























































































































































































































SCSI Bus Description

Communication on the SCSI bus occurs between a host adapter and a controller.
(The MT02 also supports communication between two controllers, as in a copy
operation.) When a host adapter and a controller communicate, one acts as the
Initiator and the other acts as the Target. The Initiator (usually the host adapter)
originates an operation, and the Target (usually a peripheral controller, such as
the MT02) performs the operation. Sample system configurations supported by
MTO02 hardware are shown in Figure 7-1.

Some SCSI bus functions are assigned to the Initiator and some functions are
assigned to the Target. The Initiator can arbitrate for control of the SCSI bus and
select a specific Target. The Target can request the transfer of command, data,
status, or other information via the SCSI bus. In some circumstances, the Target
can arbitrate for control of the SCSI bus to reselect an Initiator and continue an
operation. Sometimes, the Target becomes an Initiator and arbitrates for control
of the SCSI bus (for example, when it performs a copy operation).

SCSI bus data transfer operations are asynchronous and follow a defined
request/acknowledge (REQ/ACK) handshake protocol. (This protocol is defined
in the ANSI SCSI specification.) One eight-bit byte of information can be
transferred with each handshake.

The SCSI bus consists of 18 signal lines. Nine signai lines are for an eight-bit
data bus with parity; the other nine signal lines are for control and status signals
that coordinate data transfer operations between the host adapter and SCSI
controllers. SCSI bus signals are described in detail in subsection 6.2.3.1.

7-2  SCSI Protocol Description



SCSI Bus Description

COMPUTER

SCSI BUS

HOST
ADAPTER

SINGLE INITIATOR. SINGLE TARGET

COMPUTER

CONTROLLER

PERIPHERAL UNITS SUCH AS RIGID DISKS
FLEXIBLE DISKS. MAGNETIC TAPE.
REMOVABLE DISKS, PRINTERS.

OPTICAL DISKS OR COMMUNICATIONS UNITS.

SCSI BUS

HOST
ADAPTER

CONTROLLER

O

SINGLE INITIATOR. MULTI TARGET

COMPUTER

SCSI BUS
—

HOST
ADAPTER

COMPUTER

HOST
ADAPTER

COMPUTER

CONTROLLER

CONTROLLER

CONTROLLER

0006000000

CONTROLLER

o060 06000OS

HOST
ADAPTER

S0 Ul U

CONTROLLER

MULT! INITIATOR. MULTI TARGET

O O O Of O
o o o O O

MT0201-0589

Figure 7-1. Sample SCSI Bus Configurations
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7.3 SCSI Bus Phases

The activities on the SCSI bus can be divided into the following phases of
operation:

e Arbitration
e Selection
e Reselection
e Information Transfer
- Command
- Data
- Status
- Message
These phases are supported as specified by the ANSI SCSI specification (listed in
subsection 1.1.1). The phases are individually discussed in subsequent
subsections. The last four phases (Command, Data, Status, and Message) are
~ grouped together as Information Transfer Phases.
When the SCSI bus is not involved in one of the SCSI bus phases, it is in a Bus
Free Phase. The Bus Free Phase indicates that no host adapter or controller is
actively using the SCSI bus and the SCSI bus is available for subsequent users.
The SCSI bus activities, implemenfed by the MT02, include the disconnect
function and reselection function. Overlapped operations on multiple
controllers and multiple logical units are supported.
In the following subsections, no attempt is made to detail the SCSI bus signal

sequences; the signals are listed in subsection 6.2.3.1. If detailed signal sequence
information is required, refer to the ANSI SCSI standard.

7.3.4  Arbitration Phase

The Arbitration Phase is an optional implementation on the SCSI bus. This
phase is used when multiple controllers or processors vie for SCSI bus
ownership. Since multiple hosts adapters and/or controllers may desire control
of the SCSI bus concurrently, arbitration for the SCSI bus is a requirement for
the MT02 Controller.
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7.3.2

Selection and Reselection Phases

The SCSI bus Selection and Reselection phases provide methods for establishing
a link between the Initiator and a desired Target.

Usually the MTO02 is selected by an Initiator to perform some function (e.g., read
or write data). The MT02 then has the option of disconnecting from the SCSI
bus. When the MT02 needs to re-establish the link to its original Initiator, it
reselects that Initiator.

For the copy function, however, the MT02 can behave as an Initiator and select
another controller as a Target source or destination for the copy operation.
While in the Initiator mode, the MT02 always issues an IDENTIFY message (see
subsection 7.3.3.4) after selecting a Target.

The SCSI Selection and Reselection Phases can be terminated for any one of
three conditions:

1. The preceding Selection or Reselection Phase is successfully completed by
using the Selection/Reselection handshake protocol.

2. A Selection/Reselection timeout occurs. The timeout results if any Target
or Initiator does not respond to the Selection/Reselection Phase within a
timeout period of 2 seconds.

3. A Reset (-RST) signal occurs on the SCSI bus. When this signal is
asserted, all SCSI bus sequences are immediately terminated and the
SCSI bus signals are released by all Initiators and Targets.

The Initiator can use the Attention (-ATN) signal to notify the MT02 that a
message from the Initiator is ready. To guarantee that the Target recognizes the
Attention condition before the Command Phase is entered, the -ATN signal level
must be true before the Selection or Reselection Phase is completed.

If an IDENTIFY message is used during the Selection Phase sequence, the
specified LUN has precedence over the LUN field in the Command Descriptor
Block. (Command Descriptor Blocks are described in detail in Section 8.)

NOTE

If the Initiator selects a nonexistent LUN, a vendor
unique status of nonexistent device (NED bit) is
returned in the Status Byte (see subsection
7.3.3.3.1). Selected LUNs that have not been
initialized by the MT02 report a BUSY status code
(e.g., at startup, or when they are not connected to
the MT02).
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7.3.3

7.3.31

Information Transfer Phases

The Command, Data, Status, and Message Phases are grouped together as
Information Transfer Phases because they are all used to transfer data or control
information via the SCSI data bus. The Information Transfer Phases are
described in the following subsections.

Command Phase

The Command Phase allows the Target to request command information from
the Initiator. An Initiator issues SCSI commands to a Target by transferring a
command packet, called a Command Descriptor Block (CDB). The length of the
SCSI command and the meaning of the information in the command packet
depends on which command is being transferred. (See Section 8 for definitions
of SCSI commands and all SCSI CDBs supported by the MT02.)

The last byte of every command packet (see Figure 8-1) is a control byte and can
be differentiated into the following bit groups:

e The low-order two bits control the ability to link commands in a sequence
and to notify the host adapter when a particular command (CDB) step is
completed. These two bits are designated Flag and Link in the
descriptions of MT02 command packets in Section 8.

e The remaining bits in the control byte are either reserved bits (they are
zero) or they are command-dependent bits.

The remainder of the bytes of the command packet are primarily command-
dependent.

The Command Phase is interrupted only for the following exception conditions:

o Reset Condition. This condition can occur when the SCSI Reset (-RST)
signal is asserted or a power fail or power-off condition in the Target
occurs. In this case, the Command Phase and the connection established
during the Selection/Reselection Phase are terminated by the Target with
the release of the -BSY signal.

e Parity Error Condition. The Target detects a parity error on the SCSI bus
during the command transfer operation. At this time, the MT02
Controller releases the -BSY signal, terminates the connection, and the
SCSI bus returns to the Bus Free phase.
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7.3.3.2

7.3.3.3

Data Phase

The Data Phase of a connection controls the transfer of data between the
Initiator and Target devices. The Data Phase includes both the Data In Phase
and the Data Out Phase. The Data In Phase allows the Target to request sending
of data to the Initiator from the Target. The Data Out Phase allows the Target to
request sending of data to the Target from the Initiator. The direction of the data
transfer operation depends on the command being processed. Some commands
may have no data to be transferred and therefore have a null Data Phase. Only
the asynchronous data transfer mode is supported by the MT02.

The Data Phase is interrupted only for the following exception conditions:

o Reset Condition. This condition can occur when the SCSI Reset (-RST)
signal is asserted or when a power fail or power-off condition in the
Target occurs. In this condition, the Data Phase and the connection
established during the Selection/Reselection Phase are terminated by the
Target with the release of the -BSY signal.

e Data Out Parity Error Condition. The Target detects a parity error on
the SCSI bus during the data transfer operation from the Initiator to the
Target.

e Data In Parity Error Condition. The Initiator detects a parity error on
the SCSI bus during the data transfer operation from the Target to the
Initiator. The Initiator can then assert the -ATN signal along with the
Acknowledge (-ACK) signal. The Target detects this condition and enters
the message out phase to receive a message. The Initiator sends an
Initiator-detected error message in response.

Status Phase

The Status Phase is used by the Target to send completion information to the
Initiator. The status is sent in a single byte, the format of which is defined in
subsection 7.3.3.3.1. '

The Target can initiate the Status Phase when any one of the following
conditions occurs:

e Busy Status. The Selection Phase is completed and the Target isin a
BUSY state and unable to process any commands for an extended period
of time. The Target can initiate the Status Phase immediately after this
condition occurs. The Status Byte transferred has the BUSY status code
set.
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® Reservation Conflict Status. The Command or Reselection Phase is
completed and the specified LUN is reserved for another Initiator. The
Status Byte transferred has the RESERVATION CONFLICT status code

set.

o Terminated Status. At the termination of a command, the Status Byte

transferred has the GOOD STATUS code set to indicate the success of the
command.

7.3.3.4

The format of the Status Byte used by the Target to send completion information
to the Initiator is defined below.

NOTE

In multi-Initiator environments, the Initiator delays
a minimum of 200 microseconds before attempting

another selection of a Target if a BUSY status code
for that Target is received.

Status Byte Format

Byte

Bit

07

06

05

04

03 02

01

00

0

0 -

0

0

Status Code

NED

Status Code - Bits <04:01 >

These bits are used to specify the status code. Table 7-1 lists and describes

the status codes.

Nonexistent Device (NED) - Bit 00

When the NED bit is set to 1, the Initiator selected a LUN that is not
configured in the system.
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7.3.3.5

Table 7-1. Status Codes

Bits
04 03 02 01 Status Description

X 0 0 0| GOODSTATUS The MT02 successfully
completed the command.

0 0 0 1 | CHECK CONDITION An error, exception, or
abnormal condition occurred.

0 1 0 0| BUSY The MTO02 is busy.

1 0 X 0 | INTERMEDIATE STATUS | Sent for every command in a
series of linked commands (see
subsection 7.3.3.1) unless a
CHECK CONDITION or
RESERVATION CONFLICT
status code is detected.

1 1 0 0 | RESERVATION CONFLICT | Sent to an Initiator that attempts
to access a LUN connected to
the MT02 when another Initiator
has reserved the LUN.

1 = Set 0 = Cleared X = Don’t Care

Message Phase

The Message Phase is used to transfer information about exception conditions
between the Initiator and the Target. The Message Phase includes both the
Message In and the Message Out Phases. The Message In Phase allows a Target
to request that messages be sent from the Target to the Initiator. - The Message
Out Phase allows a Target to request that messages be sent from the Initiator to
the Target. Messages from the MT(2 are a single byte in length. The messages
and their corresponding hexadecimal codes are listed and described in Table 7-2.
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Table 7-2. MT02 Controller SCSI Messages

Code Message

Description

04 |DISCONNECT

ERROR

06 |ABORT

07 |MESSAGE REJECT

08 |NO OPERATION

09 |MESSAGE PARITY
ERROR

00 |COMMAND COMPLETE

02 |SAVE DATA POINTER

05 |INITIATOR DETECTED

Issued by the Target just before releasing the
-BSY signal at the end of a command
execution. This message generally is sent
immediately after a Status Phase.

Issued by the Target to direct the Initiator to
save a copy of the present active data pointer.
This message is issued just before the MT02
Controller issues the DISCONNECT message
and disconnects from the bus.

Issued by the Target just before releasing the -
BSY signal to indicate to the Initiator that the
present physical connection is temporarily
broken. The current data, command, and
status 1 -inters are not saved.

Issued by an Initiator to inform the
Target that an error has occurred during a
read operation.

Tssued by the Initiator to the Target to clear
the specified LUN and cause the SCSI bus to
go to the Bus Free Phase.

Issued by the Initiator or Target in response to
a received message that was undefined.

A null message issued by the Initiator if the
Target requests a message from the Initiator

| but the Initiator has no message to convey.

Issued by the Initiator to inform the

MTO02 Controller that a parity error has
occurred on a message receive operation from
the Target to the Initiator. The MT02
Controller attempts to send the message one
more time.

(continued on next page)
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Table 7-2. MT02 Controller SCSI Messages (continued)

Code Message Description
0A [LINKED COMMAND Issued by the Target to the Initiator
COMPLETE to indicate the completion of a linked
command (see subsection 7.3.3.1).
0B |LINKED COMMAND Issued by the Target to the Initiator
COMPLETE WITH FLAG | to indicate the completion of a linked
command that had the Flag bit set.
0C |BUS DEVICE RESET Issued by the Initiator to the Target to reset all
current 1/O activities on the SCSI bus MT02
Controller. This message generates a hard
Reset Condition (see subsection 7.6.1).
80-FF [ IDENTIFY * Issued by the Target or Initiator to establish a

connection to a particular LUN. The
following bits have particular meaning:

Bit 07 - Always set to 1.

