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1.0 General

1.1 Introduction

This document describes the specifications of the following Hitachi 3.5 inch FC-AL drives.
Table 1: Product 1D table

Product 1D Description
HUS154545V L F400 450 GB, FC-AL
HUS154530V L F400 300 GB, FC-AL

Note: The specifications in this document are subject to change without notice.
For technical and ordering information, please visit our website at http://www.hitachigst.com.

1.2 Glossary

Word Meaning

BMS Background Media Scan

Kb Kilobit = 1000 bits

Mb Megabit = 1,000,000 bits

GB Gigabyte = 1,000,000,000 bits
HDD Hard Disk Drive

MB Megabyte = 1,000,000 bytes
KB Kilobyte = 1000 bytes

PFA Predictive Failure Analysis

SM.ART. Self-Monitoring and Reporting Technology

FC-AL Fibre Channel - Arbitrated Loop

1.3 Caution

This drive can be damaged by ESD (Electric Static Discharge). Any damages incurred to the drive after its removal from the
shipping package and the ESD protective bag are the responsibility of the user.
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2.0 Outlineof the Drive

e Storage capacities of 450 GB, 300 GB

» Dual 4.250/2.1250/1.0625 Gb/s Fibre Channel Arbitrated Loop-2 host interfaces
»  Supports dua -ported operations

e Supports full duplex operations

e LoginBB_Credit=0

» Enclosure Service Interface (ESI, SFF-8045 Rev. 4.2) and Enclosure Initiated ESI (SFF-8067 Rev. 2.6) compliant
» Variable Sector Size (512,520,528 bytes/ sector)
e Tagged Command Queuing support

» Automatic read/write data transfer

» 3.6 msseek timein read operation for 450 GB

* 3.6 msseek timein read operation for 300 GB

e Adaptive read ahead algorithm

*  Write Cache

* Back to back write

e ECC On TheFly correction

* Automatic defect reallocation

e Self diagnostics at power on

» Closed loop actuator servo

* Non head disk contact start/stop

e 15,000 RPM spindle rotation speed

» Automatic actuator lock

« PFA(SMART)

e ANSI T10 Protection Information (End-to-End)
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3.0 Fixed-disk Subsystem Description

3.1 Control Electronics

Thedriveiselectronically controlled by a microprocessor, logic modules, digital/analog modules and various drivers and
receivers. The control electronics perform the following major functions:

» Perform self-checkout (diagnostics)

» Conduct a power-up sequence and calibrate the servo.

» Monitor various timers for head settling, servo failure, etc.

» Analyze servo signals to provide closed-loop control. These include position error signal and estimated velocity.
 Control of the voice coil motor driver to align the actuator onto a desired position

» Monitor the actuator position and determine the target track for a seek operation.

» Constantly monitor error conditions of the servo and take corresponding action if an error occurs.

» Control starting, stopping, and rotating speed of the spindle.

» Control and interpretation of all interface signals between the host controller and the drive

 Control of read/write accessing of the disk media, including defect management and error recovery

3.2 Head Disk Assembly

The head/disk assembly (HDA) is assembled in a clean room environment and contains disks, a spindle motor, actuator assem-
bly, and voice coil motor. Air is constantly circulated and filtered when the drive is operational. Venting of the HDA is accom-
plished via a breather filter.

The spindle is driven directly by a brushless, sensorless DC drive motor. Dynamic braking is used to stop the spindle quickly.

3.3 Actuator

The read/write heads are mounted in the actuator. The actuator is a swing-arm assembly driven by avoice coil motor. A
closed-loop positioning servo controls the movement of the actuator. An embedded servo data pattern supplies feedback to the
positioning servo to keep the read/write heads centered over the desired track.

The actuator assembly is balanced to alow vertical or horizontal mounting without adjustment.

Heads are moved out from the disks (unloaded) to protect the disk data during shipping, moving, or storage. At power down,
the heads are automatically unloaded from over the disk area and the head actuator locking mechanism will secure the headsin
the unload position.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
5



Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
6



4.0 Drive Characteristics

4.1 Formatted Capacity

Table 2: Formatted Capacity

Description HUS154545V L F400 |HUS154530VL F400

Label capacity 450 GB 300 GB

Number of heads 8 8

Number of disks 4 4

Total data bytes (512 450,098,159,616 300,000,000,000

bytes/sector)

Total logical data 879,097,968 585,937,500

blocks (3465F870h) (22ECB25Ch)
4.2 Data Sheet

Table 3: Data Sheet

Buffer to/from media 450 GB

1290 - 2120 [Mb/seq]

Buffer to/from media 300 GB

1265 - 1738 [Mb/seq]

Host to / from buffer (interface transfer rate)

106.25 MB/s (1 Gh/s) 212.5 MB/s (2 Ghl/s)
425.0MB/s (4Ghl/s)

Data buffer size 16MB
Number of buffer segments 1-254
Rotational speed 15,000 RPM

Recording density

1138 [Kbpi] (Max)

Track density 150,000 [TPI] (average)
Areal density 183 [Gb/sg. in.]
Data zones 23 Zonesfor 450 GB, 18 Zonesfor 300 GB.
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4.3 Inquiry Information

4.3.1 Product ID

Product ID in Section 19.5.1.1, “Inquiry Data Format - EVPD = 0, Page Code = 0" on page 126, is asfollows:

Table 4: Product ID in Inquiry Command

Product 1D Description
HUS154545V L F400 450 GB, FC-AL
HUS154530V L F400 300 GB, FC-AL

4.3.2 World Wide ID - Block Assignment

Block Assignment of World Wide ID is asfollows:

Table 5: Block assignment of World WideID in INQUIRY Command

Manufacturing Site Product Block Assignment
HUS154545V L F400 001h®
Singapore
HUS154530V L F400 001h®

Note (1) - Additional block assignment will be issued as needed based on actual production volume.
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4.4 Cylinder allocation

Table 6: Cylinder allocation

User Cylinder Allocation 450 GB

. Start End
Zone | Sectors/Tracks | Cylinder/Zone Cylinder | Cylinder
0 1416 3600 0 3599
1 1404 3700 3600 7299
2 1395 700 7300 7999
3 1350 26500 8000 34499
4 1296 3900 34500 38399
5 1282 3300 38400 41699
6 1260 6900 41700 48599
7 1242 2100 48600 50699
8 1215 5100 50700 55799
9 1188 2400 55800 58199
10 1170 3200 58200 61399
11 1147 2200 61400 63599
12 1134 2400 63600 65999
13 1125 600 66000 66599
14 1080 8500 66600 75099
15 1026 3400 75100 78499
16 1012 2300 78500 80799
17 990 2900 80800 83699
18 972 1900 83700 85599
19 945 3900 85600 89499
20 918 2300 89500 91799
21 900 2900 91800 94699
22 877 500 94700 95199
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User Cylinder Allocation 300 GB
Zone | Sectors /Tracks [Cylinder/Zone S‘Fart E.nd
Cylinder | Cylinder
0 1188 5800 0 5799
1 1170 13300 5800 19099
2 1147 6400 19100 25499
3 1134 3000 25500 28499
4 1125 1200 28500 29699
5 1080 13800 29700 43499
6 1041 800 43500 44299
7 1035 1800 44300 46099
8 1026 1900 46100 47999
9 1012 2700 48000 50699
10 1002 600 50700 51299
11 990 3100 51300 54399
12 972 2200 54400 56599
13 945 4600 56600 61199
14 918 2600 61200 63799
15 900 3300 63800 67099
16 877 2500 67100 69599
17 864 200 69600 69799

Note: Values shown are nominal. Actual valueswill vary based on manufacturing optimization. Mode Page 03 (Format
Device Parameters), page 180 and Mode Page OC (Notch Parameters), page 188 provide methods to determine actual

medium format and zone parameters for specific drives.

4.5 Performance characteristics

Drive performance is characterized by the following parameters:

*Command overhead
*Mechanical head positioning
- Seektime
- Latency
*Datatransfer speed

*Buffering operation (read ahead/write cache)

Note: All the above parameters contribute to drive performance. There are other parameters that contribute to the perfor-
mance of the actual system. This specification tries to define the bare drive characteristics, not system throughput, which

depends on the system and the application.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification

10




4.5.1 Mechanical positioning

45.1.1 Average seek time (including settling)

Table 7: Mechanical positioning performance

M odel Command Typical (ms) M ax
450 GB Read 33 5.0
Write 38 54
300 GB Read 31 45
Write 3.6 51
“Typical” and “Max” are used throughout this document and are defined as follows:
Typical Average of the drive population tested at nominal environmental and voltage conditions.
Max

Seek time is measured from the start of the actuator’s motion to the start of aread or write operation. Average seek timeis

Maximum value measured on any one drive over the full range of the environmental and voltage conditions.
(See Section 8.0, “Environment” on page 25 and Section 9.0, “DC Power Requirements’ on page 29 for

ranges.)

measured as the weighted average of all possible seek combinations.

Weighted average =
Z = (max+1-n)-(Tnin+ Tnout)
(max+ 1) - (max)
Where:
max  =Maximum seek length
n = Seek length (1 to max)
Tnin =Inward measured seek time for an n track seek

Tn.out = Outward measured seek time for an n track seek
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45.1.2 Full stroke seek time

M odel Command Typical (ms) M ax

450 GB Read 6.2 111
Write 7.1 115

300 GB Read 5.8 9.4
Write 6.4 10.1

Full stroke seek is measured as the average of 1,000 full stroke seeks with arandom head switch from both directions (inward
and outward).

4.5.1.3 Averagelatency
Table 8: Latency time

Rotation Timefor arevolution (ms) Aver age latency (ms)

15,000 RPM 4.0 20
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4.5.2 Driveready time
Table 9: Driveready time

M odel Typical (sec) Maximum (sec)
450 GB Model 21.0 29.9
300 GB Mode 21.0 29.9

4.5.3 Spindle stop time
Table 10: Spindle stop time

M odel Typical (sec) Maximum (sec)
450 GB Model 11.0 20
300 GB Model 11.0 20

The period from power off to the complete stop of the rotating spindle is categorized as 'operating’. The Operating shock crite-
riaapply during this period. Refer to section 12.3, “ Operating shock” on page 41.

4.5.4 Datatransfer speed
Table 11: Datatransfer speed (sector size 512 Byte case)

Description Typical (MB / Sec)
Disk-buffer transfer Zone Model Read Write
I nstantaneous 0 450 GB 179.7 179.7
0 300 GB 152.1 152.1
Measured typical values for sustained disk- 0 450 GB 160.0 155.8
buffer tranfer rate 0 300GB | 135.0 1315

[nstantaneous 22 450 GB 1123 1123

17 300 GB 110.6 110.6

Measured typical values for sustained disk- 22 450 GB 99.9 97.3

buffer tranfer rate 17 300 GB 98.2 95.6
Notes:

. Instantaneous disk-buffer transfer rate is derived by: (Number of sectors on atrack) x 512 x (revolutions/sec)

. For thistable, "1 MB / Sec' should be interpreted as 1,000,000 bytes per Second.

e Thenumber of sectors per track will vary by zone because of the linear density recording.

»  Sustained disk-buffer transfer rate is the average rate measured while transferring multiple cylinders of data. It dif-
fers from the instantaneous transfer rate because of the time required to change tracks (Cylinder skew and Head
skew). In addition, timeis added for the occasional missed transfer.

4.5.5 Buffering operation (read ahead/write cache)

This hard disk drive has a buffer for read ahead (see Segmented Caching, page 331).
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5.0 Data lIntegrity

The drive retains recorded information under al non-write operations.

No more than one sector can be lost by power down during a write operation while write cache is disabled. If power down
occurs before completion of a data transfer from write cache to disk while write cache is enabled, the data remaining in the
write cache will be lost. To prevent this data loss at power off, the following action is recommended:

. Confirm successful completion of a SYNCHRONIZE CACHE (35h) command

5.1 Equipment Satus

Equipment status is available to the host system any time the drive is not ready to READ, WRITE or SEEK. This status nor-
mally exists at power-on time and will be maintained until the following conditions are satisfied:

. Access recalibration/tuning is complete
»  Spindle speed meets requirements for reliable operations
. Self-check of driveis complete

Appropriate error status is made available to the host system if any of the following conditions occur after the drive has
become ready:

. Spindle speed goes outside of requirements for reliable operation
+  “Writefault” is detected

5.2 Error Recovery Procedure

Errors occurring with the drive are handled by the error recovery procedure.

Errors that are uncorrectabl e after application of the error recovery procedures are reported to the host system as non-recover-
able errors.
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6.0 Physical Format

Media defects are remapped to the next available sector during the Format Process in manufacturing. The mapping from Log-
ical Block Address (LBA) to the physical Block locations is calculated using internally maintained tables.

6.1 Shipped Format (P-List)

o Dataareasare optimally used.
»  All pushes generated by defects are absorbed by available tracks of the inner notch.

P-List Physical Format

Plist physical format

N N+1 | Defect] N+2 |Defect| N+3

Skip 4 skp +

Note: Defects are skipped without any constraint, such as track or cylinder boundary. The calculation from LBA to physical
is done automatically by internal table.

6.2 Reassigned Format (G-List)

e G-List hasacapacity of 5000 Customer LBAS.
*  Multiple reassignments of the same Customer LBA do not increase the number of G-List entries.
e A track for spare sectorsisinserted after every 800 nominal customer tracks.
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7.0 Electrical Interface

7.1 FC-AL Connector

The drive conforms to SFF specifications 8045, 8067 and 8451. The SFF 8045/8067 documents defines the electrical specifi-
cation and SFF-8451 defines the mechanical specification. The only difference between SFF-8045 and SFF-8067 is the
Enclosure Service Interface. The drive will ‘discover' the level of Enclosure Service Interface supported by the enclosure, and
use the proper level for enclosure communication. This 'discovery' process is defined in the SFF-8067 specification.

The connector is expected to be used in an environment which uses a common connector structure for racking disk drivesin a
cabinet. The connector allows for plugging adrive directly into a backplane by providing the necessary electrical connection.
Mechanical stability and device retention must be provided by a mechanism outside the drive.

The signals defined in this connector include:

*Dual ported Fibre Channel In/Out control signals
e +5V and +12V power
e |D select
e Motor start control
e LED drivesignas
« PBC Interlock control
* Fibre Channdl link rate selection/Hard Reset
*  Power control

7.1.1 40 pin SCA-2 SFF-8045 FC-AL Connector Definition

The drive uses the connector compatible with the SFF-8045 connector specifications. The connector contact assignment is
shown in following table.

Table 12: 40-pin Connector Signal Definition

Signal Name Pin # Pin # Signal Name
-ENBL BYP CH1 1 21 12V Charge
12 Volts 2 22 12V Ground
12 Volts 3 23 12V Ground
12 Volts 4 24 +Port1 In
-Pardlel ES| 5* 25 -Port1_In
-Drive Present 6 26 12V Ground
Ready LED Out 7 27 +Port 2_In
Power Control 8 28 -Port2_In
Start_1/Mated 9 29 12V Ground
Start 2/Mated 10 30 +Port 1_Out
-ENBL BYP CH2 11 31 -Port 1_Out
Sel_6/-EFW 12* 32 5V Ground
Sel_5/-P_ESI_5 13+ 33 +Port 2_Out
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Sel_4/-P_ESl 4 14* 34 -Port 2_Out
Sel_3/-P_ESI_3 15 35 5V Ground

Fault LED Out 16 36 Sel_2/-P_ESI_2
Dev_Ctrl_Code 2 17 37+ Sel_1-P ESI_1
Dev_Ctrl_Code 1 18 38+ Sel_0/-P_ESI_0
5Voalts 19 39 Dev_Ctrl_Code 0
5 Volts 20 40 5V Charge

Note:  The guide pins are connected to 5V ground.
* Definition changes for SFF-8067

7.1.2 Voltage and Ground Signals

The12V and 5V contacts provide all of the voltages required by the drive. The two voltages share a common ground plane to
which all of the ground contacts are connected.

7.1.3 Fault LED Out

As specified in the SFF-8045 specification, the Fault LED is driven under the following conditions:

*both enable bypass signals are asserted by the drive
e aninternal failure has been detected by the drive
« thedrive has been instructed by the host to turn on the LED

The drive provides an open-collector TTL driver with up to 30mA of current sink capability to the drive fault LED. The cath-
ode of the LED should be connected to this signal. The LED and the current-limiting resistor must be provided by the enclo-
sure.

7.1.4 Ready LED Out

As specified in the SFF-8045 specification, the Ready LED Out signal has the following definition (per the Hot Plug Imple-
mentation):

* Drive not mated:
— Thesignal isde-asserted (i.e. high). The LED is off.
» Drive mated, motor not spinning:

— Thesignal isasserted (i.e. low) for aperiod long enough to be detected by the observer whenever a SCSI command is
received. The LED is normally off.

e Drive mated, spinning up or down:
— Thesignal isaternately asserted and de-asserted for a period of 1/2 second. The LED isflashing.
» Drive mated, motor spinning:

— Thesignal isnormally asserted continuously. The signal is de-asserted for a period long enough to be detected by an
observer, whenever a SCSI command is received. The LED isusually on.

The drive provides an open-collector TTL driver with up to 30mA of current sink capability to the Ready LED Out signal. The
cathode of the LED should be connected to this signal. The LED and the current-limiting resistor must be provided by the
enclosure.
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7.1.5 Sart Mated Controls

The Start_ X Mated signals are TTL inputs to the drive and have 10K ohm pull-up resistors.

As per the SFF-8045 specification, the 'Start_x Mated' function is implemented asin the following table. Please refer to SFF-
8045 for a more compl ete definition.

Table 13: Sart/Mated Controls

Sart_ 2 Mated Sart_1Mated Spin Function

Open Open Drive is not mated. No spin-up will occur.

Open Gnd The mator will spin up with the SCSI Unit Start Cmd

Gnd Open The motor will spin up after adelay of 6 times the modulo 8 of
Sel_ID (in seconds)

Gnd Gnd The motor will spin up after drive initialization

7.1.6 SEL_n and Enclosure Service Signals

These signals have different definitions depending on the state of -Parallel ESI and the level of enclosure service supported by
the backplane.

7.1.6.1 SEL_n and Enclosure Service Signals

-Parallel ESl isaTTL open-drain output from the drive. It is used to establish the definition of the SEL_n signals. When -Par-
alel ESl isde-asserted (high), the backplane shall preset SEL 1D information on these signals (within lusec). When -Parallel
ESl is asserted (Ilow), the backplane (if supported) will present enclosure service information on these signals (within 1usec).
The drive will then go through a'discovery' phase to determine the level of enclosure services that the backplane supports (i.e.
none, SFF-8045, or SFF-8067) and behave accordingly.

7.1.6.2 SEL _ID Function

The SEL_n (TTL compatible) inputs (defined when -Parallel ESI is de-asserted) provide abinary value of loop identifier to the
drive. These 7 signals define 128 possible values and are directly translated into an 8 bit hard AL_PA viathe table below. Only
AL_PA'swith neutral disparity are valid values. The drive will attempt to acquire thishard AL_PA for its own during the
LIHA phase of the loop initialization process (LIP).

Table14: SEL_ID/AL_PA

SEL_ID AL_PA SEL_ID AL_PA SEL_ID AL_PA SEL_ID AL_PA
0 EF 20 B2 40 72 60 3A
1 E8 21 Bl 41 71 61 39
2 E4 22 AE 42 6E 62 36
3 E2 23 AD 43 6D 63 35
4 El 24 AC 44 6C 64 34
5 EO 25 AB 45 6B 65 33
6 DC 26 AA 46 6A 66 32
7 DA 27 A9 47 69 67 31
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8 D9 28 A7 48 67 68 2E
9 D6 29 A6 49 66 69 2D
A D5 2A A5 4A 65 6A 2C
B D4 2B A3 4B 63 6B 2B
C D3 2C 9F 4C 5C 6C 2A
D D2 2D 9E 4D 5A 6D 29
E D1 2E 9D 4E 59 6E 27
F CE 2F 9B 4F 56 6F 26
10 CD 30 98 50 55 70 25
11 CcC 31 97 51 54 71 23
12 CB 32 90 52 53 72 1F
13 CA 33 8F 53 52 73 1E
14 C9 34 88 54 51 74 1D
15 c7 35 84 55 4E 75 1B
16 C6 36 82 56 4D 76 18
17 C5 37 81 57 4C 77 17
18 C3 38 80 58 4B 78 10
19 BC 39 7C 59 4A 79 F
1A BA 3A A 5A 49 7A 8
1B B9 3B 79 5B 47 7B 4
1C B6 3C 76 5C 46 7C 2
1D BS 3D 75 5D 45 7E 1
1E B4 3E 74 5E 43 7E NA
1F B3 3F 73 5F 3C 7F -

Note:  All valuesarein hex format. An AL_PA value of 0x00 isnot valid for an NL_Port. A SEL_ID of Ox7F forces the
drive to obtain a soft address.

7.1.6.3 P_ESI_n Function

The SEL_N (TTL compatible) 1/O's (defined when -Parallel ESI is asserted) provide an interface between the enclosure and
the drive. When signals are defined as outputs, they are configured as open-drain drivers with 4mA sink capability.

When the drive asserts -Parallel ESI, it goes through a 'discovery' process (see SFF-8067) to determine the level of enclosure
service supported by the backplane. The outcome of the 'discovery’ processis that the backplane:

1. Does not support enclosure services or

2. Supports SFF-8045 enclosure services or

3. Supports SFF-8067 enclosure services

The definition of the signals are summarized in the table below:
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Table15: SEL_N/P_ESI_N Signal Definition

-Parallel ESI -Parallel ESI asserted (low)

de-asserted (high) SFF-8045* SFF-8067*

Sel_0 (input) P_ESI_0 (input) Data(0) (bi-di**)
Sel_1 (input) P_ESI_1 (input) Data(1) (bi-di**)
Sel_2 (input) P_ESI_2 (input) Data(2) (bi-di**)
Sel_3 (input) P_ESI_3 (input) Data(3) (bi-di**)
Sel_4 (input) P_ESI_4 (input) -ENCL_ACK (output)
Sel_5 (input) P_ESI_5 (input) -DSK_RD (input)
Sel 6 (input) -EFW (input) -DSK_WR (input)

Note: * level of backplane support as established in ‘discovery'
** the direction is determined by the state of DSK_RD and DSK_WR
all signals are assumed valid 1 usec after -Parallel ESI changes state

7.1.6.4 SFF-8045 Enclosure Service I nterface

The SFF-8045 Enclosure Service Interface defines 7 bits of enclosure status. This statusis read by the drive, and presented to
the initiator, upon receipt of the appropriate SCSI RECEIVE DIAGNOSTIC command. The definitions of the status bits are
vendor specific. The drive does not try to interpret the status. The drive assumes -EFW is status and treatsit asit does the other
P_ESlI _nsignals.

7.1.6.5 SFF-8067 Enclosure Service I nterface

The SFF-8067 Enclosure Service Interface defines a bidirectional communication path between the backplane and the drive.
Read Communications are invoked by the drive upon receipt of the appropriate SCSI RECEIVE DIAGNOSTIC command.
This hasthe system level effect of the host reading information from the enclosure. Write Communications are invoked by the
drive upon receipt of the appropriate SCSI SEND DIAGNOSTIC command. This has the system level effect of the host writ-
ing information to the enclosure. The meaning of the information is vendor specific. The drive does not try to interpret the
information. See the SFF-8067 Specification for a detailed description of the communication protocol.

7.1.7 -ENBL_BYP CH1,-ENBL_BYP_CH2

These TTL outputs from the drive provide 4mA of sink capability. They are intended to control the state of aloop port bypass
circuit on the backplane. The drive powers up with these signals turned off. It is assumed that the backplane will provide a
1Kohm pull-down resistor that will ensure the drive is bypassed on the loop when it is not present, or when it is powering up.
After asuccessful power-up, the drive will attempt to enableitself on both loops (if allowed to do so via SCSI mode page 19h).
These signals are also controllable by the host with the LPB and L PE fibre channel primitives.

7.1.8 —Drive Present

This signal is connected to the drive's ground plane. The backplane can use this signal to detect the presence of the drive.

