 4 OF THE CONNECTOR,).
KEY CODES '

ANY KEY DEPRESSION WILL GENERATE A CODE AS INDICATED IN TABLE 2.

RELEASING A KEY WILL GENERATE THE SAME CODE WITH BIT 7 SET (EX. 'S' KEY:
DEPRESS= 001H, RELEASE = 081H).

81

1 {2]3|a|s|ef7|8|9]10f11]12f13]14 15| 16] 17| 28
19 | 20| 21| 22 23| 24| 25| 26| 27| 28| 29| 30| 32 33| 34| 32| ¢
37 |38 |29|acfar [a2|4aa]sa]ss |46 |47 |48 | 22 43| 5| =z =
53 s4|55]|56]|357|ca|53|60|61|6z]|63]s4 66 |57 |2z |z
|72 |4 73 75 |76 | 77| 78 |65 e | so|

FIGURE 4 KEYSWITCH DESIGNATION

esci1 |2 |3 |4 |5 16 |7 |8 fs o |- |« [delete] Pleals |/ .
tab (@ fwle (R IT |Y {u ]I o |, |1 |] 7 18 |s |-
EontrolA s |ID |[F |G |H |J |K }JL | ) return] |4 |5 |6
shift JZ2 Ix |jc v IB [N M |. |. |/ shift 1 j2 |3
entqd:
Eap . 0
ock|°P! s & \ | =—> ‘ f

FIGURE § U.S. LEGENDS
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1.0 Overview
. The purpose of this document is to specify all the information needed to understand Apple
ts and standards for SCSI device command protocol. The goal is to specify information

here regarding Appie standards that should not change and refer to other SCSI information. In this
document all chfdzﬁned dara will be referred to with the referenced location specified. Every
artempe will be made to avoid specifying duplicate informadion to that specified in the ANSI SCSI
documents to reduce confusion and maintenance. Only clarifications, extensions to and differences
from the ANSI SCSI documents will be specified.

11 Logical Characteristics

The following section of this SCSI document defines the logical characeristics of the Appie
implementation of a SCSI bus and its artached devices. In general the logical characterisucs set
forth in ANSI X3T9.2/82-2 Rev. 17B apply with the following clarificadons, options and
addidons.

111 SCSI Bus

An Apple SCSI Bus uses five phases. The SCSI bus can aever be in more than one phase at any
iven ame. The phases are:
US FREE

ARBITRATION

SELECTION

RESELECTION

Informaton Transfer

Informaton transfer can be further defined to be:

COMMAND Phase

DATA Phase

STATUS Phase -
MESSAGE Phase

BUS FREE - The BUS FREE phase is used to indicate that no SCSI device is acSvely using the
SCSI bus and that it is available for users. See ANSI X3T9.2/82-2 Rev. 17B SCSI Specification
5.1.1 for accurate detailing. :

ARBITRATION - The ARBITRATION phase allows one SCSI device to gain contol of the SCSI
bus so that it can assume the role of an initiator or target. See ANSI X3T9.2/82-2 Rev.17B SCSI
_ Specificadon 5.1.2 for accurate detailing.

SELECTION - The SELECTION phase allows an initiator to select a target for the purpose of
inigating a target funcdon (Example - READ or WRITE comumnand). The SCSI device that won
ARBITRATION becomes an initiator by releasing LO. See ANSI X3T9.2/82-2 Rev. 17B
Specificaton S.1.3 for accurate detailing.

RESELECTION - The RESELECTION phase allows a target to reconnect to an initiator for the
purpose of continuing a previously started operation that was suspended by the target (Target
allowed a BUS FREE phase to occur before the operatdon was compiete.) See ANSI X3T9.2.82-2
Rev.,17B SCSI Specificaton 5.1.4 for accurate detailing.
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Information Transfer - The Information Transfer gtusu are grouped because they use the DATA
bus to transfer data or congrol information. The COMMAND, STATUS, DATA, and MESSAGE
phases are controlled by the C/D, 1O, and MSG signals. Information Transfer phases accomplish
the actual data ransfer of the SCSI bus.

See ANSI X3T9.2/82-2 Rev.17B SCSI Specification 5.1.5 for detailing.

112 SCSI Bus Conditions - RESET

As defined in ANST X3T9.2/82-2 Rev. 17B Section $.2.2, Initiators will implement the Soft
RESET Option and Targess will implement the #ard RESET Option.

——— o W pemwis SR

113 Arbitration, Disconnection/Reselection

The Appie SCSI bus implementation is an arbitrating, multi-initiator, multi-target bus. All Appie
SCSI devices that act as initiators will be arbitrating devices and will allow
disconnection/reselection. Except in specific cases, it is recommended that all target devices be
capable of disconnection/reselection.

11.4 Message Implementation

Implementation of messages requires the Command Complete message and Apple srongly
recommends the following messages. If any of the following messages are impiemented, then all
must be impiemented.

Disconnect

Abort

Message Reject
No Operadon
Bus Device Reset
Idendfy

These messages are not extended format messages.

P s LN
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2.0 Commands

21 Direct Access Commands

The SCSI mandatory commands and the following SCSI optional commands are Apple
“Mandatory.

The Apple Mandatory Command Set:

does not substantially deviate from the proposed SCSI standard or preciude the
use of additional commands.

«does not limit the performance of the products conforming to the document.

From Here to 2.2 are Apple additions, clarifications and extensions
tothe ANSI SCSI Rev. 17B document:

Bold denotes Apple added text to existing SCSI Commands.

REQUIRED. Describes commands, messages, fields, bytes, bits which shall be
implemented in order to conform to the Apple requirements.

Table §-2
Message Codes
Code Description Type o
BASICSET
00 COMMAND COMPLETE REQUIRED
SYSTEMS SET )
06 ABORT REQUIRED
07 MESSAGE REJECT REQUIRED
08 NO OPERATION REQUIRED
oC BUS DEVICE RESET REQUIRED
DISCONVECT SET
- 04 DISCONNECT REQUIRED
80-FF IDENTIFY REQUIRED

It is required that the target accept the Identify message. The
initiator may or may not issue this message. The initiator may
or may not set bit 6 of the Identify message indicating its ability
to accomodate disconnection and reconnection.
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6.L2 Operation Code Types

Operation
Code Type Description

A REQUIRED: Commands so designated shall be impiemented by the target in order to comply to

this document.
v Vendor Unique, Operation codes so designated in the sandard

and not used in this document are available for Vendor defined
commande,

62.6 Control Byte.

Bit7 Vendor Unique. To be checked by the target.

Bit6 Vendor Unique. To be checked by the target.

Bit$ Reserved

Bitd Reserved

Bit3 Rmved

Bit2 '

Bitl 08: onal. To be checked by the target.

Bit0 donal. To be checked by the target

BEEEEEREEEREEE RIZIXVEXRREXBVND NN VN
14. STATUS
Table 14-0
Status Codes

Status Type
GOOD REQUIRED
CHECK CONDITION REQUIRED
BUSY REQUIRED

RESERVATION CONFLICT REQUIRED

T 18 I IASIRIENS s =
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APPLE REQUIRED COMMANDS

8&":“ Command Name

Hex

00 TEST UNIT READY

a3 REQUEST SENSE

04 FORMAT UNIT

07 REASSIGN BLOCKS

08 READ

0A WRITE

OE READ CNTRLER INFORMATION (Tape Only)
OF WRITE CNTRLER INFORMATION (Tape Oniy)
12 INQUIRY

13 READ QIC-100 DATA(Tape Only)

14 WRITE QIC-100 DATA (Tape Only)

15 MODE SELECT

16 RESERVE UNIT

17 RELEASE UNIT

1A MODE SENSE

1B START/STOP UNIT{LOAD/UNLOAD (Tape Only)}
1D SEND DIAGNOSTIC

25 READ CAPACITY

28 READ EXTENDED

2A WRITE EXTENDED

37 READ DEFECT DATA

3B WRITE BUFFER(5/1/86)

3C READ BUFFER(5/1/86)

For all the following commands, no changes or comments are applied within this document. Refer
to the ANSI document sections 7 and 8.

Command Name Code
TEST UNIT READY 00
READ 08
WRITE 0A
READ EXTENDED 28
WRITE EXTENDED 2A
WRITE BUFFER 3B
READ BUFFER 3C

= = ===

© 7.12 REQUEST SENSE Command (03g)

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

If the Allocarion Length of the CDB is differens than zero, the target shall return the Extended Sense
Format The eight (8) first bytes of the Extended Format, as defined in the SCSI specifications, are
to be supported by the target. All additional bytes are optional.

If the Allocation Length byre 4 of the CDB is set to zero, the target shall return four sense bytes of
non Extended Sense data format
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EXTENDED SENSE DATA

The following bytes are REQUIRED
SRIEIEIEIR S IR IR IR EE ST IR S5 SE IR K 5L SR AN
Bit 7 6 L] 4 3 2 1 0
Byte | | | | | | |
mmm"
0 .Vaiid | Error Class | Error Code
1 Segment Number
2 FileMark | EOM | ILI| R | Sense Key
3 Information Byte (MSB)
4 Informartion Byte
s Informacion Byte
6 Information B )
7 Additional Sense Length (n)

Non-extended format may be implemented addifionally at the option of the target as defined below.

If the Allocarion Length byte 4 of the CDB is set to zero, the target shall return four sense bytes of
Non-Extended Sense data format The Initiator shall analyze the first Sense byte to determine
which Sense Format, either Extended (class 7) or Non-Extended (classes 0-6) has been returned by
the target. It is recommended that Non-Extended Sense Format be not implemented by the target

| INTTIATOR SETS BYTE 4 of CDB « ZERO? |
i
i I

F

error class other than class 7.

|

I | Yes

| |

| N

l INTTIATOR SHALL ANALYSE |

| }BYTEOofRETURNED SENSE |

| !

I' I

l | SENSEBYIEO=700r FO 7 ]

| | =ERRORCLASS7 |

LT ’

|

| | No

| | I
I REQUIRED | T TARGET SHALLRETCRN |
| EXTENDED SENSE FORMAT | | NONEXTENDED FORMAT of 4 BYTES i
| Length greater than 8 | | Table 7-4 of ANSI document. ?
| is opuonal and depends on | | To beavoided by
| Byte4of CDB. | | neverreturning any
| I

I
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EXTENDED SENSE DATA

The f;llovin; bytes are optional and follow the Required Extended Sense Data
byte 7.

Bit 7 6 | §{( 4 | 3 | 2 | 1 | O
Byte I | ! I | | |
8 Opdonal, except for use with SEARCH and COPY
through commands as per 7.1.4.2
11 [, ] ]
12 Additional Sense Code
13 Reserved
14 FRU failed
15 FPV | CcD | vU | VU | . BPV | BitPointer
16 Field Pointer (MSB)
17 - " (LSB)
18- N/A
a+l7 :
Byte 12 Additional Sense code.

The additional Senses may be applied with the same code by the target to Extended and
Non-Extended Sense Formass. The range of the Non-Extended Sense format is from 00 to 6Fyy
(Class 0 to 6), therefore all codes are within these limits.

The Additonal Sense code 00y indicates that the target does not support any additional sense code

for the related Sense Key or does not have any appropriate additional sense to retumn for the Check
Condidon status that it created.
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DIRECT ACCESS DEVICES ADDITIONAL SENSE CODES (byte 12)
Related Sense Keys

3832828828 g

[=]

PEEYRRYUR

No Additional Sense Information

No Index/Sector signal

No Sesk Compies

Writs Faalt

Drive Not Ready

Drive Not Selactad

No Track Zero found

Mulitipie Drives Selected

Logical Unit Communication Failure
Track Following error

A through OF Reserved

ID CRC or ECC emror

Unrecovered Read error of data blocks
No Address Mark found in [D field
No Address Mark found in Daca field
No record found

Seek Pasitioning error

Data Synchronizing Mark error

Recovered Read data with target's Read retries(not with ECC)
Recovered Read dara with target's ECC carrecton(not with retries)

Defect List ervor

Parameter Overnm
Synchronous Transfer error
Primary Defect List not found

Compare error

Recovered ID with target's ECC correction

Reserved

Invalid Command Operation Cods

[llegal Logical Block Address, Address greater than the LB Allegal Request
remuned by the READ CAPACITY dan with PMI nox set

[llegal function for device typs
Reserved

[legal field in CDB

Invalid LUN :
Invalid field in Parameter List
Write Protectad

Medium Changed

Power On or Reset or Bus Device Reset occured

Mode Select Parameters changed

2B through 2F Reserved

Appie SCSI Command Protocol

. 062-2075 Revision 4

No Sense
Hardware error
Hardware error
Hardware error
Not Ready

Not Ready
Hardware error
Hardware error
Hardware error
Hardware error

Hadware errr or
Medium error
Medium error
Medium error
Medium error
Medium error
Hardware error or
Medium error
Moedium error or
Recovered error
Recovered error
Recovered errox
Medium error or
Recovered error
Mlegal Request
Hardware error
Medium error or
[legal Request
Miscompare
Medium error or
Recovered error

legal Request

[llegal Request

[llegal Request
[llegal Request
[legal Request
Hardware error
Unit Agenton
Unit Aaendon
Unit Aaention
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30 Incompatible Cartridge Medium error

3 Medium Format corrupted Medium error
2 No Defect Spare Location Available ) Madium error

33 through 3F Reserved

40 RAM failure Hardware error
41 Data Path Diagnostic Failure Hardware error
Q Power On Diagaastic Failure Hardware error
43 Message Reject Exror (see 5.6.1.5)

“ Internal Coatroller Error (see 5.6.1.5) Hardware error
43 Select/Reselect failed (308 5.6.1.7.) Hardware error
46 Unsuccessful Soft Resst

€7 SCSI Interface Parity Error (see 5.6.1.) Hardware error
43 Initiasor Dewcted Error (ses 5.6.1.4)

49 Insppropriate/lliegal Message

4A through 4F Reserved

$0 through SF Reserved

60 thirough 6F Reserved

70 through 7F Reserved

80 through 9F Vendor Unique

AQ Backgound Noiss Exor Hardware Erex
Al through AS Vendor Unique

A? Logical Load Esror Hardware Error
A3 Caridge is Currendy Autoloading Hardware Saanus
AS through AF Vendar Unique

BO No Carwridge in Drive Hardware Stanus
B1 tirough FF Vendor Uniqus

Byte 14 Field Replaceable Unit (FRU) failed. A non zero value indicates failure. A value of zero
" means that no FRU is to be reported.