Bit 06 - Set if the Initiator can support
Disconnect and Reconnect sequences.

Bits <02:00> - Specify LUN address
(hexadecimal) in a Target.

If the disconnect function is supported, this message is issued to the MT02
Controller at the beginning of every command sequence.
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7.4

SCSI Bus Phase Sequencing

The status of the SCSI bus is a function of the control signals. (The control
signals are described in subsection 6.2.3.) These signals place the SCSI bus in
one of four phases: Arbitration, Selection/Reselection, Information Transfer, or
Bus Free. The order in which SCSI bus phases are used follows the prescribed
sequence shown in Figure 7-2.

All SCSI command sequences start with the Bus Free Phase. The normal
progression is from the Bus Free Phase to the Arbitration Phase. During
arbitration, host adapters or controllers contest for control of the SCSI bus.
Priority is given to the contestant that has the highest SCSI bus address.

Once a host adapter or controller has control (i.e., is the bus master) of the SCSI

. bus, the SCSI bus enters the Selection/Reselection Phase. This phase allows the

bus master to select a specific device for communication. An Initiator can select
a Target to initiate an operation, or a Target can reselect an Initiator to continue
an operation.
After a physical path between an Initiator and a Target is established, the SCSI
bus enters one :the Information Transfer Phases. These phases include six
types of information exchange:

e Command Phase

e Data Out Phase

e DataIn Phase

e Status Phase

® Message In Phase

o Message Out Phase

These types of SCSI bus information exchange are described in more detail in
subsection 7.3.
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Figure 7-2. SCSI Bus Phase Sequences

SCSI Memory Address Polnters

There are three "conceptual” memory address pointers, located in host adapter

memory, that point to the next byte of command, data, or status information to
be accessed. The pointers are used to represent the state of the interface. After

the pointers are initially loaded by the Initiator, their movement js under control
of the Target. When the Target transfers a byte of information to or from one of
the three pointers, the position of that pointer is incremented.

The SCSI command set is independent of the types of host adapters and
peripheral device controllers (tape drives or disk drives) attached to the SCSI
bus. The SCSI command set masks the internal structure of the device
(cylinders, tracks, sectors, data blocks, etc.) from the SCSI bus. The SCSI
command set supported by the MT02 Controller is defined in Section 8. The
host memory contains three I/O blocks: command, data, and status. During
SCSI bus I/0 operations, the MT02 Controller initially reads a command block
located in host memory to determine the I/O task to be performed. The MT02
Controller then reads from, or writes to, a host memory data block as an 1/0 task
proceeds. At the end of an I/O operation, the MT02 Controller writes to a status
block (in host memory).
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There are two sets of three pointers within the host adapter. The first set, the
Current Pointer Values, addresses the next command, status, or data byte to be
transferred to the MT02 Controller. The second set, the Saved Pointer Values,
always addresses the start of the command and status block, but increments for
the data block.

During a disconnect operation, the MT02 Controller enters the Message Phase
and issues a SAVE DATA POINTER message to the Initiator.

7.6 SCSI Bus Conditions

The SCSI bus has the following asynchronous conditions:
e Reset condition
e Attention condition
e Unit Attention condition
These conditions cause certain SCSI device actions and can alter the

phase sequence. The two conditions are described in the following
subsections.

7.6.1 Reset

The Reset condition is used to clear all bus masters immediately from the SCSI
bus. This condition takes precedence over all other SCSI bus phases and
conditions. During the reset condition, no SCSI bus signal except -RST is
guaranteed to be valid.

The MTO02 supports the SCSI hard reset option. It does not support the SCSI
soft reset option. When it detects a reset condition, the MT02 performs the
following actions:

e (lears all uncompleted commands

o Releases device reservations

e Returns device operating modes (such as the MODE SELECT command)
to their default conditions

The hard reset condition has the same effect on the MT02 as power-on;
therefore, all Initiator-defined parameters must be re-submitted to the MT02.

After a reset occurs, the MT02 Controller requires at least a 1 second delay before
it will accept any commands. To ensure the MT02 Controller is ready to accept
commands, the first command issued should be TEST UNIT READY.
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7.6.2

7.6.3

The MT02 Controller with Assembly Number MT0210403 includes a watchdog
timer feature. If a SCSI Hard Reset Condition occurs, a latch is set. If the MT02
microprocessor cannot service the reset latch within 40 milliseconds, the timer
times out and the MT02 executes a power-on reset.

Attention

The attention condition allows an Initiator to inform a Target that the Initiator
has a message ready. The Target can obtain this message in the Message Phase.

Unit Attention

The Target issues a unit attention condition to inform all Initiators the operating
condition of the removable media may have changed.

When the MT02 detects the unit attention condition, the tape cartridge is logically
unloaded from the tape drive and the Cartridge Unsafe to Remove (LED 2,
located on the MT02, see subsection 4.4) is turned off.

After a SCSI bus reset condition occurs, the first command sent by each Initiator
to the MT02 causes the MT02 to send a CHECK CONDITION status code and to
set the Sense Key in the Extended Sense Byte (see subsection 8.3.12.2) to UNIT
ATTENTION.

When the tape cartridge is inserted, a LOAD command causes the tape to be
positioned to the beginning-of-tape. Except for the Initiator which issued the
LOAD command, the first command sent by all other Initiators causes the MT02
to send a CHECK CONDITION status code and to set the Sense key in the
Extended Sense Byte to UNIT ATTENTION.

Before the tape cartridge is to be removed, an Initiator may issue an UNLOAD
command to cause the tape to be considered logically nonexistent. If a tape
cartridge is removed before an UNLOAD command is issued, all drive-accessing
commands cause the MT02 to send a CHECK CONDITION status code and to
set the Sense Key in the Extended Sense Byte to NOT READY. At this time, the
MTO02 can be in one of four states. These four states are determined by the state
of the AUI bit (see the MODE SELECT command, subsection 8.3.5.1) and
whether a subsequent LOAD command will be issued. If a tape cartridge is then
installed, the first command sent by all Initiators causes the MT02 to send a
CHECK CONDITION status code and to set the Sense key in the Extended
Sense Byte to the key that corresponds to the current MT(2 state. Table 7-3 lists
the four MT02 states and the corresponding Sense key issued by the MT02 at the
time a cartridge is installed.
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Table 7-3. MT02 Controller States That Occur When a Cartridge Is Removed,
Then Installed and No UNLOAD Command Has Been Issued

MTO02 Controller State Corresponding Request
Sense Key
Auto Load LOAD command
Inhibit (AUI) | is next command
Bit issued
0 0 UNIT ATTENTION (06) on next
command
0 1 UNIT ATTENTION (06) on LOAD
command
1 0 NOT READY (02)
1 1 UNIT ATTENTION (06) on LOAD
command
0 = Not Set 1 = Set
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SECTION 8
SCSI COMMAND SET

8.1

8.2

Overview

This section describes the SCSI commands supported by the MT02 Controller. It
is divided into four subsections, as listed in the following table:

Subsection Title
8.1 Overview
8.2 SCSI Command Descriptor Block Structure
8.3 SCSI Group Code 0 Command Descriptions
8.4 SCSI Group Code 6 Command Descriptions

SCSI Command Descriptor Block Structure

An Initiator issues SCSI commands to a Target device by transferring a
command packet, called a Command Descriptor Block (CDB). The command
contained in the CDB determines the length of the CDB. The first byte of a CDB
contains the command. This byte is called the Operation Code. It has two
components: the Group Code and the Command Code.

Only SCSI Group Code 0 and Group Code 6 commands are acceptable to the
MTO02 Controller; thus, all CDBs supported by the MT02 Controller contain 6
bytes. The Command Code specifies the type of SCSI command. SCSI
command types are defined as specific CDB bit patterns in the ANSI SCSI
specification. CDBs supported by the MT02 Controller follow the guidelines
listed in the ANSI SCSI specification.

The structure of each SCSI Group Code 0 command packet that can be accepted
by the MT02 Controller is shown in the individual command packet descriptions
in subsection 8.3. The structure of each SCSI Group Code 6 command packet
that can be accepted by the MT02 Controller is shown in the individual command
packet descriptions in subsection 8.4.
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The following table lists, by subsection number, the SCSI command names and
operation codes supported by the MT02 Controller.

Subsection MTO02 Controller SCSI Command Code
8.3.1 cory 18
8.3.2 ERASE 19
8.3.3 INQUIRY : 12
8.3.4 LOAD/UNLOAD - 1B
8.3.5 MODE SELECT 15
8.3.6 MODE SENSE 1A
8.3.7 PREVENT/ALLOW MEDIUM REMOVAL 1E
8.3.8 READ 08
8.3.9 READ BLOCK LIMITS 05
8.3.10 RECOVER BUFFERED DATA 14
8.3.11 RELEASE UNIT 17
8.3.12 REQUEST SENSE 03
8.3.13 RESERVE UNIT 16
8.3.14 REWIND ' 01
8.3.15 SEND DIAG! DSTIC 1D
8.3.16 SPACE 11
8.3.17 TEST UNIT READY 00
8.3.18 VERIFY 13
8.3.19 WRITE 0A
8.3.20 WRITE FILE MARK 10
8.4.1 READ REVISION LEVEL C1

Certain commands are not permitted if the tape cartridge is not loaded. Loaded
means a tape cartridge is physically installed in the tape drive and either the
LOAD command has been issued by an Initiator or the MT02 auto-load option
(see subsection 8.3.5.1) is being used. If the tape cartridge is unloaded, the
MTO02 Controller rejects all commands, except those listed in the following table:

Command Code Command Name

12 INQUIRY

15 MODE SELECT

1A MODE SENSE

05 READ BLOCK LIMITS

14 RECOVER BUFFERED DATA
03 REQUEST SENSE

1D SEND DIAGNOSTIC

00 TEST UNIT READY

C1 READ REVISION LEVEL
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8.3

SCSI Group Code 0 Command Descriptions

This subsection provides detailed descriptions of the SCSI Group Code 0
commands, including CDB formats, hexadecimal operation codes, byte and bit
functions, and any effects produced by the commands. Each SCSI command is
described in a separate subsection.

A sample Group Code 0 CDB is shown in Figure 8-1. The first byte of a
command (Byte 00) contains two fields: the Group Code in the high order three
bits (bits <07:05>), and the Operation Code in the low order five bits (bits
<04:00>). The Group Code determines the length of the command packet in
the CDB, and together the Group and Operation Codes determine the operation
to be performed. Remember, for a command to be acceptable to the MTOZ
Controller, the bits in the Group Code must be 000.

Bits <07:05> of byte 01 in the CDB contain the LUN of the device being
addressed. The MT02 Controller, acting as a SCSI Target, supports only 1 LUN
(the QIC-36 interface tape drive). Therefore, the value for the LUN field in byte
01 in the CDB must be 000. The LUN must be specified for all commands. If a
LUN value issued by the Initiator in an IDENTIFY message differs from the value
specified in the CD7: the Initiator-specified value supersedes the value specified
in the CDB. The derinition of the low order bits in byte 01 is based on the current
command.

The last byte (byte 05) in every CDB is a Control Byte which is differentiated into
two groups of bits:

e The low-order two bits control the ability to link commands in a sequence
and to notify the host adapter that a particular command (CDB) step has
been completed. These two bits are designated Flag and Link in the
command packet descriptions presented in this subsection for the MT02
Controller.

e The rest of the bits in the control byte are either reserved bits (they are 0)
or are command-dependent bits.

The remaining bytes in the CDB are primarily command-dependent.
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8.3.1

Byte | 07 06 05 gg 03 02 01 00
00 Group Code Command Code
01 LUN Command-Dependent
02 Command-Dependent
03 Command-Dependent
04 Command-Dependent
05 0 0 0 0 0 0  Flag Link

'Figure 8-1. Sample Group Code 0 Command Descriptor Block

Copy 18

The CGa'Y CDB, shown below, causes large amounts of data to be moved from 1
peripheral device to another. The data transfer operation occurs offline and is
performed without Initiator resources.

Byte| 07 06 05 gilt 03 02 01 00
00 0 0 0 1 1 0 0 0
01 0 0 0 0 0 0 0 0
02 Length of Parameter List (MSB)

03 Length of Parameter List
04 Length of Parameter List (LSB)
05 0 0 0 0 0 0 Flag Link
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An external device controller may be specified as either the source device or
destination device, but at least one device must be internal to the MT02
Controller. If an external device is specified as a source or destination and the
host adapter does not support the disconnect function, the COPY command
terminates with an error because the MT02 Controller must disconnect from the
host adapter before it can select the external device.

NOTE

The external device must support the MODE
SELECT command so that the MT02 Controller can
determine the block size of a direct-access device
(disk drive).

The Initiator is responsible for properly positioning any sequential devices before
beginning the COPY command. Any necessary error-recovery procedures for
any external device are also the responsibility of the Initiator.

The MT02 Controller may disconnect from the Initiator on the SCSI bus during
execution of this command without an error message being generated.

The MT02 Controller supports block sizes of 256 and 512 bytes for external
devices.