7.1.9 Dev_Ctrl_Code x

Thesignals DEV_CTRL_CODE_2 through DEV_CTRL_CODE_0 provide a binary code to the drive to control functions
such as FC link rate, Power Failure Warning (PFW) and Hard Reset. The control function is either identified by a code or a
sequence of codes onthe DEV_CTRL_CODE signals. The table below defines the functions and assigned codes that use a

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
23



decode of the value on the DEV_CTRL_CODE signals.

The Hard Reset function uses a sequence of values on the DEV_CTRL_CODE signals. The sequenceisb, 1, 3,2,3,1,5. A
drive detecting avalid Hard Reset sequence shall perform the equivalent of a power-on-reset.

10 Kohm pull up resistorsto 3.3 VOLTS are provided on the drive for both DEV_CTRL_CODE_2, DEV_CTRL_CODE 1
and DEV_CTRL_CODE_0 to be sure that each signal is maintained in its high state unless alow is provided from the back-
plane.

For more information refer to the SFF-8045 Specification.

Table 16: DEV_CTRL_CODE_N Signal Definition

Link Rate DEV_CTRL_CODE_2 |DEV_CTRL_CODE_1 |DEV_CTRL_CODE_O
1.0625 GHz 1 1 1
2.1250 GHz 1 1 0
4.250 GHz 1 0 1
Reserved 1 0 0
Reserved 0 1 1
Reserved 0 1 0
Reserved 0 0 1
Power Failure Warning 0 0 0
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8.0 Environment

8.1 Temperature and humidity

Table 17: Operating and non-oper ating conditions

Operating conditions

Ambient Temperature

5°Cto55°C

Relative humidity

5 to 90%, non-condensing

Maximum wet bulb temperature

29.4°C, non-condensing

Maximum surface temperature gradient 20°C/hour
Altitude -305t0 3,048 m
Shipping conditions

Ambient Temperature -40°C to 70°C

Relative humidity

5 to 95%, non-condensing

Maximum wet bulb temperature

35°C, non-condensing

Maximum surface temperature gradient 30°C/hour
Altitude -305t012,192 m
Storage conditions

Ambient Temperature 0°C to 65°C

Relative humidity

5 to 90%, non-condensing

Maximum wet bulb temperature

35°C, non-condensing

Altitude

-305t012,192 m
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8.2 Soragerequirements

8.2.1 Packaging

The drive or option kit must be heat-sealed in a moisture barrier bag with desiccant inside the bag supplied by Hitachi Global
Storage Technologies.

8.2.2 Storagetime

Cumulative storage time in the package must not exceed one year. If alonger storage timeis required, the drive must be
repackaged with new desiccant or moved to a climatically controlled environment.

After the drive is unpackaged, it must not remain inoperative for longer than six months.

8.3 Corrosion test

The hard disk drive shows no signs of corrosion inside or outside of the hard disk assembly and remains functional after being
exposed to atemperature of 50°C and relative humidity of 90% for seven days.
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8.4 Cooling requirements

Drive component surface temperatures must remain within the limits specified in the following table. The drive may require
forced air cooling to meet specified operating temperatures.

Table 18: Maximum allowable surface temperatures

M odule name L ocation Maximum allowable surface temperature
MPU/HDC Integration module 1 108°C
DRAM 2 85°C
VCM & spindle driver 3 108°C
Channel 4 115°C
HDD base casting as noted in picture 60°C
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9.0 DC Power Reguirements

The following voltage specification applies at the drive power connector. Connections to the drive should be made in a safety
extralow voltage (SELV) circuit. There is no power on or power off sequencing requirement.

Adeguate secondary over-current protection is the responsibility of the system.
Table 19: Input Voltage and capacitance

Absolute M ax . . :

Tolerance Spike Voltage Supply Rise Time Capacitance
+5 Volts Supply +/- 5% 55V 0-200 ms 96 uF
+12 Volts Supply +/- 5% 15V 0-400 ms 100 uF

Note: -8% is acceptable during spin up, but the spin up time is not guaranteed.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
29



9.1 Power Supply Current, Average and Peak

Thefollowing current and power requirements are typical when operating under the following conditions: Nominal 5 and 12V,
Background Media Scan (BMS) disabled for Idle, Write Caching disabled and the drive reporting atemperature of 45C.

Model FC 4 Gb/s 450 GB Current Current Power Note
10/ Sec +5V +12V Watts

Start Peak Power DC 1.92 ---
Start Peak Power AC 1.11 2.45
Idle 0.83 0.72 12.7 Average
Idle Ripple 0.25 0.26 Peak to Peak
Random W / R Peak 206 1.36 2.26 2KB Qd=4
Random W/ R Average 206 0.86 1.07 17.1 2KB Qd=4
Random W / R Average 158 0.84 1.04 16.6 2KB Qd=1

120 0.84 1.01

90 0.84 0.99

60 0.84 0.98

30 0.84 0.97
Sequential Read Peak 1.60 Maximum Transfer Rate
Sequential Read Average 1.36 0.74 15.7 Maximum Transfer Rate
Sequential Write Peak 1.65 Maximum Transfer Rate
Sequential Write Average 1.37 0.74 15.7 Maximum Transfer Rate
BMS Average 0.92 0.74 13.5
BM S Peak 1.54

450 GB Peak AC

Ll > L—
[ | ‘
Power on Spin up Calibrate
12V 5V
2 Sec / Div 2 Sec / Div
1A/ Div 0.5A / Div
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Model FC 4 Gb/s

Start Peak Power DC
Start Peak Power AC
Idle

Idle Ripple

Random W/ R Peak
Random W/ R Average
Random W/ R Average

Sequential Read Peak
Sequential Read Average
Sequential Write Peak
Sequential Write Average
BMS Average

BMS Peak

300 GB  Current Current Power
IO/ Sec +5V +12V Watts
1.92
1.12 2.44
0.83 0.71 12.7
0.25 0.19
215 1.36 2.24
215 0.88 1.07 17.2
164 0.86 1.02 16.6
120 0.85 1.01
90 0.85 0.99
60 0.84 0.98
30 0.84 0.98
1.60
1.38 0.74 15.8
1.60
1.31 0.74 154
0.97 0.74 13.7
1.46

Note

Average
Peak to Peak
2KB Qd=4
2KB Qd=4
2KB Qd=1

Maximum Transfer Rate
Maximum Transfer Rate
Maximum Transfer Rate
Maximum Transfer Rate
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9.2 Ripple Voltage

Table 20: Power Supply Generated Ripple at Drive Power Connector

Maximum (mV pp) MHz
+5V DC 250 0-10
+12V DC 250 0-10

During drive start up and seek, 12 volt rippleis generated by the drive (referred to as dynamic loading). If the power of several
drivesis daisy chained, the power supply ripple plus other drive dynamic loading must remain within the regulation tolerance
of +5%. A common supply with separate power leads to each drive is a more desirable method of power distribution.

To prevent external electrical noise from interfering with the drive's performance, the drive must be held by four screwsin a
user system frame that has no electrical level difference at the four screw positions. The drive enclosure must not be used in
the current return path of the drive power supply. The maximum common-mode noise current passing through the drive must

not exceed 20 mA.

9.3 Power Consumption Efficiency I ndex

Table 21: Power Consumption Efficiency I ndex

M odél

450GB M odel

300 GB Model

Power Consumption Efficiency Index -Idle Mode (W/GB)

0.028

0.042
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10.0 Reliability

10.1 Sart/Sop Cycles

The drive is designed to withstand a minimum of 50,000 start/stop cycles at ambient environment.

Thedriveis designed to withstand a minimum of 10,000 start/stop cycles at the operating environment conditions specified in
“Environment” on page 25.

10.2 Data Reliability

The probability of an uncorrectable data error is 1 in 1016 bits read.
ECC implementation:
*  1symbol =10 hits
* 1linterleave
e 20 symbols, On-The-Fly correction
* Upto 38 symbols (total) Off-Line correction with burst error information
*  LBA seeded 32 bhit CRC for ECC miscorrect detection

10.3 Seek errors

A non-recoverable seek/ID miscompare error is defined as a seek operation that cannot be recovered by the error recovery pro-
cedure of the drive. The drive reports sense key 04 and sense code 02 for this error.

No drive has more than one non-recoverable seek/ID miscompare error per 100 million seek operations (1 in 1x 108) when
operated at the full range of voltage and environmental conditions.

10.4 Failure prediction (PFA/SM.A.R.T)

A recoverable equipment error isan error other than a seek/ID miscompare error or read error that is detected and corrected by
the drive error recovery procedure. Examples are Write Fault, Drive Not Ready and internal drive errors.

SMART Monitoring Parameters are checked to determine if the (Read/Write/Seek) error rates exceed the drive’s threshold
value when an error occurs and a minimum amount of operation has been completed. A check is also performed for amini-
mum level of Spare Sector Availability.

TheHead Load / Unload Count, Spin Up Time and Spin Up Retry Count parameters are checked prior to reporting a*“ Ready”
condition at Power On.

Non-recoverable equipment errors indicate a defective drive.

10.5 Preventive M aintenance

None.

10.6 Temperature Warning

Temperature Warning is enabled by setting the EWA SC (Enable Warning Additional Sense Code) bit to 1 and setting DEX-
CPT (Disable Exception Control) bit to 0in Mode Page 1C. For mode page settings, refer to Section 19.10.14, “Mode Page 1C
(Informational Exceptions Control)” on page 193. The warning isissued as sense data (Sense Key 01h, Code 0Bh, Qual 01h).
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The drive temperature is reported in Log Sense page 2F. Refer to Section 19.7.12, “Log Sense Page 2F” on page 159.
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11.0 Mechanical Specifications

11.1 Outline

11.2 Mechanical Dimensions

The drive complies with SFF-8301.
Table 22: Physical Dimensions

Height [mm] 25.8+0.3

Width [mm] 101.6+ 0.25

Length [mm] 146.2+ 0.8

Weight [grams - maximum)] 450 GB Model 750 grams
300 GB Model 750 grams
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11.3 Interface Connector

Pin 21
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11.4 Mounting Positions and Tappings
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11.5 Drive Mounting

Thedrive will operate in all axes (6 directions). Performance and error rate will stay within specification limitsif the driveis
operated in the other orientations from which it was formatted.

The recommended mounting screw torque is 0.6 - 1.0 Nm (6 - 10 kgf-cm). The recommended mounting screw depth is4 mm
maximum for bottom and 4.5 mm maximum for horizontal mounting.

To avoid performance degradation, mount the drive in the system securely enough to prevent excessive motion or vibration of
the drive at seek operation or spindle rotation, using appropriate screws or equivalent mounting hardware. Consult with the
issuer of this specification for actual application if necessary.

Drive level vibration tests and shock tests are to be conducted with the drive mounted to a table using the bottom four screws.

11.6 Heads Unload and Actuator L ock

Heads are moved out from the disks (unload) to protect the disk data during shipping, moving or storage. At power down, the
heads are automatically unloaded from over the disk areaand the head actuator locking mechanism will secure the headsin the
unload position.
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12.0 Vibration and Shock

All vibration and shock measurements in this section are made with a bare drive. The input for the measurements are applied
to the normal drive mounting points unless noted otherwise.

12.1 Operating Vibration

12.1.1 Random Vibration

Thedriveis designed to operate without unrecoverable errors while being subjected to the vibration levels as defined bel ow.

The assessments are carried out during 30 minutes of random vibration using the power spectral density (PSD) levels asfol-
lows.

NoErrors: 0.4 G RMS, 5-500 Hz, flat PSD profile for each of the three mutually perpendicular axes.
NoDatalLoss. 1.2 GRMS, 5-500 Hz, flat PSD profile for each of the three mutually perpendicular axes.
Note:  The specified levels are measured at the mounting points.

12.1.2 Swept Sine Vibration

The drive will meet the criterion while operating in the respective conditions as described bel ow.
Noerrors: 0.5 G 0-peak, 5-400-5 Hz sine wave, 0.5 octave/minute sweep rate

Nodataloss. 1.5 G 0-peak, 5-500-5 Hz sine wave, 0.5 octave/minute sweep rate

12.2 Non-operating Vibrations

The drive will not sustain permanent damage or loss of recorded data after being subjected to the environments as described
below.

12.2.1 Random Vibration

Thetest consists of arandom vibration applied for each of the three mutually perpendicular axes at atime duration of ten min-
utes per axis.

1.04 G RMS, 5-500 Hz, flat PSD profile

12.2.2 Swept Sine Vibration

The test consists of a swept sine vibration applied for each of the three mutually perpendicular axes.
2.0G 0-peak, 5-500-5 Hz sine wave, 0.5 octave/minute sweep rate

12.3 Operating shock

The drive will meet the criterion while operating in the respective conditions as described below.
No data loss: 15G, 11 msduration, half sinewave shock pulse
Nodataloss:  30G, 2 msduration, half sinewave shock pulse

The shock pulses of each level are applied to the drive, ten pulses for each direction and for all three mutually perpendicular
axes. There must be aminimum of thirty seconds delay between shock pulses. Theinput level isapplied to abase plate where
the drive is attached using four mounting screws.
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12.4 Non-operating shock

The drive will not sustain permanent damage or loss of recorded data after being subjected to the environments as described
below.

12.4.1 Half sinewave shock pulse

80 G, 11 msduration, half sinewave pulse
250 G, 2 msduration, half sinewave pulse

The shocks are applied in each direction of the drive for the three mutually perpendicular axes, one axis at atime. The input
level is applied to a base plate where the drive is attached using four mounting screws.

12.4.2 Rotational shock

30,000 radians /second?, 1 ms duration

20,000 radians /second?, 2 ms duration

The shock input is applied around the axis of the actuator pivot. The shock input does not displace the heads from the actuator
latched position.
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13.0 Acoustics

13.1 Sound power levels

The upper limit criteria of A-weighted sound power levels are given in Bel, relative to one pico watt, and are shown in the
following table. The measurement method is in accordance with 1SO-7779.

Table 23: A-weighted sound power levels

A-weighted sound power level (Bel)
M odel Mode

Typical Maximum

Idle 3.7 4.0

450 GB

Operating 4.3 4.7

300 GB Idle 3.7 4.0

Operating 4.3 47

Background power levels of the acoustic test chamber for each octave band are to be recorded. Sound power levels are mea-
sured with the drive supported by spacers so that the lower surface of the driveislocated at a height of 25 cm from the cham-

ber floor.
No sound-absorbing material shall be used. The acoustical characteristics of the drive subsystem are measured under the

following conditions.

Idle Mode:
Powered on, disks spinning, track following, unit ready to receive and respond to host commands.

Operating Mode

Continuous random cylinder selection and seek operation of the actuator with dwell timeat each cylinder. Seek ratefor thedrive
is caculated per the formula below:

Ns =average seek rate in seeks/sec where;
Ns=0.4/(Tt+TI)
Tt = published random seek time

TI = time for the drive to rotate by half arevolution
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14.0 Identification

14.1 Labels

The following labels are affixed to every hard disk drive shipped from the drive manufacturing location in accordance with
appropriate hard disk drive assembly drawing:

* Alabel containing Hitachi Globa Storage Technologies logo, Hitachi part number and the statement “Made by
Hitachi” or Hitachi approved equivalent.

» A label containing drive model number, manufacturing date, formatted capacity, country of origin or Hitachi
approved equivalent and UL, C-UL, TUV, CE, MIC, BSMI, CTICK, RoHS and Recycle logos.

A bar code label containing the drive serial number.

e A user designed label, per agreement
* Interface definition mark, FC-AL-4 Model

The labels may be integrated with other labels.
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15.0 Electromagnetic Compatibility

The drive, when installed in a suitable enclosure and exercised with a random accessing routine at a maximum data rate will
comply with the worldwide EMC requirements listed below.

Thedriveisdesigned for system integration and installation into a suitable enclosure for use. Assuch, thedriveissupplied as
a subassembly and is not subject to Subpart A of Part 15 of the FCC Rules and Regulations.

The design of the drive serves to minimize radiated emissions when installed in an enclosure that provides reasonable shield-
ing. Assuch, thedriveis capable of meeting FCC Class A limits. However, it is the users responsibility to assure that the
drive meets the appropriate EM C requirements in their system. Shielded I/O cables may be required if the enclosure does not
provide adequate shielding, with the shields grounded to the enclosure and to the host computer.

Radiated and Conducted EMI
CISPR22 Class A
ASINZS CISPR22 Class A
CNS13438 (Taiwan) Class A
EN55022 (EU) Class A
FCC Title47 Part 15 (United States) Class A
GB9254 (China) Class A
ICES-003, Issue 4 Class A
VCCI (Japan) Class A
ITE Immunity
EN55024

Power Line Harmonics
EN61000-3-2 (EU)
GB17625.1 (China)

Voltage Fluctuations and Flicker
EN61000-3-3 (EU)
GB17625.2 (China)
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15.1 Class A Regulatory Notices

European Union

This product is in conformity with the protection requirements of EU Council Directive 89/336/EEC, as amended by Council
Directive 93/68/EEC on the approximation of the laws of the Member States relating to electromagnetic compatibility. Hitachi
cannot accept responsibility for any failure to satisfy the protection requirements resulting from a non-recommended modifica
tion of the product, including the fitting of non-Hitachi option cards.

This product has been tested and found to comply with the limitsfor Class A Information Technology Equipment according to
European Standard EN 55022. The limits for Class A equipment were derived for commercial and industrial environments to
provide reasonable protection against interference with licensed communication equipment.

Warning
ThisisaClass A product. In adomestic environment this product may cause radio interference in which case the user may be
required to take adequate measures.

Canada
This Class A digital apparatus complies with Canadian | CES-003.
Cet appareil numérique de laclasse A est conforme ala norme NMB-003 du Canada.

Germany

Deutschsprachiger EU Hinweis:

Hinweis fir Geréte der Klasse A EU-Richtlinie zur Elektromagnetischen Vertraglichkeit Dieses Produkt entspricht den Schut-
zanforderungen der EU-Richtlinie 89/336/EWG zur Angleichung der Rechtsvorschriften Uber die elektromagnetische Ver-
traglichkeit in den EU-Mitgliedsstaatenund halt die Grenzwerte der EN 55022 Klasse A ein. Um dieses sicherzustellen, sind
die Geréte wie in den Handbuichern beschrieben zu installieren und zu betreiben. Des Weiteren dirfen auch nur von der
HITACHI empfohlene Kabel angeschlossen werden. HITACHI Ubernimmt keine Verantwortung fir die Einhaltung der Schut-
zanforderungen, wenn das Produkt ohne Zustimmung der HITACHI veréndert bzw. wenn Erweiterungskomponenten von
Fremdherstellern ohne Empfehlung der HITACHI gesteckt/eingebaut werden. EN 55022 Klasse A Gerédte missen mit folgen-
dem Warnhinweis versehen werden:

"Warnung: Diesesist eine Einrichtung der Klasse A. Diese Einrichtung kann im Wohnbereich Funk-Stérungen verursachen; in
diesem Fall kann vom Betreiber verlangt werden, angemessene Malinahmen zu ergreifen und dafiir aufzukommen."

Deutschland: Einhaltung des Gesetzes Uiber die elektromagnetische Vertraglichkeit von Gerdten Dieses Produkt entspricht
dem "Gesetz Uber die elektromagnetische Vertraglichkeit von Gerdten (EMVG)". Diesist die Umsetzung der EU-Richtlinie
89/336/EWG in der Bundesrepublik Deutschland.

Zulassungsbescheinigung laut dem Deutschen Gesetz tiber die elektromagnetische Vertréglichkeit von Geréten (EMVG) vom
18. September 1998 (bzw. der EMC EG Richtlinie 89/336) fiir Gerate der Klasse A Dieses Gerét ist berechtigt, in Uberein-

stimmung mit dem Deutschen EMV G das EG-K onformitétszeichen - CE - zu fuhren. Verantwortlich fur die Konformitétserk-
l&rung nach Paragraf 5 desEMV G ist die Hitachi Global Storage Technologies, 5600 Cottle road, San Jose, California 95193.
Informationen in Hinsicht EMV G Paragraf 4 Abs. (1) 4:

Das Gerét erfllt die Schutzanforderungen nach EN 55024 und EN 55022 Klasse A.
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16.0 Sandards

The following shows the safety standards for different countries.

16.1 UL and C-UL Sandard Conformity

Thedriveisqualified per ULIEC 60950-1: 2001, First Edition for use in Information Technology Equipment, including Elec-
tric Business Equipment. The UL recognition, or the C-UL certification, is maintained for the product life. The UL and C-UL
recognition mark appears on the drive.

16.2 European Sandards Compliance
The product is certified to EN60950.

16.3 German Safety Mark

The product is approved by TUV on Test requirement: EN 60950-1:2001, but the GS mark is not applicable to internal devices
such as these drives.

16.4 Flammability

The printed circuit boards used in this drive are made of material with a UL recognized flammability rating of V-1 or better.
The flammability rating is marked or etched on the board. All other parts not considered electrical components are made of
material with a UL recognized flammability rating of V-1 or better.

16.5 Corporate Sandards Compliance

This product has been designed to meet the following Corporate Standards:

- NB 3-0501-201 Product Safety, National Requirements-All Countries.

- CS 3-0501-070 Electrical, Mechanical and Flammability

- NB 3-0501-033 Product Safety National Certification Conformity Requirement
- CS 1-9700-020 Eco-Product Design Requirement

Hitachi GST encourages owners of information technology (1T) equipment to responsibly recycle their equipment when it is
no longer needed. Hitachi GST offers avariety of programs and servicesto assist equipment ownersin recycling their IT
products.
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17.0 FC-AL attachment

This section defines some basic terminology and describes the behavior of the drive when attached to a Fibre Channel Arbi-
trated Loop.

17.1 Fundamentals

This section introduces some of the terminology that is used in describing Fibre Channel and FC-AL.

Fibre Channel islogically a bi-directional serial data channel between two Nodes. Nodes are physically connected by aLink;
the point of connection between the link and the node is called a Port.

Ports may be connected point-to-point by asingle link or by a switching network (Fabric). If the port is part of the Fabriciit is
caled an F_Port, otherwiseitisan N_Port.

Fibre Channel is defined in terms of a hierarchy of functions or 'protocol layers.
. FC-0: Physical Link
. FC-1: Transmission Protocol
. FC-2: Signaling and Framing Protocol
. FC-3: Common Services
. FC-4: Mapping
All layers except FC-4 are defined in
*  “Fibre Channel Physical and Signaling Interface (FC-PH)” - ANSI

The Arbitrated Loop is an extension of FC-1 and FC-2 that allows more than two nodes to be connected without the expense of
aFabric. A port that connectsto an Arbitrated Loop is generally referred to as an L_Port. However, the terms NL_Port and
FL_Port are also used if it is necessary to distinguish whether or not the L_Port is part of a Fabric. FC-AL isdefined in:

*  “Fibre Channel Arbitrated Loop (FC-AL)” -ANS

FC-4, the Mapping layer, defines how other communication protocols (e.g. SCSI, IPI-3, HIPPI) may use Fibre Channel func-
tions. The FC-4 used by The Drive is SCSI-FCP, which is defined in:

e “Fibre Channel Protocol for SCSI (SCSI-FCP)” -ANSI

The 'Disk Profile', recommends which features from the other documents should and should not be implemented in order to
ensure compatibility between devices from different manufacturers. The full title of the Disk Profileis:

*  “Fibre Channel Private Loop SCSI Direct Attach (FC-PLDA)” -ANS

An additional document, the ‘ Public Loop Profile’, describes the additional features needed to support communication over a
FC Fabric Topology. In addition to communicating with devices on their local 1oop, Public Loop devices can aso communi-
cate to devices across a network through the use of a“Fabric Port.” Public Loop behavior is defined in:

*  “Fibre Channel - Fabric Loop Attach (FC-FLA)” -ANSI

The Drive complies with the FC-FLA, which makes the following requirements:
1. The upper two bytes of the device’'s NL_Port ID must not be zero.
2. Thedevice must be able to communicate with the Fabric Port i.e., open AL_PA 0x00.
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In addition, the Drive implements FC-FLA as a super-set of the FC-PLDA. Thus, the Drive conformsto FC-PLDA except for
those behaviors explicitly defined by the FC-FLA profile. The PLDA makes the following additional requirements.

1. TheFC-4isSCSI-FCP.

2. The Drive provides aClass 3 Fibre Channel service.

- NOindication of (un)successful class 3 frame delivery is transmitted.
- Frame flow control is buffer-to-buffer only.