Byte 15 defirition.

-FPV (Field Pointer Value) Bit 7 of zero indicates that the target does not implement the functions
supponed by C/D & BPV bits and bytes 16 and 17, therefore these bits and fields are not valid. Bit
FPV of one indicates that the Field Pointer bytes 16 and 17, the C/D and BPv bits are significant
<C/D bit of one indicates that the value reported in the Field Pointer is the CDB's byte number for
which an ILLEGAL REQUEST Sense Key was issued. C/D bit of zero indicates that the value
reported in the Field Pointer is the byte number of the DATA phase for which an LIEGAL
REQUEST Sense Key was issued.

-Bits 5 and 4 are vendor unique.

-BPV bit of zero indicates that the target does not implement this function, therefore the Bit Pointer
field is not valid. BPYV bit of one indicates that the Bit Pointer field (bits O through 2) is significant.
-Bits O 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 was issued.
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7.L.3 INQUIRY Command (12§)
Bytes 0 through 48 of the Inquiry data are Required.
(Parameters not used by Tape are noted by 4)

INQUIRY DATA
RS I IS IR I I =
Bit 7 6 5 4 3 2 1 0
] | I | | | | | I
Wm.“
BYTEO Peripheral Device Type
BYTE! RMB | Device Type Qualifier
BYTE2 Version
BYTIE3 Reserved | Response Data Format
Response Data Fo s

Code Description

Oy Veador Unique

1 Common Command Set (CCS)

234 through Fyy Reserved

Targess conforming to at least conformance level 2 as defined in Table E1, Appendix E, of the
standard, and conforming to this document shall set the Common Command Set code (1) in

the Response Data Format field.

BYTE4 Additional Length (n)
BYIES Vendor Unique
BYTEG6and 7 Reserved
BYTES Vendor Identification (in ASCII)
through
BYTE 1S
BYTE 16 Product Identification (in ASCII)
through
BYTE 31
BYTE 32 Revision Level (in ASCII)

. through -
BYTE 3§

Beginning at byte 36 in the VENDOR UNIQUE area of the response are
extension bytes to specify the number of extents supported by the RESERVE (command $16) and
RELEASE (command $17) commands. Following 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 returned by first specifying a Group Code Specifier (a byte for the Group Code value: O for
Goup 0, 1 for Group 1, ex), then specifying a 4 byte Command Bit Map represendng the
- comumands within that group. The bit map is consructed by setting a bit for an
implemented command according to that command's vaiue, and clearing a bit otherwise. Bits
within the bit map are 9mpbered_m ascending order beginning with the first bit following the Group
Code Specifier. This list is terminated by specifing a SFF for the Group Code (no addinonal
command bit map bytes are necessary).

10
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Example: A device that implements the mandatory commands specified by this document
would have the form:

Byte 36:500 (Hi Order byte - number of Extents]
Byte 37.508 [Low Order byte -number of Extents)
Byte 38:S00 [Group 0 commands]

Byte 39:599 [Commands 0,3,4,7]

Byte 40:SA0 [Commands 8,10]

Byte 41:827 {Commands 18,21,22,23]

Byte 42:524 Commands 26,29]

Byte 43:501 Group 01 commands]

Byte 44:504 _ EComand 5]

Byte 45:SA0 Commands 8,10

Byte 46:501 (Command 23]

Byte 47:500 (No commands implemented in this range]
Byte 48:SFF (End of list]

7.1.6 SEND DIAGNOSTIC Command (1Dy)
SelfTest bit 2 byte 1 is the only Required function.

8.12 FORMAT UNIT Command (04y)
Non-bold :ext is the regular text of the ANSI document.
Peripheral Device Type:  Direct Access
Operation Code Type: Required
Operation Code:  Odyg

- SFNVHR VIR XN SMITINITI I I LW B IT

Bit 7 6 5 4 3 2 1 0
Byte ! I | | l I | |

0 ion Code _

1 LUN [FmtData [CmpLst | Defect List Format

2 Vendor Unique

3 Interieave (MSB)

4 Interieave (LSB)

5 VU | VU | Reserved | Flag | Link

The FORMAT UNIT command (Table 8-3) ensures that the medium is formarted so that ail of
the initiator addressable data blocks can be accessed. There is no guarantee that the medium
has or has not been altered. In addition, the medium may be certified and control structures be

_ created for the management of the medium and defects.

The FORMAT UNIT command shall be rejected with RESERVATION CONFLICT status if any
extent (see 8.1.8.2) in the specified logical unit is reserved.

It is recommended that the MODE SELECT Parameters (if any) are set properly prior to issuing the
FORMAT UNIT command.

The FORMAT UNIT command is both a Required and an Extended command. Bits 0

through 4, byte 1 of the CDB, include three Required and muitiple optional -
implementations of the command.

11
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During the execution of the FORMAT UNIT command, the target may perform a
medium flaw management scheme which can be selected by the initiator. Four
schemes of flaws P, C, D and G are defined as follows:

P = PRIMARY DEFECT LIST : This list refers to the list of defects supplied by
the original manufacturer of the device considered as permanent {laws.

" It is recommended that the device manufacturer record the P list on a specific
location on the device and that w&ﬁ{% access be prevented by the initiators to this
location. During the FORMAT command the target intelligence shall have
access to this list in order to remove the P list flaws from the initiator addressabie
data blocks, This list shall not he subject to additions. -

C = TARGET CERTIFICATION : Includes defects detected by the target during
an optional verify process executed during the FORMAT UNIT command.

The C scheme includes flaw areas to be removed from the initiator addressabie
data blocks. The target certification flaws may or may not be saved or recorded
as a list by the target.

D =DATA DEFECT LIST : This list is supplied to the target by the initiator in
the Data Out phase of the FORMAT UNIT command as shown in tables 8-5, 8-,
and 8-7. The defect list length (Byte 2 and J3) of the Defect List Header may be
null. The Data Defect list may or may not be saved or recorded by the target.

G = GROWN DEFECT LIST : This list includes defects identified to or by the
target. This list does not include the Primary list of defects. The defects
classified as grown are medium flaws identified by or to the target other than the
PRIMARY list of defects. Entries to this Grown list may include (at the option of
the target) :
e - Defects provided to the target in Data Defect lists (D list) during
previous FORMAT UNIT commands.

« The target certification defects (C list) detected during the previous
FORMAT UNIT commands or vendor unique utilities.

« Defects appended by the resuit of successful completioh of the
REASSIGN BLOCKS commands.

- Defects identified by the target and automatically handled by the target.
The defective biocks classified in this grown list are automatically
reassigned to an area on the logical unit reserved for this purpose.
The implementation of this automatic handling of defects is target

specific.

- A format daza (FrmzDaza) bit of one indicates that a DATA OUT PHASE takes place during
the command execution. The defect list included with this data(if Defect List Length is
difTerent than zero) specifies the defect list that shall be entered into the defect map. The flaw
areas of this map shall be removed by the target from the initiator addressable blocks. The format
of the defect list is determined by the Defect List Format defined by bics 0 through 2. A FmtData
bit of zero indicates that the DATA OUT phase shall not occur (no defect list header and no defect
daa shall be supplied by the inigator).

A complete list (CmpLst) bit of one indicates that the data supplied by the initator during the DATA
OUT phase of the command execution is the complete list of known defects. Any previous
initiator-specified defect map or defect data shall be erased by the target. The result is to purge any
previous initator-specified defect list and to build a new defect list Any previous C. D or G lists
(if any) shall be erased or removed by the target.

12
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The target may add to this compiete list as it formats the medium, when performing a targe:
certification process (or a new C list).A CmpLst bit of zero indicates that the data supplied by the
initiator during the DATA OUT phase is in addition to existing defect dara already removed from
initiator addressable blocks and using the current format.

When using the block format, the defect list refers to the current block length (and not to the new
- block length, if it is different) and the defect list refers to current logical block addresses (not

physical addresses).

The defec: list formaz (bits O through 2 of byte 1) specifies additional information related to the
dcfeg:‘f lisz. (Se): Tableﬁgfafum:infm)

The interleave field requests that the logical blocks be related in a specific fashion to the physical
blocks to facilitate matching between the host bus data transfer rate and the block
data transfer rate from the device. An interieave value of zero requests that the target use its
default interieave. An interieave value of one requests that consecutive logical blocks be placed in
consecutive physical order. Values of two or greater are vendor unique.

Table 8-4
Bit
Reference List Flaw Defect

43210 Type Length Management  Comments
with (1) .
or without (0)
P C G D

0 xxx x REQUIRED NA~— 0 0 0 0 NoDam Outphase(no defect list
0o 0 1 0 header, no defect descriptors).
0 1 0 0 The target optionally defines
0 1 1 0 what combinaton of P,C,G to
1 0 O 0 wuseifflawmanagementis
1 0 1 0 performed
1 1 o 0
1 1 1 0 -

100 x x REQUIRED Zeo O 0 1 0 Reformat using G list
0 1 1 0 Defect List Length of zero
1 0O 1 0
1 1 1 0

110x x REQUIRED Zero 0 O 0 0 With CmpLst bit set to one.
0 1 0 O Targeterases and/or removes
1 0 0 0 cument G list
1 1 0 O Defect List Length of zero.

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

13
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Implementation of the Required variations :
The following refers to the configuration of the bits 4 through 0 in the table 8-4.

0 x x x x REQUIRED:

With this variation, the initiator requests to have no control on how the format process is executed
by the mrget. This is the case when the initiator is confident in the @arget's intelligence to perform
- the format accordingly.

The target determines if flaw management shall be performed or not during the format process of
this vanation. If flaw management is performed, the target shall define what combinaton of P.C,G
defe:aschemebe#fomed. The target may remove or erase previous lists of flaws, except the P
lisz. No DATA QUT phace shall take place with this variation (no Defect list Header and no D list).

In the following two variations, bit 2 is set to zevo to preserve the bit combinations of the vendor
unique and the reserved variations(1x110 and 1x111). Otherwise with Defect List length set to
zero, bit 2 has no other meaning with these two variations for which no defect descriptors are
involved.

100 x x REQUIRED :

The target shall perform the format process with flaw management This variation allows the
initiator to request the target to use the G list of medium grown defects as defects to be removed

" from the initiator addressable blocks. This variadon is available for a reformat process ensuring

that all previously detected flaws be managed. DATA OUT phase with the Defect List Header shall

take place during this variation, with the Defect List length of zero.

The targer shall determine whether or not to implement the certification process (C scheme).

110 xx REQUIRED: '

The target shall pexform the format process 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 manufacturer of the device. This assumes that the list of defects had grown
during the lifetime of the medium either with a C, D, or G lists as defined below. DATA OUT
phase with the Defect List Header shall take place during this variation, with the Defect List length
of zero. The target shall determine whether or not to implement the certificaton process (C
scheme). _

Notes

- X bits are not analysed by the target. x value may be 1 or O, but recommended to be set to zero
by the inidator.

-With all the above variations, at completion of the FORMAT UNIT command, some initator

addressable blocks may include flaws. The target may require a Vendor Unique certification udlity

to identify defects as an alternative source to remove known flaws from inidator addressable

blocks. It is recommended that this udlity, in form of either a vendor unique command, or use of

- the REASSIGN BLOCKS command or a vendor unique process be implemented immediately upon
compiedon of the FORMAT UNIT command.

14
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8.1.7 MODE SELECT Command (15y)
(Parameters not used by Tape are noted by A)

The Mode Select command (and Mode Sense) are mandatory commands. Within the Mode Select
command it is possible to have functions that are not applicable to a specific device (i.e., page code
§: flexible disk drive parameters are not applicable t a hard disk drive); the intent of this command
is for each device to implement those functons that make sense for that specific device, although

Mandatory Page Codes tor Mode Select and Mode Sense

1. Page Code:S0: Unit Attention
1. Page Code S1: Exyor Recovery Parameters
2. Page Code $2: Disconnect/Reconnect Control Parameters
3. Page Code $3: Direct Access Device Format Parameters
4. Page Code S4: Rigid Disk Drive Geometry Parameters
S. Page Code $6: Certification Pattern
6. Page Code $20: Serial Number
7. Page Code S3F: Report Values (Mode Sense only)
Table 8-13
Mode Select Command
Bit 7 6 S 4 3 2 1 0
Bye | I | | I | | I
0 Operation
1 LUN | Reserved ' | SP
2 Reserved
3 Reserved\
4 Parameter List Length
L] vu| VU | Reserve | Flag ! Link

The MODE SELECT command (Table 8-13) provides a means for the inidator to specify or
change medium, logical unit, target or peripheral device parameters to the target. 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 one indicates that the target shall
update the Current mode values with the values defined in the following Pages;
shall save all Saveable Pages except the Pages defined by the Page Codes 3, 4 and
5. Then the target shail report command complete with no Check Condition status
-when successfully compieting the above. Saveable Pages are Pages for which
- preceding MODE SENSE commands returned the PS bit (bit 7 byte 0) of the Page
Header set to one. .