Length of Parameter List - Bytes 02 through 04

The COPY command Parameter List specifies the length in bytes of the
parameters that are sent during the Data Out Phase of the COPY
command. The Parameter List is sent to the MT02 Controller as data, with
Bytes 02 through 04 of the CDB specifying the length of the Parameter List.
A zero value in the length indicates no copy of any data, but this condition
is not treated as an error.

The COPY command Parameter List begins with a four-byte header that
contains the Copy Function Code. One or more segment descriptors
follow the header. The MT02 determines the format, length, and number
of segment descriptors by the Copy Function Code (see Table 8-1). Up to
256 segment descriptors are permitted. The segment descriptors are
identified by ascending numbers, beginning with 0.

Subsequent segments may change the source or destination LUN and
device ID, if one of them is internal to the MT(02 Controller.

The MT02 Controller supports sequential-to-random access, random-to-
sequential access, and sequential-to-sequential access copy operations (see
subsections 8.3.1.2 and 8.3.1.3).
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Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

NOTE

The MTO02 disables recoverable errors on the
internal sequential device before it begins the copy
operation. The MT02 Controller only terminates
the COPY command with a recoverable error if the
destination device (disk or tape) had the recoverable
error.

NOTE

For sequential-to-sequential access device copy
operations, the host should issue the COPY
command to the MTO02 that acts as the destination
device.

8.3.1.1 Parameter List Header

The Parameter List begins with a four-byte header that contains the COPY
function code. One or more segment descriptors (see subsections 8.3.1.2 and
8.3.1.3) follow the Parameter List header.

Bit
Byte| 07 06 05 04 03 02 01 00

00 0 0 0 CFC 0 0 0

01 0 0 0 0 0 0 0 0

02 0 0 0 0 0 0 0 0

03 0 0 0 0 0 0 0 0
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Copy Function Code (CFC) - Byte 00, Bits <04:03 >

These bits indicate the type of copy operation. Table 8-1 lists and describes
the possible Copy Function Codes. "

Table 8-1. COPY Command Function Codes

Bits
04 03 Description
0 0 Random-to-Sequential Access
0 1 Sequential-to-Random Access
1 0 Not Used
1 1 Sequential-to-Sequential Access

8.3.4.2 Random-to-Sequential Access and Sequential-to-Random Access Copy

Operations

The COPY command segment descriptor for random-to-sequential access and
sequential-to-random access copy operations is shown and described below. Up
to 256 segment descriptors may be listed, provided they are within the Parameter
List Length specified in Bytes 02 through 04 of the COPY CDB.

Byte| 07 06 05 04 o 03 02 01 00
00 SCID 0 0 SLUN
01 DCID 0 0 DLUN
02 Sequential Device Block Size in Bytes (MSB)
03 Sequential Device Block Size in Bytes (LSB)
04 Number of Blocks (Random Device) (MSB)
05 Number of Blocks
06 Number of Blocks
07 Number of Blocks (LSB)

08 Logical Block Address (Random Device) (MSB)
09 Logical Block Address

10 Logical Block Address

11 Logical Block Address (LSB)
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Source Controller ID (SCID) - Byte 00, Bits <07:05>

These bits specify the SCSI bus address of the controller for the source
device.

Source Logical Unit Number (SLUN) - Byte 00, Bits <02:00>

These bits specify the LUN of the source device.

Destination Controller ID (DCID) - Byte 01, Bits <07:05 >

These bits specify the SCSI bus address of the controller for the destination
device.

Destination LUN (DLUN) - Byte 01, Bits <02:00>

These bits specify the LUN of the destination device.

Sequential Device Block Size - Bytes 02 and 03

These bytes specify the block size to be used for the sequential access
device during the copy operation. If this block size cannot be supported,
the MT02 Controller sends a CHECK CONDITION status code to the
Initiator and sets the Sense Key in the Extended Sense Byte to the
ILLEGAL REQUEST code. During a read or write operation to the
sequential access device, if the MT02 Controller determines that the block
size is invalid, it terminates the copy operation and sends a CHECK
CONDITION status code to the Initiator and sets the Sense Key in the
Extended Sense Byte to the COPY ABORTED code.

Number of Blocks (Random Device) - Bytes 04 through 07

These bytes specify the number of random access blocks to be transferred
in the current segment. A zero value indicates that no blocks are to be
transferred in this segment.

Logical Block Address (Random Device) - Bytes 08 through 11

These bytes specify the starting logical block address on the random access
device for this Transfer operation. The value is in terms of the actual block
size of the random access device. Odd block counts are allowable only if

the sequential and random devices have identical block sizes (512-byte
blocks only).
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8.3.1.3

Sequential-to-Sequential Access Copy Operations

Up to 256 segment descriptors may be listed, provided they are within the
Parameter List Length specified in Bytes 02 through 04 of the COPY CDB.

Source Controller ID (SCID) - Byte 00, Bits <07:05>

These bits specify the SCSI bus address of the MT02 Controller for the
source device. '

Byte| 07 06 05 04‘]3lt 03 02 01 00
00 SCID 0 0 SLUN
01 DCID 0 0 DLUN
02 0 0 0 0 0 0 0 0

03 0 0 0 0 0 0 0 0

04 Source Block Size in bytes (MSB)
05 Source Block Size in bytes (LSB)
06 | Destination Block Size in bytes (MSB)
07 Destination Block Size in bytes (LSB)
08 Source Number of Blocks (MSB)
09 Source Number of Blocks

10 Source Number -of Blocks

11 Source Number of Blocks (LSB)

Source Logical Unit Number (SLUN) - Byte 00, Bits <02:00>

These bits specify the Logical Unit Number (LUN) of the source device.

Destination Controller ID (DCID) - Byte 01, Bits <07:05>

These bits specify the SCSI bus address of the MT02 Controller for the
destination device.
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8.3.1.4

Destination LUN (DLUN) - Byte 01, Bits <02:00>

8.3.1.41

These bits specify the Logical Unit Number (LUN) of the destination
device.

Source Block Size - Bytes 04 and 05

These bytes specify the block size (i.e., number of blocks) to be used on the
source device for this segment of the copy operation.

Destination Block Size - Bytes 06 and 07

These bytes specify the block size (i.e., number of bytes) to be used on the
destination device for this segment of the copy operation.

Source Number of Blocks - Bytes 08 through 11

These bytes specify the number of blocks to be transferred from the source
device during this sez:nent. A zero value indicates no blocks are to be
transferred.

Error and Other Conditions During a Copy Operation

The following paragraphs describe the two classes of unusual conditions that can
occur during a copy operation and the ways the MT02 Controller responds to
such conditions.

NOTE

Sense data for these unusual conditions must be
returned in an Extended Sense Byte format, the
Parameter Length field specified in the REQUEST:
SENSE CDB (see subsection 8.3.12) must be 12
hexadecimal.

Copy Operation Management Errors
The first class of unusual conditions consists of those detected by the MT02
Controller when it is managing the data transfer part of the copy operation. The
unusual conditions include:

e Invalid parameters in the COPY command

e Invalid segment descriptors
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8.3.1.4.2

If a copy operation management error occurs, the MT02 Controller performs the
following operations:

Terminates with CHECK CONDITION status code.

Sets the Valid Address (VADD) bit in the Extended Sense Byte to 1. Sets
the Sense Key to the Sense Key code that describes the unusual
condition.

Sets Extended Sense Byte 01 to the current Segment Descriptor number.

The Segment Descriptors are identified by ascending numbers beginning
with 0.

Sets the Sense Information Bytes of the Extended Sense Bytes 03 through
06 to the difference (residue) between the value in the Number of Blocks
field of the current segment descriptor for the source device and the
actual number of source blocks written on the destination device media.

Copy Operation Data Transfer Errors

The second class of unusual conditions consists of errors detected by devices on
tne SCSI bus during the Data Transfer part of the copy operation. The MT02
Controller must recover the Sense data associated with the unusual condition.

After the MT02 Controller recovers the Sense data associated with the detected
error, it performs the following operations:

Terminates with CHECK CONDITION status code.
Sets the VADD bit 07 in Extended Sense Byte 00 to 1.

Sets the Segment Number in Extended Sense Byte 01 to the number of
the current Segment Descriptor being processed at the time the unusual
condition is detected. The Segment Descriptors are identified by
ascending numbers beginning with 0.

Sets the code in the Sense Key field in Extended Sense Byte 02 to the code
for COPY ABORTED.

Sets the Sense Information Bytes of the Extended Sense Bytes 03 through
06 to the difference (residue) between the value in the Number of Blocks
field of the current segment descriptor for the source device and the
actual number of source blocks successfully copied.

Sets the First Additional Sense Length Byte (Byte 08) to the byte number
(relative to Byte 00) of the beginning of the source device’s Status Byte
and Sense data. A zero value in the byte indicates no Status Byte and
Sense data are being returned from the source device. If the source
device is external to the MT02 Controller, the first byte of the area pointed
to by the first Additional Sense Byte contains the completion status from
the source device. Subsequent bytes contain the Standard (Non-
Extended) Sense data (unchanged) recovered from the source device.
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® Sets the Second Additional Sense Length Byte (Byte 09) to the byte
number (relative to Byte 00) of the beginning of the destination device’s
Status Byte and Sense data. A zero value in this byte indicates no Status
Byte and Sense data are being returned from the destination device. If
the destination device is external to the MT02 Controller, the first byte of
the area pointed to by the second Additional Sense Byte contains the
completion status from the destination device.
the Standard (Non-Extended) Sense data (unchanged) recovered from

the destination device.

8.3.2 Erase 19

Subsequent bytes contain

The ERASE CDB, . shown below, causes the entire media cartridge to be erased.

Byte| 07 06 05 04 o 03 02 01 00
00 0 0 0 1 1 0 0 1
01 0 0 0 0 0 0 1
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 0 -0
05 0 0 0 0 0 0 Flag .Link

The SCSI standard specifies that only a portion of the tape be erased; however,
the MT02 Controller erases the entire tape. Failure to set the Long bit (byte 01,

bit 00) to logic 1 results in an error condition.

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested

for this command in a group of linked commands.
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8.3.3

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

Inquiry 12

The INQUIRY CDB, shown below, causes a request to be made for the transfer
of data from the Target to the Initiator. The data to be transferred describes
unique parameters that are pertinent to the MT02 Controller. The number of
bytes transferred depends on the number of bytes requested by the contents of
Byte 04.

Byte| 07 06 05 O4A o 03 02 01 00
00 0 0 0 1 0 0 1 0
01 0 0 0 0 0 0 0 0
22| 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 Number of Bytes in Transfer
05 0 0 0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Number of Bytes in Transfer - Byte 04

This byte specifies the number of bytes which the Initiator has allocated for
returned Target data. A value of 0 indicates that no data is transferred.
This condition is not an error condition.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.
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Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

8.3.3.1 Inquiry Data Format

During the Data In Phase of the INQUIRY command, data is transferred in the
following format: ‘

Bit
Byte| 07 06 05 04 03 02 01 00
00 0 0 0 0 0 0 0 DTYP
1 0
0 RMV 0 0 0 0 0 0 L
02 0 0 0 0 0 0 Version
03 0 0 0 0 0 0 0 0

04 0 0 0 0 0 0 0 0

Device Type (DTYP) - Byte 00, Bit 00

Byte 00 indicates the Device Type code. The DTYP bit is set to 1 to indicate
a sequential access device is being used with the MT02 Controller.

Device Type Qualifier - Byte 01

Bit 07 (RMV) of the Device Type Qualifier (Byte 01) is set to 1 to indicate
that a removable media (i.e., tape cartridge) is being used with the MT02
Controller. Bits <06:00> of this byte are reserved and are 0.

Version - Byte 02

This byte is set to 1 (hex) to indicate compliance with the published ANSI
SCSI standard.

Length of Additional Bytes - Byte 04

This byte is formatted to indicate there are no additional bytes to be
transferred.
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8.3.4

Load/Unload 1B

The LOAD/UNLOAD CDB, shown below, informs the MT02 Controller that a
new tape cartridge is to be loaded and positioned to beginning-of-tape (BOT) if
the LOAD command is issued, or that an existing tape cartridge is to be made
ready for removal from the tape drive if the UNLOAD command is issued. The
LOAD/UNLOAD command is also used to perform a re-tension pass on the
tape. The LOAD/UNLOAD command is an optional command when the auto-
load procedure is enabled (see the AUI bit definition in subsection 8.3.5.1); it
does not need to be issued every time a tape cartridge is installed.

Byte| 07 06 05 04 - 03 02 01 00
00 0 0 0 1 1 0 1 1
01 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 RET Load
05 | EOT 0 0 0 0 0 Flag Link

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.

If an auto-load operation is in progress, the MT02 Controller returns a BUSY
status code on the TEST UNIT READY and MODE SENSE commands.

When a LOAD command is received, the MT02 Controller illuminates the Not
Safe to Remove Cartridge LED (LED 2, see Figure 4-1). LED 2 remains lit until
the tape cartridge is removed or until an UNLOAD command is executed, unless
an outstanding PREVENT MEDIUM REMOVAL command (see subsection
8.3.7) exists.
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Re-tension (RET) - Byte 04, Bit 01

When the RET bit is set to 1, the MT02 Controller performs a re-tension
pass on the tape media before the LOAD or UNLOAD command is
completed. When the bit is reset to 0, no re-tension pass is performed.
Retensioning removes tension operation anomalies.