- Class 1 and 2 frames are ignored.
3. Direct point-to-point attachment with an N_Port is not supported.

17.1.1 Node and Port names

Every Fibre Channel Node and Port in the world must have a unique name. The Drive isanode with two L_Ports and therefore
has aNode_Name and two Port_Names.

Both the Node Name and Port_Name are in 64-hit |EEE Registered Name format, asillustrated in Table 24.
Table 24: |EEE Registered Name format

Bit

63-60 59-36 35-24 23-2 1-0

0101 OUI in Canonical Form Block Assignment SIN Object

The Name Address Authority field (0101b) specifies the format used for the rest of the name as follows:

« OUI Organizationaly Unigue Identifier (24 bits). Canonical form means that each byte is stored in
“bit reversed” order.
* Block Assignment Block assignment within Hitachi Global Storage Technologies
» Object Node/Port Identifier
00b Node
01b Port 1
10b Port 2
11b Not assighed
* SN Sequentially increasing drive serial number assigned at manufacturing.

17.1.2 NL_Port address

An NL_Port address, asillustrated in Table 25, is a 3 byte value that uniquely identifies an NL_Port on a Fibre Channel net-
work. The Domain and Area bytes are assigned to a NL_Port by itslocal FL_Port. The least significant bytein the NL_Port
addressisthe Arbitrated Loop Physical Address (AL_PA), and uniquely identifiesa NL_Port on itslocal loop.

A Hard AL_PA is onewhich is supplied, viathe Drive connector, from external switches or jumpers. A Soft AL_PA isone
which isassigned during Loop Initialization

Table 25: NL_Port address

Bits 23-16 Bits 15-8 Bits 7-0

Domain Area AL_PA
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17.1.3 Primitive signals and sequences

The fundamental unit of transfer on a Fibre Channel link is the 8b/10b encoded Transmission Character. Only 256 characters
are required to represent a byte of data so the set of valid transmission charactersis sub-divided into Data Characters and Spe-
cia Characters.

A Word isagroup of four consecutive transmission characters.

An Ordered Set isaword that starts with a special character (to give word and byte sync) and which has specia significanceto
the communication protocol. Fibre Channel defines the following types of ordered sets:

. Frame delimiters
. Primitive signals
. Primitive sequences

A Frame Delimiter immediately precedes or follows the contents of aframe (see 17.1.4, “Frames’ on page 56). Fibre Channel
defines the following:

. SOF Start of frame
. EOF End of frame
A Primitive Signal is an ordered set that has special meaning when received by itself. Fibre Channel defines the following:
. R_RDY Receiver Ready
. IDLE Idle
FC-AL adds the following:
. ARBX Arbitrate
. ARB(FO0) Arbitrate
. OPNyx Open Full-duplex
. OPNyy Open Half-duplex
. OPNfr Open Broadcast Replicate!
. OPNyr Open Selective Replicate!
. CLS Close
. MRKtx Mark!

A Primitive Sequence is an ordered set that is transmitted repeatedly and continuously. Three or more of the ordered sets must
be received consecutively in order to recognize the primitive sequence. Fibre Channel defines the following:

. NOS Not Operational

. oLS Offline?

. LR Link Reset?

. LRR Link Reset Received?

FC-AL adds the following:
. L PByx Loop Port Bypass
. L PEyx Loop Port Enable

1. Since normal buffer-to-buffer flow control is disabled when OPNTr is used, thereis no guarantee that the drive has a buffer available to receive an
in-bound frame. It is therefore, recommended that OPNr not be used.

2. Used to convey information about a dedicated connection and therefore not relevant to FC-AL. If detected during an open connection, the drive
will immediately close. Otherwise it will simply re-transmit.
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. L PEfx Loop Port Enable all

. LIP(F7,F7) Loop Initialization, no valid AL_PA
. LIP(F8,F7) Loop Initialization, loop failure, novalid AL_PA
. LIP(F7,AL_PS) Loop Initialization, valid AL_PA
. LIP(F8AL_PS) Loop Initialization, loop failure, valid AL_PA
. LIP(AL_PD,AL_PS) Loop Initialization, reset L_Port
17.1.4 Frames

Information transfer is achieved viaframesthat are constructed from words and ordered sets. All frames have the same genera
format, as shown in Table 26.

Table 26: General frame format

Field name SOF Header Payload Fill bytes CRC EOF

Field size, # of bytes 4 24 0to 2048 0to3 4 4

The SOF ordered set indicates the start of frame and provides word synchronization.

The Header isthe first field after the SOF delimiter. It is used by the link control facility to control link operations, control
device protocol transfer, and to detect missing or out of order frames. The header isillustrated in Table 27.

FC-PH describes the content of each field except 'Parameter’. SCSI-FCP defines thisfield as RLTV_OFF (Relative Offset).
Table 27: Frame header

Byte 3 2 1 0
word

0 R-CTL D-1D

1 Reserved SID

2 TYPE F-CTL

3 SEQ-ID DF-CTL SEQ-CNT

4 OX-1D RX-ID

5 Parameter (RLTV_OFF)

The Payload follows the header and has a length between 0 and 2048 bytes, which must be divisible by 4. An additional 0-3
fill bytes are appended to the payload in order to ensure that it ends on aword boundary.

The Cyclic Redundancy Check (CRC) isafour byte field following the payload. It is used to verify the integrity of the header
and payload.

The EOF ordered set marks the end of aframe.

17.1.5 Sequences

A Sequenceis aset of one or more related frames that flow in one direction only. The sequence is identified by the Sequence
Identifier (SEQ_ID) field in the frame header.
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17.1.6 Exchanges

An Exchangeis a set of one or more related non-concurrent sequences that may flow in the same or opposite directions. The
exchange isidentified by an Originator Exchange Identifier (OX_1D) and a Responder Exchange Identifier (RX_ID) in the
frame header.

17.2 Basic Link Services

TheBasic Link Servicesare all frameswith no payload. The Header TY PE field is set to 00h (Basic Link Service) and R_CTL
is set to 1000xxxxb (Basic Link_Data, Code = Xxxx).

Table 28: Basic link service command codes

Command Description Abbr.
0000 No Operation NOP
0001 Abort Sequence ABTS
0010 Remove Connection RMC
0100 Basic Accept BA_ACC
0101 Basic Reject BA_RJT

Others Reserved

NOP and RMC are prohibited by the Disk Profile. If the drive receives either an NOP or an RMC, it will ignoreit.

Note: PLDA 2.1 specifies: “ Reserved FC-PH fields are not required to be checked for zeroes. Validity bits set to 0 remove any
requirement to check the corresponding field for zeroes (e.g., if F_CTL bit 3=0, receiving N_Ports are not required to verify
that the parameter field in word 5 of the frame header contains zeroes).” As such, the drive does not validate 1) reserved FC
fields or 2) fields that are not reserved but are not valid for the current frame (as the example above with F_CTL bit 3). This
does not apply to any reserved field checking and testing within the FCP_CDB. These fields are checked as per ANSI SCSI
requirements.

17.2.1 Abort sequence (ABTS)

Although ABTS isaFibre Channel Basic Link Service, it is used by SCSI-FCP to implement the Abort Task, Task Manage-
ment function. It may only be used by a SCSI initiator to abort an entire exchange using the Recovery Abort protocol. Refer to
18.4.1, “Abort Task (Implemented as ABTS BLS)” on page 111 for a description of the Recovery Abort Protocol and the
frame payloads.

The response to ABTS is either BA_ACC or BA_RJT.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
57



17.2.2 Basic accept (BA_ACC)

BA_ACC indicatesthat aBasic Link Service Request has been completed. The drive only sendsaBA_ACC in response to an
ABTSBasic Link Service.

Table 29: BA_ACC Payload

Byte Item Size (Bytes)
0 SEQ_ID Validity (80h = valid, 00h = invalid) 1
1 SEQ ID 1
2 Reserved 2
3
4 OX_ID 2
5
6 RX_ID 2
7
8 Low SEQ_CNT 2
9
10 High SEQ_CNT 2
u

*  SEQ_ID Validity specifies whether the SEQ_ID field in the BA_ACC payload isvalid or not. The drive always sets
thisfield to 00h.

. SEQ_ID specifiesthe last SEQ _|ID which is deliverable to the Upper Level Protocol. Since the drive usesthe ABTS
protocol to abort an entire exchange, thisfield is unused. The drive sets thisfield to 00h.

. OXID specifies the OXID of the exchange that has been aborted by the drive.
. RXID specifies the RXID of the exchange that has been aborted by the drive.

. Low SEQ_CNT specifiesthe last data frame of the last delivered sequence. Since the drive aborts the entire
exchange, thisfield is set to 0000h.

. High SEQ_CNT isonly valid when an ABTS is used to abort a single sequence. Since the drive only supports abort-
ing of entire exchanges, thisfield is set to 0000h.
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17.2.3 Basicreject (BA_RJT)

BA_RJT indicates that a Basic Link Service Request has been rejected. The payload contains a four byte reason code to indi-
cate why the request was rejected.

Table 30: BA_RJT Payload

Byte Item Size (Bytes)
0 Reserved 1
1 Reason Code 1
2 Reason Explanation 1
3 Vendor Unique 1

Table 31: BA_RJT Reason Codes

Code Description

0000 0001 Invalid command code

0000 0011 Logical error

0000 0101 Logical busy

0000 0111 Protocol error
0000 1001 Unable to perform command requested
1111 1111 Vendor unique error

Others Reserved

Table 32: BA_RJT Reason Code Explanations

Code Description
0000 0000 No additional explanation
0000 0011 Invalid OX_ID-RX_ID combination

0000 0101 Sequence aborted, no Sequence information provided

Others Reserved
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17.3 Extended Link Services

For Extended Link Service frames, the Header TY PE field is set to 01h (Extended Link Service). R_CTL iseither 22h
(Extended Link Data, Unsolicited Control) for a Request, or 23h (Extended Link Data, Solicited Control) for a Reply.

Thefirst byte of the payload isthe LS Command and encodes the Request or Reply, as shown in Table 33 and Table 34.

Table 33: Extended Link Servicereplies

Code Reply Abbr.
02h Accept LS ACC
01h Link Service Reject LS RJT

Table 34 isacomprehensive list of all Extended Link Service commands supported by the drive.

Table 34: Extended Link Servicerequests

Code Request Abbr.
52h Address Discovery ADISC
60h Fabric Address Notification FAN
04h Fabric Login FLOGI
05h Logout LOGO
50h Port Discovery PDISC
03h Port Login PLOGI
20h Process Login PRLI
21h Process L ogout PRLO
OFh Read Link Status RLS
53h Report Node Capahilities RNC
78h Report Node ID RNID
12h Re-instate Recovery Qualifier RRQ
24h Third Party Process L ogout TPRLO
7Dh Report Port Speed Capabilities RPSC

Note: Only lists EL Ss supported by the drive. Refer to FC-PH for a complete list of EL Ss.

The code '11h' for the TEST ELS (not supported by the drive) is aso used by the L1Pxx frames that circulate during Loop Ini-
tialization. To differentiate these from a TEST ELS, the second byte of the payload must be examined and compared with
Table 35.

Note: PLDA 1.10 specifies. “Reserved FC-PH fields are not required to be checked for zeroes. Validity bits set to O remove
any requirement to check the corresponding field for zeroes (e.g., if F_CTL bit 3=0, receiving N_Ports are not required to ver-
ify that the parameter field in word 5 of the frame header contains zeroes).” Assuch, the drive does not validate 1) reserved FC
fields or 2) fields that are not reserved but are not valid for the current frame (as shown in the example above with F_CTL bit
3). Thisdoes not apply to any reserved field checking and testing within the FCP_CDB. These fields are checked as per ANSI
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SCSI requirements.

Table 35: Extended Link Servicerequest 11h qualifiers

Code Description Abbr.
01h Select Master LISM
02h Fabric Assign AL_PA LIFA
03h Previously Acquired AL_PA LIPA
04h Hard Assigned AL_PA LIHA
05h Soft Assigned AL_PA LISA
06h Report AL_PA Position Map LIRP
07h Loop AL_PA Position Map LILP

If aLoop Initialization frame is received when the Port is not performing a Loop Initialization Procedure, it will be responded
toby an LS _RJT containing areason code of “Command not supported” and a reason code explanation of “No additional

explanation”. This also appliesto all unsupported link services, as defined by Table 34.

17.3.1 Link Service Accept (LS ACC)

LS ACCisused inresponse to an Extended Link Service Request. It indicates that the request has been compl eted.
The LS ACC payload depends upon the Extended Link Service Request and is therefore described separately for each of the

following:
17.3.3“Port Login (PLOGI)"
17.3.4“Logout (LOGO)"
17.3.5 “Fabric Login (FLOGI)"
17.3.6 “Fabric Address Natification (FAN)”
17.3.7 “Port Discovery (PDISC)”
17.3.8 “Address Discovery (ADISC)”
17.3.9 “Process Login (PRLI)"
17.3.10 “Process Logout (PRLO)”
17.3.11 “Read Link Error Status Block (RLS)”
17.3.12 “Report Node Capabilities (RNC)”
17.3.13 “Re-instate Recovery Qualifiers (RRQ)”
17.3.14 “Third Party Process Logout (TPRLO)”
17.3.15 “Request Node I dentification Data (RNID)”
17.3.16 “Report Port Speed Capabilities (RPSC)”
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17.3.2 Link ServiceRgect (LS RJT)

LS RJT indicates that the Extended Link Service request has been rejected. The payload (shown in Table 36) contains a Rea-
son Code and a Reason Explanation.

Table36: LS RJT payload

Byte Item Size (Bytes)
0 0100 0000h 4
3
4 Reserved 1
5 Reason Code (Table 37) 1
6 Reason Explanation (Table 38) 1
7 Vendor Unique 1

Table37: LS RJT reason codes

Code Description

01h Invalid command code

03h Logical error

05h Logical busy

07h Protocol error

0%h Unable to perform command requested
0Bh Command not supported

FFh Vendor unique error
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Table 38: LS RJT reason code explanations

Code Description

00h No additional explanation

01h Service Parm error - Options

03h Service Parm error - Initiator Citl

05h Service Parm error - Recipient Ctl

07h Service Parm error - Rec Data Field Size
0%h Service Parm error - Concurrent Seq
0Bh Service Parm error - Credit

0Dh Invalid Port Name

OEh Invalid Node/Fabric Name

OFh Invalid Common Service Parameters
1%h Command (request) already in progress
1Fh Invalid N_Port identifier

29h Insufficient resources to support Login
2Ah Unable to supply requested data

2Ch Request not supported

Note: Refer to FC-PH for afull list. Only the explanations relevant to supported Extended Link Services are shown.

17.3.3 Port Login (PLOGI)

PLOGI isused by the Initiator to register Service Parameters with the Target if Implicit Login isnot being used (see 19.10.12,
“Mode Page 19h (Fibre Channel Port Control Page)” on page 190). The Target respondswith an LS A CC that has a payload
similar to the PLOGI but which contains the Targets parameters. This exchange of parameters establishes the operating envi-
ronment between the Initiator and the Target.

PLOGI can also beissued by the Target when it is operating as a Public Loop Device. In this case, the Target uses aPLOGI to
establish the operating environment between it and the Fabric Name Server.

Bytes 1, 2, and 3, of the payload must be set to zeros. Otherwise, the drive will respond with an LS _RJT containing areason
code of “Command not supported”, and a reason code explanation of 00h “No additional explanation”.
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Table 39: PLOGI_REQ/PLOGI_ACC payload

Byte Item Size (Bytes)
0-3 Request = 0300 0000h; Accept = 0200 0000h 4
4 Common Service Parameters 16
19
20-27 Port Name 8
28-35 Node Name 8
36 Class 1 Service Parameters 16
51
52 Class 2 Service Parameters 16
67
68 Class 3 Service Parameters 16
83
84 Reserved 16
99
100 Vendor Version Level 16
115
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17.3.3.1 Common Service Parameters

The Common Service Parameters apply to all classes of service and are exchanged during Login. The table below defines the
applicability, by classaswell asby PLOGI, FLOGI, PLOGI LS ACC and FLOGI LS _ACC, of the Common Service Parame-
tersto N_Port and Fabric Login. These are words 1-4 in the Payload..

Table 40: Common Service Parameter applicability (part 1 of 2)

PLOGI and FLOGI FLOGI LS ACC
PLOGI LS ACC |Parameter Parameter
Parameter applicability applicability
Service parameter Word| Bits |applicability
Class Class Class
*| 2|34 |1*x|{2|3|4|1*|2|3|4
FC-PH Version - Obsolete 1 3-16 |n|n|n|n|in|{n|{nin|{n|{nj|njn
Buffer-to-Buffer Credit 1 150 |y|y|ly|In|lyl|lyly|n|yl|y]|ly]|n
Common Features 2 31-16
Continuously increasing relative offset 2 31 ylylyl|ly|n|n|n|{n|in|n|n|n
Clean Address 2 31 nin{n{n|{n{n|n|n|y|Yy|Yy|lYy
Random relative offset 2 30 ylylyly|n|{n|in|n|n|n|nj|n
Valid Vendor Version Level 2 29 yiylylyl|lylylyly|ln|n|n|n
N_Port/F_Port 2 28 YIY I Y| Y| YI|Y|Y | Y| |Y|Y|Y]|Y
BB_Credit Management 2 27 vyivIivylylylylyly|n|{n|{n|n
E_D_TOV Resolution 2 | 2 | YU XAY YN MY Y Yy
Multicast supported by Fabric 2 25 nin{n{n|{n{n|n|n|y|Yy|Yy|lyY
Broadcast supported by Fabric 2 24 nin{n{n|{n|{n|n|n|y|Yy|Yy|lYy
Hunt Group routing supported by Fabric 2 23 ninin|nin|nin|n|y|y|ly]|ly
Simplex Dedicated Connection - Obsolete 2 22 nin{n{n|{n|{n|{n|n|n|n|n|n
Reserved for security 2 21 nin{n{n|{n|n|n|n|in|in|{n|n
Clock Synchronization Primitive Capable 2 20 YIYIYIYIlYIlYI|YI|YI|Y|Y!|Y]|Y
R_T_TOV Value 2 19 YI Y[ Y|IY|Y|Y|Y | Y| Y |Y|Y]|Y
Dynamic Half Duplex Supported 2 18 YIYIYIlYIlYIlYIYI|lY|lY|Y!|lY]|lY
SEQ _CNT 2 17 yiylyly|n|{n|{n|n|n|n|nj|n
Payload bit 2 16 YUY [ Y| Y|Y[Y|YI|Y|Y|Y|Y]Y

"y" indicates yes, applicable (i.e. has meaning)

"n" indicates no, not applicable (i.e. has no meaning)

* The Class 1 Service Parameters shall be used for Class 6. Each has the same applicability as Class 1.

** E D_TOV resolution and the corresponding value are only meaningful in a point-to-point topology and when doing
PLOGI with an NL_Port on the same loop.
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Table 41: Common Service Parameter applicability (part 2 of 2)

PLOGI and FLOGI FLOGI LS ACC

PLOGI LS ACC |Parameter Parameter

Par ameter applicability applicability
Service parameter Word| Bits |applicability

Class Class Class

1*| 2|34 |1*| 2|3 |4 |1*| 2|3 | 4
BB_SC N 2 1512 |y |y |y |n|y|lyly|n|y|lyl|]y]|n
Buffer-to-Buffer Receive Data Field Size 2 11-0 YIYIYIlYIYIlY|Y|Y|Y|Y!|Y]|Y
Nx_Port Total Concurrent Sequences 3 31-16 |y |y |y |y |n|in|n|{n|n|{n|nin
Relative offset by Info Category 3 15-0 ylylylyl|n|in|in|n|n|n|n]|y
R A TOV 3 31-0 ninin|in{n|n|n|n|y|y|lYy]|YyY
E D_TOV Vaue 4 31-0 y y ninin|n|y|ly|ly]|y

* % * % * % * %

"y" indicates yes, applicable (i.e. has meaning)

"n" indicates no, not applicable (i.e. has no meaning)

* The Class 1 Service Parameters shall be used for Class 6. Each has the same applicability as Class 1.

** E D _TOV resolution and the corresponding value are only meaningful in a point-to-point topology and when doing
PLOGI with an NL_Port on the same loop.

The upper byte of the FC-PH Version field indicates the highest version of FC-PH that is supported and the lower byte indi-
cates the lowest. The code/version relationship is shown in Table 42.

Table 42: FC-PH Version

Hex value Version
00 None
06 FC-PH 4.0
07 FC-PH 4.1
08 FC-PH 4.2
09 FC-PH 4.3
10h FC-PH-2
20h FC-PH-3
Others Reserved

The BB_Credit field indicates the number of frame buffers that a port guarantees to have immediately available when aloop
circuit is opened. The drive returns O (zero) in thisfield; i.e., every Initiator is given aLogin BB_Credit of O.

The Common Featuresfield contains flags.
* ClO - Continuously I ncreasing Offset

When set to one, this flag indicates that the Port supports Continuously Increasing Relative Offset within a Sequence
on aframe by frame SEQ_CNT basis. The Relative Offset is only present if bit 3 of the F_CTL field in the frame
header is set to 1b. The drive requires that an initiator support Continuously Increasing Relative Offset. If thisfield is
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not one, the drive will respond with an LS _RJT containing areason code of 03h “Logical error”, and areason code
explanation of OFh “Invalid Common Service Parameters’. The drive returnsalb in thisfield.

RRO - Random Relative Offset

When set to one, this flag indicates that the Port supports Random Relative Offset within a Sequence. The Relative
Offset isonly present if bit 3 of the F_CTL field in the frame header is set to 1b. The drive returnsa Ob in thisfield.

VV - Valid Vendor Version L evel

When set to one, this flag indicates that the Vendor Version Level field in the frame payload contains valid informa-
tion. The drivereturnsa Ob in this field.

N/F Port - N_Port/F_Port

When set to one, this flag indicates that the Port isan F_Port. When set to zero, itisan N_Port. The drive returnsaOb
inthisfield.

ABCM - Alternate BB-Credit M odel

When set to one, this flag indicates that the Port supports the Alternate BB-Credit model. The drivereturnsa 1b in
thisfield.

E D TOV -E_D TOV Resolution

When set to one, this flag indicates that the resolution of the E_D_TOV timer shall be 1 ns. When set to zero, the res-
olution shall be 1 ms. The flag is only applicable in a point to point topology. The drive returnsaOb in thisfield.

DS - Dedicated Simplex

Only appliesto class 1 service. The drive sets thisfield to Ob.
DHD - Dynamic Half Duplex

When set to one, this flag indicates that the Port supports Dynamic Half Duplex. The drive returns aOb in thisfield.
SEQ_CNT - SEQ_CNT

When set to one, this flag indicates that the Port is guaranteeing that it will transmit all frames within an Exchange
using acontinuously increasing SEQ_CNT. If set to zero, normal FC_PH rulesregarding SEQ_CNT usage apply. The
drivereturnsaOb in thisfield.

* PL - Payload Length

When set to one, this flag indicates that PLOGI Payload Length shall be 256 bytes. If set to zero, the flag specifies
that the normal 116 byte PLOGI Payload specified in FC-PH-2 is used. The drivereturnsaOb in thisfield.

The Buffer-to-Buffer Receive Data_Field Sizefield (word 2, bits 11-0) specifiesthelargest FT_1 frame Data Field Size that
may be received by the Nx_Port supplying the Service Parameters as a Sequence Recipient for:

a) a connect-request (SOFcl),
b) a Class 2 Data frame, or
¢) aClass 3 Dataframe

Values less than 256 or greater than 2 112 are invalid and shall be a multiple of four bytes. An Fx_Port shall support a Data
Field size of at least 256 bytes.

The Total Concurrent Sequencesfield indicates the number of concurrent sequences that the Port can support for al 3
classes. The value sent must be > 0, or the drive will respond with an LS_RJT with areason code of 03h “Logical error” and a
reason code explanation of 09h “ Service Parm error - Concurrent Seq”. The drive returns avalue of FFh in thisfield.