SP (Save Mode Parameters) bit 0 byte 1 set to zero indicates that the target shall
update the Current mode values with the values defined in the following Pages;
shail not save the Saveable Pages; shall not modify the saved parameters of the
Pages 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 that
shall be zansferred during the DATA OUT phase. A parameter list length of zero indicates that no

15
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darta shall be ransferred. This condition shall not be considered an error. ‘

The MODE SELECT parameter list (TABLE 8-14) contains a four-byte header, followed by zero or
more block descriptors, followed by zero or more Pages.

Table 8-14
Mode Select Parameter List
MODE SELECT Header
m——mwmnu
Bit 7 6 s 4 3 2 1 0
Byte ! ] ! | | | | I
SRR I IR IR TR A NN g - - - - - - - - 2 1 3 3 -3
(o} Reserved
1 Medium Type
2 Reserved
3 Block Descriptor Length
Block Descriptor(s)
Bit 7 6 s 4 3 2 "r'- 0 -
Bye | | | | | | | |
0 Density Code
1 Number of Blocks (MSB)
2 Number of Blocks
3 Number of Blocks (LSB)
4 Reserved
s Block Length (MSB)
6 Block Length
7 Block Length (LSB)
Page Descriptor(s)
= Bit 7 o 6 s 4 3 2 1 - 0
Byt | | | | | | | |
0 R | R | Page Code
1 Page Length (in bytes)
2won Refer to each page

Optional additional blocks of parameters called Pages may be sent to the target in
the Data Out phase of the MODE SELECT command, following either:

. «the MODE SELECT Header, if the Block Descriptor length is set to zero.

- or all Block Descriptors, if the Block Descriptor length is different from zero.
The Block Descriptor Length shail not include the length of the Pages.

Block lengths of 512 and 532 bytes in the Block Descriptor must be supported for
Disk products.

Each defined Page is preceded by a Header of two bytes defining the Page Code
and the length of the page. Following the Header the Pages are separated into
sub-blocks containing a list of related flags and/or values. :

Bits 7 and 6 of byte 0 are reserved.

16
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The Page Code identifies the meaning of the following bytes in the Page. The
2&: Code is either defined, reserved or vendor unique. The parameters in the

ed Pages are classified in priority sequence to ease impiementation by the
target.

The Page Length vaiue of each defined page, shall not include the Page Length
byte. The Page Length represents the number of bytes that the target supports in
each Page. The target may return in the Pages of the MODE SENSE commands as
many consecutive bytes that it supports, for each Page that it supports, without
splitting flelds of muitipie bytes. The Page Length shall be set in the pages of the
MODE SELECT commands to the exact same value (zero value inciuded) returned
by the target in the MODE SENSE Page Length bytes. Otherwise, the target shall
create Check Condition status with the Sense Key of ILLEGAL REQ .

The initiator shall issue a MODE SENSE command requesting the target to return
all Chanéable values (see PCF field configuration 0 1 in byte 2 of the MODE
SENSE CDB) prior to issuing any MODE SELECT commands, in order to find out
which Pages are impiemented by the target and the length of each Page for that
particular LUN(Logical Unit Number).

Initiator Implementor Notes:

- Those Pages, supported by the target, in which the initiator requests parameters
to be changed shall be sent to the targ:.

« The initiator may send in MODE SELECT commands all Pages supported by the

target. . .

- The Pages are not required to be sent in ascending order.

- Inteiligent targets, versus targets supporting muitiple LUNs, may authorize
limited number of parameters to be changed. Those parameters have been
classified as the first sub blocks in the Pages.

In the event of a Hard Reset, the target shall first attempt to restore the Saved
Parameters. If Saved Parameters are not available, the target shall restore to
Defauit Parameters.

17
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won Unit Attention
1g Error Recovery parameters
2g Disconnect/Reconnect Control parameters
Iy Direct Access Device Format parameters
4y Rigid Disk Drive Geometry parameters
SH Flexibie Disk Drive parameters
6y Certification Pattern
7y through 1Fy Reserved '
204 Serial Number
21y Format Limits(tape only)
22y through 39y Vendor Unique Page formats
3Ag through 3By Reserved
3Cy through 3Ey Vendor Unique
3Fy Defined in MODE SENSE oniy.

It is recommended that the initiator issue the RESERVE UNIT command prior to
executing the MODE SELECT command, then issue the RELEASE UNIT command
after completion of the FORMAT UNIT command. This procedure will prevent

any other initiator from issuing different MODE SELECT parameters to the unit
prior to execution of the FORMAT UNIT command. The initiator may request that
the parameters of Pages 1 and 2 be changed at any time.

The target may or may not save the block descriptors and Pages for each LUN and
for each initiator. If the target supports 8 LUNSs and the bus configuration
includes 7 hosts, the target would have to save 56 sets of MODE SELECT/ MODE
SENSE data. The data for each LUN for each host could be different.

A target shall create the Check Condition Status with Sense Key of UNIT
ATTENTION to the first command received from other initiators, when the target
has changed Mode Select parameters for that LUN. The change may be due toa
MODE SELECT command issued from a different or from the same initiator.
Initiators are recommended to save MODE SELCT parameters for each LUN.
Targets are recommended to record on disk those MODE SELECT parameters that
are necessary to be issued prior to the FORMAT UNIT command. The recording
on the LUN disk may or may not include Pages 3 and 4 or §, depending on the
drive type. Parameters of Pages 1 and 2 that the target impiements may or may
not be recorded on the device, may or may not be saved by the target, for each
LN, and for all initiators.
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UNIT ATTENTION PARAMETERS. Page code Oy.

Bit 7 6 S 4 3 2 1 0
Bye | I | | | | I [
0 R | R | Page Code=Oyy
.1 Page Length (in bytes)
2 V.U.| V.U.| VU  |lnitAmn| Rsvd | Rsvd | Rsvd | Rsvd
3 Reserved

When bit 4 of byte 2 is SET (1), then Unit Attention is logged in sense only; no
Check Condition Status will be presented following any reset. When this bit is
RESET (0), then Check Condition is presented for all affected Initiators following
a reset until Request Sense is issued by each Initiator (as per curreat operation).

Page Zero is stored on the drive and is not changed by power off/on cycles or

Mode Select commands that do not access page zero. - he defauit state of
UnitAttn is Reset.

ERROR RECOVERY PARAMETERS. Page code 1.

Bit 7 6 S 4 3 2 1 0
Bye | | | l | | l |
0 R | R | Page Code=lyg
1 Page Length (in bytes)
2 AWRE | ARRE| TB | RC A | EEC A| PER | DTE A| DCR A
3 Rezy Count
4 Correction Span(Opt.)
L] Head Offset Count (Opt.)
6 Data Strobe Offset Count (Opt)
7 Recovery Time Limit (Opt.)

A DCR (Disabie Correction) bit O set to one indicates that the data shall be transferred without
applying correcdon. A DCR bit set to zero enables error correcsdon.

A DTE (Disable Transfer on Error) bit 1 set to one and if the PER bit is set to one, indicates
that the target shall create the Check Condition status and terminate the data transfer to the initiator
immediately upon detection of an error. The Transfer Length is then not exhausted. The data of
the block in error, which is the first erring block encountered, may or may not be transferred to the
inidator depending upon the setting of the TB bit. The DTE bit can only be set to one by the
inidator if the PER bit is set to one. The target shall create the Check Condidon starus with llegal
Request Sense Key, if it receives PER bit of zevo and DTE bit set to one.

A DTE bit set to zero enables data transfer for any data 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 untl the Transfer Length is exhausted.

A PER (Post Error) bit 2 set to one indicates that the target shall enable the reporting of the
Check Condition status for recovered errors, with the appropriate Sense Key. The Check
Condidon shall happen during the data transfer depending either on the DTE bit value or if an
unrecoverable error occured. If multipie errors occur, the REQUEST SENSE data shall report the

block address of either the last block on which recovered error occured or of the first unrecoverabie
error.
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A PER bit set to zero indicates that the target shail not create the Check Condition status for errors
recovered within the limits established by the other Exror Recovery Flags. Recovery procedures
exceeding the limits established by the other Error Recovery Flags shall be posted accordingly by
the target. The transfer of data may terminate prior to exhausting the Transfer Length depending on
the error and the state of the other Error Recovery Flags.

An EEC (Enable Early Correction) bit 3 set to one indicates that the target shall enable the use

of the most expedient form of exror recovery, such as exror correction, before applying retries.
Seek or positioning retries and the recovery procedure rewries of the message system are not
affected by the value of this bit Targets implementing error correction schemes that do not provide
the most expedient form of error recovery shouid defauit to zero and report the EEC bit as not
changeable in the MODE SENSE Page code 3. EEC and DCR both of one is an invalid request,
for which the target shall create the Check Condition status with [llegal Request Sense Keéy.
An EEC bit set to zero, indicates that the target shall exhaust the defined rexry limit prior to
enabling error correction. If DCR bit is set to one, the defined retry limit only is to be performed.

A RC (Read Continuous)bit 4 set to one requests the target to transfer the entire requested ,
length of data without adding delays that would increase or ensure data integrity (ie. delays caused
by the target's error recovery schemes). This implies that the target may send data which may be
erroneous or fabricated in order to maintain a coutinuous flow of data and avoid delays.

The target shall assign priority to this bit over conflicting error contol bis (EEC, DCR, DTE,
PER) within this byte.

Implementors note: Fabricated data may be data already in the buffer or any other arget scheme.
This bit is typically to be used in Image Processing, Audio or Video applications.

A RC bit set to zero, indicates that error recovery operations which cause reasonable delays are
acceptable during the data transfer. Data shall not be fabricated. :

A TB(Transfer Block) bit 5 set to one indicates that the failing data block (recovered or
unrecoverable) daa shall be transferred to the inidator. A TB bit set to zero indicates that the
failing daa block (recovered or unrecoverable) da shall not be transferred to the initator.
Implementor Note: In both cases, but particularly when TB is zero, the block address reported in
the REQUEST SENSE data shall be of the erring block, not of the preceding block.

An ARRE (Automatic Read Reallocation of defective data blocks Enabled) bit 6 of

one indicates that the target shall enable automatic reallocation of defective data blocks during
READ operadons. The execution of the automatic reallocation is similar to the function of the
REASSIGN BLOCKS command, but is initiated at the discretion of the target. The implementation
is device specific. ‘

An ARRE bit set to zero indicates that the target shall not perform automatic reallocation of
defective data blocks during READ operadons, but instead shall create the Check Condidon Status
with Sense Key of Medium Error upon encountering such defective data blocks.

An AWRE (Automatic Write Reallocation of defective data blocks Enabled) bit 7 set

to one indicates that the target shall enable automasdc reallocation of defectve data blocks during
WRITE operations. The execution of the automatc reallocation is similar to the function of the
REASSIGN BLOCKS command, but is initiated at the discretion of the targez. The implementation
is device specific.

An AWRE bit set to zero indicates that the target shall not perform automatic reallocation of

defecave data blocks during WRITE operations, but instead shall create the Check-Condition Starus
with Sease Key of Medium Error upon encountering such defectve data blocks.
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The followin ablemmnizuaqmmmdaofom
EEC PER 51'2 DCR Description

0 O O 0 Retries then Correction are artempted (EC & DCR off).

Recovered and/or corrected dama (if any) is transferyed with no Check
Condition Stams (PER off) at the end of the ransfex.

- Transfer Length is exhausted. Data transfer stops only if an
unrecoverable error is encountered. The target shall then create Check
Condition status with the iate Sense Key.

- The data of the unreco le Block (if any), may or may not be
transferred to the initiator depending om the setting of the TB bit

0 0 0 1  Same as (0000) above but No Correction Applied(EEC off DCR on)

9 0 1 0 Invabd Request(DIE on, PER off)
0 O 1 1 Invalid Request (DTE on, PER off)
EEC PER DTE DCR Description

0 1 0 0 ReportLastData Blockin error at the end of transfer.
Retries then Correction (EEC off, DCR off) are atempted and recovered
daia (if any) is transferred corrected.
- The ‘l‘rfannsfz Length is exhausted if no unrecoverable error occured
(DTE off).
- The target creates Check Condition status with RECOVERED ERROR
Sense Key and reports (in the inforration bytes field of the Extended
Sense data) the last block for which recovered error occured, if any.
(PER on).
- The data of the unrecoverable Block (if any), may or may not be
transferred to the initiator depending on the sexting of the TB bit

0 1 0 1  Sameas (01 00) above but No Correction Applied (EEC off, DCR
on).

0 1 1 0 Stop I'ransfer on First Recovered Lrror Encountered.
Retries then Correction (EEC off, DCR off) are anempted and recovered
data (if any) is transferred corrected, but transfer stops (DTE on) after the

. first recovered or unrecoverable error is detected.

- The target creates Check Condition status (PER on) with RECOVERED
ERROR Sense Key on the first block for which a recovered error
occured, if any.
Implementor Note: This mode is not recommended for use if TB is set
to zero. It is suggested that mode 0111 be used instead if TB is set to
zero.