Load - Byte 04, Bit 00

When the Load bit is set to 1, the media on the addressed tape drive is
loaded and positioned to BOT. When the Load bit is reset to 0, the media
on the addressed tape unit is positioned for removal.

End-of-Tape (EOT) - Byte 05, Bit 07

Flag -

When the EOT bit is set during an unload operation, the tape is positioned
to end-of-tape (EOT) and logically unloaded. This action positions the tape
so the MT02 Controller can perform a re-tension pass in the minimum
amount of time when the tape is loaded. When the EOT bit is reset to 0,
the tape is positioned to the beginni: : -of-tape (BOT) after an UNLOAD
command is issued.

Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.5 Mode Select 15

The MODE SELECT CDB, shown below, enables an Initiator to specify device
parameters to the MT02 Controller.

Byte | 07 06 05 04 o 03 02 01 00
00 0 0 0 1 0 1 0 1
01 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 Param List Length
05 0 0 0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Parameter List Length - Byte 04, Bits <02:00>

These bytes specify the length in bytes of the parameters sent during the
Data Out Phase of this command. Valid values for bits in the Parameter
List Length field are 0, and four through thirteen. If the MT02 Controller
receives a value of 0, it does not transfer any data, but it does not treat this
condition as an error.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.5.1 Mode Select Parameter List

The Mode Select Parameter List, shown below, is sent during the Data Phase of
the MODE SELECT command:

Bit
Byte | 07 06 05 04 03 02 01 00

00 0 0 0 0 0 0 0 0

01 0 0 0 0 0 0 0 0

02 0 0 0 BUFM 0 0 0o 0

03 Descriptor Length

04 Density Code

05 Number of Blocks (MSB)
06 u Number of Blocks

07 . Number of Blocks (LSB)

08 0 0 0 0 0 0 0 0

09 Block Size (MSB)
10 Block Size
11 Block Size (LSB)

12 0 0 0 0 0 DEA AUI SEC

Byte 01

This byte is 0 to indicate the media type is the default value (the media type
of the media currently loaded in the tape drive).

Buffered Mode - (BUFM) Byte 02, Bit 04

The Buffered Mode (BUFM) bit is used to indicate whether the MT02
Controller is or is not to report GOOD STATUS (defined in Table 7-1) as
soon as the data block specified by the WRITE or VERIFY command has
been transferred to the cache buffer in the MT02 Controller. The set
condition of BUFM indicates GOOD STATUS is to be reported at that
time. Four or more data blocks may be buffered before those data blocks
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are written to the tape. If the BUFM bit is reset to 0, the MT02 Controller is
not to report GOOD STATUS during execution of WRITE or VERIFY
commands until the data blocks are actually written or verified to the tape.

When the MT02 Controller is operating in the buffered mode, it may
terminate commands before data is actually written or verified to the tape.
If this situation occurs, the MT02 Controller reports any errors encountered
when the Initiator issues the next command. Usually, the MT02 Controller
sends a CHECK CONDITION status code to the Initiator and sets the
VADD bit in the Extended Sense Byte to 1. The Sense Information Bytes
(in the Extended Sense Byte) contain the Residual Count, which may be
greater than the requested count if the error occurred on a previous
operation.

Descriptor Length - Byte 03

This byte specifies the length in bytes of the Parameter List. Valid values
for this byte are 0 or 8.

Density —ode - Byte 04

This byte defines the density of the medium on the MT02 Controller. This
byte may be set to 0 or 5 (hex) to indicate the default density, which is a
0.25-inch tape with a QIC-24 data format and 9 tracks. The byte may also
be set to 4 (hex) to indicate the tape cartridge is a 0.25-inch tape with a
QIC-11 data format and 4 tracks, or to 84 (hex) to indicate the tape
cartridge is a 0.25-inch tape with a QIC-11 data format and 9 tracks.

Number of Blocks (MSB) - Bytes 05 through 07

These bytes are ignored by the MT02 Controller.

Block Size - Bytes 09 through 11

These bytes are ignored by the MT02 Controller.

Disable Erase Ahead (DEA) - Byte 12, Bit 02

The DEA bit enables or disables the MT02 Controller erase ahead option.
The default value for this bit is 0 (hex). When the DEA bit is reset to 0, after
the MT02 Controller writes its last outstanding block, it will erase 55 inches
of the tape if recording on track 0. This action allows the user to remove
the tape cartridge at any time. When the DEA bit is set to 1 (hex), after the
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8.3.6

Mode Sense 1A

The MODE SENSE CDB, shown below, causes an Initiator to determine the
parameters of the MT02 Controller. MODE SENSE is a complementary
command to the MODE SELECT command (see subsection 8.3.5), and is used
for support of media that may contain different densities.

Byte| 07 06 05 04 o 03 02 01 00
00 0 0 0 1 1 0 1 0
01 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 Length of Data List
05 0 0 0 0 0 0 Flag Link

If the MTO2 receives a zero value in Byte 04, it does not transfer any data and
does not treat this condition as an error.

If an auto-load operation is in progress, the MT02 Controller returns a BUSY
status code and does not return any sense data.

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Length of Data List - Byte 04, Bits <03:01 >

These bits specify the length in bytes of the parameters to be transferred
during the Data Phase. If these bits equal 0, no data is to be transferred. A
maximum of 13 (decimal) bytes will be returned.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.7

Prevent/Allow Medium Removal 1E

The PREVENT/ALLOW MEDIUM REMOVAL command, shown below,
requests the MT02 Controller to enable or to disable the function that allows the
MTO02 to remove the tape from the tape drive.

Byte| 07 06 05 04 B 03 02 01 00
00 0 0 1 1 0 1 0
01| o0 0 0 0 0 0 0 0
02| 0 0 0 0 0 0 0 0
03| 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 0 PREV
05 0 0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Prevent Removal (PREV) - Byte 04, Bit 00

Flag -

Since 0.25-inch tape cartridge drives cannot be mechanically controlled to
prevent the removal of the medium, when the PREV bit is set to 1, the
MT02 Controller illuminates the Not Safe to Remove Cartridge LED (LED 2
on the MT02 Controller) and the LED on the tape access door. When the
PREV bit is reset to 0, the MT02 Controller extinguishes LED 2, unless the
cartridge is loaded.

The MT02 Controller also extinguishes LED 2 when there occurs either of
the two following event sequences:

Any Initiator issues a BUS DEVICE RESET message.
A SCSI bus Hard Reset condition (see subsection 7.6.1) occurs.
If a LOAD/UNLOAD command is issued after a PREVENT MEDIA

REMOVAL command is issued, the MT03 Controller does not change the
state of LED 2.

Byte 09, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.
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MTO02 Controller writes the last block, it performs the erase operation only
when the last block is a file mark, or if the host issued a REWIND or
UNLOAD command after the last WRITE command (see subsection
5.3.8).

NOTE

The erase ahead option enabled by the DEA bit
provides faster write repositions, but the tape
cartridge must not be removed until the host has
issued a REWIND or UNLOAD command,
otherwise data loss may occur.

Auto-Load Inhibit (AUI) - Byte 12, Bit 01

When the AUI bit is 0, and when the tape cartridge is inserted or when a
cartridge is present during power-up or reset, the MT02 Controller
performs an auto-load procedure. During an auto-load procedure, the
tape cartridge is logically loaded and a LOAD command does not need to
be issued. When the AUI bit is set to 1, the MT02 Controller inhibits the
auto-load procedure and a LOAD command must be executed before the
MT02 Controller can perform any additional commands.

Soft Error Count (SEC) - Byte 11, Bit 00

The SEC bit is used to specify if recoverable errors are to be reported by the
MT02 Controller. When the SEC bit is 0, the MT02 Controller issues a
CHECK CONDITION status code after it executes a command that caused
a recoverable error to occur. Information about the Sense Key and Sense
Code for the recoverable error can be obtained by issuing a REQUEST
SENSE command. When the SEC bit is set to 1, the MT02 Controller does
not issue a CHECK CONDITION status code; however, the accumulated
number of soft errors can be retrieved by issuing a REQUEST SENSE
command.
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8.3.6

Mode Sense 1A

The MODE SENSE CDB, shown below, causes an Initiator to determine the
parameters of the MT02 Controller. MODE SENSE is a complementary
command to the MODE SELECT command (see subsection 8.3.5), and is used
for support of media that may contain different densities.

Byte| 07 06 05 04 o 03 02 01 00
00 0 0 0 1 1 0 1 0
01 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 Length of Data List
05 0 0 0 0 0 0 Flag Link

If the MTO02 receives a zero value in Byte 04, it does not transfer any data and
does not treat this condition as an error.

If an auto-load operation is in progress, the MT02 Controller returns a BUSY
status code and does not return any sense data.

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Length of Data List - Byte 04, Bits <03:01>

These bits specify the length in bytes of the parameters to be transferred
during the Data Phase. If these bits equal 0, no data is to be transferred. A
maximum of 13 (decimal) bytes will be returned.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.6.1 Mode Sense Data Format

Data is sent during the Data In Phase of the MODE SENSE command in the
format shown below.

Bit
Byte| 07 06 05 04 03 02 01 00

00 0 0 0 0 1 1 0 0

01 Media Type

02 | WRP O 0 BUFM 0 0 SPD
03 Descriptor Length

04 Density Code

05 Number of Blocks (MSB)

06 - Number of Blocks

07 Number of Blocks (LSB)

08 0 0 0 0 0 0 0 0

09 Block Size (MSB)
10 Block Size
11 Block Size (LSB)

12 0 0 0 0 0 DEA AUl SEC

Byte 00

This byte indicates the length of the Mode Sense Data is 12 (decimal). The
data length does not include this byte (Byte 00).

Media Type - Byte 01

The Media Type byte determines the type of media. When the Media Type
byte is equal to 81 (hexadecimal), a low-corrosivity tape data cartridge is
installed. When the Media Type byte is equal to 80 (hexadecimal), a high-
corrosivity tape data cartridge is installed.
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Write Protect (WRP) - Byte 02, Bit 07

When the Write Protect bit is set to 1, either the the tape drive is write
protected or the loaded cartridge is write protected.

Buffered Mode - (BUFM) Byte 02, Bit 04

The Buffered Mode (BUFM) bit indicates when the MT02 Controller reports
GOOD STATUS. The set condition of BUFM indicates GOOD STATUS
will be reported. Four or more data blocks may be buffered before those
data blocks are written to the tape. If the BUFM bit is reset to 0, the MT02
Controller will not report GOOD STATUS during execution of WRITE or
VERIFY commands until the data blocks are actually written or verified to
the tape.

Speed (SPD) - Byte 02, Bits <01:00>

These bits indicate the speed of the tape drive. These bits are equal to 10,
indicating that the speed is 90 ips.

Descriptor Length - Byte 03

This byte specifies the length in bytes of the Parameter List. This byte has a
value of 8. The vendor-unique byte (Byte 12) is not included in the
Descriptor Length.

Density Code - Byte 04

This byte defines the density of the media on the MT02 Controller. This
byte may be set to 0 or 5 (hex) to indicate the default density, which is a
0.25-inch tape with a QIC-24 data format and 9 tracks. The byte may also
be set to 4 (hex) to indicate the tape cartridge is a 0.25-inch.tape with a
QIC-11 data format and 4 tracks, or to 84 (hex) to indicate the tape
cartridge is a 0.25-inch tape with a QIC-11 data format and 9 tracks.

Number of Blocks (MSB) - Bytes 05 through 07

These bytes indicate the total number of data blocks on the tape. This
value is an estimate. For media type equal to 80 hexadecimal, this estimate
assumes a 450-foot tape. For media type equal to 81 hexadecimal, this
estimate assumes a 600-foot tape.

Block Size - Bytes 09 through 11

These bytes are coded to indicate the block size is equal to 512 bytes.
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Disable Erase Ahead (DEA) - Byte 12, Bit 02

The DEA bit indicates whether the MT02 Controller erase ahead option is
enabled. If the DEA bit is reset to 0 (option not enabled), after the MT02
Controller writes the last block, it erases 55 inches of tape if recording on
track 0. This action allows the user to remove the tape cartridge at any
time. If the DEA bit is set to 1 (option enabled), after the MT02 Controller
writes the last block, it performs the erase operation only when the last
block is a file mark, or if the host issued a REWIND or UNLOAD
command after the last WRITE command.

NOTE

The erase ahead option enabled by the DEA bit
provides faster write repositions, but the tape
cartridge must not be removed until the host has
issued a REWIND or UNLOAD command,
otherwise data loss may occur.

Auto-Load Inhibit (AUI) - Byte 12, Bit 01

The AUI bit indicates whether the auto-load option has been selected. If
the AUI bit is 0, when the tape cartridge is inserted, the MT02 Controller
performs an auto-load procedure. During an auto-load procedure, the
tape cartridge is logically loaded and a LOAD command does not need to
be issued. If the AUI bit is set to 1, the MT02 Controller inhibits the auto-
load procedure and a LOAD command must be executed before the MT02
Controller can perform any additional commands.