The Relative Offset by Information Category field isall flags. The bit position of each set (1) bit determinesthe Information
Category; e.g., if Relative Offset is supported for category 0001b (Solicited Data), bit 1 is set. The drive returns a value of
0002h in thisfield (Relative Offset supported for Solicited Data only).
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TheE_D_TOV field specifiesthe E_D_TOV (Error Detect Timeout Value) in units of 1nsor 1ms. If theE_D_TOV Resolu-
tion bit is set to one, thisfield specifiesE_D_TOV asacount of 1nsincrements, otherwiseit specifiesE_D_TOV asacount of
Imsincrements. It isonly applicablein a point to point topology. The drive returns zero in thisfield. It is not interpreted or
checked.

17.3.3.2 Class Service Parameters

Since the drive only supports Class 3 service, it only checks and responds to the Class 3 Service Parameters.

Table 43: Class Service Parameters

Byte BIT Default
ACC
7 6 5 4 3 2 1 0 values
68 cv IM ™ LDM SD DS Camp-On| BufCl 80h
69 Priority Reserved 00h
Initiator Control Flags (Bytes 70-71)
70 X_ID Reassign I P Associator ACK_0 | ACK_N [ACK Gen| DCC 00h
71 DCHBS DEC CsC Reserved 00h
Recipient Control Flags (Bytes 72-73)
72 ACK 0 | ACK_N | X_ID Int. EP Supported Reserved | Categ. Per Sequence 00h
Cap Cap
73 DCC DCHBS DDC Css Reserved 00h
74 (MSB) Receive Data-Field Size 08h
75 (LSB) 00h
76 (MSB) Concurrent Sequences 00h
77 (LSB) FFh
78 (MSB) End-to-End Credit 00h
79 (LSB) 00h
80 (MSB) Open Sequences per Exchange 00h
81 (LSB) 01h
82 (MSB) Class 6 Multi-cast RX_ID 00h
83 (LSB) 00h

The Service Optionsfield contains the following flags.
* CV - Class Validity

When set to one, thisflag indicates that the class of serviceis supported. The drive only supports Class 3, thus this bit

isonly set for the Class 3 Service Parameters. If this bit is not set for Class 3 Service Parameters, the drive will

respond with an LS_RJT containing areason code of 03h “Logical error” and areason code explanation of 01h “ Ser-

vice Parm error - Options”.
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¢ [M - Intermix Mode

Theflag only appliesto class 1 service and is reserved for classes 2 and 3. The drive returns Ob in thisfield.

* TM - Transparent Mode

The flag does not apply to PLOGI. The drive returns Ob in this field.
* LDM - Lock Down Mode

This flag does not apply to PLOGI. The drive returns Ob in thisfield.
» SD - Sequential Delivery

This flag does not apply to PLOGI. The drive returns Ob in thisfield.
* DS - Dedicated Simplex

Thisflag only appliesto class 1 service. The drive returns Ob in thisfield.

e Camp-On - Camp-On

Thisflag only appliesto class 1 service. The drive returns Ob in thisfield.
» BufC1 - Buffered Class 1

Thisflag only appliesto class 1 service. The drive returns Ob in thisfield.

* Priority

This flag does not apply to class 3 service. The drive returns Ob in this field.

The Initiator Control flags specify which protocols, policies, or functions the supplier of the Service Parameters requests of
the recipient or is capable of.

» X_ID Reassign - X_ID Reassignment

00
01
10
11

X_ID Reassignment not supported.
X_ID Reassignment supported.
Reserved.

X_ID Reassignment required.

The X_ID Reassignment bits only apply to class 1 or 2 and therefore are not checked by the drive.

* |P Associator - Initial Process Associator

00
01
10
11

Initial Process Associator not supported.
Initial Process Associator supported.
Reserved.

Initial Process Associator required.

The drive accepts values of “00” and “01” in thisfield. If other values are sent, the drive respondswithan LS RJT
containing areason code of 03h “Logical error” and areason code explanation of 03h “Service Parm error - Initiator
Ctl”. Thedrivereturns 00b in this field.

« ACK_0- ACK_0 Capability

This flag does not apply to class 3 and therefore is not checked by the drive. The drive returns Ob in this field.
* ACK_N-ACK_N Capability

This flag does not apply to class 3 and therefore is not checked by the drive. The drive returns Ob in this field.

* ACK Gen - ACK generation assistance

This flag does not apply to class 3 and therefore is not checked by the drive. The drive returns Ob in this field.
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» DCC - Data compression capable

When set to one, this flag indicates the Port supports data compression as a Sequence Initiator. The drive does not
support data compression, therefore the drive returns Ob in thisfield.

 DCHBS - Data compression History buffer size

Thisfield indicates the History buffer size supported by the Port as a Sequence Initiator. The drive does not support
data compression, therefore, the drive returns 00b in thisfield.

» DEC - Data encryption capable

When set to one, this flag indicates the Port supports data encryption as a Sequence Initiator. The drive does not sup-
port data compression, therefore the drive returns Ob in thisfield.

» CSC - Clock synchronization capable

When set to one, this flag indicates the Port is capable of performing clock synchronization as a Sequence Initiator
(Clock Synchronization Server). The drive is not capable of performing clock synchronization, therefore the drive
returns Ob in thisfield.

The Recipient Control flags specify which functions the supplier of the Service Parameters supports when receiving frames.
*« ACK_0Cap - ACK_0 Capability

Thisflag only appliesto class 1 or 2, therefore is not checked by the drive. The drive returns Ob in thisfield.
* ACK_N Cap - ACK_N Capability

Thisflag only appliesto class 1 or 2, therefore is not checked by the drive. The drive returns Ob in this field.
« X_ID Int.- X_ID Interlock

Thisflag only appliesto class 1 or 2, therefore is not checked by the drive. The drive returns Ob in this field.
* EPS- Error Policy Supported

00
01
10
11

Only discard supported

Reserved

Both discard and process supported
Reserved

The Error Policy bits are not checked by the drive. The drive returns 00b in thisfield.
» Categ. per Sequence - Categories per Sequence

00
01
10
11

1 Category/Sequence

2 Categories/Sequence

Reserved

More than 2 Categories/Sequence. The drive returns 00b in thisfield.

The Receive Data Field sizeisthe largest payload (in bytes) that the Port is capable of receiving. It must be less than or equal
to the Buffer to Buffer Receive Data Field specified in the Common Service Parameters. Sizes less than 128, greater than
2112, or not divisible by 4 are invalid, in which case the drive will respond with an LS _RJT containing a reason code of 03h
“Logical error” and areason code explanation of 07h “Service Parm error - Rec Data Field Size”. The drive returns 2048 in

thisfield.

The Concurrent Sequences field specifies the number of separate Sequences that the drive is capable of tracking. The value
sent must be > 0, or the drive will respond with an LS _RJT containing areason code of 03h “Logical error” and areason code
explanation of 09h “ Service Parm error - Concurrent Seq”. The drive returns avalue of 255 in thisfield.

The End-to-end Credit field applies only to classes 1 and 2 and is therefore not checked by the drive. The drive returns0 in

thisfield.
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The Open Sequences per Exchange field indicates the maximum number of Sequences per Exchange that can be open at the
recipient at one time. The value sent must be > 0, or the drive will respond with an LS _RJT containing reason code of 03h
“Logical error” and areason code explanation of 00h “No additional explanation”. The drive returns 01b in thisfield.

The Class 6 Multicast RXID isused in Class 6 only and is therefore not checked by the drive. The drive returns 00b in this
field.

17.3.4 Logout (LOGO)

LOGO isused by an Initiator to request invalidation of the Service Parameters that were exchanged during PLOGI. If implicit
login is enabled by the settings in Mode Page 19, then the default Service Parameters apply. If no valid Service Parameters
exist for an Initiator, aLOGO_ACC is still returned.

Bytes 1, 2, and 3 of the payload must be set to zero. Otherwise, the drive will respond with an LS _RJT containing areason
code of 0Bh “Command not supported” and a reason code explanation of 00h “No additional explanation”.

Table 44: LOGO payload

Byte Item Size (Bytes)
0-3 0500 0000h 4
4 Reserved 1
5-7 Port Identifier 3
8 Port Name 8
15
Table 45: LOGO ACC payload
Byte Item Size (Bytes)
0-3 0200 0000h 4
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17.3.5 FabricLogin (FLOGI)

FLOGI isused by the drive to register its Service Parameters with the Fabric assuming the drive exists on a Public Loop (i.e.
the loop contains an FL_ Port). Once the drive has completed FLOGI, it isthen permitted to use thelocal FL_Port asagateway,
allowing it to communicate with other N_Ports and NL_ Ports attached to the fabric. (See 21.5, “Public Loop Operation” on
page 312.)

The drive performs a FLOGI by opening afull duplex connection to FL_Port located at AL_PA 00h and sending a FLOGI
request to the well-known address of FFFFFEh. The FL-Port respondsto avalid request with a FLOGI Accept frame that con-
tains the FL_Port’s operating parameters. The D-ID field of the FLOGI Accept frame contains the fabric assigned Domain,
Area, and the AL-PA of the drive performing the FLOGI. The drive usesthis addressin all further communication with other
N_Ports and Public NL_Ports. The drive will not perform a FLOGI if the drive fails to detect an FL_Port during Loop-Initial-
ization.

Table46: FLOGI_REQ/FLOGI_ACC payload

Byte Item Size (Bytes)
0-3 Request = 0400 0000h; Accept = 0200 0000h 4
4 Common Service Parameters 16
19
20 Port Name 8
27
28 Node Name 8
35
36 Class 1 Service Parameters 16
51
52 Class 2 Service Parameters 16
67
68 Class 3 Service Parameters 16
83
84 Reserved 16
99
100 Vendor Version Level 16
115
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17.3.5.1 Common Service Parameters

The Common Service Parameters apply to all classes of service and are exchanged during Login.

Table 47: Common Service Parameters (FLOGI_REQ/FLOGI_ACC)

Byte BIT Default
Request
Values
7 6 5 4 3 2 1 0
4 PH Version - Highest Supported 20h
5 PH Version - Lowest Supported 20h
6 (MSB) Buffer-to-Buffer Credit 00h
; (Lsg)| oo
8 Reserved VvV N/F Port | ABCM Reserved 00h
9 Reserved DHD Reserved PL 00h
10 (MSB) BB Received Data Field Size 08h
1 (Lsg)| 0oh
12 |(MsB) 00h
13 FLOGI_REQ = Reserved; FLOGI_ACC=R_A_TOV 882
14 (LSB)|  ooh
15
16 |(MSB) 00h
17 FLOGI_REQ = Reserved; FLOGI_ACC =E_D_TOV 882
18 00h
19 (LSB)

The upper byte of the FC-PH Version field indicates the highest version of FC-PH that is supported and the lower byte indi-
cates the lowest. The code/version relationship is given by Table 42.

The BB_Credit field indicates the number of frame buffers that a port guarantees to have immediately available when aloop
circuit is opened. The drive sets thisfield to O (zero); i.e., the drive grantsthe FL_Port aLogin BB_Credit of 0.

The Common Featuresfield contains the following flags:
* VV-Valid Vendor Version Level

When set to one, this flag indicates that the Vendor Version Level field in the frame payload contains valid informa-
tion. The drive setsthisfield to Ob.

* N/F Port - N_Port/F_Port

When set to one, this flag indicates that the Port isan F_Port. When set to zero, it isan N_Port. The drive checksthis
field in the FLOGI_ACC and will revert to PLDA behavior if it is not set to one. The drive sets this field to Ob.
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« ABCM - Alternate BB-Credit model

When set to one, this flag indicates that the Port supports the Alternate BB-Credit model. As per the FC-AL Specifi-
cation, an L_Port and must support the Alternate BB-Credit model. The drive checks the value returned by the
FL_Port and will revert to PLDA behavior if it is not set to one. The drive sets thisfield to 1b.

* DHD - Dynamic Half Duplex

When set to one, this flag indicates that the Port supports the Dynamic Half Duplex. The drive setsthisfield to Ob.
* PL - Payload L ength

When set to one, this flag indicates that FLOGI Payload Length shall be 256 bytes. If set to zero, the flag specifies
that the normal 116 byte FLOGI payload specified in FC-PH-2. The drive sets thisfield to Ob.

The Buffer to Buffer Receive Data Field size indicates the largest frame payload (in bytes) that the Port can receive. Sizes
less than 128, greater than 2112, or not divisible by 4 are invalid. The drive check thisfield in the FLOGI_ACC payload and
will revert to PLDA behavior if an invalid value isreturned. The drive sets thisfield to 2048.

TheR_A_TOV field specifiesthe R_A_TOV (Resource Allocation Timeout Value) supplied by the fabric in unitsof 1ms. The
fabric port setsthisfield in its FLOGI_ACC payload. Thisfield isreserved in the FLOGI_REQ and the drive therefore sets
thisfield to zero. After FLOGI iscomplete, the drive will usethisvaluefor R_A_TOV until the drive isreset, revertsto PLDA
behavior, or performs another FLOGI.

TheE_D_TOV field specifiesthe E_D_TOV (Error Detect Timeout Value) supplied by the fabric in units of 1nsor 1ms. The
fabric port setsthisfield inits FLOGI_ACC payload. Thisfield isreserved in the FLOGI_REQ and the drive therefore sets
thisfield to zero. After FLOGI is complete, the drive will usethisvaluefor E_D_TOV until the driveisreset, revertsto PLDA
behavior, or performs another FLOGI.
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17.3.5.2 Class Service Parameters

Since the drive only supports class 3 service, it only checks and responds to the class 3 Service Parameters.

Table 48: Class Service Parameters

Byte BIT Default

Request

7 6 5 4 3 2 1 0 values
68 cv IM ™ LDM SD DS Camp-On| BufCl 80h
69 Priority Reserved 00h

Initiator Control Flags (Bytes 70-71)
70 Reserved 00h
71 Reserved 00h
Recipient Control Flags (Bytes 72-73)

72 Reserved 00h
73 Reserved 00h
74 (MSB) Receive Data-Field Size (Reserved) 00h
75 (LSB) 00h
76 (MSB) Concurrent Sequences (Reserved) 00h
77 (LSB) 00h
78 (MSB) End-to-End Credit (Reserved) 00h
79 (LSB) 00h
80 (MSB) Open Sequences per Exchange (Reserved) 00h
81 (LSB) 00h
82 (MSB) Class 6 Multi-cast RXID (Reserved) 00h
83 (LSB) 00h

The Service Optionsfield contains the following flags:

* CV - Class Validity

When set to one, this flag indicates that the class of serviceis supported. The drive only supports class 3 thus this bit
isonly set for the class 3 Service Parameters. If the FLOGI_ACC indicates that the fabric does not support class 3,

the drive will revert to PLDA behavior.

* [M - Intermix Mode

Thisflag only appliesto class 1 service. It isreserved for classes 2 and 3. The drive setsthisfield to Ob.

* TM - Transparent Mode

Thisflag only appliesto class 1 service. It isreserved for classes 2 and 3. The drive setsthisfield to Ob.

* LDM - Lock Down Mode

Thisflag only appliesto class 1 service. It isreserved for classes 2 and 3. The drive setsthisfield to Ob.

75
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» SD - Sequential Delivery

Thedrive setsthisfield to 1b to request that the fabric deliver all framesin the same order they were transmitted. The
fabric setsthisflag to 1b if it can honor this request. Since the drive does not support out of order frame delivery, the
drive checksthe FLOGI_ACC to ensure that thisfield is set to 1b and will revert to PLDA behavior if it is not.

* DS - Dedicated Simplex

Thisflag only appliesto class 1 service. The drive sets thisfield to Ob.
e Camp On - Camp-On

Thisflag only appliesto class 1 service. The drive sets thisfield to Ob.
 BufC1 - Buffered Class 1

Thisflag only appliesto class 1 service. The drive sets thisfield to Ob.
* Priority - Priority

This flag does not apply to class 3 service. The drive setsthisfield to Ob.
The Initiator Control Flags are not meaningful for FLOGI and are therefore reserved. The drive sets this field to 00h.
The Recipient Control Flags are not meaningful for FLOGI and are therefore reserved. The drive setsthisfield to O0h.
The Receive Data Field Sizefield is not meaningful for FLOGI and is therefore reserved. The drive sets this field to 00h.
The Concurrent Sequencesfield is not meaningful for FLOGI and is therefore reserved. The drive sets thisfield to 00h.
The End-to-End Credit field is not meaningful for FLOGI and is therefore reserved. The drive sets thisfield to O0h.

The Open Sequences per Exchangefield is not meaningful for FLOGI and is therefore reserved. The drive setsthisfield to
00h.

The Class 6 M ulti-cast RXID field is not meaningful for FLOGI and is therefore reserved. The drive sets this field to 00h.

17.3.6 Fabric Address Notification (FAN)

The FAN ELSissent by an FL_Port to all previously logged in (FLOGI) NL_Ports after an initialization event has occurred.
Aninitialization event can be a LIP or any other event that may cause a Port to changeits ID. The FAN ELSis used by
attached NL_Portsto validate their operating parameters with the local FL_Port after an initialization event has occurred. The
drive does not return aresponse to thisELS.

(Note: When operating as a private loop device, the drive will discard the FAN EL S request.)
Table 49: FAN payload

Byte Item Size (Bytes)
0-3 Command Code = 60000000h 4
4 reserved 1
5-7 Loop Fabric Address 3
8 Fabric Port Name 8
-15
16 Fabric Name 8
-23
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The Command Code must be equal to 60000000h or the drive will ignore the request.

The Loop Fabric Addressisthe 3 byte Port_ID of thelocal FL_Port.
The Fabric Port Name is the world-wide-unique 8-byte Port_Name of the local FL_Port.

The Fabric Name is the world-wide-unique 8-byte name of the Fabric.

17.3.7 Port Discovery (PDISC)

An Initiator uses PDISC to exchange service parameters without affecting the operating environment between it and the drive.
The PDISC and corresponding ACC payloads are exactly as defined for PLOGI (see 17.3.3, “Port Login (PLOGI)” on page
63), except that byte O of the payload is 50h. It can be used as a means of authentication following a Loop Initialization pro-
cess. If AL_PA's of the Initiator and Target have not changed since the previous login, the Initiator and Target can continue
where they left off prior to the LIP and all open exchangeswill continue. If the current AL_PA's do not match the login values,
the drive will implicitly log out the Initiator.

If some means of authentication following a LIP does not occur within RR_TQV, the drive will implicitly log out the Initiator.

Bytes 1, 2, and 3 of the payload must be set to zero. Otherwise, the drive will respond with an LS _RJT containing areason
code of 0Bh “Command not supported” and a reason code explanation of 00h “No additional explanation”.

17.3.8 AddressDiscovery (ADISC)

The ADISC ELS alows communicating N-Ports to exchange addresses and port/node name identifiers. It can be used as a
quick means of authentication following a Loop Initialization process. If the AL_PA's of the Initiator and Target have not
changed since the previous login, the Initiator and Target can continue where they left off prior to the LIP, and all open
exchanges will continue. If the current AL_PA's do not match the login values, the drive will implicitly log out the Initiator.
ADISC can also be used as a meansto determine if a port was able to acquireitshard AL_PA during LIP.

Bytes 1, 2, and 3 of the payload must be set to zero. Otherwise, the drive will respond with an LS _RJT containing areason
code of 0Bh “Command not supported” and a reason code explanation of 00h “No additional explanation”.

If some means of authentication following a LIP does not occur within RR_TOV, the drive will implicitly log out the Initiator.
The following tables show the ADISC payload and the ADISC ACC payload.
Table 50: ADISC payload

Byte Item Size (Bytes)
0-3 Command Code = 52000000h 4
4 Reserved 1
5 Hard Address of Originator 3
-7
8 Port Name of Originator 8
-15
16 Node Name of Originator 8
-23
24 Reserved 1
25-27 N_Port ID of Originator 3
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Table51: ADISC ACC payload

Byte Item Size (Bytes)
0-3 ACC Code = 02000000h 4
4 Reserved 1
5-7 Hard Address of Responder 3
8 Port Name of Responder 8
-15
16 Node Name of Responder 8
-23
24 Reserved 1
25-27 N_Port ID of Responder 3

Hard Address: This 3 byteidentifier consists of:

»  TheMSB isan 8-bit domain address. If the drive is acting as a Public Loop Device, it returns the domain address
given to it by the Fabric port during login. Otherwise the drive returns Os in this field.

. The middle byte is an 8-bit area address. If the drive is acting as a Public Loop Device, it returns the area address
given to it by the Fabric port during login. Otherwise the drive returns Osin thisfield.

e ThelLSB isthe8-bit AL_PA that the port attemptsto acquire during the LIHA sequence of LIP. For the drive, this
number is calculated from the SEL-ID pins on the SCA-2 backplane connector.

When the Hard Addressfield is equal to the N_Port ID field, the port was able to obtain its hard address during LIP. The drive
does not check the value sent from the originator.

Port Name: |EEE unique address assigned during the manufacturing process.
Node Name: |EEE unique address assigned during the manufacturing process.

N_Port ID: Thisisthe 24-bit NL_Port Identifier used inthe S_ID of the ADISC Accept header. The lower 8 bits are the

AL _PA thedrive acquired during loop initialization, and the upper 16 bits are the domain and area addresses the drive obtained
from the Fabric port. For private devices the upper two bytes should be all 0s. When thisfield matchesthe Hard Address field,
the drive was able to acquire its hard AL_PA during LIP.

17.3.9 ProcessLogin (PRLI)

The PRLI request informs the recipient of the capabilities and requirements of the originator. The recipient responds with an
ACC to indicate agreement or LS RJT otherwise.

Table52: PRLI payload

Byte Item Size (Bytes)
0 20h 1
1 Page Length = 10h 1
2-3 Payload Length 2
4-max Login service parameter pages n*16
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Table53: PRLI ACC payload

Byte Item Size (Bytes)
0 02h 1
1 Page Length=10h 1
2-3 Payload Length 2
4-max L ogin response service parameter pages n*16

17.3.9.1 ProcessLogin Service Parameter page
Table 54: Login Service Parameter page

Byte Item Size (Bytes)
0 TYPE Code = 08h 1
1 TY PE Code Extension = 00h 1
2-3 Flags 2
4-7 Originator Process Associator 4
8-11 Responder Process Associator 4
12-15 Service Parameters 4

The TYPE codefield for SCSI-FCP is 08h, and the TY PE Code Extension field is O0h.
The Flagsfield isasfollows:

* Bit 15- Originator Process Associator Valid

When set to one, the Originator Process Associator field for this Service Parameter pageisvalid.
* Bit 14 - Responder Process Associator Valid

When set to one, the Responder Process Associator field for this Service Parameter page isvalid.
* Bit 13 - Establish Image Pair

When set to one, this flag indicates that the Originator wishes to establish an image pair.
* Bits 12-0 - Reserved
The Originator Process Associator identifies agroup of related processes (an 'image) within the originator.
The Responder Process Associator identifies a group of related processes (an 'image’) within the responder.
The Service Parametersfield contains flags, as follows:
* Bits 31-7 - Reserved
* Bit 6 - Data Overlay Allowed
When set to one, this flag indicates that the initiator function is capable of supporting data overlay.
* Bit 5- Initiator Function

When set to one, this flag indicates that the process defined by this page is operating as a SCSI Initiator.

This bit must be set to one in order for the drive to accept the login request. If not, the drive will respond with an
LS RJT containing areason code of 03h “Logical error” and a reason code explanation of 00h “No additional expla-
nation”.
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* Bit 4 - Target Function

When set to one, this flag indicates that the process defined by this page is operating as a SCSI Target.
* Bit 3- Command/Data Mixed Allowed

When set to one, this flag indicates that FCP_CMND and FCP_DATA may be combined in one |U.
* Bit 2 - Data/Response Mixed Allowed

When set to one, this flag indicates that FCP_DATA and FCP_RSP may be combined in one |U.
* Bit 1- Read XFER_RDY Disabled

When set to one, this flag indicates that the FCP_XFER_RDY U may not be used for SCSI READ operations.
* Bit 0- Write XFER_RDY Disabled

When set to one, this flag indicates that the FCP_XFER_RDY U may not be used for SCSI WRITE operations.
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17.3.9.2 Process L ogin Response Service Parameter page
Table 55: Login Response Service Parameter page

Byte Item Size (Bytes) Drive Response
0 TYPE Code 1 08h
1 TY PE Code Extension 1 00h
2-3 Flags 2 21 00h
4-7 Originator Process Associator 4 00 00 00 00h
8-11 Responder Process Associator 4 00 00 00 00h
12-15 Service Parameters 4 00 00 00 12h

The TYPE Codefield for SCSI-FCP is 08h, and the TY PE Code Extension field is O0h.
The Flagsfield isasfollows:
* Bit 15- Originator Process Associator Valid

Since the drive does not support Process Associators, this bit must be set to zero in the payload. If not, the drive will
respond with a PRLI ACC response code of 07h. The drive returns Ob in thisfield.