0 1 1 1 Same as (0 1 1 0) above but no Correction Applied (EEC off, DCR

on). The data of the erring Block (if any), may or may not be transferred
to the initiator depending on the setting of the TB bit.
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[ I ]

I 0 0 -0 Correction then Limited Retries (OCR off, EEC on).
Same as (0 0 0 0) except apply ECC Correction first
o O 1 Invalid Request (EEC on, DCR on).
0 1 0 Invalid Request (DTE on, PER on).
0 1 1 Invalid Request (DTE on, PER off).
1 0 0  Report Last Data Block in error at the end of transfer. Same
as (0 1 0 0) except apply ECC Correction first
1 1 0 1 Invalid Request (EEC on, DCR on).
1 1 1 0  Stop Transfer on First Recovered Error Encountered. Same as

0110 except Correction then Limited retries are anempted.
1 1 1 1 Invalid Request (EEC on, DCR on).

Retry Count is the number of times that the target should t its read recovery algorithm.
Typically, this is performed before applying correction. If both Retry Count and Recovery Time
Limit are specified in a MODE CT command, the field which specifies the shorter dme period
of recovery actions shall dominate. In this case, the non dominant field shall be returned as zero in
subsequent MODE SENSE commands requested with current values. If the target does not support
this field, it shall return 2 zero value in the MODE SENSE command.

Correction Span is the size of the largest read data error, in bits, on which correction may be
attempted. If the target does not support this field, it shall return a zero value in the MODE SENSE

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 WRITE operatons is unspecified. The value shall be applied and be mainuined undl another

MODE SELECT command is successfully completed with a different value. If the targer does not

support this fieid, it shall return a zero value in the MODE SENSE command.

- A value of zero indicates that no offset is to be applied.

- A positive value (ie. 1, 2, ...) indicates an increasing distance in the direction of the next (+1)

physical rack. This next physical track could be towards the innermost track or towards the

&?mglost track, depending upon whether track zero was on the outermost or the innermost rack of
e drive.

- A two's complemented (i.e., FF, FE, ...) value indicates an increasing distance in the opposite

direction from a positve value. This is in the direction of the previous (-1) physical ack.

The degree of offset for each incremental value and the number of valid steps are device specific. It

is recommended that devices support equal incremental positive and negadve values. The target

shall create the Check Condition Status with [llegal Request Sense Key if it receives an invalid

(larger or smaller) offset value than that supported by the device. In this case, the Informadon

- bytes of the Extended Sense shall return the positive value of the maximum count that the device

supports.

Data Strobe Offset Count is a two's complement value that specifies an incremental position
the recovered data strobe shall be adjusted from nominal. This field applies to READ operadons
only. The value shail be applied and be maintained untl another MODE SELECT command is
successfully compieted with a different value. If the target does not support this field. it shall
return a zero value in the MODE SENSE command.

- A value of zero indicates the nominal position.

- A positve value (i.e. |, 2, ...) indicates an increasing adjustment in the positive direction as
defined by the device (such as moving the data soobe out in tme by some number of
nanoseconds).

- A two's complemented (i.e., Ff, FE, ...) value indicates an increasing adjustment in the negauve
direction. :
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The degree of adjustment for each incremental vaiue and the number of valid steps are device
ﬁciﬁc. nkmmmwmmsu?meqqﬂmalposﬁwmmgmvevm.

target shall create the Check Condition Status with Illegal Request Sense Key if it receives an
invalid ( larger or smaller ) strobe offset count value than that supported by the device. In this case,
the Information bytes of the Extended Sense may return the positive value of the maximum valid
count that the device supports. The target shall return a zero value in the Information bytes if it
does not have the capability to return a defined value.

Recovery Time Limit is the maximum time that the target shall atempt exror recovery actions to
correctly recover dan, if such recovery is allowed in other fields of this page. The field is defined
in 10 milliseconds increments. The target may round the value to its nearest convenient value.
Subsequest MODE SENSE commands requested with current values shall return the rounded
value. A zero value indicates that the time is unlimited. If both Retry Count and Recovery Time
Limit are specified in 2 MODE SELECT command, the field that specifies the shorer time period of
recovery actions shail dominate. In this case, the nondominant field shall be returned as zero in
subsequent MODE SENSE commands requested with current values.
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DISCONNECT/RECONNECT CONTROL PARAMETERS. Page code 24
(Parameters not used by Tape are noted by 4)

IR IR I RS A R SRR A N R L S S NI IS SE IR IR SRR SR IS I SR SR SR I

Bit 7 6 S 4 3 2 1 0
- Bywe | I | | | | I |
o t - ]
-0 R | R | Page Code = 24
1 Page Length (in bywes) .
2 Buffer Full Radod -
3 Buffer RaticA
4 Bus Inactvity Limit (MSB)
s Bus ity Limit
6 Disconnect Time Limit (MSB)
7 Disconnect Time Limit (LSB)
8 Connect Time Limit (MSB)
9 Connect Time Limit (LSB)
10 Reserved
11 Reserved

Each ratio parameter is the numerator of a fractional multiplier that has 256 as its
denominator.

BufTer Full Ratio indicates to the target, on READ commands, how full the buffer shall be prior
to reconnecting. Targets that include a larger granular buffer block size shall round down to the
nearest whole buffer block. (Field not used for Tape) (0 equals Not Implemented)

Buffer Empty Ratio indicates to the target, on WRITE commands, how empty the buffer shall
be prior to reconnecting to fetch more data. Targess that include a larger granular buffer block size
shall round up to the nearest whole buffer block. (Field not used for Tape) (0 equals Not
Implemented)

Bus Inactivity Limit field (bytes 4 and §) indicates the maximum time in 100 microseconds
increments that the target is allowed o maintain the bus busy without handshakes undl it shall
disconnect The target may round to its nearest capable value. A setting value of zero indicates that
the target is allowed to maintain the bus busy indefinitely without handshakes undl it dezermines to
disconnect.

Disconnect Time Limit field (bytes 6 and 7) indicates the minimum time in 100 microseconds
increments that the target should remain disconnected undil it attemp® to reconnect The target may
round to its nearest capable value. A seting value of zero indicates that the target is allowed to
reconnect immediately.

Connect Time Limit field (bytes 8 and 9) indicates the maximum tme in 100 microseconds
increments that the target should remain connected undl it artempts to disconnect. The target may
round to its nearest capable value. A setting value of zero indicates that the target is allowed to
rernain connected indefinitely undl it determines to attempt disconnection.
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DIRECT ACCESS DEVICE FORMAT PARAMETERS. Page code 3.
(Parameters not used by Tape are noted by 4)

E .} SEIRIEERER IR T
Bit 7 6 S 4 3 2 1 0
Bye | | I | | I |
0 R | R Page Code = 3y
1
HANDLINLnSg' DE%%?TS FIELDS
2 Tracks per Zone (MSB) A
3 Tracks per Za: @sB)A
4 Alternate Sectors per Zone (MSB) A
5 Alternate Sectors per Zone (LSB) A
6 Alternate Tracks per Zone (MSB) A
7 Alternate Tracks per Zone L) A
8 Alternate Tracks per volume (MSB) A
9 Alternate Tracks per volume (LSB) A
TRACK FORMAT FIELD
10 Sectars per Track (MSB) A
11 Sectors per Track (LSB) A
SECTOR FORMAT FIELDS
12 Data Bytes per Physical Sector (MSB)
13 Data Bytes per Physical Sector (LSB)
14 Interieave (MSB)
15 Interieave (LSB)
16 ) Track Skew Factor (MSB) A
17 Track Skew Factor (LSB) A
18 Cylinder Skew Factor (MSB) A
19 Cylinder Skew Factor (LSB) A
DRIVE TYPE FIELD '
Bit 7 6 5 4 3 2 1 0
| | l | | | | |
20 SSEC | HSEC |RMB | SURFA| INS | Reserved
21 Reserved
22 Reserved
23 Reserved

- The following informanon is only valid to be sent to the target prior to the execudon of the
FORMAT UNIT command.

Handling of Defects Fields :

The target may or may not accept the exact value requested by the initiator in these fields, but may

round 10 its nearest most convenient value (which value may be zero). In this case, the targe: shall

create the Check Conditon status with ILLEGAL REQUEST Sense Key. The initiator may issue
a MODE SENSE command requesting the current Format Parameters Page to be rerurned, in orcer

to be informed about which value has been set by the target in response to the xmnally requested

value of the MODE SELECT command.
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Tracks per Zone indicates that the target shall divide the capacity of the device, prior to format,
in equal number of tracks for the purpose of allocating with the next four bytes, an equai number of
alternate sectors or tracks per zone for handling defects. The last zone of the device may or may
not include the same number of tracks as the previous zone(s). A value of zero means that the sole
zone is defined as the whole unit. The capacity of the device is represented by the number of
cylinders and number of heads returned in the Page 4 or 5§ depending on the device type.

Alternate Sectors per Zone indicates the number of sectors that the target shall deallocate from
the initiator addressable blocks during the FORMAT UNIT command. These sectors will be
available to the mrget as replaceable sectors for defective sectors. The method used by the target to
access alternate sectors when encountering a defective sector is device specific. A value of zero
indicates that no aiternate sectors are to be deallocated or that the MODE SENSE command
indicated that the target does not support this field or does not authorize this field to be changeable.

Alternate Tracks per Zone indicates the number of tracks that the target shall deallocate from
the initiator addressable blocks during the FORMAT UNIT command. These tracks will be
available to the target as replaceable tracks for defective tracks. The method used by the target to

. access alternate tracks when encountering a defective track is vendor unique. A value of zero
indicates that no alternate tracks are to be deallocated or that the MODE SENSE command indicated
that the target does not support this field or does not authorize this field to be changeabie.

Alternate Tracks per Volume indicates the number of tracks that the target shall deallocate
from the initiator addressable blocks during the FORMAT UNIT command. These tracks will be
available to the target as replaceable locations (tracks or sectors) for defect handling. The method
used by the target to access these alternate tracks when encountering a defect is vendor unique. A
value of zero indicates that no alternate tracks are to be deallocated or that the MODE SENSE
cauu:gifdicawdthnchcmgezdoanotsuppomlﬁs field or does not authorize this field to be
chan :

When the inidator sets the three fields (Alternate Sertors per Zone, Alternate Tracks per Zone,
Alternate Tracks per Volume) to zero, it may rerquest the target to set its own default scheme for
handling defects or may request the target not to perform any defect handling. The target may or
may not recurn Check Condition status to this condition.

Track Format Fleld: ‘

Sectors per Track indicates the number of physical sectors that the target shall allocate per disk
track. This implies that the target set an equal dat sector size to all sectors accordingly. The value
of zero indicates that either the number of Sector per Track varies or that the MODE SENSE
command reported that the arget does not authorize this field to be changeable or that other
mechanism implemented is not specified.

Sector Format Field:

Data Bytes per Physical Sector indicates the number of data bytes that the target shall allocate

. per physical sector. This value may be different from the logical block size in the Block Descriptor
secuon of the MODE SELECT daa. This implies that the target set an equal number of sectors per

rack accordingly. The target shall create the Check Conditon status if it determines that the

combination of this field and the sectors per track values exceed the physical abilides of the

medium. The value of zero indicates that either the number of Data %ym per Physical sector varies

or that the MODE SENSE command rerported that the target does not authorize this feid to be

changeable or that other mechanism implemented is not specified.

Interieave is the same parameter passed in the FORMAT UNIT command., and is only recurned
by the MODE SENSE command. The target shall report this field as nonchangeable in the

corresponding MODE SENSE command. The target shall ignore this field in MODE SELECT
comrands. -
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Track Skew Factor indicates the number of physical sectors between the last logical block of
oune track and the first logical block on the next sequential track of the same cylinder.

Cylinder Skew Factor indicates the number of physical sectors between the last logical block of
one gylinder and the first logical block on the next sequendal cylinder.

A SSEC bit set to one indicates that the target shall use soft sector formatting. A
A HSEC bit set to one indicates that the target shall use hard sector formatting. The HSEC bit

and the SSEC bit are mutually exclusive in MODE SELECT commands.
Possible combinations of MODE SENSE Report Default Values

SSEC

0 0 Target not allowed to return this combination

1 0 Target supports Soft sector formatting only A

0 1 Target supports Hard sector formatting only

1 1 Target supports both Soft and Hard sector formaring A
Possible combinations of MODE SENSE Report Changeable Values

SSEC HSEC

0 0 Sector formatting Not changeable

1 0 Target not allowed to return this combinaton

0 1 Target not allowed to return this combinadon

1 1 Target supports both Soft and Hard sector formaming A

A RMB (Removable) bit set to one indicates that the logical unit is removable. A RMB bit set to
zero indicates that the logical unit is not removable.

The SURF (Surface) bit indicates how the target shall map the logical block addressing into
physical block addressing. A SURF bit set to zero indicates that the target shall allocate
progressive addresses to all sectors within a cylinder prior to allocating sector addresses to the next
cylinder. A SURF bit set to one indicates that the target shall allocate progressive addresses to all
sectors on a surface prior to allocating sector addresses to the next surface,

The INS (Inhibit Save) bit 3 byte 20 sez 20 one in MODE SELECT commands indicates that the
target shail inhibit the saving of any parameters during the successfull completion of the next
FORMAT UNIT command. The INS bit ser o zero indicates that the parameters of the Pages
defined by the Page Codes 3, 4 and S shall be saved by the target if such pages were indicated to
be saveable (by PS bit 7 byte O set to one in Page Headers) in preceding MODE SENSE
commands.