Soft Error Count (SEC) - Byte 12, Bit 00

The SEC bit indicates if recoverable errors are being reported by the MT02
Controller. If the SEC bit is 0, the MT02 Controller issues a CHECK
CONDITION status code after it executes a command that caused a
recoverable error to occur. Information about the Sense Key and Sense
Code for the recoverable error can be obtained by issuing a REQUEST
SENSE command. If the SEC bit is set to 1, the MT02 Controller does not
issue a CHECK CONDITION status code; however, the accumulated
number of soft errors can be retrieved by issuing a REQUEST SENSE
command.
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8.3.7

Prevent/Allow Medium Removal 1E

The PREVENT/ALLOW MEDIUM REMOVAL command, shown below,
requests the MT02 Controller to enable or to disable the function that allows the
MTO02 to remove the tape from the tape drive.

Byte| 07 06 05 04 o 03 02 01 00
0| o 0 0 1 1 0 1 0
01| o0 0 0 0 0 0 0 0
02| 0 0 0 0 0 0 0 0
03| 0 0 0 0 0 0 0 0
04| 0 0 0 0 0 0 0 PREV
05 0 0 0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Prevent Removal (PREV) - Byte 04, Bit 00

Flag -

Since 0.25-inch tape cartridge drives cannot be mechanically controlled to
prevent the removal of the medium, when the PREV bit is set to 1, the
MTO02 Controller illuminates the Not Safe to Remove Cartridge LED (LED 2
on the MT02 Controller) and the LED on the tape access door. When the
PREV bit is reset to 0, the MT02 Controller extinguishes LED 2, unless the
cartridge is loaded.

The MTO02 Controller also extinguishes LED 2 when there occurs either of
the two following event sequences:

Any Initiator issues a BUS DEVICE RESET message.
A SCSI bus Hard Reset condition (see subsection 7.6.1) occurs.
If a LOAD/UNLOAD command is issued after a PREVENT MEDIA

REMOVAL command is issued, the MT03 Controller does not change the
state of LED 2.

Byte 09, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.
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Link - Byte 09, Bit 00

8.3.8

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

Read 08
The READ CDB, shown below, causes data to be read from the Target device
and transferred to the Initiator. The amount of data transferred is a multiple of
the block length (i.e., 512 data bytes/block). The READ command specifies the
number of data blocks to be read. The READ command terminates when there
is present one of the following conditions:

® The number of data blocks to be read is transferred

o A File Mark is encountered

® The End-of-Media is encountered

® An unrecoverable read error occurs on a block.

‘ " Bit
Byte | 07 06 05 04 03 02 01 00

00 0 0 0 0 1 0 0 0

01 0 0 0 0 0 0 0 1

02 Number Blocks to Transfer (MSB)
03 Number Blocks to Transfer
04 Number Blocks to Transfer (LSB)

05 0 0 0 0 0 0 Flag Link

If a file mark is encountered during a READ command, the MT02 Controller
sends a CHECK CONDITION status code to the Initiator and sets the File Mark
bit in the Extended Sense (Byte 02) to 1 and the Sense Key (in the Extended
Sense Byte) to GOOD. The Valid Address bit in Extended Sense Byte is set to 1
and the Sense Information Bytes are set to the difference between the requested
transfer length and the actual number of blocks successfully read. The non-
extended Error Class and Code are set to FILE MARK DETECTED.
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NOTE

If a recoverable error occurs on a file mark block,
the MT02 returns a Sense key that only reflects that
a file mark was detected.

If a logical EOM (which indicates a lack of data on a tape cartridge) is detected
during a READ command, the MT02 Controller sends a CHECK CONDITION
status code to the Initiator and sets a BLANK CHECK error code in the Extended
Sense Byte. The Valid Address bit is set to 1 and the Sense Information Bytes are
set to the difference between the requested transfer length and the actual number
of blocks successfully read. The non-extended Error Class and Code are set to
READ EOM. :

If an unrecoverable error occurs during a read operation, the MT02 Controller
terminates the READ command and sends a CHECK CONDITION status code.
It sets the VADD bit in the Extended Sense Byte to 1. The Sense Information
Bytes contain the Residual Count (total number of blocks not read). Table 8-2
lists media-related or drive-related errors which can occur during a read
operation and their corresponding Sense Keys and Sense Code. (Sense Keys
and Sense Codes are listed in their hexadecimal values.) General error
conditions that occur during MT02 Controller tape operations are listed and
described in Table A-1.

If the physical end-of-tape (EOT) occurs during a READ command, the MT02"
Controller sends a CHECK CONDITION status code to the Initiator and sets the
Sense Key in Extended Sense (Byte 02) to NO SENSE with the EOM bit set to 1.
The Valid Address bit is set to 1 and the Sense Information Bytes are set to the
difference between the requested transfer length and the actual number of blocks
successfully read.

The MT02 Controller does not require a file mark to be the absolute last block on
a tape cartridge for an EOM condition to be detected. It is recommended that
the host write a file mark as the last block and check that a file mark is the last
block read during the execution of a READ command. This action ensures the
MTO02 Controller did not miss the last block because an error condition occurred
on the block.

If an additional READ command is issued after a read error occurs, the read
operation begins on the block that follows the block where the error occurred.

The Soft Error Count (the number of recoverable errors) is cleared on the first
READ command that is issued after a non-READ command has been executed.

The MTO02 Controller ignores blocks that have a non-zero control nibble (see
subsection 5.3.4.2).

If the Disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.
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Table 8-2. READ Command Error Conditions

Sense Key Sense Code Read Error

BLANK CHECK (08) | READ EOM (34) The MTO02 detected a logical end-
of-media condition.

ILLEGAL REQUEST | READ EOM (34) A READ command was

(05) issued after a WRITE command
but no intervening rewind
operation occurred.

ILLEGAL REQUEST | INVALID After a VERIFY command

(05) COMMAND (20) in the immediate mode was

' issued, a READ command was
issued before the verify operation
was completed.

NO SENSE (00) FILE MARK (1C) The MTQ2 detected a file
m:.rk. The FM bit in the Extended
Seuise Byte is set to 1.

NO SENSE (00) READ EOM (34) The MT02 detected a physical end-
of-media.

Byte 01, Bit 00
The MT02 Controller sends an INVALID COMMAND error code if the

Fixed Block Mode bit (byte 01, bit 00) in the READ command packet is not
set to 1.

Number of Blocks to Transfer - Bytes 02 to 04

These bytes specify the number of bytes the Initiator has allocated for the
returned data. When this byte is 0, no data is transferred and the current
position is not changed. This condition is not considered an error.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.
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8.3.9

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

Read Block Limits 05

The READ BLOCK LIMITS CDB, shown below, returns the block-length limits
of the addressed device as data. Fixed blocks of 512 bytes are the only supported
block formats.

Byte| 07 06 05 04 o 03 02 01 00
00 0 0 0 0 0 1 0 1
0o1: 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 0 0
05 0 0 0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.
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8.3.9.1 Read Block Limits Data Format

During the Data In Phase of the READ BLOCK LIMITS command, data is sent
in the following format:

Byte | 07 06 05 04 B 03 02 01 00
00 0 0 0 0 0 0 0 0
01 Maximum Block Length (MSB)

02 Maximum Block Length

03 Maximum Block Length (LSB)
04 Minimum Block Length (MSB)
05 Minimum Block Length (LSB)

The maximum and minimum block length is 512 bytes.

8.3.10 Recovered Buffer Data 14

The RECOVER BUFFERED DATA CDB, shown below, causes recovery of data
that has been written to the data buffer in the MT02 Controller but which has not
yet been written to tape. Usually, this command is used only to recover from
error or exception conditions that prevent writing the buffered data to tape.

This command function is similar to the READ command function, except the
data is transferred from the MT02 Controller data buffer instead of from tape.
The order in which data blocks are transferred is the same as they would have
been transferred to the tape.
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This command should be used only in response to a VOLUME OVERFLOW
Sense Key Error code in the Extended Sense Bytes.

Bit
Byte | 07 06 05 04 03 02 01 00

00 0 0 0 1 0 1 0 0

01 0 0 0 0 0 0 0 1

02 Number Blocks (MSB)
03 Number Blocks
04 Number Blocks (LSB)

05 0 0 0 0 0 0 Flag Link

If an attempt is made to read more blocks than are contained in the buffer, the
MTO02 Controller sends a CHECK CONDITION status code. It also issues the
BLANK CHECK Sense Key and sets the VADD bit in the Extended Sense Bytes
to 1. The Sense Information Bytes contain the number of blocks that could not

be transferred.

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.

Fixed - Byte 01, Bit 00

This bit must be set to 1 to ensure the Valid Address bit is set to 1 and the
Sense Information Bytes contain the number of blocks that could not be
transferred. ~

Number of Blocks - Bytes 02 to 04

These bytes specify the number of blocks of data to be transferred from the
data buffer in the MT02 Controller to the Initiator.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.
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Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

8.3.41 Release Unit 17

The RELEASE UNIT CDB, shown below, causes the LUN connected to the
MT02 Controller previously reserved with the RESERVE UNIT command to be
released if the requesting Initiator reserved it last. Once the RELEASE UNIT
command is issued, other Initiators can access the MT(02 Controller.

Byte| 07 06 05 04 o 03 02 01 00
00 0 0 0 1 0 1 1 1
01 0 0 0 THPR Third Party . 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 0 0
05 0 0 0 0 0 0 Flag Link

It is not an error to attempt to release to the requesting Initiator any LUN that is
not currently reserved.

The MT02 Controller will not disconnect from the Initiator while executing this
command.

Third Party Reservation Release Option (THPR) - Byte 01, Bit 04

If the Third Party Reservation Release (THPR) bit is 1, then the reservation
is released only if it was made by using the THP option (see subsection
8.3.13) by the requesting Initiator for the same SCSI bus device as specified
in the Third Party Device ID field (Byte 01, Bits <03:01>).
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8.3.12

Third Party ID - Byte 01, Bits <03:01>

If the THPR bit (Byte 01, Bit 04) is set, these bits specify the SCSI bus
device code (ID) that identifies the LUN for which the Initiator reserved the
MTO02 Controller.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

Request Sense 03

The REQUEST SENSE CDB, shown below, is used to obtain more detailed
information, called Sense Information, after a command has been completed.
Typically, a REQUEST SENSE command is issued after a previous command
has been completed and a CHECK CONDITION status byte message has
occurred (see subsection 7.3.3.3.1). A REQUEST SENSE command may be
issued at any time by a diagnostic, device driver, or program, regardless of
whether an error has or has not occurred, because significant sense information
is only cleared upon receipt of an I/O- or access-type command.

Byte | 07 06 05 04 o 03 02 01 00
00 0 0 0 0 0 0 1 1
01 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 Number of Requested Sense Bytes
05 0 0 0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command. ‘
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Number of Requested Sense Bytes - Byte 04

Flag -

This byte contains the number of bytes of data the Initiator has allocated
for the Sense Information. The count supplied determines the format of
the returned sense data. The sense data can be returned in one of two
supported sense byte formats: the Standard (non-extended) Sense Byte
format and the Extended Sense Byte format. These formats are described
in subsections 8.3.12.1 and 8.12.3.2.

A requested sense byte count of four or fewer bytes results in a transfer of
four bytes in the Standard Sense Byte format.

A requested sense byte count of more than four bytes results in a data
transfer of up to the requested number of sense bytes (but never more than
the maximum number of sense bytes defined) of the Extended Sense Byte
format.

Byte 05, Bit 01

The Flag bit is meaningful onl; «vhen the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.

8.3.412.1 Standard Sense Byte Format

The Standard Sense Byte format, shown below, is used when the requested
number of bytes (Byte 04 of the REQUEST SENSE CDB) is less than or equal to
four bytes.

Byte | 07 06 05 04 - 03 02 01 00
00 | VADD ERCL ERCD
01 0 0 0 Sense Information (MSB)
02 Sense Information
03 Sense Information (LSB)
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Valid Address (VADD) - Byte 00, Bit 07

The Valid Address (VADD) bit indicates that the Sense Information Bytes
(Bytes 01 through 03) contain valid device-type specifications. When the
VADD bit is set to 1, the Sense Information Bytes specify the difference
(residue) of the requested length to be accessed and the actual length
accessed in data blocks.

Error Class (ERCL) - Byte 00, Bits <06:04 >

The Error Class bits indicate the source of the error that occurred. Error
Class codes are listed in Table 8-3. Error Classes 0 through 3 (hexadecimal)
are valid for Standard Sense information.

Table 8-3. Standard Sense Error Classes

Bits
05 05 04 Error Class
0 0 0 DRIVE ERRORS
0 0 1 TARGET ERRORS
0 1 0 SYSTEM-RELATED ERRORS
0 1 1 VENDOR-UNIQUE ERROR
' CONDITIONS

Error Code (ERCD) - Byte 00, Bits <03:00>

The Error Code bits indicate the type of error that occurred. The
hexadecimal Sense Error codes used in the Standard (non-extended) Sense

Bytes for tape drive, Target, system-related, and vendor-unique errors are
listed and described in Table 8-4.

Sense Information - Bytes 01 through 03

These bytes specify the difference (residue) of the requested and the actual
Sense Information length transferred in data blocks.
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Table 8-4. Standard Sense Error Class/Code Bytes

TAPE DRIVE ERRORS
Hex
Code Error Description

00 | NO SENSE The MT02 Controller detected no error during
execution of the previous command.