* Bit 14 - Responder Process Associator Valid

Since the drive does not support Process Associators, this bit must be set to zero in the payload. If not, the drive will
respond with a PRLI ACC response code of 04h. The drive returns Ob in thisfield.

* Bit 13 - Image Pair Established
Thedrive returnsa 1b in thisfield.

* Bit 12 - Reserved

* Bits 11-8 - Accept Response Code
See Table 56.

* Bits 7-0 - Reserved

The Originator Process Associator and Responder Process Associator fields are not used and will be set to
00000000h by the drive.

The Service Parametersfield contains flags, as follows:
* Bits 31-6 - Reserved
* Bit 5- Initiator Function
The drive returns Ob in thisfield.
* Bit 4 - Target Function
Thedrivereturns 1b in thisfield.
* Bit 3- Command/Data Mixed Allowed
The drive returns Ob in thisfield.
* Bit 2 - Data/Response Mixed Allowed

Thedrivereturns Ob in thisfield.
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* Bit 1- Read XFER_RDY Disabled

Thedrivereturns 1bin thisfield.
* Bit 0- Write XFER_RDY Disabled

Thedrivereturns Ob in thisfield.

Table56: PRLI/PRLO ACC response codes

Code Description
00h Reserved.
01h Request executed.
02h The target image has no resources available for establishing image pairs between the speci-
fied source and destination N_Ports. The PRLI request may be retried.
03h Initialization is not complete for the target image. The PRLI request may be retried.
04h The target image corresponding to the responder PA specified in the PRLI request and PRLI

accept does not exist. The PRLI request shall not be retried.

05h The target image has a predefined configuration that precludes establishing thisimage pair.
The PRLI request shall not be retried.

06h Request executed conditionally. Some service parameters were not able to be set to their
requested state. See the service parameters response field for further details.

07h The destination N_Port is unable to process multiple page PRLI requests. The PRLI regquest
may be retried as a single page request.

08h-FFh Reserved.

17.3.10 ProcessLogout (PRLO)

The PRLO request indicates to the responder that those process image pairs specified in the service parameter pages are being
discontinued by the originator. All tasks, reservations, mode page parameters and status for the specified image pairs are set to
the state they would have after a SCS| hard reset or power-on reset.

Table 57: PRL O payload

Byte Item Size (Bytes)
0 21h 1
1 Page Length=10h 1
2-3 Payload Length 2
4-max Logout service parameter pages n*16
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Table58: PRLO ACC payload

Byte Item Size (Bytes)
0 02h 1
1 Page Length=10h 1
2-3 Payload Length 2
4-max Logout service parameter response pages n*16
17.3.10.1 Process L ogout Service Parameter page
Table 59: Logout Service Parameter page
Byte Item Size (Bytes)
0 TYPE Code = 08h 1
1 TY PE Code Extension = 00h 1
2-3 Flags 2
4-7 Originator Process Associator 4
8-11 Responder Process Associator 4
12-15 Reserved 4

The TYPE Codefield for SCSI-FCP is 08h, and the TY PE Code Extension field is 00h.

The Flagsfield isasfollows:

* Bit 15- Originator Process Associator Valid

When set to one, the Originator Process Associator field of this Service Parameter page isvalid.

* Bit 14 - Responder Process Associator Valid

When set to one, the Responder Process Associator field of this Service Parameter pageis valid.
* Bits13-0 - Reserved

The Originator Process Associator identifies a group of related processes (an 'image’) within the originator.

The Responder Process Associator identifies a group of related processes (an 'image’) within the responder.
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17.3.10.2 Process L ogout Response Service Parameter page
Table 60: L ogout Response Service Parameter page

Byte Item Size (Bytes) Drive Response
0 TYPE Code 1 08h
1 TY PE Code Extension 1 00h
2-3 Flags 2 0X 00h
4-7 Originator Process Associator 4 00 00 00 00h
8-11 Responder Process Associator 4 00 00 00 00h
12-15 Reserved 4 00 00 00 00h

The TYPE Codefield for SCSI-FCP is 08h, and the TY PE Code Extension field is O0h.
The Flagsfield isasfollows:
* Bit 15- Originator Process Associator Valid
Thedrivereturns Ob in thisfield.
* Bit 14 - Responder Process Associator Valid
Thedrivereturns Ob in thisfield.
* Bits13-12 - Reserved
* Bits 11-8 - Accept Response Code
See Table 56.
* Bits 7-0 - Reserved

The Originator Process Associator and Responder Process Associator fields are not used.

17.3.11 Read Link Error SatusBlock (RLYS)

RL S requests the recipient to return the Link Error Status Block associated with the Port Identifier specified in the payload.
The driveimplementsaLink Error Status Block for each port. When a counter overflows, it wraps back to zero. The only way
to reset the Link Error Status Block isto power off the drive.

Bytes 1, 2, and 3 of the payload must be set to zero. Otherwise, the drive will respond with an LS _RJT with areason code of
“Command not supported” and a reason code explanation of “No additional explanation”.

Valid Port |dentifiers are:

0 Return the Link Error Status Block for the same port on which the request was received.
1 Return the Link Error Status Block for Port A.
2 Return the Link Error Status Block for Port B.
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Table61: RL S payload

Byte Item Size (Bytes)
0-3 OF00 0000h 4

4 Reserved 1
5-7 Port | dentifier 3

Table 62: RLS ACC payload

Byte Item Size (Bytes)
0-3 0200 0000h 4

4 Link Error Status Block 24

27

Table 63: Link Error Satus block

Byte Item Size (Bytes)
0-3 Link Failure Count 4
4-7 Loss of sync count 4
8-11 Loss of signal count 4
12-15 Primitive Sequence Protocol error 4
16-19 Invalid Transmission Word 4
20-23 Invalid CRC Count 4

The Drive's Link Error Status block is defined as follows:

Link Failure Count: Thisisacount of the number of times that the port's receiver loses synchronization for a continuous
period of time determined by R_T_TOV. When alink failure condition is detected by the drive, it will transmit LIP(F8) on that
port.

Loss of sync count: Thisis acount of the number of times that the port's receiver loses synchronization.
Loss of signal count: Not implemented.
Primitive Sequence Protocol error: Not implemented.

Invalid Transmission Word: Thisisacount of the number of times that the port detects an invalid transmission word on its
receiver.

Invalid CRC Count: Thisisacount of the number of frames received with invalid CRC. Only oneinvalid CRC is counted for
each command nexus.

17.3.12 Report Node Capabilities (RNC)

The Report Node Capabilities (RNC) ELS s used to exchange node capabilities, vendor identification, and other vendor
unique information. It is used to discover which document identifiers (along with their associated FC-4 protocols and profiles)
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anode supports. RNC can a'so be used to specify which document(s) define the operating parameters between two nodes, as
well as specify any additional parameters not specified during N_Port Login.

Table 64: RNC/ACC payload

Byte Item Size (Bytes)
0 53h for RNC, 02 for ACC 4
1 Reserved 1
2-3 Payload Length 2
4 RNC Flags 1
5-6 Reserved 2
7 VU Information Length (VU_Len) 1
8 Vendor ldentifier 8
-15
16-> Capability Entry(s) m
16+m-> Vendor Unique Information 0-128

Payload L ength isatwo byte unsigned integer that specifies the length of the RNC payload. The minimum length of the RNC
payload is 16 bytes, and its maximum length is limited to 256 bytes. While the maximum length of the ACC payload is not
defined, the drive limitsits RNC_ACC to 256 bytes.

RNC Flagsisaone byte field that defines options that are applicable to all Capability Entries contained in the RNC payload.
The RNC Flagsfield isasfollows:
* Bit 7 - Select

When thisflag is set to one, the RNC_ACC payload shall contain only one Capability Entry. This Capability Entry is
selected from the list of Capability Entries specified in the RNC payload. When thisflag is set to zero, the RNC_ACC
payload shall contain all of the Capability Entries that a node wishes to report.

The drive does not support the Select Flag and this field must be set to zero. Otherwise, the drive will respond with
an LS RJT containing areason code of 03h “Logical error” and areason code explanation of 2Ah “No additional

explanation”.

* Bits6-0 - Reserved

TheVU Information Length (VU_L en) field isaone byte unsigned integer, which specifies the length of the Vendor Unique
Information field. A maximum length of 128 bytesis supported.

The Vendor |dentifier contains eight bytes of ASCII data, which identifies the vendor of the product.

Vendor Unique I nformation is defined by vendor or profile specific documentation.
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17.3.12.1 Capability Entry(s)

Capability Entry(s) are used to specify standards and profiles, with which anode is compliant or supports. Nodes may also use
capability entriesto exchange vendor unigque parameters or information.

Table 65: RNC Capability Entry

Byte Item Size (Bytes)
0 Flags 1
1 Document I dentifier 1
2 Low Revision 1
3 High Revision 1
4-5 Reserved Oor2
6-7 Extension Length Oor2
8-> Extension Oorn

The Flagsfieldisasfollows:
* Bit 7 —Invalidate Previous

Thisflag is only meaningful when the RNC Flags Select bit is set to one. Furthermore, it may only be set in the first
Capability Entry in the RNC Payload. When the RNC Flags Select field and the Invalidate Previous field are both set
to one, then the node issuing the RNC is requesting that the responding node invalidate this Capability Entry. All
bytes of the Capability Entry marked with the Invalidate flag must match the values set in a prior RNC exchange.
When the Invalidate Previous field is reset(0), the responding node selects one Capability Entry to return in the
RNC_ACC.

Since the drive does not support the Select Flag (it must be set to 0), the Invalidate Previous Flag has no meaning and
isignored.

* Bit 6 — Extended

When thisflag is set to zero, the Capability Entry shall be exactly 4 byteslong. If thisflag is set to one, the length of
the Capability Entry is 4 bytes plus the length of the Extension.

* Bits5-4 —Vendor Unique
» 00 Specifiesthat the Document Identifier field should be interpreted according to Table 66.
* 01 SpecifiesaVendor Unique Document |dentifier.

» 10 SpecifiesaVendor Unique Document |dentifier as defined by the vendor of the N_Port receiving
the RNC payload.

*11 Reserved
* Bits 3-2 — Reserved
» Bits 1-0 - Preference

Preference isatwo bit value that indicates the level of support or performance relative to the other capabilities sup-
ported by the node. It is used to aid a node in sel ecting a specific capability when multiple capabilities are supported.
The Preference field has arange from 0 to 3.

* 00 Best
01
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10
*11Worst
The Preference field isignored.

The Document | dentifier field specifies which Profile or Standard is associated with each Capability Entry. Valid Document
Identifiers are listed in Table 66. If the Vendor Unique Flag is set to avalue other than 00h, then the Document I dentifier spec-
ifies avendor unique capability.

Table 66: Document I dentifiers

Profile or standard name I dentifier Supported
Reserved 00h N
FC-LE 01h N
FC-SB 02h N
IPI-3 03h N
SCSI-FCP 04h Y
FC-FP 05h N
Reserved 06h-0OFh N
FC-GS 10h N
FC-FG 11h N
FC-SwW 12h N
FC-AL 13h Y
Reserved 14h-1Fh N
IBM/HP/Ancor FC-PH 4.2 Deviations 20h N
FCSI Mixed Mode SCSI Profile 21h N
FCSl Class 2 SCSI Profile 22h N
FCSI IP Profile 23h N
FCSI IP Class 2 Profile 24h N
FC-PLDA — Private Loop Direct Attach 25h Y
FLA Fabric Loop Attach Profile 26h Y
FCA IP Profile 27h N
Reserved 28h-FFh N

The Low Revision field defines the lowest revision of the specified document supported. The field represents a decimal revi-
sion number between 0.0 and 25.5.

The High Revision field defines the highest revision of the specified document supported. The field represents adecimal revi-
sion number between 0.0 and 25.5.

The Extension Length field is atwo byte unsigned integer that specifies the number of additional bytes present in the Capa-
bility Entry. This number includesitself, the preceding reserved field, and the length of Extension Field.
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The Extension field is used to specify any additional bit flag, parameters, or other information defined by the document asso-
ciated with the Capability Entry. The drive does not currently make use of Extension field, therefore all Capability Entries
returned by the drive are 4 bytesin length.

17.3.13 Re-instate Recovery Qualifiers (RRQ)

The Re-instate Recovery Qualifier (RRQ) can be sent by the Initiator to the drive, as an indication that the Recovery Qualifier
(S_ID, D_ID, OX_ID, RX_ID, SEQ_ID, and SEQ_CNT) for an aborted exchange may be reused. RRQ is not required by the
drive following an aborted exchange. Following an ABTS the drive allows immediate reuse of the Recovery Qualifier. The
drive responds to RRQ with avalid ACC.

The following tables show the RRQ payload and the RRQ ACC payload.

Table 67: RRQ payload

Byte Item Size (Bytes)
0-3 Command Code = 12000000h 4
4 reserved 1
57 Originator S _ID 3
8-9 OX_1ID 2
10-11 RX_ID 2
12 Association Header (Opt) 32
43
Table 68: RRQ ACC payload
Byte Item Size (Bytes)
0-3 ACC Code = 02000000h 4

The drive performs no protocol checking on the RRQ payload. When it recognizes an ELS with 12h in byte 0, it ssimply
responds with an RRQ ACC.
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17.3.14 Third Party Process L ogout (TPRLO)

The TPRLO request is used to invalidate the operating environments between the specified image(s) at the recipient N_Port
(i.e., the drive). These image pairs being invalidated are assumed to have been previously established with a Process Login
(PRLI). The originator establishing the process image (with the PRLI ELS) can itself terminate the image with a Process Log-
out (i.e. PRLO) ELS. An originator can terminate the process pair established between another third party originator and the
recipient (i.e. the drive) using TPRLO. TPRL O has the same effect asif the third party originator performed PRLO. Upon exe-
cution of avalid TPRLO ELS, the drive will set all tasks, reservations, mode page parameters, and status for the specified

image pairs to the state they would have after a SCSI device reset or power-on reset.

Table 69: TPRL O payload

Byte Item Size (Bytes)
0 Command Code = 24h 1
1 Page Length = 10h 1
2-3 Payload Length = 14h 2
4-max Logout service parameter pages n*16
Table 70: TPRLO ACC payload
Byte Item Size (Bytes)
0 ACC Cmd Code = 02h 1
1 Page Length = 10h 1
2-3 Payload Length = 14h 2
4-max Logout service parameter response pages n*16
17.3.14.1 Third Party Process L ogout Service Parameter page
Table 71: Logout Service Parameter page
Byte Item Size (Bytes)
0 TYPE Code = 08h 1
1 TY PE Code Extension = 00h 1
2-3 Flags 2
4-7 Third Party Originator Process Associator 4
811 Responder Process Associator 4
12 Reserved 1
13-15 Third Party Originator N_Port ID 3

The TYPE Codefield for SCSI-FCP is 08h, and the TY PE Code Extension field is 00h.
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The Flagsfield isas follows:
* Bit 15- Third Party Originator Process Associator Valid

When set to one, the Third Party Originator Process Associator field of this Service Parameter pageisvalid.
* Bit 14 - Responder Process Associator Valid

When set to one, the Responder Process Associator field of this Service Parameter pageisvalid.
e Bit 13- Third Party Originator N_Port ID Valid

When set to one, the Third Party N_Port ID field of this Service Parameter pageisvalid.
* Bit 12 - Global Process L ogout

When set to one, all established image pairsfor all N_Ports with which Process Login has been performed will be
removed. Thiswill be asif all N_Ports that had previously executed a Process Login (i.e. PRLI) with the drive had
now executed the PRLO ELS. When this bit is set, only one logout parameter page shall be transmitted, and only the
TY PE Code and the TY PE Code Extension fields shall have meaning.

* Bits11-0 - Reserved
The Third Party Originator Process Associator identifies agroup of related processes (an 'image’) within the originator.
The Responder Process Associator identifies a group of related processes (an 'image’) within the responder.

The Third Party N_Port I D specifies the N_Port associated with the image to be removed.

17.3.14.2 Third Party Process L ogout Response Service Parameter page
Table 72: Logout Response Service Parameter page

Byte Item Size (Bytes) Drive Response
0 TYPE Code 1 08h
1 TYPE Code Extension 1 00h
2-3 Flags 2 XX 00h
4-7 Third Party Originator Process Associator 4 00 00 00 00h
8-11 Responder Process Associator 4 00 00 00 00h
12 Reserved 1 00h
13-15 Third Party Originator N_Port ID 3 XX XX XXh

The TYPE Codefield for SCSI-FCP is 08h, and the TY PE Code Extension field is O0h.
The Flagsfield isasfollows:
 Bit 15- Third Party Originator Process Associator Valid
Thedrivereturns Ob in thisfield.
* Bit 14 - Responder Process Associator Valid
Thedrivereturns Ob in thisfield.
* Bit 13- Third Party Originator N_Port ID Valid

The drive will echo this bit from the TPRLO payload. It is not valid when the Global Process Logout flag is set to
one.
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* Bit 12 - Global Process L ogout
The drive will echo this bit from the TPRLO payload.
* Bits 11-8 - Accept Response Code
See Table 56.
* Bits 7-0 - Reserved
The Originator Process Associator and Responder Process Associator fields are not used.

The drive will echo the Third Party N_Port 1D field from the TPRL O request payload when the Third Party Originator
N_Port ID Valid Flag is set to one and the Global Process L ogout Flag is set to zero.

17.3.15 Request Node Identification Data (RNID)

The Request Node Identification Data EL S provides a mechanism for a node to acquire Node I dentification Data from other
nodesin aFibre Channel fabric. Thisfunction is normally used by nodes that wish to determine the topology of the network to
which they are attached.

The normal response to aRNID Req is RNID ACC from the drive containing the requested Node I dentification information.
RNID isavailable prior to LOGIN.

Table 73: “RNID payload” showsthe RNID payload.
Table 73: RNID payload

Item Size (Bytes)
hex ' 78 00 00 00° 4
Node | dentification Data For mat 1
Reserved 3

The Node Identification Data Format specifies the format of Node Identification Data returned from the drive. Acceptable
valuesfor thisfield are 00h (Common Node Identification Data only) or DFh (Topology Discovery data). If thisfield is set to
any other value, thedrive will returnaLS_RJT containing areason code of 03h "Logical Error" and areason code explanation
of 2Ah "No additional explanation".

Table 74: “RNID accept payload” showsthe RNID ACC payload.
Table 74: RNID accept payload

Item Size Bytes
hex *02 00 00 00’ 4
Node | dentification Data For mat 1
Common Node-Identification-Data L ength 1
Reserved 1
Specific Node-ldentification-Data L ength 1
Common Node I dentification Data Oor 16
Specific Node I dentification Data 0-max
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The Node I dentification Data For mat specifies the format of Node Identification Data returned from the drive. The drive
setsthis field to the same value that was in the RNID Request.

The Common Node-I dentification-Data L ength specifies the length of the Common Node-Identification-Data. Thisfield is
set to 10h.

The Specific Node-ldentification-Data L ength specifies the length of the Specific Node-Identification-Data. Thisfield is set
to 34h if the Node Identification Data Format was set to DFh (Topology Discovery Data) or Oh otherwise.

Common Node-1dentification-Data specifies the port’s 8-byte Node Name and 8-byte Port Name. The format is defined in
Table 75: “Common Node Identification Data” .

Table 75: Common Node | dentification Data

Format Size (Bytes)
N_Port_Name 8
Node Name 8

The Specific Node-1 dentification-Data specifies Topology Discovery Data whose format is described in Table 76: “Topol-
ogy Discovery Specific Node Identification Data’ . This Datais only returned when the Node | dentification Data Format is
set to DFh "Topology Discovery Data'.

Table 76: Topology Discovery Specific Node | dentification Data

Format Size (Bytes)
Global ID 16
Unit Type 4
Physical Port Number 4
Number of Attached Nodes 4
IP Version 2
UDP Port Number 2
P Address 16
Reserved 2
Topology Discovery Flags 2

The Global ID field is aWorld Wide unique name whose format is identical to the Common Node-Identification-Datafield as
specified in the table.

The Unit Type field specifies the type of device returning the Node-Identification-Data. Valid values for this field are shown
in Table 77: “Topology Discovery Unit Type” .
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Table 77: Topology Discovery Unit Type

Value - hex Type
00 00 00 00’ Reserved
’00 00 00 01’ Unknown
’00 00 00 02 Other (none of the following)
00 00 00 03 Hub
00 00 00 04’ Switch
00 00 00 05’ Gateway
00 00 00 06’ Converter
’00 00 00 07’ HBA
00 00 00 08 Proxy-agent
00 00 00 09’ Sorage device (disk, CD, tape, etc.)
’00 00 00 OA Host
00 00 00 OB’ Sorage subsystem (raid, library, etc.)
00 00 00 OC’ M odule (subcomponent of a system)
00 00 00 OD’ Software driver
00 00 00 OE’ -
'FF FF FF FF’ Reserved

The drive returns avalue of 9hin thisfield.

The Physical Port Number specifiesthe port that received the RNID REQ. Valid values are 00h if the RNID was received on
port A and 01h if the RNID was received on port B.

The Number of Attached Nodes field specifies the number of nodes attached to the node returning the RNID ACC. Sincethe
drive does not perform any topology discovery, it setsthisfield to Oh.

The | P Version field specifiesthelevel of IP supported. Since the drive does not support the IP protocol, it setsthisfield to Oh.

The UDP Port field specifies the numerical value that identifies a port using the User Datagram Protocol. Since the drive does
not support UDP, it setsthisfield to Oh.

The I P Address specifies the | P address of the node. Since the drive does not support IP, thisfield is set to Oh.

The Topology Discovery Flags (TDF) are defined in Table 78: “Topology Discovery Flags’ .
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Table 78: Topology Discovery Flags

Byte BIT Default
request
7 6 5 4 3 2 1 0 values

0 Reserved TDF 000h

The Topology Discovery Support flag signals that the node supports further Topology Discovery inquiries. Thisflagis set to
0 by the drive.

The L oop Position Valid flag indicates that multiple Node I dentification Data records are reported in the order detected by a
L oop Position Report Primitive. The drive returns only a single Node Identification Data record and sets thisflag to O.

17.3.16 Report Port Speed Capabilities (RPSC)

The Report Port Speed Capabilities EL S provides a mechanism for a port to report its current and potential link operating
speeds. The response to the RPSC payload isan LS _ACC response which indicates speed capabilities and current operating
speeds of each port.

Table 79: RPSC payload

Byte Item Size (Bytes)
0-3 Command Code = 7D00000Ch 4
Table 80: RPSC ACC payload
Byte Item Size (Bytes)
0 ACC Cmd Code = 02h 1
1 Reserved =0 1
2-3 Number of Entries = 0002h 2
4-5 Port 1 Speed Capabilities = EO00h 2
6-7 Port 1 Operating Speed 2
89 Port 2 Speed Capabilities = EO0Ch 2
10-11 Port 2 Operating Speed 2

The Speed Capabilitiesfieldsindicate that the drive is capable of 1Gh/sec, 2 Gb/sec, and 4 Gb/sec operations.

The Operating Speed fields indicate the port's current operating speed as follows: 8000h for 1Gb/sec, 4000h for 2 Gb/sec, or
2000h for 4 Gh/sec.

17.4 Common Fibre Channel Services

Common Fibre Channel Service Request uses the Common Transport (CT) Interface to communicate with FC Fabric Servers.
The CT interface provides severa Information Units, (CT_IU)s, which provide the transport mechanism between service
requestors and their servers.

In CT_lU frames, the TY PE field in the frame header is set to 20h (Fibre Channel Service). R_CTL iseither 02h (FC-4
Device Data, Unsolicited Control) for a Regquest or 03h (FC-4 Device Data, Solicited Control) for a Reply.