As a reminder:

. - The Pages defined by Page Codes 3, 4 and S, depending on device type, include all parameters
necessary to be indicated to the target prior to the FORMAT UNIT command. The saving, if
impiemented, shall therefore be performed only during the FORMAT UNIT command and not at
any other ume.

- All other Saveable Pages not affecting the format may be saved in following MODE SELECT
commands if the SMP bit is set to one in the CDB of these MODE SELECT commands.
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RIGID DISK DRIVE GEOMETRY PARAMETERS. Page Code 4y3. A

This Page is mainly intended for defining parameters of rigid disk drives, but may be used for
flexible disk drives if deemed applicable.

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

—
—
—
—
——
——

——

R | R | - Page Code = dys
Page Length (in bytes)
Number of Cylinders (MSB)
Number of Cylinders
Number of Cylinders (LSB)
Number of Heads
Startng Cylinder-Write Precompensation (MSB)
Starting Cylinder-Write Precompensation
Starting Cylinder-Write Precompensation (LSB)
Starting Cylinder-Reduced Write Current (MSB)
Starting Cylinder-Reduced Write Current
Starting Cylinder-Reduced Write Current (LSB)
Drive Step Rate (MSB)
Drive Scezpol:zm (LSB)
Landing Zone Cylinder (MSB)
Landing Zone Cylinder
Landing Zone Cylinder (LSB)
Reserved
Reserved
Reserved

The target shall create the Check Condidon Status with ILIEGAL REQUEST Sense Key if it
receives values in Number of Cylinders and Number of Heads fields that are greater than the
defaults values returned by the MODE SENSE command or greater than the actual values.

S;G:GS:SQ“QG.““N -0

— e
\O 00

The target shall create the Check Condition Status with LLEGAL REQUEST Sense Key if it
receives values in Starting Cylinder-Write Precompensation or Reduced Write Current fields that
are greater than the Number of Cylinders field

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

* The Landing Zone Cylinder field indicates two's complement locaton where the target shall
position the disk heads prior to stop the spindle with the START/STOP command. This field is
only meaningful with drives that do not automaticaly seek to the Landing Zone before stopping the
spindle. A negative value steps the device outside the recorded cylinders. A value greater than the
number of cylinders steps the device beyond the recorded cylinders toward the spindle.
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FLEXIBLE DISK DRIVE PARAMETERS. Page Code 5. A
This Page is intended for defining parameters of flexible disk drives.

Wu

Bit 7 6 5 4 3 2 1 0
By | | | | | | | |
0 SOP | R | Page Code = Sy
1 Page Length (in bytes)
2 Transfer rate (MSB)
3 Transfer rate (LSB)
TRACK FORMAT FIELD

4 Number of Heads
s Sectors per Track
6 Das Bytes per Physical Secior (MSB

ytes per Physi tor )
7 Data Bytes per Physical Sector (LSB)
8 Number of Cylinders (MSB)
9 Number of Cylinders (LSB)
10 Starting Cylinder-Write Precompensation (MSB)
11 Starting Cylinder-Write Precompensation (LSB)
12 Startng Cylinder-Reduced Write Current (MSB)
13 Starting Cylinder-Reduced Write Current (LSB)
14 Drive Step Rate (MSB) .
15 Drive Step Rate (LSB)
16 Drive Step Pulse Width
17 Head Settie Delay
18 Motor On Delay
19 Motor Off Delay
20 TRDY | Reserved
21 - Head Load Delay
22 Starting Sector Number, Side Zero o=
23 Starting 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:

-00F Ay to select 250 kbitv/second transfer rate
<012Cyyg to select 300 kbit/second transfer rate
01F 44 to select SO0 kbit/second transfer rate
-03EB8yy to select 1 megabivsecond transfer rate
-07DO0y to select 2 megabit/second transfer rate
-1388yy to select § megabivsecond transfer rate

Motor On Delay depends on the state of the TRDY bit. If TRDY is not set, the Motor On Delay
indicates the amount of time in 1/10 second that the target will delay, before orying to access data
after asserting the motor-on signal to the drive. If TRDY is set, the Motor On Delay indicates the
amount of tme that the target will delay for drive ready status before aborting a disk access.
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Motor Off Delay indicates the amount of time in 1/10 second that the target will delay before
deasserting the motor on signal to the drive after the target has become idle. A value of FFy

indicates that the motors are to be left on. In this case, the motors can still be controlled by the
START/STOP UNIT command.

' A TRDY (True Ready) bit of one indicates that the drive provides a ready signal which indicates
that the spindle motor is up to speed and the drive and medium are ready to ransmit and receive
data. In this case, the target may atternpt to access the disk immediately upon sensing drive ready.
Drive Step Rate and Step Puise Widih are expressed in units of 1 microsecond. The target
shail round up to its next supported value. .

CERTIFICATION PATTERN. Page code 6y.

Bit 7 6 S 4 3 2 1 0
Bye | | | I [ | | |
0 R | R | Page Code = 6y
1 Page Length (in bytes)
2 . Reserved
3 Reserved
4 through n Vendor Unique

This Page is intended to provide the pattern to be used by the target to fill out the data blocks during
the FORMAT UNIT command.

Various schemes may be requested, all are vendor unique. Some examples may be:

- Fixed pattern of zero

- Fixed pattern of one

- Fixed and repettive partern of a defined value and of a defined length

- Pattern becoming variable starting with a fixed value and increasing by a defined value for a
defined length -

- Pattern becoming variable starting 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

SERIAL NUMBER. Page Code 20y.
Bk 7 5 s 4 3 2 10
Bye | I | | | I | I
1 Page Length (in bytes)
2 through 9 Drive Serial Number in ASCTI
Inidators will not attempt to modify this page.
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FORMAT LIMITS. Page Code 21y (Tape Only)
. . “

Bit 7 6 S 4 3 2 1 0
Bye | | | | I f I l
0 R | R | Page Code = 213 -
1 Page Length (in bytes)
2 Startng Track for Format
3 Ending Track for Format

8.1.8 RESERVE UNIT Command (16y)

Third party and Extent Reservation is Required.

The RESERVE and RELEASE commands are defined to be mandatory commands. In addition to
the protocol defined in the ANSI X379.2 /82-2 Revision 17B document, these commands are to be
implemented using EXTENTS (extent reservation and extent release). Apple requires a minimum
of 8 extents to be supported on devices where extents are possible (Hard disk, Floppy disk, Direct
Access Tape, CD Rom, M/O disk, ...). All four reservation types must be supported (Read
Exclusive, Write Exclusive, Exclusive Access, Read Shared). The command format is shown in
Tables 8-15 and 8-16 of X3T9.2, Rev. 17B.

8.1.9 RELEASE UNIT Command (17g)

Third party and Extent Release is Required. The command format is shown in Tables 8-17 and
8-16 of X3T9.2, Rev. 17B.

== |ERE E= = ==
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8.1.10 MODE SENSE Command (1Ag)

Table 8-18
Mode Sense Command
Bk 7 6 s 4 3 2 1 0
 Bye | I | I | l | 1

' ion Code -
? LUN Ppennon Reserved
2 PCF | Page Code
3 Reserved
4 Allocation Length
S vu | VU | Reserved | Flag | Link

The MODE SENSE command (Table 8-18) provides a means for a target to report its medium,
logical unit, target Oé_Fciphaal device parameters to the initiator. It is a complementary command
to the MODE SELECT command.

It is Required that targets implement this command. It is recommended that the
MODE SENSE command be issued prior to the MODE SELECT command.

The Allocation Length specifies the number of bytes that the initiator has allocated for returned
MODE SENSE data. An Allocation Length of zero indicates that no MODE SENSE data shall be
ransferred. This condition shall not be considered an error. Any other value indicates the
maximum number of bytes that shall be transferred. The target shall terminate the DATA LN phase
when the Allocadon Length have been transferred or when all available MODE SENSE data have
been mansferred o the inidator, 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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Table 8-19
MODE SENSE DATA
MODE SENSE Header
PRENSWSNSRRRREREESA e S
Bit 7 6 s 4 3 2 1 0
Bye | I | | | | I |
0 Sense Data Length
1 Medium Type
2 WP | Reserved
3 Block Descriptor Length
Block Descriptor(s)
Bit 7 6 s 4 3 2 1 0
Byte | | | | 1 | l |
0 Density Code
1 Number of Blocks (MSB)
2 Number of Blocks
3 Number of Blocks (LSB)
4 Reserved
S Block Length (MSB)
6 Block Length
7 Block Length (LSB)
Page Descriptor(s)
Bit 7 6 s 4 3 2 ) 1 C;- -
Byt I | I | | | I l
0 PS | R | Page Code
1 Page Length (in bytes)
210 n Refer to Page definidon in MODE SELECT

The Sense Data Length byte specifies the length in bytes of the following MODE SENSE data that
is available to be transferred during the DATA IN phase. The Sense Data Length byte shall not
include itself. If the Allocation Length of the CDB is too small to transfer all the

sense data, the Sense Data Length shall not be adjusted to reflect the truncation.

- l;efer to the SCSI standard for the code values of the Medium Type field and of the Density Code
ield. _

Optional additional biocks of parameters called Pages may be sent to the target in
the Data Out phase of the MODE SELECT command, following either :

- the MODE SELECT Header, if the Block Descriptor length is set to zero.

- all Block Descriptors, if the Block Descriptor length is different than zero.

The Block Descriptor Length shall not incliude the length of the Pages.

Each defined Page is preceded by a Header of two bytes defining the Page Code
and the length of the page. Following the Header the Pages are separated into
subblocks containing a list of related flags and/or values.

Bits 7 and 6 of bvte 0 are reserved.
The Page Code identifies the meaning of the following bytes in the Page. The

33



August 28, 1986 SCST Command Protocol 062-2075 Revision 4

Page Code is either defined, reserved or vendor unique. The parameters in the
de&ned Pages are classifled in priority to ease impiementation by the target.

The Page Length value of each defined page, shall not inciude the Page Length
byte. The Page Length represents the number of bytes that the tarigt supports in
each Page. The target may return in the Pages of the MODE SENSE commands as
many consecutive bytes that it wgg:ru. for each Page that it supports, without
. Msgﬂtﬁn flelds of muitiple bytes. Page Length shail be set in the pages of the
DE S CT commands to the exact same value (zero value included) returned
by the target in the ODE SENSE Page Length bytes. Otherwise, the target shall
create Check Condition status with the Sense Key of ILLEGAL REQUEST.
The initiator shall issue a MODE SENSE command reqne:tix::g the target to return
all Changeable values (PCF fleld configuration 0 1 and Page Code 3Ej in byte 2

of the MODE SENSE CDB) prior to issuing any MODE SELECT commands, in
order to find out which Paﬁm implemented by the target and the length of each
Pages for that particular L

An initiator may request a particular Page to be returned by the target by selecting
its code in byte one of the CDB.

Bit 7 byte 0 of each Page is reserved.

Vendor Unique fields shall be addressed in Vendor Unique Pages 20y through
39y, but not within the defined Pages.

PS (Parameters Saveable) bit 7 byte 0 of each Page Header set to one by the target
indicates that the supported parameters will be saved by the target. PS set to zero
indicates that the supported parameters cannot be saved by the target.

.i;age Cosde Field bits 7 and 6 byte 0 of the CDB.

0 0  Report Current Vaiyes _
- If the Page Code is equal to 3Fp, all Pages implemented by the
target are to be returned to the initiator with fields and bits set to
Current values.
- If the Page Code is different than 3Fy, the Page defined by the
Page Code, if supported by the target is to be returned to the initiator
with flelds and bits set to Current values,
The Current values are one of the following:
- as set in the last successfully completed MODE SELECT command.
- identical to the Saved values if saving is available and if no

MODE SELECT command were yet issued since the last power on.
- identical to the Defauit values if no saving is available or if
no Saved values are available.

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

0 1 Report Changeable Vaiyes :
- If the Page Code is equali to 3Fy, all Pages implemented by the
target are to be returned to the initiator with bits and fields that are
allowed to be changed by the initiator set to one. Fields and bits
not allowed to be changed by the initiator shall be set to zero.
- If the Page Code is other than 3F, the Page defined by the
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Page Code, if supported by the target, is to be returned to the initiator
with bits and fields that are allowed to be changed by the initiator set
to one. Fields and bits not allowed to be changed by the initiator shail
be set to zero.

If no bits or fieids are changeable within a Page, the target may or
may not return bytes 0 and 1 of the Page. If the target returns these
two bytes, the Pa&ungth byte value shall be set to zero by the
target. The Page Length byte value of each Page returned by the target
indicates the last field supported within the particular page.

Report Defauit Vaiues,

- If the Page Code is equal to 3Fy, all Pages impiemented by the
target are to be returned to the initiator with fieids and bits set to the
target's or device's defauit values. '
« If the Page Code is other than 3Fy, the Page defined by the

Page Code, supported by the target, is to be returned to the
initiator with fields and bits set to the target's or device's defauit
values.Fields and bits not supported by the target shall be set to zero.

The Page Length byte value of each Page returned by the target
indicates the last field supported within the particular page.

The vailue of the flelds returned with this code is intended to avoid
confusion over whether the value of zero is the defauit or the
nonsupported value.

Report Saved Values, : ‘
- If the Page Code is equal to 3F, all Pages implemented by the

target are to be returned to the initiator with fields and bits set to the
saved values if saving is supported by the target.
« If the Page Code is other than 3F, the Page defined by the

Page Code, if supported by the target, is to be returned to the
initiator with flelds and bits set to the saved values if saving is
supported by the target.