04 | DRIVE NOT READY The tape drive is not powered up and ready.

09 | MEDIA NOT LOADED | The media cartridge is not installed in the tape
drive, as indicated by a tape drive status signal.

0A | INSUFFICIENT There is insufficient space on the media to

CAPACITY allow additional data from the Initiator to be
accepted.

0B | I"2IVE TIMEOUT A timeout occurred during a tape drive
operation.

TARGET ERRORS
Hex
Code Error Description
11 | UNCORRECTABLE A block could not be written or read after
DATA ERROR 16 retry attempts.

14 | BLOCK NOT FOUND | The block sequence is improper, or a block is
missing.

16 | DMA TIMEOUT ERROR | System activity reached a point at which DMA
service for the MT02 Controller was suspended
beyond the allowable timing limits, requiring
one or more retry attempts.

17 | WRITE PROTECTED The media cartridge is write protected. The
outstanding WRITE command has been
aborted.

(continued on next page)
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Table 8-4. Standard Sense Error Class/Code Bytes (continued)

TARGET ERRORS (continued)

Hex
Code Error Description

18 | CORRECTABLE DATA |During read operations, a block had to be
CHECK read two or more times. During write

operations, a block had to be written more than|
once.

19 | BAD BLOCK FOUND | A block cannot be read correctly after 16 retry
attempts.

1C | FILE MARK DETECTED | A file mark block was encountered
(Vendor-Unique) during a read operation. The outstanding
READ and VERIFY commands are terminated
and the tape is repositioned just after the file

mark block.
1D | COMPARE ERROR One or more bytes did not compare
(VERIFY only) when the VERIFY command was issued.
SYSTEM-RELATED ERRORS
Hex
Code Error Description

20 { INVALID COMMAND | The issued command cannot be implemented,
or is not applicable.

(continued on next page)
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Table 8-4. Standard Sense Error Class/Code Bytes (continued)

VENDOR-UNIQUE ERRORS

Hex
Code

Error

Description

30

31

33

34

UNIT ATTENTION

COMMAND TIMEOUT

APPEND ERROR

READ END-OF-MEDIA

A Unit Attention condition occurred (see
subsection 7.6.3). The removable media may
have been changed, or the addressed LUN has
been reset (by the BUS DEVICE RESET
message), since the last command was issued
to the addressed LUN. This error is reported
the first time any command is issued after the
condition is detected and the requested
command is then not performed. This
condition is cleared when the next 1/O is issued
by the same host adapter. UNIT ATTENTION
is reported to all SCSI devices that
subsequently issue a command to the Target.

The command execution was not completed by
the MT02 before a predetermined, command-
specific time limit had expired.

A write operation to the tape device was
attempted before the end-of-media was
reached.

A read operation to the tape device was
attempted past the end-of-media position.
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8.3.12.2

Extended Sense Byte Format

The Extended Sense Byte format, shown below, is used when the requested

number of bytes (Byte 04 of the REQUEST SENSE CDB) is greater than four
bytes.

Bit
Byte| 07 06 05 04 03 02 01 00

00 | VADD 1 1 1 0 0 0 0

01 Segment Number

02| FM EOM 0 0 Sense Key
03 Sense Information Byte (MSB)

04 Sense Information Byte

05 Sense Informat. 1 Byte

07 Additional Sense Length

08 ERCL ERCD

09 Number of Recoverable Errors (MSB)

10 Number of Recoverable Errors (LSB)

Except for the operations that are initiated by the COPY command, the
Additional Sense Length Bytes (Bytes 08 through 10) indicate the Standard Error
Class and Error Code, and the number of recoverable errors (soft errors) that
have occurred since the last READ, WRITE, or VERIFY command was
executed. The Additional Sense Length Bytes field (Byte 07) is set to 3 for all
commands except the COPY command. (For information about how the
Additional Sense Length Bytes are used with the COPY command, see
subsection 8.3.1.3.) ‘

Valid Address (VADD) - Byte 00, Bit 07

The VADD bit indicates the Sense Information Bytes (bytes 03 through 06)
contain valid device-type specifications. When the VADD bit is set, the
Sense Information Bytes specify the difference (residue) of the requested
length to be accessed and the actual length accessed in data blocks.

Segment Number - Byte 01

The Segment Number contains the current segment number if the
Extended Sense information is in response to a COPY command. Up to
256 segments are supported.
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File Mark (FM) - Byte 02, Bit 07

If the FM bit is set, the current command read a file mark.

End-of-Media (EOM) - Byte 02, Bit 06

If the EOM bit is set, an end-of-tape condition occurred.

Sense Key - Byte 02, Bits <03:00>

The Sense Key bits indicate status information about any errors detected
during the operation. The errors are listed and defined in Table 8-5.

Sense Information Bytes - Bytes 03 through 06

These bytes specify the residual, or the difference between the requested
and the actual data transfer.

Additional Sense Length - Byte 07

The Additional Sense Length byte specifies the number of Additional Sense
Bytes. The Additional Sense Bytes contain command-specific data that
further defines the nature of the CHECK CONDITION status. The
Additional Sense Length byte is set to either 1 or 3. When itis 1, thereis 1
additional sense byte that contains the standard error class and code.
When the Additional Sense Length byte is 3, there are 3 additional sense
bytes. The first byte contains the standard error class and code, the second
byte contains the most significant soft error count byte, and the third byte
contains the least significant soft error count byte. Typically, this field will
be three. Under certain conditions (e.g., power up), this field will be 1 (no
soft errors reported).
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Table 8-5. Sense Key Error Codes

Hex
Code

Error

Description

00

01

02

03

04

05

06

07

NO SENSE

RECOVERABLE ERROR
NOT READY

MEDIA ERROR

HARDWARE ERROR

ILLEGAL REQUEST

UNIT ATTENTION

DATA PROTECT

There is no Sense Key information to be
reported for the designated LUN. This code
occurs for a successful command or for a
command that was checked because the FM
or EOM bit in the Extended Sense (Byte 02)
was set to 1.

The last command was completed
successfully but with some recovery action
performed.

The addressed LUN cannot be accessed.
Operator intervention may be required.

The command terminated with a non-
recoverable error condition which was
probably caused by a flaw in the media or by
an error in the recorded data.

A non-recoverable hardware error was
detected.

There was an illegal parameter in the
command or in the addi- tional parameters
supplied as data for some commands.

A Unit Attention condition occurred (see
subsection 7.6.3). The removable media
may have been changed, or the LUN has
been reset (by the BUS DEVICE RESET
message), since the last command was
issued to the addressed LUN. This error is
reported the first time any command is
issued after the condition is detected and the
requested command is then not performed.
This condition is cleared when the next I/O is
issued by the same host adapter. UNIT
ATTENTION is reported to all SCSI devices
that subsequently issue a command to the
Target.

A write operation was attempted on a write
protected device either because the cartridge
is in the SAFE state or the user panel write
protect switch is engaged.

(continued on next page)
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Table 8-5. Sense Key Error Codes (continued)

Hex
Code

Error Description

08

09

0A

0B

0C

0D

OE

OF

BLANK CHECK The MT02 Controller encountered the end-of-
recorded media (lack of data). This condition is
not the same as the physical EOM.

VENDOR UNIQUE A Vendor-Unique error condition occurred.
The corresponding Error Class and Error Code
are specified in Byte 08 of the Extended Sense
Byte (see subsection 8.3.12.2).

COPY ABORTED A COPY command was aborted because an
error condition was detected on the source or
destination device.

ABORTED COMMAND | The Target aborted the command. The Initiator
may recover by trying the command again.

RESERVED

VOLUME OVERFLOW | A buffered device has reached the end-of-medial
and data, which has not been written to tape,
remains in the buffer. A RECOVER
BUFFERED DATA command can be issued to
read the unwritten data from the buffer.

MISCOMPARE Used by the VERIFY command to indicate that
. the source data did not match the data read
from the tape.

RESERVED

" Error

Class (ERCL) - Byte 08, Bits <07:04 >

Error

The Error Class bits indicate the source of the error that occurred (see Table
8-3). Error Classes 0 through 3 (hexadecimal) are valid for the Extended
Sense Information.

Code (ERCD) - Byte 08, Bits < 03:00>

The Error Code bits indicate the type of error that occurred. The
hexadecimal Sense Error Codes used in the Extended Sense Byte for the
tape drive, Target, system-related, and vendor-unique errors are listed and
described in Table 8-4.
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Number of Recoverable Errors - Bytes 09 through 10

A recoverable error, also called a soft error, occurs when the MT02
Controller attempts to perform a read, write, or verify operation and,
during that operation, it must perform a Retry. The MT02 attempts up to
sixteen Retries. The Number of Recoverable Errors field indicates the
accumulated number of recoverable errors that occurred during a series of
either read, write, or verify operations. The value in this field is reset to 0
when a transition occurs from one of these operations to another. For
example, if during the execution of a series of READ commands,
recoverable errors occurred, when the Initiator issues a REQUEST SENSE
command on the last read operation, the value in the Number of
Recoverable Errors field indicates the number of recoverable errors that
have occurred since the first READ command in the series was executed.
In this example, once a WRITE or VERIFY command is issued, the
number of recoverable errors count is reset to 0.

General media-related and drive-related error conditions that occur during
MTO02 Controller tape operations are listed and described in Table A-1 in
Appendix A. Error conditions that occur during read, write, and verify

" perations are described separately in the descriptions of the READ,
WRITE, and VERIFY commands.
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8.3.13

Reserve Unit 16

The RESERVE UNIT CDB, shown below, causes the LUN to be reserved for
exclusive use by the Initiator until that Initiator sends an appropriate RELEASE
UNIT command. Since the MT02 Controller interfaces to only one LUN,
whenever the LUN is reserved, the MT02 Controller is also reserved. If, while
the MT02 Controller is reserved by an Initiator, a command is received from any
other Initiator, the MT02 Controller sends a RESERVATION CONFLICT
message and disconnects from the requesting Initiator. There is an exception to
this rule when an Initiator reserves the controller for a second Initiator. (See the
Third Party Reservation Option paragraph below.) In this case, though the
second Initiator may give commands, the RELEASE UNIT must come from the
original Initiator.

Byte | 07 06 05 04 o 03 02 01 00
00 0 0 0 1 0 1 1 0
01 0 0 0 THP Third Party ID 0
02 0 0 0 0 0 0 0 0
03| O 0 0 0 0 0 0 0
04| 0 0 0 0 0 0 0 0
05 0 0 0 0 0 0 . Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.
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Third Party Reservation Option (THP) - Byte 01, Bit 04

The optional Third Party Reservation (THP) bit (Byte 01, Bit 04) allows an
Initiator to reserve an LUN for another SCSI device. If the THP bit is set,
an Initiator is allowed to reserve the MT02 Controller for the SCSI bus
device specified in the Third Party ID field (Byte 01, Bits <03:00>). This
option is intended for use in multiple-host adapter systems in which the
COPY command is used. The MT02 Controller retains the reservation until
it is released by the same Initiator that reserved it. Any attempt by another
Initiator to obtain the MT02 Controller is ignored. The MT02 Controller
does not disconnect from the SCSI bus during execution of this command.
Any Target that uses the THP option must also use the Third Party
Reservation Release (THPR) option (see subsection 8.3.11).

Third Party ID - Byte 01, Bits <03:01 >

If the THP bit (Byte 01, Bit 04) is set, these bits specify the SCSI bus device
ID for which the Initiator has reserved the MT02 Controller.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.14 Rewind 01

The REWIND CDB, shown below, causes the selected tape drive to perform a
rewind to the physical beginning-of-tape (BOT) or load point.

Byte| 07 06 05 04 o 03 02 01 00

| o o o 0 o0 0 0 1

oo o o o0 0 0 0 0

2/ o0 o o0 0 0 0 0 0

B3| 0 o0 0 0 0 0 0

o4 o o0 0 0 0 0o 0 0

5| 0 0 0 0 0 0 Flag Lnk |,

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.45 Send Diagnostic 1D

The SEND DIAGNOSTIC CDB, shown below, causes a diagnostic function
code to be sent to the Target. The only diagnostic function supported is self-test.

Byte| 07 06 05 04 o 03 02 01 00
00 0 0 0 1 1 1 0 1
01 0 0 0 0 0 ST 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 0
05 0 0 0 0 0 0 Flag Link

Self-Test (ST) - Byte 01, Bit 02

If the ST bit is set to 1, the Target is directed to complete its default self-test
diagnostic routine. This test initiates a controller reset.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.16

Space 11

The SPACE CDB, shown below, provides a variety of tape positioning functions
which are determined by the Code Field and Count Bytes in the SPACE
command CDB. Only forward spacing is allowed.

Bit
Byte 07 06 05 04 03 02 01 00

00 0 0 0 1 0 0 0 1

01 0 0 0 o 0 0 Code Field

02 Count (MSB)
03 Count
04 Counf (LSB)

05 0 0 0 0 0 0 Flag Link

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.

Code Field - Byte 01, Bits <01:00>

The code field bits determine the tape positioning function to be executed.
The codes are listed and described in Table 8-6.