Each CT_IU payload starts with a 16 byte CT Header as shown in Table 81.
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Note: Common FC Services are used to communicate with the Fabric Name Server and are only issued by the drivewheniitis
operating as a Public Loop Device.

Table 81: Payload of a CT Header

Byte Item Size (Bytes)
0 FC CT 1
1-3 IN_ID 3
4 FCS Type 1
5 FCS_Subtype 1
6 Options 1
7 Reserved 1
8-9 Command/Response Code 2
10-11 Maximum/Residual Size 2
12 Reserved 1
13 Reason Code 1
14 Reason Code Explanation 1
15 Vendor Unique 1

The FC_CT field containsthe FC_CT revision. The drive always sets this value to 0x01.

IN_ID isareserved field that may be used to carry the S_ID of the original requestor between different serversin the fabric.
Itsvaluein the FC_ACC/FC_FJT frame may be non zero if it was used.

The FCS_Typeindicates which FC Service is requested and the FCS_Subtype specifies which server will process the
request. The drive does not check the FCS_Type/FCS_Subtype values returned by the Name Server in the FS_ ACC/FS_RJT.

The Optionsfield specifies various options used during FCS processing. The drive sends a value of 0x00, which specifies that
this request must complete before another can be attempted.

The Command/Response Code field identifies specific Fibre Channel Service Information Units (FS_IUs). The Command/
Response Code al so determines the type of FS_1U. Command codes are as shown in Table 82.

Table 82: Command/Response Codes

Value Description

0000h Non-(FS _|U)

0001h - 7FFFh Fibre Channel Service Requests (FS_REQ)

8001h Fibre Channel Service Reject (FS_RJT)

8002h Fibre Channel Service Accept (FS_ACC)

other values Reserved

The drive supports only the Command code of 0217h, which specifiesa RFT_ID request.

The Maximum/Residual Sizefield is used by the sender of an FS_REQ to indicate the maximum number of bytesit can
accept inan FS_ACC payload. If the size of the responder’s FS_ACC payload is greater than this value, the responder will

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
96



transfer only the number of bytes requested and set the Maximum/Residual field in the FS_ACC to the number of residual
bytes that were not transferred.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
97



17.4.1 Register FC-4 Types (RFT_ID)

Thedrive uses RFT_ID to register its FC-4 type, (SCSI-FCP), with the Fabric Name Server. An RFT_ID request is sent to the
well-know address FFFFFCh (Fabric Name Server) and must be attempted after a successful FLOGI.

Table 83: RFT_ID payload

Byte Item Size (Bytes)
0 CT_IU Header 16
15
16 Reserved 1
17 S ID of sending NL_Port 3
19
20 Supported FC-4 types bit map: byte 22 = 0x01, all others = 0x00 32
51

Aswith al Common Transport requests, the payload of an RFT_ID startswith the CT_IU header. The FCS_Type va ue of the
CT_IU Header is set to FCh to indicate a Directory Service Request, while the FCS_Subtype value is set 02h to indicate that
the request is directed to the Name Server. The Command code is set to 0217h to specify an RFT_ID request. For an
RFT_ID_ACC/RJT, the Command/Response code is set to 8001h for aRFT_ID_RJT and 8002h for RFT_ID_ACC. If the
responsewas aFA_RJT, the Reason Code, Reason Code Explanation, and Vendor Unique fieldswould be set to indicate which
error condition occurred. The drive does not check any other fieldsin an FS_ACC/RJT payload.

The Supported FC-4 Bitmap indicates which FC-4 protocols the RFT_ID requestor supports. The drive sets the eighth bit of
this bitmap to indicate that it supports FC-4 type 08h (SCSI-FCP).

Table 84: RFT_ID ACC/RJT payload

Byte Item Size (Bytes)

0 CT_IU Header 16

15
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Table 85: FS _RJT Reason Codes

Encoded value |Description

0000 0001 Invalid command code

0000 0010 Invalid version level

0000 0011 Logical error

0000 0100 Invalid IU size

0000 0101 Logical busy

0000 0111 Protocol error

0000 1001 Unable to perform command request

0000 1011 Command not supported

others Reserved

1111 1111 Vendor Unique Error

Table 86: FS_RJT Reason Explanations

Encoded value |Description
00 No additional explanation
01 Port Identifier not registered
02 Port Name not registered
03 Node Name not registered
04 Class of Service not registered
05 IP address not registered
06 Initial Process Associator not registered
07 FC-4 TY PEs not registered
08 Symbolic Port Name not registered
09 Symbolic Node Name not registered
0A Port Type not registered
10 Access Denied
n Unacceptable Port |dentifier
12 Data base empty
Others Reserved
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17.5 FC-AL timers

Table 87: FCAL timer values

Timer Description Value
(PLDA/FLA)*
AL _TIME Arbitrated Loop Timeout Value 15ms
LIS HOLD_TIME |Loop Initiaization Sequence Hold Time 1ms
R T TOV Receiver Transmitter Timeout Value 100 ms
E D TOV Error Detect Timeout Vaue 2 sec./2 sec.*
R A TOV Resource Allocation Timeout Value 2 sec./10 sec.*
RR_TOV Resource Recovery Timeout Value 2 sec.
LP_TOV Loop Timeout Vaue 2 sec.

The drive uses FCAL timers as specified in PLDA 2.1 asrequired in the standard.
* AL_TIME

AL_TIME represents two times the worst case round trip latency for avery large loop.
LIS HOLD TIME

LIS HOLD_TIME isthe maximum amount of time between when a node receives a Loop Initialization Sequence
until it forwards it to the next node.

*R_T_TOV
R_T_TOV isused by the receiver logic to detect aLink Failure. A Link Failure is defined as|oss of synchronization
for aperiod greater thanR_T_TOWV.
*E D _TOV
E _D_TOV isthe minimum time a port shall wait for the next expected frame in a sequence before detecting an error.
«R_A_TOV
R_A_TOV isdefined by the PLDA to be two distinct timers.

* R_LA_TOVgeq quaL defines the minimum time a port shall wait before reuse of the sequence qualifiers SEQ_CNT
and SEQ_ID. The PLDA definesthe value of R_A_TOVgeq qual to be zero seconds.

Twice thevalue of R_A_TOV g defines the minimum time a port shall wait for the response to an Extended Link

Service Request. The PLDA defines this value to be two seconds. Therefore a port must wait twice this value (four
seconds) before timing out an ELS.

Note: Inthe FLA, thereisno split definition of the R_A_TOV value. One timer value is used for both
R_A_TOV SEQ_QUAL and R_A_TOV ELS

« RR_TOV

RR_TOV isthe minimum time atarget shall wait for an Initiator to perform exchange authentication following LIP. If
thistimer expires, the Target will implicitly log out the Initiator and free up the resources associated with that timer.
An RR_TOV timer is maintained for each Initiator that has logged in.
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e LP_TOV
LP_TOV isused to keep aLoop from deteriorating due to protocol errors or lost Ordered Sets.
LP_TOV isalso used during initialization and to reset the fairness window.

17.5.1 Link Failure

Link Failureis defined when areceiver has continuously detected loss of synchronization for aperiod of R_T_TOV.
When this occurs, the drive will transmit L1P(F8) on that port.

17.6 Invalid frame delimiter

If an invalid frame delimiter isreceived for a:

»- FCP_DATA frame, the exchange shall terminate with a CHECK CONDITION status. The resulting Sense data will
have the Sense Key set to Aborted command and the Additional Sense Code set to Data Phase Error.

»- non-FCP_DATA frame, the frame shall be discarded and ignored.
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18.0 SCSI-FCP

This section describes the drive's implementation of SCSI-FCP. SCSI-FCP is the FC-4 mapping recommended by the Disk
Profile. It mapsthe ANSI SCSI protocol onto the FC-PH functions.

Note: PLDA 2.1 specifies: “ Reserved FC-PH fields are not required to be checked for zeroes. Validity bits set to O remove any
requirement to check the corresponding field for zeroes (e.g., if F_CTL bit 3=0, receiving N_Ports are not required to verify
that the parameter field in word 5 of the frame header contains zeroes).” As such, the drive does not validate 1) reserved FC
fields or 2) fields that are not reserved but are not valid for the current frame (as the example above with F_CTL bit 3). This
does not apply to any reserved field checking and testing within the FCP_CDB. These fields are checked as per ANSI SCSI
requirements.

18.1 Terminology

The SCSI Architecture Model (SAM) defines anew SCSI vocabulary in order to remain independent from physical protocol
and interconnect. Common SCSI-2 terms have been replaced and new ones introduced.

As might be expected, the terminology used to describe SCSI-FCP isaproblem. It needs elements of SAM and Fibre Channel.
Most of the Fibre Channel terms have been introduced in 1.0, “FC-AL Attachment”, and some essential SAM terms are cov-
ered here. However, SAM is still recommended reading!

SCSI-FCP describes all communication in terms of Fibre Channel Information Units (1Us). FC-PH defines these simply as
"seguences that have special meaning to the FC-4" (i.e. SCSI-FCP).

IUs are used to send commands, data, and status; bus phases are part of parallel SCSI and no longer exist. Execution of acom-
mand requires several 1Usto pass between theTarget and Initiator so an 1/0O Process (I0P) equates to a Fibre Channel
exchange. In fact, the exchange ID is used as the command tag.

An |OP isrepresented in the Target by a Task. The Initiator uses Task Management functions to control execution of the task
in the Target. IUs are used to transfer Task Management functions.

SAM defines a Target as consisting of a Task Manager and one or more Logical Units. The Task Manager handles all the Task
Management functions and the logical unit handles commands.

Thelogical unit consists of a Target and a Task Set. The Target actually executes the commands and the task set issimply what
used to be known as the Command Queue.

SCSI-FCP recognizes that Targets and Initiators may simply be software procedures and therefore calls them Processes.
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18.2 Information Units

SCSI-FCP defines a number of 1Us that are used to describe the mapping of SAM Device and Task Management functions.
The Disk Profile defines an 'FCP Feature Set', which is a subset of those |Us.

This section defines the IUs implemented by the drive (see Table 88).

Table 88: Information Units (1Us)

U SAM primitive Data block F/IM/L Sl M/O
CAT Content
T1 Command Request 6 FCP_CMND F T M
T6 Data Out action 1 FCP_DATA M T M
11 Data delivery request 5 FCP_XFER_RDY (WRITE) M T M
13 Dataln action 1 FCP_DATA M H M
14 Response 7 FCP_RSP L T M
Note:
Key:
SAM = SCSI-3 Access Method
V] = Information Unit
CAT  =Information category of Device Dataframe
F/M/L = First/Middle/Last U of Sequence
Sl = Sequence Initiative
H = Hold Seguence Initiative
T = Transfer Sequence Initiative
M/O = Mandatory/Optional
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18.2.1 FCP_CM

The FCP_CMND |U carries either a SCSI command to be executed or a Task Management function to be performed.

ND

Table 89: FCP_CMND payload

Byte Field Description Size (Bytes)
0 FCP_LUN Logica Unit Number 8
-7

8-11 FCP_CNTL Control Field 4
12 FCP_CDB SCSI Command Descriptor Block 16
27

28-31 FCP_DL Data L ength 4

18.21.1 FCP_LUN

The FCP_LUN field identifies the logical unit number within the Target. The driveisasingle LUN with address 0000 0000

0000 0000h.

18.2.1.2 FCP_CNT

L

The FCP_CNTL field contains a number of control flags.

Table 90: FCP_CNTL field

Byte Description Size (Bytes)
0 Reserved 1
1 Task Codes 1
2 Task Management function flags 1
3 Execution management codes 1

The Task Codesfield contains the Task Attributes, as shown in Table 91. The Task Attributes are described in 18.3, “ Task

Attributes’, on page 109

Table 91: Task Attribute values

Value Attribute
XXxx X000b Simple Q
XXxx X001b Head of Q
XXXX X010b Ordered Q
XXxx x100b ACA_Q (not supported)
xxxx x101b Untagged
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The Task M anagement Function flags are used to request Task Management functions, as shown in Table 92. The Task Man-
agement functions are described in 18.4, “ Task Management functions’, on page 110.

Table 92: TMF flag values

Value Function

1000 0000b Terminate Task

0100 0000b Clear ACA (not supported)

0010 0000b Target Reset

0000 0100b Clear Task Set

0000 0010b Abort Task Set

The Execution management codes field contains flags, as follows:
Bits 7-2 - Reserved
Bit 1 - Read Data

When set to one, this flag indicates that the Initiator expects FCP_DATA [Us for the task to be in the direction oppo-
site to the direction of the FCP_CMND IU. Thisisa SCSI READ type operation.

Bit 0 - Write Data

When set to one, this flag indicates that the Initiator expects FCP_DATA |Us for the task to be in the same direction
asthe FCP_CMND IU. Thisisa SCSI WRITE type operation.

18.2.1.3 FCP_CDB

The FCP_CDB field contains the SCSI CDB to be executed by the addressed logical unit. Thisfield isignored if any of the
Task Management function flags are set.

Thisisa16-byte field. Bytes beyond the end of the CDB are ignored by the Target and may have any value.

18.2.1.4 FCP_DL

The FCP_DL field contains a count of the greatest number of data bytes expected to be transferred by execution of the SCSI
CDB. An FCP_DL field of zero indicates that no data transfer is expected and that no FCP_XFER_RDY or FCP_DATA IUs
shall betransferred.
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18.2.2 FCP_XFER_RDY

The FCP_XFER_RDY |U indicates that the Target is prepared to perform all or part of the data transfer for acommand.
During WRITE operations, the FCP_XFER_RDY U indicates the amount of data that the Target expects from the Initiator.

Since the Target has planned buffer resources based on that amount of data, the Initiator is expected to provide exactly the
amount requested.

Table 93: FCP_XFER_RDY payload

Byte Field Description Size (Bytes)
0-3 DATA_RO Relative Offset 4
4-7 BURST_LEN  |Length of FCP_DATA IU that follows 4
8-11 Reserved 4

The DATA_RO field indicates the contents of the RLTV_OFF field for the first data byte of the next FCP_DATA IU. The
RLTV_OFF field is part of the frame header.

The BURST _LEN field indicates the amount of buffer space prepared for the next FCP_DATA U and requests an |U of that
exact length.

18.2.3 FCP_DATA

SCSl datatransfers may be performed by one or more data delivery requests, each one performing atransfer no longer than the
maximum burst length defined by the parameters of the disconnect/reconnect mode page.

18.2.4 FCP_RSP

The content of the FCP_RSP U is as shown in Table 94.
Table 94: FCP_RSP payload

Byte Field Description Size (Bytes)
0 Reserved 8
-7
8-11 FCP_STATUS |Field Validity and SCSI Status 4
12-15 FCP_RESID Residual Count 4
16-19 FCP_SNS LEN |Length of FCP_SNS_INFO field 4
20-23 FCP_RSP LEN |Length of FCP_RSP_INFO field 4
24-> FCP_RSP_INFO |FCP Response Information m
24+m-> FCP_SNS_INFO |SCSI Sense Information n
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18.2.4.1 FCP_STATUS
The FCP_STATUSfield isnormally zero upon successful completion of an 10P.

Table 95: FCP_STATUSfield

Byte Description Size (Bytes)
0-1 Reserved 2

2 Flags 1

3 SCSI Status byte 1

The Flagsfield contains the following:
Bits 7-4 - Reserved
Bit 3- FCP_RESID_UNDER

When set to one, this flag indicates that the FCP_RESID field is valid and contains a count of the number of bytes
that were expected but not received.

Bit 2- FCP_RESID_OVER

When set to one, this flag indicates that the FCP_RESID field is valid and contains a count of the number of bytes
that could not be transferred because FCP_DL was not sufficient.

Bit 1- FCP_SNS LEN_VALID

When set to one, thisflag indicatesthat the FCP_SNS LEN field isvalid and contains a count of the number of bytes
in the FCP_SNS_INFO field.

Bit 0- FCP_RSP_LEN_VALID

When set to one, thisflag indicates that the FCP_RSP_L EN field isvalid and contains a count of the number of bytes
in the FCP_RSP_INFO field.

The SCSI Satusbytefield is defined in 20.0, “ SCSl Status Byte”, on page 307.

18.2.4.2 FCP_RESID

Thisfield contains a count of the number of residual data bytes that were not transferred for this SCSI command.

18.2.4.3 FCP_SNS LEN
Thisfield contains a count of the number of valid bytesin the FCP_SNS INFO field.

18.2.4.4 FCP_RSP_LEN

If the FCP_RSP_LEN_VALID flag inthe FCP_STATUSfield is set to 1b, thisfield contains a count of the number of valid
bytesin the FCP_RSP_INFO field.

Valid values are 0, 4, and 8.
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18.2.4.5 FCP_RSP_INFO

Thisfield contains information describing only the protocol failures detected during the execution of an |OP.

Table 96: FCP_RSP_INFO field

Byte Description Size (Bytes)
0-2 Reserved 3
3 RSP_CODE 1

The content of the RSP_CODE field is defined bel ow.

Table 97: RSP_CODE definitions

Code Description
00h No Failure (Function Complete)
01h FCP_DATA length different from BURST_LEN
02h FCP_CMND Fields Invalid
03h FCP_DATA_RO mismatch with FCP_XFER_RDY DATA_ RO
04h Function Rejected
05h Service Delivery or Target Failure
06-FFh Reserved

18.2.4.6 FCP_SNS INFO
Thisfield contains the Sense information specified by SCSI (see 22.1, “ SCSI Sense Data Format”, on page 349).

FCP_SNS INFO isonly returned if the SCSI Status byte in the FCP_STATUS field is set to CHECK CONDITION status.
Refer to 18.5.3, “Autosense”, on page 113 for more details.

18.3 Task Attributes

Task Attributes are specified in the Task Codes field of the FCP_CMND IU. They apply only to the SCSI command contained
within the FCP_CDB field and areignored if any of the Task Management function flags are set.

A task shall have one of the following attributes:
Simple Queue

This attribute specifies that the task shall be accepted into the task set and executed after tasks with the Head of
Queue attribute and tasks with the Ordered attribute that were received earlier. The order of execution, with respect to
other tasks with the Simple attribute, is determined by the Queue Algorithm currently in effect. Refer to the Queue
Algorithm Modifier field in 19.10.9, “Mode Page OA (Control Mode Page Parameters)”, on page 186.

Head of Queue

This attribute specifies that the task shall be accepted into the task set and executed next. Successive tasks received
with Head of Queue attribute will be executed in LIFO order.
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Ordered Queue

This attribute specifies that the task shall be accepted into the task set and executed in the order received. All tasks
received earlier shall complete before thistask. All tasks received later shall complete after this task, except for tasks
received with Head of Queue attribute.

Untagged

This attribute specifies that the task shall be accepted into the task set according to the rules for an untagged task.
Only one untagged task can exist for each logical unit/Initiator pair. A second untagged task for the same pair is
treated as an overlapped command. SCSI-FCP commands are inherently tagged with the OXID/RXID specified in
the frame header. Therefore, commands sent with the untagged task attribute are handled asif they had the Ordered
Queue attribute.

Note: The uncoupled nature of FCAL makes it impossible for the drive to perform command overlap checking. (See
Section 21.6.3 "Overlapped Commands")

18.4 Task Management functions

Task Management functions allow an Initiator to explicitly control the execution of one or more Tasks. SAM defines the fol-

lowing:

Abort Task (Implemented asABTS BLS)
Abort Task Set

Reset LUN

Clear ACA (not supported)

Clear Task Set

Target Reset

Terminate Task

Note: The following description appliesto all Task Management functions except Abort Task, which is described separately in
18.4.1, “Abort Task (Implemented as ABTS BLS)”, on page 111.

Task Management functions are transmitted in a new exchange usinga T1 FCP_CMND |U (see 18.2.1, “FCP_CMND”, on
page 105). The Task Management function flagsin the U specify the required function. If any flag is set, all CDB related
fields of the lU areignored (FCP_CDB, FCP_DL, the Task Codes and Execution Management fields of FCP_CNTL). Only
one Task Management function flag may be set.

The Target responds to a Task Management function with an 14 FCP_RSP IU (see 18.2.4, “FCP_RSP”, on page 107). The
RSP_CODE in the FCP_RSP_INFO field shall be as shown in Table 98 and all other fields shall be zeroes.

Table 98: Task Management function RSP_CODE definitions

Code Description
00h No Failure (Function Complete)
04h Function Rejected
05h Service Delivery or Target Failure
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18.4.1 Abort Task (Implemented asABTSBLYS)

The Abort Task function is performed using the FC-PH link management functions. Specifically, the Abort Sequence (ABTS)
Basic Link Service (BLS). Refer to 17.2.1, “Abort sequence (ABTS)”, on page 57 for a detailed description of this BLS.

Abort Task causes the Target to abort the specified task, if it exists. Previously established conditions such as Mode parameters
and reservations are not affected.

The Initiator performs the Abort Task by using the FC-PH Recovery Abort Protocol. This protocol recovers any resources
associated with the exchange that is being terminated.

The Initiator shall also use the recovery abort protocol for each open exchange following receipt of an FCP_RSP with a
RSP_CODE of No Failure (Function Complete) to Abort Task Set, Clear Task Set, or Target Reset Task Management function.

The recovery abort protocol is as follows:

e Thelnitiator generates an ABTS sequence. This may be done regardless of whether or not the Initiator has sequence
initiative. Inthe ABTS frame:

- SEQ _ID issettothe SEQ ID of an open sequence at the Initiator. If no sequenceis open, any SEQ_|ID not cur-
rently in use between the Initiator and the Target may be used.

- SEQ_CNT isset to one more than the SEQ_CNT of the last frame transmitted in the open sequence. If no
sequence is open, SEQ_CNT is zero.

- OX_ID isset to the OX_ID assigned by the Initiator to the task that is being aborted.

- RX_ID issetto FFFFhif no FCP_XFR_RDY (WRITE) or READ data (READ) has been received from the Target.
Otherwise, RX_ID is set to the RX_ID assigned by the Target to the task that is being aborted.

- F_CTL isset for Sequence Context = Initiator.

e The Target may reject the ABTS withaBA_RJT frame only if
1. the Target has assigned an RX_ID to an OX_ID in aprevious frame, and
2. the ABTS has an unknown OX_ID/RX_ID combination.

Thereason codeinthe BA_RJT isLogical error and the reason code explanation is Invalid OX_ID-RX_ID combina-
tion. The F_CTL field is set to indicate that thisis the last frame of the exchange.

*  Thetarget acceptsthe ABTS with aBA_ACC frame. In the frame header:
- OX_ID isset fromthe OX_ID inthe ABTS
- RX_ID isset fromthe RX_ID inthe ABTS
- F_CTL isset to indicate that thisisthe last frame of the exchange (L_S = 1b) and Sequence Context =Recipient.
In the frame payload:
- SEQ_ID Validity is set to 00h
- SEQ _ID isignored by the recipient and may therefore be any value
- OX_ID isset fromthe OX_ID inthe ABTS
RX_ID isset fromthe RX_ID inthe ABTS
Low SEQ_CNT isset to 0000h
- High SEQ_CNT isset to FFFFh

18.4.2 Abort Task Set

Abort Task Set causes the Target to abort all tasksin the task set that were created by the Initiator. The action is equivalent to
receiving a series of Abort Task requests. Previously established conditions such as M ode parameters and reservations are not
affected.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
111



18.4.3 Terminate Task
The drive does not support Terminate Task. An FCP_RSP with aRSP_CODE of Function Rejected will be returned.

18.4.4 Clear ACA
The drive does not support Clear ACA. An FCP_RSP with aRSP_CODE of Function Rejected will be returned.

18.4.5 Target Reset

The Target Reset Task Management function causes the Target to execute a hard reset, as defined by SAM. This means;

Abort all tasks for al Initiators.

Release any device reservation.

Return all internal statesto their initial power-on and default values, as established by PRLI.
4. Set aunit attention condition for al Initiators.

Target Reset does not affect any login state.

wn R

18.4.6 Clear Task Set

Clear Task Set causes the Target to abort all tasksin the task set. The action is equivalent to receiving a series of Abort Task
requests from al Initiators.

A unit attention condition shall be generated for all other Initiators with tasks in the task set. The Additional Sense Code shall
be Commands cleared by another Initiator.