The Saved values are one of the following:

- the values saved during the last successfully completed FORMAT
UNIT or MODE SELECT commands.

- or identical to the Default values if no saving possibility is
available.

The mode of saving is vendor unique, the values may either be
recorded on disk or saved in another manner.

Fields and bits not supported by the target shalil be set to zero.

The Page Length byte value of each Page returned by the target
indicates which fields are supported within the particular page.

Current values may be modified by successfully completed MODE SELECT
commands. Saved values may be updated by a successfully completed FORMAT
UNIT command. A FORMAT UNIT command completing with no Check
Condition status shall indicate that the Saved values have been successfully
saved.
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Page Codes (bits 0 through 5 of byte 2)

%&:.Cnds Unit Attention

15 Error Recovery parameters

2 Disconnect/Reconnect Control parameters
3y Direct Access Device Format parameters
4y Rigid Disk Drive Geometry parameters
Sq Flexible Disk Drive parameters

6y Certification Pattern

7y through 1Fyg Reserved

20y Serial Number

21y Format Limits

22g through 39y Vendor Unique Page formats

3Ay through 3By Reserved
3Cy through 3Ey Vendor Unique
3Fy Return all Pages to the initiator. See PCF bit

configuration. Page Code vaiid for MODE SENSE
commands only.

The target shall return the same Page Length value in each Page that it supports
with the 3Fyy Page Code whatever the value of each bit of the PCF field is.

After 2 power-on or reset, the actions to be taken by the target following MODE
SENSE commands are :
If MODE SENSE is requesting : Target Shall:

Defauit Values Report Default Values

Saved Values Report existing valid restore of parameters, or
execute a restore of parameters if not
previously performed, or report Drive Not¢
Ready if unable to access the specific location
on ::. drive where the saved values have been
sto

Current Values Report a valid set of saved parameters if
available, or execute a restore of parameters if
not previously performed,or report Drive Vot
Ready if unable to access the specific location
on the drive where the saved values have been
stored.or attempt to identify the parameters if
no saving is available (such as cyl., track,
sector)or if all the above are unsuccessful,
legitimately report Defauit values.
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8.1.11 Start/Stop Unit{Load/Unload} Command 1B}, (For Tape Only)

Table 8-20

Bit 7 6 s 4 3 2 1 0
Byte | | | | ] | | |

0 Operation code

1 LUN : | Reserved | Immed

2 Reserved

3 Reserved

4 Reserved | Mod | Retensn |Start/Load

5 Vendor Unique | Reserved | Link

: | Flag
The Load/Unload command causes the cartridge to be autoloaded(if the Start/Load bit = 1), or
unloaded, to the end-of-tape (if the Starv/Load bit = 0).

An Immediate(Immed) bit of one indicates that status and message bytes will be returned to the
initiator before the operation starts. An Immed bit of zero indicates that status and message bytes
will be returned to the Initiator after the operation has been completed.

The command function depends upon the setting of the Mod, Retension and Start/Load bits as
indicated by the following table.

0 0 0 Normal Unload

0 0 1 Normal Load

0 1 0 Retension Only

0 1 1 Normal Load

1 0 0 Unload w/o Tape Movement
1 0 1 Load w/o Conditon Pass

1 1 0 Retension only

1 1 1 Reserved _

READ QIC-100 DATA Command (13y) (For Tape Only)

== = s MMM WIS = mmnx

Bit 7 6 5 - 4 3 2 1 0
Byt | | | | | | | |

0 Operation code

1 LUN | Reserved

2 Reserved

3 Reserved

4 Reserved

] Reserved

= WM W = |

This command allows the host to read QIC-100 related information from the congoller.
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DATA-INLAYOUT
wmmgna
Bit 7 6 S 4 3 2 1 0
Bye | | | | | | I l
T A TN I S I I S N IR SE N IS SIS SN SR IR ST S IR SN I I I
0 Date MSB (Default 0)
1 Date LSB (Defauit 0)
2 Time MSB (Defauit 0)
3 Time LSB (Defauit 0)
4 Lot Number MSB (Default 0)
5 Lot Number LSB (Default 0)
6 Manufacturer MSB (Default 0)
7 Manufacturer LSB (Default 0)
8 Frames per Track )
9 Frames per Track LSB
A Track Offset MSB
B Track Offset LSB
C Stop Time MSB(in number of frames)
D Stop Time LSB(in number of frames)
E Interieave
F Transfer Size(O=8192b,1=8320b)
10 Number of Bad Blocks on Tape (MSB)
11 Number of Bad Blocks on Tape (LSB)
12 Maximum anumber of Bad Blocks Allowed (MSB)
13 Maximum number of Bad Blocks Allowed (LSB)
14 Number of Alternate Blocks Assigned (MSB)
15 Number of Alternate Blocks Assigned (LSB)
16 Maximum Number of Alternate Blocks Allowed MSB)
17 Maximum Number of Alternate Blocks Allowed (LSB)

IR IRIE IS IR =

WRITE QIC-100 DATA Command (14p) (For Tape Only)

EEEBE z BB VBRI EBEER= =

Bit 7 6 s 4 3 2 1 0
Byte | | | | | | I l

0 Operation code

1 LUN | Reserved

2 Reserved

3 Reserved

4 Reserved

b ] Reserved

This command allows the host to write QIC-100 related informaton to the coneoller.
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DATA-OUTLAYOUT
W-—.
Bit 7 6 5 4 3 2 1 0
Bye | I | | | I | !
M
0 Date MSB (Default 0)
1 Date LSB (Default 0)
2 Time MSB (Defauit 0)
3 Time LSB (Default 0)
4 Lot Number MSB (Default 0)
5 Lot Number LSB (Defauit 0)
6 Manufacturer MSB (Defauit 0)
7 Manufacturer LSB (Defauit 0)
8 Frames per Track MSB(defauit=026Ay)
9 Frames per Track LSB
A Transfer Size(O=8192b,1=8320b)
READ DEFECT DATA Command (37g)
Peripheral Device Type: Direct Access
Operanon Code Type
Opexanon 3
Bit 7 6 S 4 3 2 1 0
Bye | | | I I | | I

0 Operation Code

1 LUN | Reserved

2 Reserved | P | G |  Defect List Format
3 Reserved

4 Reserved -

b Reserved

6 Reserved

7 Allocation Length (MSB)

8 Allocation Length (LSB)

9 Control Byte

The READ DEFECT DATA command requests that the target transfer the medium defect data to the
inidator.

The mearing of bits 0 through 2 of byte 2 is similar to the bit definition of the bits O through 2 of

the byte | of the FORMAT UNIT command. The initiator indicates with this field a preferred
format for the defect list to be returned by the target. This Defect List Format field is intended for
those targets capable of returning various formats. A target unable to rerurn various formats may
reurn it's default format and create the Check Conditon status with RECOVERED ERROR Sense
Key at the end of the Read Defect Data data transfer.

- The P set to one indicates that the initiator requests the Primary list of defects be rerurned. The P -
bit of zero indicates that the target shall not return the Primary list of defects.

- The G bit set to one indicates that the initiator requests that the Growing list of defects be
rerurned. The target shall include the Certification list of defects, if implemented, to be returned

with this selection. The G bit of zero indicates that the target shall not return the Growing list of
defects.
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- With bits P and G both set to one, the target is requested to return the Primary and the Growing
list of defects. The target shall determine the arder in which the lists are to be returned and shail
determine if the lists will be merged or not. ) .

- With bits P and G both set to zero, the Defect List Header only is to be returned.

The Allocation Length specifies the number of bytes that the initator has allocated for returned
- READ DEFECT DATA. An Allocation Length of zero indicates that no READ DEFECT DATA
shall be transferred. Any other value indicates the maximum number of bytes that shall be
transferred.

The target shall terminate the DATA IN when the Allocation Length data have been
transferred or when all available READ DEFECT DATA have been transferred to the initator,
whichever is less.

The READ DEFECT DATA contains a four-byte header, followed by zero or more defect
descriptors.

Defect List Header
Bt 7 6 s 4 3 ) 1 0
Bye | l | I I [ | t
0 Reserved
1 Reserved | P | G | Defect List Format
2 Defect List Length (MSB)
3 Defect List Length (LSB)

The meanings of bits 0 through 2 of byte | are similar to the Defect List Format in Table 8-4 of the
FORMAT UNIT command. The bits P, G, and the Defect List Format indicate which defect list is
actually recurned by the target. )
The format of the defect descriptors, if the Defect list length is different than zero, are shown in
Table 8-5, 8-6, 8-7 in tse FORMAT UNIT command. The length of each defect descriptor may be
four bytes or eight bytes ing upon the Defect List format code. The defect list length
specifies the total length in bytes of the defect descriptors that follow. The Defect List Length is
equal to four or eight dmes the number of defect descriptors.

If the Allocation Length of the CDB is too small to transfer all the defect descriptors, the Defect List
Length shall not be adjusted to reflect the runcation. The target shall not create a Check Condition
status. [t is recommended that the initiator compares the Defect List Length to the Allocaton
Length to ensure that it did not receive a partal list due to a too small Allocacon Length.

The defect descriptors may or may not be seat in ascending order.

. The initiator may be informed about the exact number of defects by dividing the Defect List Length
by the Defect Descriptor Length.
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SCSI ERROR CONDITIONS

This section describes the various SCSI bus-related errors can occur during the

. execution of 2 command and the actions taken by the target in response to these
errors. A proper handling of the SCSI bus-reiated errors is by the impiementation
of

- most messages of the Error Recovery Set, by both target and initiator

« Bus Parity enabled in both target and initiator ‘

§.6.1 Target Mode Error Conditions

Under several error conditions, the target maiy&chanse the phase to Bus Free,
without correctly terminating the command (i.e.. No Disconnect or Command
Complete messages sent to the initiator). The target shalil then clear all
information regarding the command, with the exception of Sense Data (if any),
and shall not attempt to reconnect to the initiator. The initiator shall consider this
a catastrophic error. The initiator may issue a REQUEST SENSE command
attempting to recover further information concerning the catastrophic error.

§.6.1.1 Message Out Phase Parity Error

Parity is optional, the following does not apply to those SCSI devices
communicating on the bus and are not configured with Parity enabled.
When the mget detects a Parity error during the Message Out Phase, it may retry
the Message Qut Phase using the following sequence (see section 5.1.9.2) :
1 - Continue the REQ/ACK handshakes until the initiator negates ATN (all
message bytes received).
2 - Notify the initiator to resend all previous Message Out bytes within the
current phase, by not changing the phase and by asserting REQ.
3 - The initiator shall then resend all previous message bytes.

If the message is not received correctly, the target may process the error using
one of the following sequences:
1 - Immediately go to Bus Free phase with no Sense Key/Sense Code
information set.
2 - Terminate the present command with a Check Condition status and set
the Sense Key/Sense Code to Aborted Command Parity Error. This error
does not prevent the initiator from retrying the command.
Note : This method can be used only if the addressed LUN is known
from an Identify message or from the LUN field in the CDB.

§.6.12 Command Phase Parity Error

Parity is optional, the following does not apply to those SCSI devices
communicating on the bus and that are not configured with Parity enabied.
When the target detects a parity error during the Command phase, it may retry the
Command Phase using the following sequence :
1 . Change the phase to Message In, send the initiator a Restore Pointers
message to reset the command pointer to byte 0 of the command.
2 - Attempt to receive all command bytes again. .
If the command is not received successfully, the target will abort the command
using one of the following sequences :
1 - Immediately go to the Bus Free Phase with No Sense Key/Sense Code
information set. '
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2 . Terminate the command with a Check Condition status and set the
Sense Key/Sense Code to Aborted Command/Parity Error. This error
does not prevent the initiator from retrying the command.

Note: This method can be used only if the addressed LUN is known from
an Identifly message.

' 8.6.1.3 Data Out Phase Parity Error

Parity is optional, the following does not apply to those SCSI devices
communicating on the bus and that are not configured with Parity enabled.
When the target detects a parity error during the Data Out phase, it may retry the
Data Out Phase using the following sequence :
1 - Change the phase to Message In, send to the initiator the Restore
Pointers message to reset the data pointer to the first byte.
2 - Change the phase to Data Out to receive the data again.

If the data is not received successfully, the target will terminate the command with
a Check Condition status and set the Sense Key/Sense Code to Aborted
Command/Parity Error. This error does not prevent the initiator from retrying the
command.

8.6.1.4. Initiator Detected Error Message

If the target receives an Initiator Detected Error message, it may retry the previous
operation using the following sequence :
1. Change the phase to Message In, send to the initiator the Restore
Pointers message.
2 - Return to the phase just prior to the receipt of the Initiator Detected
Error message and retry the operation. '

If the operation cannot be completed successfuily, the target will abort the
command using one of the following sequences :
1 - Immediately go to the Bus Free Phase with no Sense Key/Sense Code
information set. '
2 - Terminate the current command with a Check Condition status and set
the Sense Key/Sense Code to Aborted Command \Initiator Detected
Error. This error does not prevent the initiator from retrying the
command.

5.6.1.5 Rejected Messages

When the target receives 2 Message Reject message from the initiator, it may retry
. the operation by resending the original message. If the message cannot be sent
successfuily, the target will take the following action, based on which message

was rejected.

Command Complete : The Target shall go to Bus Free phase and not consider this
an error.