Table 8-6. SPACE Command Code Field Bits

Bits
01 00 Description
0 0 Data Blocks
0 1 File Mark Blocks
1 0 Sequential File Mark Blocks
1 1 Physical End-of-Data

If a file mark is encountered during execution of a SPACE command that is
spacing over data blocks, tape movement is stopped, with the media position
placed after the file mark block. The MT02 Controller sends a CHECK
CONDITION status code to the Initiator and sets the FM and VADD bits in the
Extended Sense Bytes to 1. The Sense Information Bytes of the Extended Sense
Bytes contain the number of data blocks not spaced over; the MT02 Controller
sets the Sense Key to NO SENSE and the Sense Code to FILE MARK. The tape
is positioned after the file mark.
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NOTE

If a recoverable error occurs on a file mark block,
the MT02 returns a Sense Key that only reflects that
a file mark was detected.

When spacing over file mark blocks, the Count field specifies the number of file
mark blocks required before stopping. If an end-of-media condition is
encountered while spacing, the MT02 Controller sends a CHECK CONDITION
status code to the Initiator, sets the EOM and VADD bits in Extended Sense Byte
to 1, and sets the BLANK CHECK sense key code. The Information Bytes of the
Extended Sense contain the number of file mark blocks not spaced over.

When spacing over Sequential file mark blocks, the Count bytes specify the
number of consecutive file mark blocks required before stopping. The tape is
positioned after the last file mark block of the sequence. If a data block is
encountered during a space operation, the count is reset to its initial value and
the space operation begins again with the media positioned after the data block.
If a logical end-of-media condition is encountered (which indicates a lack of data
on a tape cartridge) during a space operation, the MT02 Controller sends a
CHECK CONDITION status code to the Initiator and sets the VADD bit in the
Extended Sense Byte to 1. The MT02 Controller sets a BLANK CHECK error
code in the Extended Sense. The Sense Information Bytes of the Extended Sense
Bytes then contain the original specified number of file mark blocks. .

When spacing to the physical end-of-data, the MT02 Controller ignores the
Count field. Forward tape motion occurs until a blank tape region is detected,
whereupon the tape is repositioned to allow future WRITE command operations
to append data to the tape.

Count - Bytes 02 through 04

Only positive values are allowed in the Count Bytes (Bytes 02 through 04).
A negative number (2’s complement) results in a CHECK CONDITION
status code and an ILLEGAL REQUEST Sense Key message in the
Extended Sense Bytes. A zero value causes no tape motion.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.47 Test Unit Ready 00

The TEST UNIT READY CDB, shown below, causes a test to be performed to
ensure that the tape drive is powered-on and ready, and a tape cartridge is
installed. This condition is indicated by a GOOD status code being returned for
the command. If the tape drive is not ready, a REQUEST SENSE command can
be issued to obtain detailed information on the reason the tape drive is not ready
(unavailable).

Byte| 07 06 05 04 o 03 02 01 00
(o o o0 0 0 0 0 0
orf o o 0 0 0 0

2 0 o o0 0 0 0 0

| o o0 0 0 0 0 0 0
4 o o o0 0 0 0 0 0
5| o 0 ©0 0 0 0 Flag Link

The MT02 Controller will not disconnect from the Initiator while executing this
command.

If an auto-load operation is in progress, the MT02 Controller returns a BUSY
status code.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.3.18

Verify 13

The VERIFY CDB, shown below, causes one or more data blocks to be verified
for correct data via a byte-for-byte compare, or it causes data blocks to be
checked for correct cycle redundancy check (CRC) without needing a data
transfer request from the Initiator.

Bit
Byte | 07 06 05 04 03 02 01 00

00 0 0 0 1 0 0 1 1

01 0 0 0 0 0 0 - BC 1

02 Number of Blocks to Verify (MSB)
03 Number of Blocks to Verify
04 Number of Blocks to Verify (LSB)

05| 0 IMED 0 0 0 0 Flag Link

The Fixed Block Mode bit (Byte 01, bit 00) must be set, or an INVALID
COMMAND error code message is generated. '

If a file mark block is encountered during the execution of a VERIFY command,
the MTO02 Controller terminates the operation, positions the media after the file
mark block, and sends a CHECK CONDITION status code to the Initiator. The
MTO02 Controller sets the VADD and FM bits in the Extended Sense Byte to 1.
The Sense Information Bytes (in the Extended Sense Byte) contain the number of
blocks not transferred from the Initiator plus the number of blocks remaining in
the buffer of the Target.

If a MISCOMPARE (the source data did not match the data read from tape)
Standard Sense Error Code is encountered, the MT02 Controller terminates the
VERIFY command and sends a CHECK CONDITION status code to the
Initiator.
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If an unrecoverable error occurs during a verify operation, the MT02 Controller
terminates the VERIFY command and sends a CHECK CONDITION status
code. It sets the VADD bit in the Extended Sense Byte to 1. The Sense
Information Bytes contain the Residual Count (total number of blocks not
verified. Table 8-7 lists media-related or drive-related errors that can occur
during a verify operation and their corresponding Sense Keys and Sense Code.
(Sense Keys and Sense Codes are listed in their hexadecimal values.)
General error conditions that occur during MT02 Controller tape operations are
listed and described in Table A-1.

Table 8-7. VERIFY Command Error Conditions

Sense Key Sense Code Verify Error
BLANK CHECK (08) | READ EOM (34) The MT02 Controller detected a
logical EOM condition.
NO ERROR (00) FILE MARK (1C) The MTO02 detected a file mark.

MISCOMPARE (0E) MISCOMPARE (1D) | A data miscompare condition
occurred during the verify
operation.

MEDIA ERROR (03) UNCORRECTABLE | A CRC error occurred

ERROR (11) during the verify operation.
ILLEGAL REQUEST | INVALID (20) The last command
(05) COMMAND issued was a WRITE command,
or it was a VERIFY CRC

command following a VERIFY
data command in the immediate
mode.

The MTO02 terminates the VERIFY command when the Number of Blocks to
Verify is satisfied, when it encounters a file mark, or when it encounters the
physical or logical end-of-media. When the MT02 completes the VERIFY
command, it positions the tape at the end of the last block from which the data
was verified or at the end of the file mark (if one was encountered).
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If the MTO02 is operating in the buffered mode, and the IMED bit is set to 1, any
of the above error conditions may actually occur after the VERIFY command
terminates. If this situation occurs, the MT02 reports a CHECK CONDITION
status code on the next VERIFY command issued by the Initiator. The MT02
also sets the VADD bit in the Extended Sense Byte and sets the Sense Key
appropriately. The Information Bytes (in the Extended Sense Byte) contain the
Residual Count (which may be greater than the requested count if an error
occurred on a previous operation).

If an additional VERIFY command is issued after a verify error occurs, the verify
operation begins on the block that follows the block where the error occurred.

The Soft Error Count (the number of recoverable errors) is cleared on the first
VERIFY command that is issued after a non-VERIFY command has been
executed.

To ensure all data has been verified, issue the last VERIFY command (or the last
VERIFY command with 0 bytes) with the IMED bit reset to 0.

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this com.. .and.

Byte Compare (BC) - Byte 01, Bit 01

If the Byte Compare (BC) bit is set, data is transferred from the Initiator to
the MT02 Controller as is done in a WRITE command. This data is
compared byte-for-byte with the next data block from the present media
position. If a MISCOMPARE occurs, the MT02 Controller terminates the
VERIFY command with a CHECK CONDITION status code and the sets
the Sense Key Error Code to MISCOMPARE. It also sets the VADD bit in
the Extended Sense Byte to 1. The Sense Information Bytes contain the
difference between the number of blocks to verify and the actual number of
blocks successfully verified. If the BC bit is reset to 0, the MT02 Controller
only performs a CRC media check. In this situation, no data is transferred
between the Initiator and the Target.

Number of Blocks to Verify - Bytes 02 through 04

These bytes specify the number of blocks to verify. A zero value indicates
no data is to be verified and the current position on the tape remains
unchanged. This situation is not an error condition. '
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Immediate (IMED) - Byte 05, Bit 06

If the MT02 Controller is operating in the buffered mode (see subsection
8.3.5.1), when this vendor-unique bit is set to 1, the MT02 Controller
operates in the streaming mode by immediately returning command
completion status information to the Initiator. When the IMED bit is reset
to 0, the MT02 Controller returns status information after completing
execution of the command.

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is

made to the next command at the successful completion ¢ ihe current
command from the Initiator. Status is returned for each command

executed.

Write OA

8.3.19

The WRITE CDB, shown below, causes data to be transferred from the Initiator
to the Target device and then to be written on the tape, starting at the current
media position. The amount of data written is a multiple of the block length.
The WRITE command specifies the number of blocks to be written.

Bit
06 05 04 03 02 01 00

0 0 0 1 0 1 0

0 0 0 0 0 0 1

Number Blocks to Transfer (MSB)

Number of Blocks to Transfer

Number of Blocks to Transfer (LSB)

Byte | 07
00 0
01 0
02
03
04
05 0

0 0 0o 0 0 Flag Link

During a write operatio
until pseudo EOM is de

n, the MTO02 Controller allows data to be written only
tected. When the MT02 encounters this point, the write

start threshold is ignored and data blocks are written to tape immediately.
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The MTO02 terminates the WRITE command with a CHECK CONDITION
completion status to the Iniator. It also sets the EOM bit, NO SENSE (00) Sense
Key, and INSUFFICIENT CAPACITY (0A) Error Class/Code, and sends the
number of blocks not transferred from the Initiator into the Sense Information
Bytes in the Extended Sense format. Data will be flushed from the cache and
written onto tape, unless an error prevented further writing onto the tape.

The MT02 will issue only one pseudo EOM warning and it is the responsibility of
the host to recognize that space available on the tape is limited (approximately
300 block spaces available to physical End-of-Tape).

After the MT02 notifies the host that a pseudo EOM condition has occurred, the
host may continue to write to the tape until it encounters the physical end-of-
tape (EOT). The Initiator can write data and file marks (volume labels) to
terminate the tape. Attempts to write past the physical EOT result in a CHECK
CONDITION completion status to the Initiator. Further, the controller sets the
EOM bit, NO SENSE (00) Sense Key, and INSUFFICIENT CAPACITY (0A)
Error Class/Code, and sends the number of blocks not transferred from the
Initiator into the Sense Information Bytes in the Extended Sense format.

If an unrecoverable error occurs during a write operation, the M.7)2 Controller
terminates the WRITE command and sends a CHECK CONDITION status code.
It sets the VADD bit in the Extended Sense Byte to 1. The Sense Information
Bytes contain the Residual Count (total number of blocks not written, i.e., the
number of blocks not transferred from the Initiator plus the number of blocks
remaining in the buffer of the Target). Table 8-8 lists media-related or drive-
related errors that can occur during a write operation and their corresponding
Sense Keys and Sense Code. (Sense Keys and Sense Codes are listed in their
hexadecimal values.) General error conditions that occur during MT02
Controller tape operations are listed and described in Table A-1.

Table 8-8. WRITE Command Error Conditions

Sense Key Sense Code Verify Error

VOLUME INSUFFICIENT The MT02 Controller

OVERFLOW (0D) CAPACITY (0A) encountered a physical end-of-
tape. The REQUEST SENSE
EOM bit will be set to 0.

ILLEGAL REQUEST | APPEND ERROR An attempt to append

(05) (33) data occurred when the tape was
not at the end-of-recorded
media.

EOM NO SENSE INSUFFICIENT The MT02 Controller

(00) CAPACITY (0A) performed a normal write

pseudo EOM operation (logical
EOM). The REQUEST SENSE
EOM bit will be set to 1.
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If an additional WRITE command is issued after a write error occurs, the write
operation begins on the block that follows the block where the error occurred.

The Soft Error Count (the number of recoverable errors) is cleared on the first
WRITE command that is issued after a non-WRITE command has been
executed.

The tape is erased automatically when the MT02 Controller writes on track 0.

The MT02 Controller does not automatically write a file mark on a tape if no
additional data from the host is expected. The host should write a file mark as
the last block of the tape to avoid any read-back problems that could occur if the

MT02 Controller encounters error conditions during a tape operation on the last
block.

If the MT02 Controller is operating in buffered mode (see subsection 8.3.5.3), it
may report completion status before data is actually written to the tape. If this
situation occurs, the MT02 will report any errors encountered when the Initiator
issues the next command. If the MT02 is reporting an error that occurred on a
previous command, it will return a CHECK CONDITION status code and set the
VADD bit in the Extended Sense Byi- t0o 1. The Sense Information Bytes will
contain the residual count, which may be greater than the requested transfer
count.

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.

To ensure that all data that may still exist in the cache is written to tape, the host
may cause a number of file marks to be written (including 0). When the WRITE
FILE MARK command is completed, either all cache data is on the tape and a
status code of GOOD STATUS has been issued, or a CHECK CONDITION
status code has been issued. For additional information, see subsection 8.3.20,
WRITE FILE MARK command).

Fixed Block Mode - Byte 01, Bit 00

If the Fixed Block Mode bit in the WRITE command packet is not set to 1,
the MT02 Controller issues an INVALID COMMAND Error Code (see
Table 8-4).