Previously established conditions such as Mode parameters and reservations are not affected.

18.4.7 Reset LUN

The Reset LUN Task Management function causes the drive to execute a hard reset with the same actions as Target Reset. See
section 18.4.5.

18.5 Miscellaneous

18.5.1 Tags

Using SCSI-FCP, an 1/0 Process equates to a Fibre Channel Exchange. All IOPs are therefore implicitly tagged by the Fully
Qualified Exchange ID (FQXID).

The FQXID is the 80-bit concatenation of the S ID, D_ID, OX_ID and RX_ID from any frame in the exchange.

18.5.2 Auto-Contingent Allegiance (ACA)

In parallel SCSI-2, a CHECK CONDITION generates sense data for the faulted initiator (the one that got the CHECK CON-
DITION) and either suspends or aborts all commands queued by that Initiator. Execution of the next command from the
faulted Initiator clears the sense data and allows queued commands to resume. Thisis 'Contingent Allegiance' (CA).

CA requires an interlocked interface to work. In anon-interlocked serial interface, the 'next' command could aready be on its
way before the faulted Initiator receives the CHECK CONDITION and sense data could be inadvertently lost.

In SCSI-3, ACA replaces the SCSI-2 Contingent Allegiance and Extended Contingent Allegiance conditions.
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ACA isacondition that is created within the Target task set whenever CHECK CONDITION isreturned. While it exists, al
tasksin the task set are blocked (i.e., the queue is frozen). New tasks from Initiators other than the faulted Initiator are not
entered into the task set and are completed with a status of ACA ACTIVE.

New tasks from the faulted Initiator are entered into the task set under two different conditions, depending on the state of the
NACA bit in the CDB Control Byte of the faulting command.

1. If the NACA bit was set to Ob, the previously described SCSI-2 CA rules apply.
2. If the NACA bit was set to 1b, the new task must have the ACA attribute and there must be no other task in the task set
with the ACA attribute. If these conditions are not met, the task is completed with a status of ACA ACTIVE.

Note: Only NACA = Obis supported.

18.5.3 Autosense

Autosense is the automatic return of sense data upon completion of the task. It is equivalent to an explicit REQUEST SENSE
command being executed immediately after Check Condition statusis returned.

The sense datais returned in the 14 FCP_RSP |U. The FCP_SNS LEN field indicates how many bytes of valid sense are con-
tained in the FCP_SNS _INFO field.
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19.0 SCSI Command Set

Summaries of the SCSI commands supported by the drive are listed below. O = optional, M = mandatory

Table 99: SCSI Commands Supported

Type Code Description
M 04h FORMAT UNIT (04), page 118
M 12h INQUIRY (12), page 125
@) 4Ch LOG SELECT (4C), page 137
o] 4Dh LOG SENSE (4D), page 140
@) 15h MODE SELECT (15), page 165
O 55h MODE SELECT (55), page 166
o] 1Ah MODE SENSE (1A), page 167
O 5Ah MODE SENSE (5A), page 196
o] 5Eh PERSISTENT RESERVE IN (5E), page 197
o] 5Fh PERSISTENT RESERVE OUT (5F), page 201
@) 34h PRE-FETCH (34), page 207
M 08h READ (6) - (08), page 208
M 28h READ (10) - (28), page 209
o A8h READ (12) - (A8), page211
@) 88h READ (16) - (88), page212
o] 7Fh/09h READ (32) - (7F/09), page 213
O 3Ch READ BUFFER (3C), page 215
M 25h READ CAPACITY (10) - (25), page 222
o] 9Eh/10h READ CAPACITY (16) (9E/10), page 224
O 37h READ DEFECT DATA (37), page 226
O B7h READ DEFECT DATA (B7), page232
o] 3Eh READ LONG (3E), page 237
@) 07h REASSIGN BLOCK S (07), page 238
O 1Ch RECEIVE DIAGNOSTICSRESULTS (1C), page 240
M 17h RELEASE (17), page 246
o 57h RELEASE (57), page 247
O A3h/05h REPORT DEVICE IDENTIFIER (A3/05), page 248
o] AOCh REPORT LUNS (A0), page250
o A3h/0Ch REPORT SUPPORTED OPERATION CODES (A3/0C),
page 251
REPORT SUPPORTED TASK MANAGEMENT FUNCTIONS
© A3n/0Dh (A3/0D), page 255
M 03h REQUEST SENSE (03), page 257
M 16h RESERVE (16), page 258
O 56h RESERVE (56), page259
o] 01h REZERO UNIT (01), page 260
6] 0Bh SEEK (6) - (0B), page 261
O 2Bh SEEK (10) - (2B), page 261
M 1Dh SEND DIAGNOSTIC (1D), page 262
O A4h/06h SET DEVICE IDENTIFIER (A4/06), page 268
o] 1Bh START STOP UNIT (1B), page 269
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@) 35h SYNCHRONIZE CACHE (10) - (35), page 270
@] 91h SYNCHRONIZE CACHE (16) - (91), page 271
M 00h TEST UNIT READY (00), page 272

@) 2Fh VERIFY (2F), page 273

@] AFh VERIFY (12) - (AF), page 276

O AFh VERIFY (16) - (8F), page277

) 7Fh/OAN VERIFY (32) - (7TF/0A), page278

M 0Ah WRITE (6) - (OA), page 280

M 2Ah WRITE (10) - (2A), page 281

) AAh WRITE (12) - (AA), page 284

@) 8Ah WRITE (16) - (8A), page 285

0 7Fh/0OBh WRITE (32) - (7F/0B), page 286

0] 2Eh WRITE AND VERIFY (10) - (2E), page 288
@] AEh WRITE AND VERIFY (12) - (AE), page 289
O 8Eh WRITE AND VERIFY (16) - (8E), page 290
@) 7Fh/OCh WRITE AND VERIFY (32) - (7F/0C), page 291
@] 3Bh WRITE BUFFER (3B), page 293

0 3Fh WRITE LONG (3F), page 301

) 41h WRITE SAME (41), page 302

@) 93h WRITE SAME (16) - (93), page 303

0 7Fh/ODh WRITE SAME (32) - (7F/0D), page 304
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19.1 SCSI Control Byte

The Control Byte isthe last byte of every CDB. The format of this byte is shown below.
Table 100: SCSI Control Byte

BIT

VU=0 Reserved = 0 FLAG LINK

VU

VU stands for Vendor Unique.
FLAG**

If Link is zero, Flag must also be zero. If Link is one, Flag may also be one. Typicaly thisbit is used to cause an
interrupt in the Initiator between linked commands.

LINK**

Thisbit is set to one to indicate that the Initiator desires an automatic link to the next command upon successful com-
pletion of the current command.

Note: * - The drive ignores the link bit and flag bit in the CDB.

19.2 Abbreviations

These abbreviations are used throughout the following sections:
LUN  Logica Unit Number. An encoded three bit identifier for the logical unit.
VU Vendor Unique bits
LBA  Logica Block Address
RSVD Reserved
MSB  Most Significant Byte
LSB  Least Significant Byte

19.3 Byte ordering conventions

In this specification, whereit is not explicitly stated, all multi-byte values are stored with the most significant byte first. For
example, in a4 byte field, byte O will contain the MSB and byte 3 the LSB.
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19.4 FORMAT UNIT (04)

Table 101: FORMAT UNIT (04)

Byte BIT
7 6 5 4 3 2 1 0
0 Command Code = 04h
1 FMTPINFO RTO_REQ tIOSI'\II'C:O ISXI'I:I—A CMPLIST Defect List Format
2 VU=0
34 Obsolete=0
5 VU=0 Reserved =0 FLAG LINK

* FMTPINFO (Format Protection I nformation) set to zero specifies that the drive shall disable the use of protection
information and format to the block size specified. FMTPINFO set to one specifies that the drive shall enable the use
of protection information and format to the block size specified + 8 (e.g., if the block length is 512, then the format-
ted block length is 520). Following a successful format, the PROT_EN bit in the READ CAPACITY (16) parameter
dataindicates whether protection information is enabled. When protection information iswritten during a FORMAT
UNIT command (i.e., the FMTPINFO hit is set to one), protection information shall be written with adefault value of
al FF's.

* RTO_REQ (Reference Tag Own Request) specifies whether the initiator or drive has ownership of the Logical Block

Reference Tag field in protection information. If the FMTPINFO bit is set to zero and the RTO_REQ hit is set to one,
Check Condition statuswill be returned, with the sense key set to Illegal Request and the additional sense code set to
Invalid Field in CDB.
If the FMTPINFO hit is set to one and the RTO_REQ hit is set to one, application client ownership of the Logical
Block Reference Tag field is enabled, (i.e. theinitiator owns the Logical Block Reference Tag field). If the FMT-
PINFO bit is set to one the the RRTO_REQ bit is set to zero, application client ownership of the Logical Block Refer-
ence Tag field isdisabled (i.e. the drive ownsthe Logical Block Reference Tag field). Following a successful format,
the RTO_EN hit inthe READ CAPACITY (16) parameter dataindicates whether application client ownership of the
Logica Block Reference Tag field is enabled.

» FmtData set to one specifies that a Data Out phase follows the Command phase. The Data Out phase consists of a

Parameter List header, optionally followed by an Initialization Pattern Descriptor, optionally followed by a Defect
List. If FmtData=0, the following defaults are assumed: DPRY =0, DCRT=1, STPF=1, IP=0, DSP=0, Immed=0.

e CmpLst

* - set to one specifies that the Grown Defect List (GList) existing prior to the issuance of the Format Unit command
bediscarded. If provided, the DList then becomesthe GList. Following these operations, the Drive will be formatted
with the PList and GList.
* - set to zero specifies that the GList existing prior to the issuance of the Format Unit command isretained. If pro-
vided, the DList is combined with the GList to become the new GList. Following these operations, the Drive will be
formatted with the PList and GList.

Note: The drive manages two internal defect lists and one external. The Plist is created at time of manufacture. The Glist is

built after manufacture by the Initiators' use of the REASSIGN BLOCK command and the Automatic Reallocate functions.

TheDlist isan external list. It is supplied by the Initiator in the Data Out phase of the FORMAT UNIT command.

* Defect List Format specifiesthe format of the defect descriptor transferred to the Target when FmtDatabit is set to one.
The Target supports the following three defect descriptor formats for the FORMAT UNIT command:
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Format Description

000b Block format
100b Bytes From Index format
101b Physical Sector format

If the FmtData bit is set to zero, thisfield must also be zero. Otherwise the command will complete with a CHECK
CONDITION with asense key of Illegal Request and an additional sense code of Invalid Field in CDB.

*Notes: It is recommended that the MODE SELECT command beissued prior to the FORMAT UNIT command to specify
parameters that affect the formatting process.

The Block Length parameter of the Mode Select Parameter List’s Block Descriptor is used during formatting and is
saved following asuccessful format operation. If aMODE SELECT command has not been issued since the last reset
or start-up (bring-up) sequence, then the Block Length from the previous format operation is used.

Subsequent to receiving a FORMAT UNIT command, the Target responds to commands as follows:

- All commands except REQUEST SENSE and INQUIRY return Check Condition status, while the format operation
isan active I/O process.

- When tagged queuing is enabled (DQue = 0), all commands except REQUEST SENSE and INQUIRY return
Queue Full status, while the FORMAT UNIT command is a queued /O process.

- When tagged queuing is disabled (DQue = 1), all commands except REQUEST SENSE and INQUIRY return Busy
status, while the FORMAT UNIT command is a queued 1/O process

- If aREQUEST SENSE command is received while aformat operation is an active 1/0 process, the Target returns
Good status. The sense key is set to Not ready and the additional sense code and qualifier is set to Format In
Progress.

- If an INQUIRY command is received while aformat operation is an active |/O process, the Target returns Good
status and Inquiry data as requested.

The format operation must compl ete successfully for the Drive to be usable. If the command isinterrupted by areset,
power down, or an unrecoverable error, the Drive enters a degraded mode of operation in which reading and writing
are prohibited. To exit the degraded mode, another FORMAT UNIT command must be sent by the Initiator and com-
pleted successfully by the Target.

The FORMAT UNIT command sets the Unit Attention Condition for all Initiators except the one that issued the FOR-
MAT UNIT command.
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19.4.1 Parameter List Header

Following is the format of the Paramter List Header sent during the data out phase when FmtData is set to one.
Table 102: Format of the Parameter List Header

BIT
Byte
7 6 5 4 3 2 1 0
0 Reserved =0
1 FOV DPRY DCRT | STPF=1 IP DSP Immed Ignored
2 (MSB) Defect List Length
3 (LSB)
4-n Initialization Pattern Descriptor
(n+1) - m Defect Descriptor

» FOV (Format Options Valid) bit set to zero indicates that the Target should use its default settings for the DPRY (0),
DCRT (1), STPF (1), IP (0), and DSP (1) bits. These bits must al be set to zero in the Parameter List Header when
FOV=0, or the command will be terminated with Check Condition status, sense key of 1llegal Request, and addi-
tional sense code of Invalid Field in Parameter List.. FOV=1 indicates that the values set in DPRY, DCRT, STPF, IR,
and DSP will be defined as specified below.

* DPRY (Disable Primary) hit set to zero indicates that the Target does not use portions of the medium identified as defec-
tivein the primary defect Plist for Initiator addressable logical blocks. If the Target cannot locate the Plist or it cannot
determine whether a Plist exists, theTarget terminates the FORMAT UNIT command as described for STPF=1. A
DPRY hit set to oneindicates that the Target does not use the Plist to identify defective areas of the medium. The Plist
isnot deleted. DPRY must be set to 0 when DCRT is set to O.

» DCRT (Disable Certification) bit set to zero indicates that the Target performs a medium certification operation and gen-
erates a Certification List (Clist), and adds the Clist to the Glist. DPRY must be set to 0 when DCRT issetto 0. A
DCRT bit of one indicates that the Target does not generate a Clist or perform a certification process.

Note:  Sincethe DCRT hit is part of the Data Out phase that follows the FORMAT command, the FCERT bit in
Mode Page 0 is provided to control certification when the FORMAT command isissued with no Data Out
phase. If aFORMAT command isissued with a Data Out phase then FCERT isignored.

» STPF (Stop Format) bit must be set to one. If one or both of the following conditions occurs, the Target terminates the
FORMAT UNIT command with Check Condition status. The sense key is set to Medium Error and the additional
sense codeis set to Defect List Not Found if the first condition occurred or to Defect List Error if the second condi-
tion occurred.

» The Target cannot locate a required Dlist nor determine that the list exists.
*The Target encounters an unrecoverable error while accessing a required Dlist.

« | P (Initialization Pattern) bit set to zero specifies that an initialization pattern descriptor is not included and all customer
datawill beinitialized to zeroes. An IP bit of one specifiesthat an Initialization Pattern Descriptor isincluded in the
FORMAT UNIT parameter list following the parameter list header.
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Table 103: Initialization Pattern Descriptor:

BIT
Byte
7 6 5 4 3 2 1 0
0 IP Modifier =0 Sl Reserved =0
1 Initialization Pattern Type=1
2-3 Initialization Pattern Length (n-3)

» |P Modifier must be set to 0, indicating that the drive will not modify the initialization pattern.

* Sl (Security Initialize) bit set to one specifiesthat al customer data sectors, including those that have been previously
reassigned, will beinitialized. Sl set to zero specifies that only the current customer accessible sectors will be for-
matted.

« Initialization Pattern Type must be set to one, specifying that the Initialization Pattern specified shall be repeated as
required to fill each logical block.

* Initialization Pattern Length specifies the number of bytes that follow in the Initialization Pattern field, and must be
less than or equal to the current block size, and non-zero.

« Initialization Patter n contains the data pattern to be written to the media.

» DSP (Disable Saving Parameters) bit when zero indicates the target is to save all the current MODE SELECT saveable
parameters during the format operation. When the bit is one, the target is not to save the current MODE SELECT
saveable parameters.

* Immed (Immediate) bit set to zero requests that status be returned at the end of the format operation. An immediate bit
set to one requests that status be returned immediately following CDB validation and transfer of datain the Data Out
phase. If the format operation, with the immediate bit set to one, terminatesin error, DEFERRED ERROR SENSE
datais generated.

* Defect List Length field specifies the total length in bytes of the defect descriptors that follow (not including the Initial-
ization Pattern Descriptor, if any). Up to 1024 defect descriptors are allowed. The Defect List Length must be equal
to four times the number of defect descriptorsfor BLOCK format, or eight times the number of defect descriptors for
BYTES FROM INDEX and PHY SICAL SECTOR formats. Otherwise the command is terminated with Check Con-
dition status with the sense key set to Illegal Request and the additional sense code set to Invalid Field in Parameter
List.

19.4.2 Defect Descriptor

Three defect descriptor formats are supported. Entries are not required to be in ascending order. If an entry does not corre-
spond to avalid user addressable media location, the command terminates with Check Condition status with the sense key set
to lllegal Request and the additional sense code set to Invalide Field in Parameter List.

19.4.2.1 Block Format - 000b
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Format of the Dlist sent during the data out phase when Dlist Format is Block format (000b) and FmtDatais set to one.
Table 104: Defect Descriptor - Block Format (for n + 1 defects)

Byte BIT
7 6 5 4 3 2 1 0
(MSB)
0.3 Defective Logical Block Address
(LSB)
4n (MSB)
4n+1 Defective Logical Block Addressn
an+2
4n+3 (LSB)

The Block format of the Dlist isthe LBA of each defective sector.

Note: If aDefective LBA entry, when converted to a physical sector, is equal to the physical sector of a Plist entry and
DPRY = 1, then the entry is not added to the Glist.
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19.4.2.2 Bytes From Index Format - 100b

Format of the Dlist sent during the data out phase when Dlist Format is Bytes From Index format (100b) and FmtDatais set to
one.

Table 105: Defect Descriptor - Bytes From Index Format (for n = 1 defects)

BIT
Byte
7 6 5 4 3 2 1 0
(MSB)
0-2 Cylinder Number of Defect
(LSB)
3 Head Number of Defect
(MSB)
4-7 Defect Bytes from Index
(LSB)
8n (MSB)
8n+1 Cylinder Number of Defect n
8n+2 (LSB)
8n+3 Head Number of Defect n
8n+4
(MSB)
8n+5
Defect (n) Bytesfrom Index
8n+6
(LSB)
8n+7

Each defect descriptor for the Bytes From Index format specifies that the sector containing this byte be marked defective. The
defect descriptor is comprised of the cylinder number of the defect, the head number of the defect, and the number of the
defect byte relative to index.

Note:  If aByte From Index entry, when converted to a physical sector, is equal to the physical sector of a Plist entry and
DPRY = 1, then the entry is not added to the Glist.
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19.4.2.3 Physical Sector Format - 101b

Format of the Dlist sent during the data out phase when Dlist Format is Physical Sector format (101b) and FmtDatais set to
one.

Table 106: Defect Descriptor - Physical Sector Format (for n + 1 defects)

BIT
Byte
7 6 5 4 3 2 1 0
0 (MSB)
1 Cylinder Number of Defect
2 (LSB)
3 Head Number of Defect
4
. (MSB)
5 Defect Sector Number
LSB
; (LSB)
8n (MSB)
8n+1 Cylinder Number of Defect n
8n+2 (LSB)
8n+3 Head Number of Defect n
8n+4
(MSB)
8n+5
Defect (n) Sector Number
8n+6
(LSB)
8n+7

Each defect descriptor for the Physical Sector format specifies a defective sector. The defect descriptor is comprised of the cyl-
inder number of the defect, the head number of the defect, and the defect’s sector number.

Note: If aPhysical Sector entry, when converted to a physical sector, is equal to the physical sector of aPlist entry and
DPRY = 1, then the entry is not added to the Glist.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
124



19.5 INQUIRY (12)

Table 107: INQUIRY (12)

Byte BIT
7 6 5 4 3 2 1 0
0 Operation Code = 12h
1 Reserved =0 CmdDt=0| EVPD
2 Page Code
3-4 Allocation Length
5 VU=0 Reserved =0 FLAG LINK

The INQUIRY command requests the parameters of theTarget to be sent to the Initiator.

An EVPD An EVPD bit of one specifies that the target return the vital product data page identified by the Page Code field in
the CDB The available VPD pages are defined in the addendum provided for each different drive model in the section entitled
Inquiry Data Format.

The Page Code specifies which page of vital product data information the drive shall return.
Table 108: Page Code descriptions

EVPD EAO?)IIEE Description
0 0 The Target returnsthe standard INQUIRY data.
0 Non Zero Thedrive re_tgr ns Check Condition stz_itus_with_ the sense key of Illegal Request
and the additional sense code of Invalid Field in CDB.
1 Non Zero |Thedrivereturnsthevital product data of page code requested.

Allocation Length specifies the number of bytes that the Initiator has allocated for INQUIRY datato be returned. An alloca-
tion length of zero implies that no datais to be returned. The Target will terminate the DATA IN phase when all available
INQUIRY data has been transferred or when allocation length bytes have been transferred, whichever isless.

Note: If an INQUIRY command is received from an Initiator with a pending unit attention condition (before the target
reports Check Condition status), the Target processes the INQUIRY command. The unit attention condition is not cleared by
this action.

Note: TheINQUIRY command is aPriority command and is not queued.

Note: Theinquiry datais set at the time of manufacture and will not change (without a FRU change), with the following
exceptions:

* Product Revision Level (EVPD=0) can be changed when microcode is downloaded with the Write Buffer command..
» Theinformation returned for EVPD=1, Page Code = 3 is not fixed.
Note:  Theinquiry datareturned when mediais not available will not be complete.

Byte 0 of the returned data on an INQUIRY command is the same no matter which page(s) is(are) returned. Thisdescriptionis
to be used for all the following page definitions.

The Peripheral Qualifier field of zero (0) indicates that the periphera deviceis currently connected to thislogical unit. A
Peripheral Device Type field of zero (0) indicates that this device is a Direct Access Storage Device (DASD).
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19.5.1 Inquiry Data

Fields with avalue shown inside quotes (e.g. Value ='xyz’') are character fields. A value not in quotesis anumeric value.
Character fields are alphanumeric and represented in either ASCII.

19.5.1.1 Inquiry Data Format - EVPD = 0, Page Code=0
Table 109: Inquiry Data- EVPD =0

BIT
Byte
7 6 5 4 3 2 1 0
0 Qualifier =0 Peripheral Device Type=0
1 RMB =0 Reserved=0
2 Version =3
3 Obsolete | Obsolete NorT HiSup =1 Response Data Format = 2
ACA=0
4 Additional Length = 159 (9Fh)
5 SCCS=0| ACC=0 ALUA=00b 3PC=0 |Reserved=0 Protect=1
6 BQue=0 |[EncSer=1| Port MultiP=1|MChngr=0 Obsolete Addr16 =0
7 Obsolete | Obsolete (Wb _16=0| Sync=0| Link =0 | Obsolete [CmdQue=1| RSVD =0
8-15 Vendor ID ="HITACHI " (ASCII)
16-31 Product ID (ASCII)
32-35 Product Revision Level (ASCII)
36-43 Unit Serial Number (ASCII)
44-95 Reserved =0
96 Hard Assigned AL PA
97 Acquired AL PA
98-147 Copyright Notice (ASCII)
148-163 Reserved=0

 Qualifier isset to zero to indicate that the LUN specified is currently supported. Qualifier is set to 011b when the LUN
specified is not present 1

* Peripheral Device Typeis set to zero to indicate that the deviceis a Direct-Access Peripheral Device.

* Removal Media Bit (RMB) is always set to zero to indicate no removal media exists.

 Version indicates the level of the ANSI standard that the product supports. The drive supports ANSI SCSI version 3.

* NormACA (Normal ACA) field of 0 indicates the device server does not support setting the NACA bit to onein the
Control Byte of the CDB as defined in the SAM.

» HiSup bit of 1 indicates that the drive uses the hierarchical addressing model to assign LUNsto logical units.

1.1f an INVALID LUN is specified, a Check Condition status will be returned for all commands except INQUIRY and REQUEST SENSE.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
126



* Response Data Format is set to two to indicate that the INQUIRY Data Format as specified in the ANSI SCSI version 2
is supported by the Target.

» Additional Length indicates the number of bytes of INQUIRY information that follows.