Disconnect : The target shall not disconnect and shall continue the current
command. This condition does not preciude the target from attempting to
disconnect at a later time. :
Note : The target shall not send the Disconnect message to an initiator which
indicated previously in the [dentify message that it does not support the
disconnect/reconnect option.

Identify : Sent to reconnect. The target shall immediately go to the Bus Free
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phase and abort the command. No further reconnection shall be attempted, and no
Status or Message In phase with Command Compiete message shall be created by
the target. The target shall set the Sense Key/Sense Code to Hardware
ErroriMessage Reject Error.

Linked Command Complete or Linked Command Complete with Flag : The target
shail immediately go to the Bus Free phase and shail not attempt to change the

hase to Command phase. The link shail be broken. The target shall set the
gcme Key/Sense Code to Hardware ErroriMessage Reject Error.

Message Reject : The target shall immediately terminate the command with Check
Condition status and set the Sense Key/Sense Code to Hardware ErroriMessage
Rejecs Error.

Restore Pointers : Since the Restore Pointers message is normally used during
retries or error recovery, the target shall abort the retry or recovery attempt, shail
assume that the error is unrecoverable, then complete che command according to
the error condition.

Save Data Pointer : The target shall assume that the initiator does not support the
Save Data Pointer message, shall not attempt to disconnect from the bus, but shall
compiete the command.

Synchronous Data Transfer : The target shall assume that the initiator does not
support the Synchronous Transfer mode, and shall continue execution using
asynchronous transfer. '

5.6.1.6 Initiator Message Parity Error

When the target receives a Message Parity Error message from the initiator, it may
retry the operation by resending the original message once. If the message cannot
be sent successfuily, the target shall immediately go 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 for the command. The
target shall set Sense Key/Sense Code to Aborted Command/Parity Error.

5.6.1,7 Reselection Timeout

When the target attempts to reselect to the initiator and the initiator does not
respond within a Selection Timeout Delay, the reselection shail be aborted. The
target may attempt reseiection one or more times. The target shall determine after
how many attempts to abort the command. No further reconnection shall be
attempted and no status or Command Complete message shall be created for the

" command. The target shall set Sense Key/Sense Code to Hardware
ErroriSelect-Reselect Timeout. '

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

5.6.1.8 Internal Target Errors

If 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 Hardware Error/SCSI Hardware Error.
This error does not prevent the initiator from retrying the command.
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2.2 Sequential Access Commands
TBS.

2.3 Printer Commands
T3BS.

2.4 Scanner Commands
TBS.
3.0 Boot Procedures (For Bootable Devices)

3.1 Macintosh Boot Procedures

To allow for bootczgabili from any bootable SCSI device from the Macintosh 128K ROM, a daa
structure for logical block O has been defined. This dam structure will allow the ROM code to
locate the various drivers available for upload to the host. These drivers can be located anywhere
on the drive and can be as large as required. Additionally, there is a data structure for logical

block 1 describes the allocation of blocks on the device for different parttions and /or operadng
systems.

Tae ROM code, in order to boot propexly, must be able to read blocks from the SCSI device and be
able to analyze logical blocks 0,1.

A typical Macintosh boot procedure would proceed as follows:

0. Hard Reset
1. Atuempt to select the device by its SCSI ID.
‘->2. Read the first 256 bytes of logical block 0 and check for proper signature indicadng a

‘ valid Driver Descriptor Map (DDM). Read the 256 bytes of Device Pardton Map from
logical block 1 and check for proper signature.
If error, else -

3. Search the DDM for a driver for the host machine.
4. Upload the driver from the indicated logical blocks into system RAM by using
standard READ commands. Check for proper driver signature.
S. gall dtgc driver to install itself, also passing a pointer to the DPM for examination by
e driver.
" 6. Perform these steps for all other SCSI ID’s on the bus.

le

_ Once the driver is installed in the host's disk environment, the boot operation can continue
normally. For example, in the Macintosh worid, a read of logical blocks 0 and 1 would fetch the
approprnate Macintosh boot blocks. (Macintosh logical or any other partidon logical is DPM
Starning Block Address”greater than SCS/ logical.)
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3.2 6502 Boot Procedure

Because the ProDos Apple// operating system does not support loadable device drivers, the SCSI
driver will reside, in total, in ROM on the SCSI interface board. In an effort to provide flexibility,
" the interface board will allow some SCSI program modules (RAM modules) to be loaded into the
interface board RAM. The intention is to allow a special SCSI device the ability to provide code that

was not i

into the interface board ROM. This code can then be executed as a module

attached to the normal SCSI firmware.
The ProDos boot procedure from a SCSI device would proceed as follows:

WNO W R

Select device by SCSI ID.

Look for a valid Driver Descriptor Map (DDM). Read the 256 bytes of Device
Partition Map (DPM) from phiysical biock 1 and check for proper signature.

Look through the DDM to see if a driver for the host machine 1s present.

Do a mode sense of the SCSI device, using the parameters to get pertinent device
information and help construct a table of device information in interface card RAM.
Load the driver RAM module into interface board RAM, filling the RAM heap from
the top.

Repeat steps | through S for all valid SCSI ID's found on the bus.

Locate the ProDos Boot device.

Load ProDos startng at $0800 in system RAM.
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Device Partition Map (DPM)

Logical Block 1
DPM Signature $5453 (word)
Starting Block Address (leng) \
Block Count (long) Partition
escriptors
File System ID (or Zsro ) (long)
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SCSI Boot Data Structures

Driver Descriptor Map (DDM)

Logical Block 0
DDM Signature $4552 (word)
Blocksize (word)
Block Count (long)
Device Type (word)
Device ID (word)
Data Area Start (long)
Count of Driver Descriptors (word)
Block Address of Driver (long)
Driver Sizs in Blocks (word)
Driver System Type (word)
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PART 7

Floppy Disk Interface
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Floppy Disk Connector Pinout

10 9 8 7 4 3 2 1
o 6 o O ® @ 0 o
(@Yts 18 17 16 1S 14 13 12 11 ]@‘]
' EEEERREIK)
L\ /|
Ground 1" CAO
Ground 12 CA1
Ground 13 CA2
. Ground 14 LSTRB
=12 volts 15  Write request
+5 volts 16 SEL
+12 voits 17  External drive enable
+12 voits 18  Resad dets
(not connected) 19  Write dats

Motor speed control
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Serial Ports



Freeport Serial Ports
14 July 1986

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

Production Hardware (DVT-2 and Iater)

1. Freeport provides an additional handshake input, GPi (Genercl
Purpose Input), on each serial port. This input is accessible at pin 7 of
the mini-8 serial connectors. GPi is received, inverted, at the SCC's
DCD/ (Data 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
gom the mouse, a function taken over by the Apple DeskTop Bus on

reeport.

2. For port A (the ‘'modem* port) only, a software accessible switch
directs either the usual 3.672 MHz clock signal or an externally supplied
clock to the SCC's RTxCA/ (Receive/Transmit Clock - channel A) input.
This switch is set by the VIA's PA3 output: when PAS3 is high (1, the defcuilt)
RTxCA/ receives the 3.672 MHz clock; when PA3 is low (0) RTxCA/
receives the same inverted GPiA signal that appears at the SCC's
DCDA/ input. On the Macintosh Plus and Macintosh §12K, the VIA's PAS s
used as an output called SND.PG2/, which selects the alternate sound
Euffer when low. The gitermnate sound buffer is not availcble on

reeport.

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- (Transmit Data + & -) outputs, accessible at pins 6
and 3 of the mini-8 serial connectors, are enabled by the SCC's DTR/
(Data Terminal Ready) output: if DTR/ is low (0) the TXD outputs are
enabled; if DTR/ is high (1) the TXD outputs are piaced in @ high-
impedance 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 mini-8 serial
connectors, is driven inverted from the SCC's RTS/ (Request to Send)
output. On the final Freeport and Macintosh Plus, the HSKo output is
driven inverted from the SCC's DTR/ output.

3. HSKi, the Handshake Input occessible at pin 2 of the mini-8 serial
connectors, is received inverted at the SCC's CTS/ (Clecr to Send)
and TRxC/ (Transmit/Receive Clock) inputs. On the fingl Freeport,
Macintosh Plus and Macintosh §12K, the HSKi signal is received without
inversion.



Here's @ quick pin-by-pin comparison of the Freeport, Macintosh Plus.crc
the Macintosh 512K serial ports.

Freeport, All Rev's.
Min- 8

Pin 7: GPI. received
inverted ot DCD/

(on port A, also
raceived at RTxCA/

¥ VIA's PAJ Is set low)

Freeport Rev.1,
Only
Mini-8

Pin 1: HSKo., driven
inverted from RTS/

Pin 2: HSKi, received
inverted ot CTS/
end TRxC/

Pins8 & 5: RXD+ & -,
received differentigily
at RxD

Pins 6 & 3: TXD+ & -.
driven differentially
from TxD: encgbled
from DTR/

Pind4 & Shell: Ground

(No +5V supplied)

(No +12V supplied)

Mpg:!ntosh Plus

Pin 7: (Not connected)

Production Freeport
and
Macintosh Plus

M-8

Pin 1: HSKo, driven
inverted from DTR/

Pin 2: HSKI, received
un-inverted ot CTS/
ond TRxC/

Pins8 & 5. RXD+ & -,
received differentially
at RxD

Pins 6 & 3: TXD+ & -,
driven differenticlly
from TxD: encbled
from RTS/

Pin 4 & Shell: Ground
(No +5V supplied)

(No +12V supplied)

Macintosh128K/512K
DB-9

(No General Pumcse mout)

Macintosh 128K/512K
pBe-9

(No Handshake Qutplt)

Pin 7: HSKi, receivec
un-inverted ct CTS/
and TRxC/

Pins8 & 9: RXD+ & -,
received cifferentic:y
at RxD

Pinsd4 & 5: TXD+ & -, -
driven gifferenticily
from TxD. enctleg

- from RTS/

Pins 1, 3. & Sheil: Grcurz
Pin2: +5v

Piné: +12v



Freeport Rev. 1 Prototype Serial Ports

17 May 1986

8530 (SCC) 112 of 25L.S30
- DA -
TxDa|—H ~—CEL D ot
BTRA —CBE[ Filler>
GLU (PAL) r3.572 MH2 &
) o
ﬁ } 6522 (VIA) X
HIxCA L{ M— PA3 GPi A
| RXDA+
304 of 261532 AXDA- 8 7 ¢
o - 4
OC0a o =
— I FleD————— 2
o S Flieo————
L e B
—CBE[ Eilter
o L g
CTAIT t‘ = HSKiA
TRxCa Ligrr
172 ot 9636A (or 3488A)
A ol e HSKoa
(Nte: ™
WIREQf 6522 (V1) rftéﬂlf@- M R
W/ ﬁEﬁB - PA7 c
172 of 26LS30 (R1+R2 = 40 to 60 ohms,
%0 I O- — L C = 150 to 300 pF) )
SR l—10 2 T
B Slew-rate k= Not TXDg -
+5V-\cc controlsfE connected ﬁDB +
PCLK -S5V4V%eE  Mode i
RTxCg l—-a.sn MHz ) .n
374 of 261532 GPig
<+
bCPs ° <3; i- = RAXDg+ 0RO
—CRF[ EilteD— 8=7"6
0 hd RXDE- (( - [
RxDg - m‘ fer | T 5
0 ha = T
CT3s( = HSKig 2
TAxCp —CREL Eiiter>
172 ot 9636A (or 3488A)
ma ! Jl>!= o- —CRFEL Fiiter> HSKoB
+12V4Mee ” wave ‘
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Freeport Production Serial Ports

14 July 1986

8530 (SCC) 1/2 of 25LS30 ..
TxD I ~—CF[EileD A=
A + TXDA+
ATS, —CEEL Eilier>
GLU (PAL) J-3.572 MHz w5
r-g E 6522 (VIA) X
RTxCa L{ M— PA3 GPiA
RXDA+
] =9 =g
344 of 261532 RXDA- - )
o 3 ‘4
5COa -| = ‘ =
; —CEE Eilfe—— 2 11
RxDa o ﬁ_ —CEEL EilteD)——
—CEEL Eilter> .
O —L—EFEmD e
T3 A J = |ter
TH?CA =-.-‘
172 of 9636A (or 3488A)
TR — - T HSKoA
. '~ N\
W7REQA 1 6522 (VIA) Nf&m_ LA Re
172 of 26LS30 (R1+R2 = 40 to 60 chms,
= C = 150 to 3C0 pF)
TxDg L o Lter ~ g
RTSg Slew-rate = Not TXDB =
+5V-{\ee controisE connected TXDg +
-SVi{ME Mode mB ~
PCLK —
ATxCp 1.—— 3.672MHz )
" 3/4 of 261532 Ghig
bChg o ¢ {: B RXDp+
- 1]
<+ RXDE"
RxDp 10— CEELElED—— |
o +
tT3s T <:]d:_ —m—l HSKig
TRxCg 2
1/2 of 9636A (or 3488A)
BTAg|——1 > FmED reKos
+12V1Mee~ wave
-12V{\Ee _ Sheoe[7%¢ 1




Appie JeskTop Bus
Macintosh Software Architecture Specification
Revision 1.01

October 27, 1986

EERFET

(He who rides a tiger cannot dismount)
<Chinese Proverd

intreduction

The advent of the Apple DeskTop Bus (ADB) hardware on Macintosh machines
creates the need for a standard technique for installing devices which use this bus.
These devices are likely to be supplied by a third party vendor. This means that device
driver software for these devices must be installed dynamically, so that the dnvors can
be distributed independently of the Macintosh system software.

ia addition, the Apple DeskTop Bus supports the standard keyboard and mouse
peripherals. To provide maximum flexibiiity, the ADB standard support software must
allow these devices or the drivers which service them to be replaced dynamically.