Number of Blocks to Transfer - Bytes 02 through 04

These bytes specify the number of blocks to be transferred. When the
Number of Blocks to Transfer is 0, no data is transferred and the current
position of the tape is not changed. This condition is not considered an
error.
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8.3.20

Flag - Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (Bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link bits are set, an Interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command

executed.

Write File Mark 10

The WRITE FILE MARK command causes one or more complete blocks of file
marks to be written to tape, beginning at the logical current media position. The
number of file mark blocks to be written is specified by the contents of the
number of file marks (Bytes 02 through 04 of the CDB).

Byte'| 07 06 05 04 Bl 03 02 01 00
00 0 0 0 0 0 0 0 0
01 0 0 0 0 0 0 0 0
02 Number of File Marks (MSB)

03 Number of File Marks
04 Number of File Marks (LSB)
05 0 IMED O 0 0 0 Flag Link

If the disconnect function is enabled, the MT02 Controller may disconnect from
the Initiator while executing this command.
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Number of File Marks - Bytes 02 through 04

These bytes specify the Number of file marks to be written on the
addressed LUN. A zero value in these bytes indicates that no file mark
blocks are to be written. If these bytes are equal to 0 and the IMED bit is
equal to 0, the MT02 Controller purges the cache of all data. If the purge
operation was successful, the MT02 Controller issues a COMMAND
COMPLETE status code. If the purge operation was not successful, the
MTO02 Controller issues a CHECK CONDITION status code and the
number of blocks remaining in the cache (the residue) is indicated in the
Sense Information bytes of the REQUEST SENSE command (see
subsection 8.3.12). ‘

Immediate (IMED) - Byte 05, Bit 06

Flag -

The Immediate bit is valid if the MT02 Controller is in cache buffering mode
set by the BUFM bit in the MODE SELECT CDB (see subsection 8.3.5.1).
If this vendor-unique bit (IMED bit) is set to 1, the MT02 Controller
terminates the WRITE FILE MARK command immediately. If BUFM bit
is reset 10 0, the command terminates only after all buffered data and the
file masxs have been written to tape. The IMED bit is also used for Write
Synchronization operations. When the Number of File Marks field (bytes
02 through 04) equals 0, and the IMED bit is reset to 0, the MT02 Controller
writes to tape the contents of the cache before it terminates the WRITE
FILE MARK command.

Byte 05, Bit 01

The Flag bit is meaningful only when the Link bit (Bit 00 in Byte 05) is set.
Therefore, if both the Flag and Link Bits are set, an interrupt is requested
for this command in a group of linked commands.

Link - Byte 05, Bit 00

The use of the Link bit is optional. If the Link bit is set, an automatic link is
made to the next command at the successful completion of the current
command from the Initiator. Status is returned for each command
executed.
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8.4

8.41

SCSI Group Code 6 Command Descriptions

This subsection provides detailed descriptions of the SCSI Group Code 6
commands, which are vendor-unique commands. Each SCSI command is
described in a separate subsection.

The bytes in the CDB for Group Code 6 are command-dependent and are
defined in the subsections for each individual Group Code 6 command.

Read Revision Level C1

The READ REVISION LEVEL CDB, shown below, returns to the host the
current revision level of the PROM residing on the MT02 Controller.

Byte| 07 06 05 04 o 03 02 01 00
00 1 1 0 0 0 0 0 1
01 0 . 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0
05 0 0 0 0 0 0 0 0
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8.4.1.1 Read Revislon Level Data Format

During the Data In Phase of the READ REVISION LEVEL command, data is
transferred in the following format:

Bit
Byte | 07 06 05 04 03 02 01 00

00 0 1 0 0 0 0 0 1

01 0 0 1 1 0 0 0 0

02 0 0 1 1 1 0 0 0

03 Major Revision
04 Engineering Revision
05 Checksum

Product Designation - Bytes 00 through 02

These bytes together form the ASCII Emulex product designation, which
indicates the model number for the controller. For the MT02 Controller,
these bytes are A08 (hexadecimal).

Major Revision - Byte 02

This byte indicates the major version number of the product.

Engineering Revision - Byte 03

If the product is a preliminary version, this byte indicates the Engineering
revision of the product.

Checksum - Byte 05

This byte can be used to verify the validity of the PROM residing on the
MTO02 Controller.
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Byte [ 07 06 05 04 o 03 02 01 00
00 [VADD 1 1 1 0 0 0 0
01 Segment Number

02FM| EOM 0 0 Sense Key
03 Additional Sense Information Byte (MSB)

04

05

06 Additional Sense Information Byte (LSB)
07 Additional Sense Length

08 Source Device Address Pointer”

09 Destination Device Address Pointer”
0A Completion Status

0B Standard Sense Bytes

0C

0D

OE
OF Completion Status
10 Standard Sense Bytes
11
12
13
"Contain Completion Status and Standard Sense Bytes
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APPENDIX A

GENERAL ERROR CONDITIONS

A1

Introduction

General media-related and drive-related error conditions that occur during MT02
Controller disk operations are listed and described in Table A-1.

Table A-1. General Error Conditions

Sense Key Sense Code Error Condition

HARDWARE DEVICE NOT The tape drive motor

ERROR (04) READY (04) stalled.

ABORTED MEDIA NOT The tape cartridge was

COMMAND (0B) LOADED (09) removed during the execuiion of
the command.

MEDIA UNRECOVERABLE | The MT02 Controller

ERROR (03) ERROR (11) performed the maximum
number of retries (16) on the
block.

NOT READY (02) MEDIA NOT The tape cartridge was

LOADED (09) not loaded before a command

was issued.

UNIT UNIT The tape cartridge was

ATTENTION (06) ATTENTION (30) removed and then installed
before the execution of a
command began.

RECOVERABLE CORRECTABLE A recoverable error

ERROR (01) DATA CHECK (18) | occurred during the execution of

a command.
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APPENDIX B
MT02 FIRMWARE REVISIONS

Table B-1 lists the firmware release history for the MT02 Controller. It includes
the firmware revision number, its release date, the corresponding manual
revision level, and the main features of each revision. This list does not contain
the correction history of the MT02 Controller firmware.

Table B-1. MTO02 Controller Firmware Revisions

Manual | Revision Release Features
Rev Number Date
Prelim A08A 11/16/84 | No new features.
A08BX1 12/18/84 | (1) The reposition time on track 0 was
reduced to 4.3 seconds.
(2) The time to detect a read EOM
condition was reduced.
A08BX2 12/22/84 | The COPY command streams with the
Adaptec external drive.
A08BX3 1/7185 No new features.
A08BX4 1/14/85 No new features.
A08BX5 1/21/85 No new features.
A08CX1 2/4/85 (1) The MTO02 supports a selectable erase
ahead on track 0.
(2) Preliminary MTO02 support for QIC-11
with 4 or 9 track.
" A08BCX2 2/8/85 No new features.
AQ08CX3 2/11/85 No new features.
(Rev D)
AO8EX01 3/1/85 No new features.
AO08EX02 3/6/85 No new features.
AO08EX03 3/7185 No new features.

(continued on next page)
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Table B-1. MT02 Controller Firmware Revisions (continued)

Manual
Rev

Revision
Number

Release
Date

Features

Prelim

A08FX01

AO08FX02
AO08FX03

AO8FX04
AOQ8FX05
AOQ8FX06

3/22/85

3/26/85
4/1/85

4/4/85
4/9/95
4/25/85

(1) The MTO02 fully supports QIC-11 except
for 4-track write mode.

(2) An unload operation after the cartridge
is already loaded no longer produces an
error condition.

(3) The EOT option on the UNLOAD
command no longer requires that the RET
bit be set.

(4) The residue on the SPACE command
with sequential file marks selected has been
defined more precisely than the definition
in the SCSI standard.

(5) The IMED bit can be used to maintain
streaming on a VERIFY command with the
CRC check only option selected.

(6) The MTO02 includes a new EOM
detection method to allow for bad erase
characteristics on some tape drives using
DC600A cartridges.

No new features.

If a new cartridge is inserted in the tape
drive, the MT02 may return a UNIT
ATTENTION sense code on a LOAD
command.

No new features.

No new features.

The MTO02 supports a new vendor-unique
SCSI command: READ REVISION

LEVEL. This command returns the
firmware revision level to the Initiator.

(continued on next page)
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Table B-1. MT02 Controller Firmware Revisions (continued)

Manual | Revision Release Features
Rev Number Date
Prelim | AO8FX07 | 5/2/85 During any load operation, the TEST
DRIVE READY and MODE SENSE
commands may return a TARGET BUSY
status code.
AQ8FX08 | 5/8/85 No new features.
A AO8FX09 | 5/24/85 | No new features.
(Rev F)
A08GX06 | 12/3/85 | Bug fixes.
B A08GX07 | 12/5/85 | No new features.
(Rev G)
C (Rev H) 3/21/86 | Kennedy 6500 support added.
(Rev]) 6/10/86 | Bugs fixed.
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APPENDIX C
SERVICE

CA

C.2

C3

Overview

The installation of the MT02 controller, when used with the recommended
devices, should run smoothly and problem-free. The diagnostic procedures
described in this manual are intended to help you identify and resolve any
problems you may encounter. However, because of the wide variety of host
adapters, disk drives and other devices to which the controller could be
connected, diagnostic procedures cannot be specific or all-inclusive. The
following subsections explain how to obtain technical assistance or service for
problems you cannot resolve.

Problem ldentification

The self-test, described in Section Four, diagnoses problems within the controller
itself. It does not diagnose problems with the host ad: “ter, disk drive, or other
devices to which the controller is connected.

If the controller does not pass the self-test when it is connected to the other
devices in your system, remove the devices and try the self-test again. If the
controller passes the self-test, the problem may be elsewhere in the system. See
directions for obtaining help from Emulex’s technical support personnel in the
subsection on Technical Assistance.

If the controller does not pass the self-test when it is tested apart from the
devices, it may be defective and should be returned to the factory for
replacement. See directions for returning the unit in the subsection on Service.

Technical Assistance

If the MT02 Controller passed the self-test, but you believe it is not performing as
expected, you can obtain assistance from Emulex’s technical support personnel.
The SCSI Product Performance Report (see last two pages of Appendix C) allows
you to gather all the required information. Complete the form and mail it to
Emulex at the address on the form. A technical support representative will
contact you within five days of receipt of the form.

Note that this form is required in order for you to receive technical assistance
regarding your MT02 Controller. Please do not attempt to contact Technical
Support by any other means. (If you have not heard from Emulex after five
days, you may call in to check the status of your report.)

It is suggested that you use a photocopy of this form, so that the form will be
available should you need to use it again.

Service C-1




Service

Cc4

Service

The components of your Emulex MT02 Controller have been designed to give
years of trouble-free service, and they were thoroughly tested before leaving the
factory.

If one of the diagnostic procedures described in this manual indicates that a
component is not working properly, the controller must be returned to the
factory, or to an Emulex authorized repair center, for service. Emulex products
are not designed to be repaired in the field.

Before returning the component to Emulex, whether the product is or is not
under warranty, you must contact Emulex’s Repair Center for instructions and a
Return Materials Authorization (RMA) number.

DO NOT RETURN AN MT02 CONTROLLER TO EMULEX WITHOUT
AUTHORIZATION. A controller returned for service without an authorization
will be returned to the owner at the owner’s expense.

In the continental United States, Alaska, and Hawaii contact:

Emulex Repair Center

3545 Harbor Boulevard

Costa Mesa, CA 92626

(714) 662-5600 TWX 910-595-2521

Outside the United States, contact the distributor from whom the MT02
Controller was initially purchased.

C-2 Service



SCSI PRODUCT PERFORMANCE REPORT

Please provide all information requested.

CUSTOMER INFORMATION

Name
Position/Title

Phone No. Ext.

Company Name

Address
City State

Zip

PRODUCT INFORMATION

EMULEX Product in Use: MD

MT

B uc

Top Assembly Number
Serial Number
Purchased From

Date of Purchase
Sales Engineer

PERIPHERAL INFORMATION
DISK

Manufacturer
Model Number
Interface: ST506 ESDI
Geometry: No. of Cylinders
Number of Heads____ Sectors
Number of Bytes/Track
Number of Drives

TAPE

"Drive Interface: QIC36 ____ QIC44

Media Interface: QIC11 ____ QIC24
QIC120____ QIC150

Tape Type: 300 450 600
Tape Manufacturer: 3M DEI
DYSAN CARTREX SCOTCH

SYSTEM CONFIGURATION

Bus Type: IBM DEC VME
MULTIBUS OTHER
Software:  Diagnostics
Utilities

Amount of Memory
Host Adapter
Formatter
Operating System

GRAPHIC REPRESENTATION OF YOUR SYSTEM

1436 (2/88)

ts

of

c.?



PROBLEM DESCRIPTION

Give a complete description of the problem you are encountering. Provide details of the command packet and/or
test loop/routine that you are using to troubleshoot the problem. Include a copy of the program(s) that demonstrates
the problem on either hard copy or magnetic media (DOS or FILES 11 format).

EMULEX CORPORATION

National Technical Support
3545 Harbor Boulevard

EMULEX Costa Mesa, CA 92626

Please mail the completed form to: S
G

Attn: SCSI Support

<
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