This document describes the technique which will be used to meet these goals. The
"intended audience is the development team, management, and third party vendors
with a need for early documentation. 4

Hardware Background

The Apple DeskTop 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 dytes 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 ADB uses a polling protocol. The Macintosh must initiate each operation. The -
network supports 4 operations, called commands. A command is an 8-bit quantity
which is sent from the Macintosh to the desired device on the network. The 4

ADB Mac Software Architecture Rev 1.0 1



Ao - 2

i@ Suown in Figure 1.

Command 7

B IR

/A"

Flush Network Address 0 0 0 1
Listen Network Address 1 | 0 | Register
Talk Network Address 1 1 | Register

Figure 1. ADB Command Bytes

The SendResat command issues a hardware reset to all devices on the network. The
hardware reset clears all pending transactions, and placas all network devices in a
state in which they will accept commands.

The Elush 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 JTalk command is the opposite of a listen. Data is transferred from a register in
the devics to the Macintosh.

All other bit pattems are reserved for future expansion.

-Revice Registers

Both the ifsten and talk commands transfer from 2-8 bytes of information between the
Macintosh and a register on the network device. Transters are performed one byte at a
time, with the Macintosh taking an interrupt at the end of each byte transfer. Once data
from an ADB 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 0 is used for
interrupt polling. This register, if present in conjunction with an interrupt request (a

ADB Mac Software Architecture Rev 1.0 2



*Service Request” in ADB terminoiogy) contains the interrupt data from ‘..

talk command to Register O will time out if the device is not requesting servics. )cvu.u
Register 3 is an D register which describes the device type. This reglster is 16 bits
wide, and has the following format:

151413121110 9 8 7 °
Device l
- : [ll Address Device Handler ID

r Y
T High Speed Enable
‘ Service Request Enable

Exceptional Event

Figure 2. Layout of ADB Device Register 3.

This register may be both read and written (talk'ed and listen'ed) by Macintosh
software. The Device Handler D is basically a signature which indicates the type of
device. This quantity may be changed by the host with a listen command. If the device
supports the new handler ID, it will appear in subsequent talk commands. Certain
vatues of this fleld have special meanings. These vaiues have different meanings
depending on the eommand (talk or listen) as follows:

-¥Yalue Command Meaning

O0H Listen Change only bits 8-13 of Register 3

OOH Talk Seif Test Failure

FEH Listen Change address if no collision detected
FDH Listen Change address if device switch depressed
FFH Listen Initiate device self test

The values 00H, FEH, and FDH on a listen 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 failure.

The Device Address field may be set by the Macintosh with a listen command. This
causes the device 1o appear at a different place on the bus. This fieid is set to a random
pattern on a talk command, to enhance the collision detection feature.

The Exceptional Eyent bit is a device-dependent flag which can be used by the

device and the Macintosh driver to communicate a significant event.
The Service Request Enable bit aliows a device to assert the ADB service request

éne, which causes the Macintosh to (eventually) poll the device for service. See the
*Interrupt Mechanism"® section below for details on the Service Request below. )

ADB Mac Software Architecture Rev 1.0 '3



The High-Speed Enable bit enabies a different (hiyhar spsed) modulation technique
for the device on-the ADB.

Data Transfer Mechanism

The Macintosh transfers data to and from bus devices via the shift register on the VIA .
There are two other signal lines called "STO" and "ST1° which designate to the Appie
DeskTop Bus transceiver how the data in the shift register is to be used. These two lines

define a state. When the Macintosh changes the vaiue of these two bits, the
transceiver initiates a bus transaction. Thers are four possible states, as follows:

State  Meaning

0 Start a new command

1 Transfer even data byte
2 Transfer odd data byte
3 idle

State 3 is the initial (power up) state. To execute an ADB command, the Macintosh
lcads the command byte into the VIA shiit register, and sets state 0. Upon getting the
shift out interrupt, the Macintosh altemnates between states 1 and 2 to transfer the data in
or out. An interrupt occurs after each byte is transferred. After the last completion
interrupt, the Macintosh sats either state 0 or 3 to complete the command. You can abort
a partially executed command by satting the state to O at any time.

For a talk command (device to Macintosh), the end of data is indicated by the presaence
of the [nt 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 DeskTop Bus
to see if a device requires sarvice. In the event that the Macintosh initiates a command
while the transceiver contains data from a successful poll, the transceiver will initiate the
Int signal at the end of state 0. If the Macintosh proceeds to state 1, it will receive data
from the polling operation. The command which the Macintosh attempted to send is
discarded, and must be re-issued at the end of the polling data.

Interrupt Mechanism

When a device on the Apple DeskTop Bus needs to present an unsolicited interrupt to
the Macintosh, it asserts a System Request (SRQ) line on the bus. This shows up as the
Int signal on the Macintosh VIA, at the end of the first state 2 in a command sequence.
Whaen 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 0 on each device on the bus in turn. If a device has data to send, it will respond
to the talk command. It the device has no data to send, the transceiver will assert the
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Int signal at the end of state 1, inci.iting that no data was sent.

The presence of data after state 1 (indicated by the lack of an |nt signal) means that the
device did require service. The Macintosh must retrieve all data from the device before
polling the next devics. The transceiver will assert the [nt signal between state 1 and
all but the first state 2 when the data is exhausted. Thomggnalwill be asserted at the
end of the first state 2 if & device is requesting service. A device requesting service will
continue generate this signal until the Macintosh issues a talk command for the
device's register 0.

Qther Considerations

- The devices on the Apple DeskTop Bus typically utilize inexpensive (slow) single-chip

- microprocessors. The same processor typically handles both the extemal device and
the device's ADB interface. The Macintosh must leave the ADB idle at least 50% of the
time to aliow the extemnal devices time to function.

The Apple DeskTop Bus also supports a feature known as

Using this feature, a single ADB 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 listen command to register 2. The device whose address
matches the data sent to register 2 becomes selected.

It is also possible to connect several devices to a single non-extended ADB address.
The Macintosh code may separate these devices by issuing a talk command to register
3. This will force a collision. The Macintosh shouid then issue a listen command to
register 3 with the special code FE hex in the device handler ID field. If there is more
than one device connected to the address specified in the listen command byte, then
there is a high probability that only one device will change its address to the vaiue
specified in the data field. When performing this operation in software, you must move
all the devices from an address to other addresses. To isoclate a device to a unique
address, you must have moved the davice at least 40 times from one addraess 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 will, in all likelihood, reset all devices on the bus to
their power-up addresses. Worse, there is no way for the Macintosh to tell that this has
occurred. Therefore, adding a device to a “hot” system is not supported. Note that the
power-on addresses for the keyboard and mouse are not changed by the initialization
code to allow a graceful shutdown in this situation. There is currently no way of
notifying a Macintosh application, and no plans to support this feature.

Software Overview

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

. Apple DeskTop Bus Initialization Code
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. Apple DeskTop Bus Interrupt and Polling Code
. Universal Keyboard Driver
. Mouse Driver

This code must be designed in such a way as to permit the addition of extra devices in a
minimally painful fashion. The software to handie these devices must work with new
versions of the Macintosh system software (inciuding ROM code). It must also be
possible to replace the keyboard and/or mouse devices and drivers with new devices
and drivers without disrupting the rest of the system.

Externailly Visible Data Structures

There is only one externally-visible data structure associated with Apple DeskTop Bus
support software. This is the devics table, placed in the system heap by the ROM code
during initialization. This table is shown in Figure 3.

ADBBase ($x00x) | Apg variabie Base Adcress

%:’ & Data Area Address (0]

% o Data Area Address (1]
(System Heap) .

Device |Orig. X\

Trpe |Adar AA.ZI Servics Routine Address Data Area Address [15]

Figurse 3. ADB Device Table.

Low memory location "ADBBase” contains the address of this table which is also the
base address of the ADB variables. There are 16 entries in the table, corresponding to
the 16 possible network addresses. Each entry consists of the Device Tvpe (8 bits),
the Qriginal ADB Address (8 bits), the ADB Address (8 bits), one unused byte(8

_ bits), the (32 bits), and the Data Area Address. The
Device Type fieid is a copy of the device handler ID from the device's register 3. This

field is updated by the driver to reflect any changes made to this field with a listen
command to the device. The Original ADB address is the address the device first
responsed to. The ADB address is the current Apple DeskTop 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
sequenca for this routine. The Data Area Address is passed to the service routine in
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Jgister A2,
ADB Device Drivers

Two standard drivers are inside the Appie DeskTop Bus Manager. They are the mouse
driver and the universal keyboard driver. The mouse driver will be able to support
Apple’'s ADB mouse and the universal keyboard driver will be abie to support all
Apple's ADB keyboards. Al non-Apple ADB mouse or keyboard devices may require
its own device driver. All ADB device drivers are put into a new resource called 'ADBS'
and it has to be installed inside the System File.

The ‘ADBS' resource has two sections: a initialization code section which starts at the
beginning of the resource and an opticnal driver code section. The Start Manager calls
the initialization code to set up the driver in a fixed system heap location and update the
device table with the Service Routine Address and the Data Area Address. The
initialization code shouid first check if the device it is for is presently connected to the
Macintosh by checking the Device Type and the Original ADB Address fieids of the
device table. If no corresponding entry is found in the table, it should just exit.

Initializetion Code.

On power up, & saction of code must be executed which will initialize the Apple
DeskTop Bus and Its associated devices. This code is called by the Start Manager, and
performs the following actions:

1. Allocate memory for the ADB device table and set the low memory address to
point to the first byte of this table.

2. Initialize 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 handier ID in the next siot in
the table.

4. Ensure that each address on the network has at most one (non-extended type)
device, using the technique described previously. Make 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 siots in the table.

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

6. 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 [nitADBDrvr routine which would load the
ADBS resources and execute them one by one.
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Note-that following initialization, tha tabic will o :tain the standard mouse and keyboard
devices. Any other devices connected will have the Service Routine Address field and
the Data Area Address updated by the corresponding ADBS resources if they are in the
system file, otherwise they will remain uninitialized.

ADB System Calla

Six new OS traps are added to support the Apple DeskTop Bus. They are ADBRaelnit,
ADBOp, CountADBs, GetindADB, GetADBInfo, and SetADBInfo.

ADBReinit is the call to reinitialize the whole Apple DeskTop Bus. First, the ADB
device iabie is zerced oui, then a Reset command is issued io reset aii ADB devices to
their original addresses. Then the initialization sequence described above is executed.
ADB address for any device cannot be count on to remain the same. No argument is

required for this cail.

ADBOp is the call to issue an ADB command to any device currently connected.
Register DO.B contains the desired command and register AQ is the pointer to the
ADBOp paarameter biock as shown in figure 4. If the command can be succssstully
issued, it will retum a zero in register DO.B, otherwise a -1 will be retumed. The data

! 0 NQiN coun

ol address of data buffer (4 bytes)
4 Service routine address (4 bytes)
8 optional data area address (4 bytes)

Tigure 4. ADBOp Parameter Block

CountADBSs is the call to count the number of entries in the device table, no argument
is required and the raesult is retumed in register Do.W.

GetindADB is the call to retum information from the device table by the entry index.
Register DO.W comtains the entry index of the device table, the value can be from 1 %0
the value returned by CountADBs. Register AQ is a pointer to the ADB Data parameter
block (as shown in figure 5) containing fields for device type, original ADB address,
sarvice routine address and the data area address. On exit, register D0.B will contain
the error code.
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0 Device Type (1 byte)

1 Original ADB Address (1 byte)
2 Service Routine Address (4 bytes)
6 Data Area Address (4 bytes)

Figure S. ADB Data Paramster Block

GetADBInfo is the call to retum information from thedevice table by the ADB address.
Register DO.B contains the ADB address. Register AO is a pointer to the ADB Data
parameter block (as shown in figure 5) containing fields for device type, original ADB
address, service routine address and the data area address. On exit, register DO.B will
contain the error code.

SetADBInfo is the call to set the service routine address and the data area address in
the devics table. Register DO.B contains the ADB address. Register AQ is a pointer to
the Setinfo parameter biock (as shown in figure 6) containing the service routine
address and the data area address. On exit, register DO.B wiil contain the error code.

0 Service Routine Address (4 bytes)

4 Data Area Address (4 bytes)

Yigure 6. SetInfo Parameter Block

Flow Chart of some Important routines

Fiow 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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AD8op:

Set local variables:
ADBCnt = (AO)e
ADBBUt « AC.L
ADBCmd « DQ.8
ADBComp « ALL
ADBState = 0
ADBBusy = 1

_“D.ﬁnsl.t&!.___

Set STO-ST1 bits
ADBState

Issue Command in D0.B
Zsro DO.L

insart Commandg in
Commard Q

dle
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Figure 7. ADBop Fiow Chart.




| Stant Poil of next device | | Auto poll of last devics |

{, - | T

Figure 8. Shift-Register Interrupt Flowchart.
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Belated Documentation

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

< FDBDvrB.Asm sample code for Macintosh (Larry Kenyon / Mike (¢

2/20/86)
+ PEront Desk Bus Specification (Mike Clark, 2/11/86)
+ Macintosh 0 FDB Transceiver Interface (Mike Clark, 2/24/86)

+  Apple DeskTop Bus Specification Rev, D-2 (Bill Marino, 8/13/8€
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