» SCCShit of zero indicates that the device does not contain an embedded storage array controller component.
» ACC hit of zero indicates that no access controls coordinator may be addressed through this logical unit.

» ALUA bit of zero indicates that the device does not support asymmetric logical unit access.

« 3PC bhit of zero indicates that the device does not support thrid-party copy commands.

* Protect bit of one indicates that the drive supports protection information

» BQue hit shall be zero if the CmdQue hit is one.

» EncSer (Enclosure Services) bit of 0 indicates that the Target does not contain an embedded enclosure services compo-
nent..

*Port bit of O indicates that the drive received the Inquiry command on port A, while a Port bit of 1 indicates that the drive
received the Inquiry command on port B.

e MultiP (MultiPort) bit of 1 indicates that the Target has multiple portsand implements multi-port requirements.
* MChngr (Medium Changer) bit is always 0 to indicate MChngr is not supported.

» Addr 16 (Wide SCSI Address 16) bit of O indicates that the Target does not support 16-bit wide SCSI Addresses.
* Wb_16 isset to zero to indicate that the Target does not support 16-bit wide data transfers.

» Sync is set to zero to indicate that the Target does not support synchronous data transfer.

* Link isset to zero to indicate that the Target does not support linked commands.

* CmdQueis set to one to indicate that the drive supports command queuing.

» Vendor ID isHITACHI padded with ASCII blanks.

 Product 1D is specified in table 3 of Section 4.3.1.

* Product Revision Level indicates the level of microcode.

* Unit Serial Number contains the drive serial number.

» Hard Assigned AL PA contains the hard Abritrated L oop Physical Address of the port which received the Inquiry com-
mand.

*Acquired AL PA contains the Arbitrated L oop Physical Address acquired by the port which received the Inquiry com-
mand.
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19.5.1.2 Inquiry Data Format - EVPD =1 - Page Code = 00h
Table 110: Inquiry Data - EVPD = 1 (Page Code = 00h)

BIT

Byte
7 6 5 4 3 2 1 0

Qualifier =0 Peripheral Device Type=0

Page Code = 00h

Reserved =0

Page L ength = 09h

Supported Page Code - 00h

Supported Page Code - 03h

Supported Page Code - 80h

Supported Page Code - 83h

Supported Page Code = 86h

Ol N0 B~ W|IDN|PFPL|O

Supported Page Code = 87h

=
o

Supported Page Code = 88h

[
=

Supported Page Code - D1h

12 Supported Page Code - D2h

» Qualifier is set to zero to indicate that the LUN specified in the Command Block is currently supported.
 Peripheral Device Typeis set to zero to indicate that the device is Direct Access.

» Page Codeisset to 0, and this field contains the same value asin the page code field of the INQUIRY command descrip-
tor block.

» Page length specifies the length of the following page data.
 Supported Page Code field contains the Page Codes supported by the Target. The list isin ascending order.
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19.5.1.3 Inquiry Data Format - EVPD = 1, Page Code - 03h
Table 111: Inquiry Data - EVPD = 1 (Page Code = 03h)

BIT
Byte
7 6 5 4 3 2 1
0 Qualifier =0 Peripheral Device Type=0
1 Page Code=03h
2 Reserved =0
3 Page L ength = 184 (B8h)
4 ASCII Fields Length = 00h
5-7 Reserved =0
8-23 Reserved =0
24-35 ASCII uCode I dentifier
36-39 ASCII Servo P/N
40-41 Major Version
42-43 Minor Version
44-47 User Count
48-51 Build Number
52-79 Build Date String
80-81 CodelD
82-83 Compaitibility 1D
84-91 Product 1D
92-99 Interface D
100-107 Code Type
108-119 User Name
120-135 Machine Name
136-167 Directory Name
168-171 Operating State
172-175 Functional M ode
176-179 Degraded Reason
180-183 Broken Reason
184-187 Code Mode

« Qualifier isset to zero to indicate that the LUN specified in the Command Block is currently supported.
« Peripheral Device Typeis set to zero to indicate that the device is Direct Access.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
129



* Page Codeis set to the value of the page code field in the CDB.

Page L ength field specifies the length (in bytes) of the vendor unique VPD information (bytes 4 - 163). If the allocation length of the
CDB istoo small to transfer all the data, the Page Length field is not adjusted to reflect the truncation.

¢ ASCII uCode Identifier contains the drive's microcode identifier. The field is a phanumeric (ASCII), left aligned, and the unused
bytes are ASCI| spaces (20h).

¢ ASCII Servo P/N contains the part number of the Servo microcode installed on the drive. Thisfield is hex numeric ASCII (i.e., the
characterswill beintheset 0...9, A...F).

e Major Version and Minor Version are version numbers of the code loaded on the drive.

e User Count isthe number of times the code has been built since the master build.

Build Number isthe master build version number.

Build Date Sring is the date the code on the drive was built, in an extended string format.
* CodelD isabinary value for firmware development tracking.

Compatibility 1D isabinary value for firmware development tracking.

Product I1D is the name of the product this code isfor.

Interface | D isthe interface type and serial interface speed (e.g. SCSI or FCAL 4Gb) of the code.
« Code Typeistheintended use of the this code. (e.g. local, rel eased, test)
¢ User Name is the username of the person who built this version of the code.

M achine Name is the workstation on which this version of the code was built.
Directory Name isthe last 32 characters of the directory from where this code was buiilt.
Operating State is the drive operating state. The least significant bit contains the following:

0=OM_BROKEN We have detected a hardware failure.
1=OM_DEGRADED We have a soft failure; i.e., incomplete format. Motor is still spinning.
2=0M_INACCESSIBLE Drive is good but motor is stopped.
3=0OM_STARTING Motor is starting.
4 =0OM_SPINNING Motor is started but reserved areais not loaded yet.
5=0OM_NORMAL Driveis spinning and ready to read/write.
6=OM_SLEEP Driveisready but has entered power save mode.
7 = OM_STOPPED Drive has come ready but now has been stopped.

* Functional Modeisthe drive functional mode. The least significant byte (0x0000000n) contains the following:
0=OM_NORMAL_MODE Not in special or recovery mode.
1=0OM_SPECIAL_CMD Special command mode on.
3=0OM_SPC _RSV_ACCESS Special cmd mode and access to reserved area allowed.
5=0M_SPC_SDWNLOAD Special cmd mode and special download allowed.

7=0M_SPC_RACCESS SDWNLD Special cmd, accessto reserved area, and special download allowed.
The second byte (0x000n0000) contains the following:

0 = Idle functions are not enabled.

1= Idlefunctions are enabled.

« Degraded Reason (UECType) iswhy thefileisin adegraded mode; i.e., how to exit this mode.
* Broken Reason (UECType) iswhy the drive believes the hardware is broken.
« Code Modeisthetype of code the driveis running. The least significant bit contains the following:

- 0=OM_FLASH Driveisrunning flash code

- 1=0OM_FLASH _OVERLAY Driveisrunning flash overlay code

- 2=0M_DISK Drive isrunning code that has been loaded from disk

- 3=0OM_TRANSIENT Driveisrunning code that has been downloaded but not saved
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19.5.1.4 Inquiry Data Format - EVPD = 1, Page Code - 80h
Table 112: Inquiry Data - EVPD = 1 (Page Code = 80h)

BIT
Byte
6 5 4 3 2 1 0
0 Qualifier =0 Peripheral Device Type=0
1 Page Code = 80h
2 Reserved =0
3 Page L ength = 16 (10h)
4-19 Serial Number (ASCII)

» Qualifier isset to zero to indicate that the LUN specified in the Command Block is currently supported.
* Peripheral Device Typeis set to zero to indicate that the device is Direct Access.

» Page Codeis set to the value of the page code field in the CDB.

» Page Length isset to 16, and this field specifies the length of the following page data.

» Serial Number givesthe drive serial number, right aligned.
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19.5.1.5 Inquiry Data - EVPD =1 (Page Code = 83h)
Table 113: Inquiry Data - EVPD = 1 (Page Code = 83h)

BIT

Byte
7 6 5 4 3 2 1 0

Qualifier =0 Peripheral Device Type=0

Page Code = 83h

Reserved =0

Page L ength = 12 (OCh)

Reserved =0 CodeSet =1

Reserved =0 Association =0 Identifier Type=3

Reserved =0

N[ o|loa| b~ W] DN|PFL]| O

Identifier Length =8

(MSB) World WidelD
8-15
(LSB)

* Qualifier isset to zero to indicate that the LUN specified in the Command Block is currently supported.
* Peripheral Device Typeis set to zero to indicate that the deviceis Direct Access.

» Page Codeis set to the value of the page code field in the CDB.

» Page Length isset to 12, and this field specifies the length of the following page data.

» Code Set field specifies the code set used for the identifier field. The Target supports binary.

* Association field is set to O, indicating that the Identifier field is associated with the logical unit.

« ldentifier Typefield specifies the format and assignment authority for the identifier. The Target supports the value of
03h.

» World Wide ID is a64-bit unique value for each drive. The format is: 5000CCAh xxxh nb yyb where:
xxX is the 12-bit Block Assignment defined for each model and manufacturing site
n isthe 22-bit drive unique serial number representation
yy isthe 2-bit Port Identifier

19.5.1.6 Inquiry Data Format - EVPD = 1, Page Code - 86h

Byte BIT
7 \ 6 \ 5 4 \ 3 | 2 1 0

0 Qualifier =0 Peripheral Device Type=0

1 Page Code = 86h

2 Reserved =0

3 Page L ength = 60 (3Ch)

4 Reserved =0 RTO GRD_CHK | APP_CHK | REF_CHK

5 Reserved =0 Group_Sup |Prior_Sup | HEADSUP | ORDSUP SIMPSUP

6 Reserved=0 NV_SUP V_SUP
7-63 Reserved =0

* RTO (Reference Tag Ownership) is set to one to indicate that the drive supports application client ownership of the
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Logical Block Reference Tag field.

* GRD_CHK (Guard Check) is set to one to indicate that the drive checks the Logical Block Guard Tag field in the pro-
tection information, if any.

» APP_CHK (Application Tag Check) bit is set to one to indicate that the drive checks the Logical Block Application
Tag field in the protection information, if any.

 REF_CHK (Reference Tag Check) hit is set to one to indicate that the drive checks the Logical Block Reference Tag
field in the protection information, if any.

* GROUP_SUP (Group Supported) bit is set to zero to indicate that the grouping function is not supported.
* PRIOR_SUP (Priority Supported) bit is set to zero to indicate that task priority is not supported.

* HEADSUP (Head of Queue Supported), ORDSUP (Ordered Supported), and SIMPSUP (Simple Supported) are set to
one to indicate support for Head of Queue, Ordered and Simple task attributes.

* NV_SUP (Non-volatile Supported) is set to 0 to indicated that non-volatile cache features are not supported.
» V_SUP (Volatile Supported) is set to 1 to indicated support of avolatile cache.

19.5.1.7 Inquiry Data Format - EVPD = 1, Page Code - 87h

BIT
Byte 7 6 5 4 3 2 1 0
0 Qualifier =0 Peripheral Device Type=0
1 Page Code = 87h
2-3 Page L ength = 0004h
4 Reserved=0 Policy Page Code = 3Fh
5 Policy Subpage Code = FFh
6 MILUS=1 Reserved =0 M ode PagePolicy = 0
7 Reserved =0

* Palicy Page Code set to 3Fh and Policy Subpage Code set to FFh indicate that the descriptor applies to all mode pages
and subpages

* MILUS (Multiple L ogical Units Share) set to one indicates the policy is shared by multiplelogica units.
» Mode Page Policy set to 00b indicates that all mode pages and subpages are shared.

19.5.1.8 Inquiry Data Format - EVPD = 1, Page Code - 88h

BIT
Byte
7 6 5 4 3 2 1 0

0 Qualifier =0 Peripheral Device Type=0

1 Page Code = 88h
2-3 Page L ength = 48 (0030h)
4-5 Reserved=0
6-7 Primary Relative Port = 0001h
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8-9 Reserved =0
10-11 Initiator Port Transport ID Length=0
12-13 Reserved =0
14-15 Primary Target Port DescriptorsLength = 0Ch

16 Protocol Identifier CodeSet =1

17 PIV=1 RSVD Association =1  |ldentifier Type=3

18 Reserved =0

19 Identifier Length=8

(MSB)
20-27 Primary Target Port Identifier (World Wide D)
(LSB)

28-29 Reserved =0
30-31 Secondary Relative Port = 0002h
32-33 Reserved =0
34-35 Initiator Port Transport ID Length=0
36-37 Reserved =0
38-39 Secondary Target Port DescriptorsLength =0Ch

40 Protocol | dentifier Code Set =1

41 PIV=1 RSVD Association =1 Identifier Type=3

42 Reserved =0

43 Identifier Length =8

(M SB)
44-51 Secondary Target Port Identifier (World WideID)
(LSB)

* Protocol Identifier isvalid only when PIV=1. Protocol Identifier = 0 indicates Fibre Channel devices. Protocol Identi-
fier = 6 indicates SAS devices

» Code Set specifiesthe data type for the identifier field. Code Set = 1 indicates binary data
* PIV (Protocol Identifier Valid) set to one indicates that the Protocol Identifier field contains avalid value.
» Association specifies the entity with which the Identifier field is associated: 1h for Target or Relative Port.

* Identifier Type specifiesthe format and assignment authority for theidentifier: 3h indicates NAA format of the WWID
for Target Port.

* Identifier fields contain the actual Identifier Descriptor.
- The Target Port Identifiers are defined in the NAA IEE WWID format where:

World Wide ID isaWorld Wide ID is a 64-bit unique identification for each drive. Theformat is. 5000CCAh
xxxh yyb n wherexxx isthe 12-bit block assignment defined for each model and manufacturing siteyy isthe 2-bit
port/node ID select n isthe 22-bit drive unique serial number.
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19.5.1.9 Inquiry Data Format - EVPD = 1, Page Code - D1h
Table 114: Inquiry Data - EVPD = 1 (Page Code = D1h)

BIT
Byte
7 6 5 4 3 2 1 0

0 Qualifier =0 Peripheral Device Type=0

1 Page Code=D1h

2 Reserved =0

3 Page L ength = 80 (50h)
4-19 ASCIl Media Disk Definition
20-35 ASCII Motor Serial Number
36-51 ASCII Flex Assembly Serial Number
52-67 ASCII Actuator Serial Number
68-83 ASCII Device Enclosure Serial Number

* Qualifier is set to zero to indicate that the LUN specified in the Command Block is currently supported.
 Peripheral Device Typeis set to zero to indicate that the device is Direct Access.
» Page Code is set to the value of the page code field in the CDB.
» Page Length is set to 80, and this field specifies the length of the following page data.
Note: If the mediais not available, bytes 0 through 3 are valid. All the other fields are ASCII blanks (20h).

Note:  All ASCII fields are alphanumeric, |eft aligned, and padded on the right with ASCII blanks (20h).
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19.5.1.10 Inquiry Data Format - EVPD = 1, Page Code - D2h
Table 115: Inquiry Data - EVPD = 1 (Page Code = D2h)

BIT
Byte
7 6 5 4 3 2 1 0
0 Qualifier =0 Peripheral Device Type=0
1 Page Code = D2h
2 Reserved =0
3 Page L ength = 52 (34h)
4 HDC Version Length = 16 (10h)
5-20 ASCII HDC Version
21 Card Serial Number Length = 16 (10h)
22 - 37 ASCII Card Serial Number
38 Card Assembly Part Number Length = 16 (10h)
39-54 ASCII Card Assembly Part Number
55 Reserved =0

* Qualifier isset to zero to indicate that the LUN specified in the Command Block is currently supported.
* Peripheral Device Typeis set to zero to indicate that the device is Direct Access.
» Page Codeis set to the value of the page code field in the CDB.
» Page Length isset to 52, and this field specifies the length of the following page data.
Note:  If the mediaisnot available, bytes 0 through 3 are valid. All the other fields are ASCII blanks (20h).
Note:  All ASCII fields are alphanumeric, left aligned, and padded on the right with ASCII blanks (20h).
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19.6 LOG SELECT (4C)

Table 116: Log Select (4C)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 4Ch
1 Reserved =0 Reserved =0 PCR SpP
2 PC Reserved =0
3
4
5

Reserved =0

6
7 (MSB) Parameter List Length =0
8 (LSB)
9 Reserved =0 FLAG LINK

The LOG SELECT command provides a means for the Initiator to clear statistical information maintained by the drive and
reported viathe LOG SENSE command.

» PCR The Parameter Code Reset determines whether the Log Sense parameters will be cleared and unit attention posted
for al other Initiators. A value of 1 indicates that the parameters be cleared, while avalue of zero (except when PC =
11b) indicates that the parameters not be cleared. Parameter list length must be zero when PCRis1. The PCfieldis
ignored for list parameters, i.e. when the Format and Linking (F&L) field contains 01b or 11b.

» SP The Save Parameters bit value of zero indicates that the page parameters not be saved. A value of 1 indicates that the
page parameters that are savable be saved after they have been changed. SP bit MUST be 1 if parameter list length is
greater than zero. Otherwise it will result in a Check Condition status being returned. The sense key shall be set to
Illegal Request and additional sense code of Invalid Field in CDB.

» PC The Page Control field defines the type of parameters to be selected. The PC field set to 11b (and PCR isthen adon't
care) indicates that the Default Cumulative values are set to their default values of 0. If the PC field is set to 01b and
PCRis set to 1, the Current Cumulative values are also set to their default values of 0.

Parameter List Length MUST be zero when PC = 11b. Otherwise the command is terminated and a Check Condition
statusis returned. The sense key shall be set to Illegal Request and additional sense code of Invalid Field in CDB.

» Parameter List Length The Parameter List Length field specifies the length in bytes of the parameter list that shall be
located in the DATA OUT buffer. A parameter list length zero indicates that no pages shall be transferred.

Note: A specified length greater than OxOOFF will result in a Check Condition status being returned. A length that resultsin
log data being truncated will generate a Check Condition status.

Note:  For page OFh, the maximum parameter list length supported is 4004h (4 bytes for the header and 100h bytes for each
of the 40h parametersthat are supported). The Parameter List Length must be anintegral of the number of parameters plus the
4 byte header. (Ex: Parameter length =104h for one parameter, 204h for 2 parameters,... 4004h for all 40h parameters).

The drive allows updates to the current cumulative values only. A value of zero is acceptable and is not considered an error.
The drive updates only pages OEh, the Start/Stop Cycle page and OFh, the Application Client page. For other pages the param-
eters are ignored. If the data out buffer contains multiple pages then the application client should send the pages in ascending
order. If the data out buffer contains multiple log parameters within a page,all log parameters within the page should be sent
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and they should be sent in ascending order by parameter code value. The drive shall return Check Condition statusif the appli-
cation client sends pages out of order, parameter codes out of order or missing parameter code. The sense key shall be set to
Illegal Request and additional sense code set to Invalid Field in Parameter List. If one or more fields of the CDB are not set
correctly the command will be terminated with a Check Condition status. The sense key shall be set to Illegal Request and
additional sense code of Invalid Field in CDB. To indicate that parameters have changed, the Target generates a unit attention
condition for al Initiators except the one that issued the LOG SELECT command.

Thefollowing list contains al individual page parameters (counters) that are set to their default value of zero by the LOG
SELECT command (when PCR=1).

* Page 02h parameters. (Counters for write errors)
- Write errors recovered without delay
- LBAswith write fault error
- Reserved=0
- Total errors recovered

Number of times recovery invoked

Total write byte count
- LBAswith hard error
* Page 03h parameters. (Counters for read errors)

- Read errors recovered without delay
- LBAswith ECC detected error

- Reserved=0

- Total errorsrecovered

- Number of times recovery invoked
- Total read byte count

- LBAswith hard error.
* Page 05h parameters. (Counters for Verify Errors)

- Errors recovered without delay

- LBAswith ECC detected error

- Reserved=0

- Total errors recovered

- Number of times recovery invoked
- Total bytes verified

- LBAswith hard error.
* Page 06h parameters: (Counters for non medium errors, seek and other hardware type failures)

- Non-Medium Error Counter
* Page 15h parameters: (Background Medium Scan information)

- BMS Status parameter
- all Medium Scan parameters
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* Page 30h parameters:
- Zero Seeks counter
- Seeks > =to 2/3 counter
- Seeks> = 1/3 and < 2/3 counter
- Seeks> = 1/6 and < 1/3 counter
- Seeks> = 1/12 and < 1/6 counter
- Seeks> 0 and < 1/12 counter
- Overrun Counter
- Under run Counter
- Device Cache Full Read Hits
- Device Cache Partial Read Hits
- Device Cache Write Hits
- Device Cache Fast Writes
- Device Cache Misses on Reads
* Page 37h parameters:
- Media PFA
- Hardware PFA
- Total Read Commands
- Total Write Commands
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19.7 LOG SENSE (4D)

Table 117: Log Sense (4D)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 4Dh
1 Reserved =0 Reserved =0 PPC=0 SP
2 PC Page Code
3

Reserved =0

4
5 (MSB) Parameter Pointer =0
6 (LSB)
7 (MSB) Allocation Length
8 (LSB)
9 Reserved =0 FLAG | LINK

The LOG SENSE command allows the Initiator to retrieve the statistical data regarding the drive.

» PPC (Parameter Pointer Control) bit must be set to zero. This specifies that the drive start transferring data starting from
the field specified in the parameter pointer field for the number of bytes specified by the alocation length. If the PPC
bit is set to 1, Check Condition status is returned with a sense key of Illegal Request and additional sense code of
Invalid Field in CDB.

» SP (Save Parameters) bit set to 0 specifies that the drive does not save any log parameters. If it isset to 1, all page param-
eters that are savable (those pages denoted by aDS = 0 in the parameter header control byte) are saved.

» PC (Page Control) field defines the type of parameters to be selected. This field must be set to 01b to specify the current
cumulative values. Any other value in thisfield will cause the command to end with a Check Condition status with a
sense key of Illegal Request and an additional sense code of Invalid Field in CDB.

» Page Code field identifies which page is being requested. This field must be set to the values indicated in Page 0. If the
Page Code valueisinvalid a Check Condition status is returned with a sense key of lllegal Request and additional
sense code of Invalid Field in CDB.

» Parameter Pointer Field specifies the beginning field for the transfer. Thisfield must be set to 0000h. If the Parameter
Pointer Field is not zero a Check Condition statusis returned with a sense key of Illegal Request and additional sense
code of Invalid Field in CDB.

* Allocation Length field specifies the maximum number of bytes the Initiator has allocated for returned L og Sense Data.
No bytes aretransferred if the length is zero. This condition is not considered an error. TheTarget terminates the Data
In phase when al available Log Sense data has been transferred or when the number of bytes equals the allocation
length, whichever isless.
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19.7.1 Log Page parameters

Each log page begins with a 4-byte page header followed by zero or more variable-length log parameters.

Page header
Page Code field identifies which log page is being transferred.
The Page Length field specifies the length in bytes of the following log parameters.

Log parameters
Each log parameter begins with a 4-byte parameter header followed by one or more bytes of parameter value data.
The Parameter Code field identifies which log parameter is being transferred for that log page.
The Parameter Control field, the 3rd byte of each parameter header, contains several fields.

DU The Disable Update bit is set to O to indicate that the drive updates the log parameter value to reflect events that
should be noted by that parameter.

TSD The Target Save Disable bit is set to zero to indicate that the drive provides a Target defined method for sav-
ing log parameters.

ETC The enable Threshold Comparison hit is set to 0 to indicate the drive does not perform comparisons between
cumulative and any threshold values.

TMC The Threshold Met Criteriafield is not valid because this drive does not perform threshold comparisons.
Thisfieldissetto 0.

Format and Linking The F & L field indicates the type of log parameter and how parameters that reach their max-
imum value are handled.

- 00b: Data counter: If any other parameter in thislog page reaches its maximum value, then this parameter shall
stop incrementing until reinitialized by a L og Select command.

- 01b: List format ASCII dataz No maximum values to handle

- 10b: Data counter: If another parameter reported in this log page reaches its maximum value, then this param-
eter shall not stop incrementing. This parameter may be reinitialized by a Log Select command.

- 11b: List format binary data: No maximum valuesto handle.
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19.7.2 Log Sense Page 0
Page 0 indicates the supported |og sense pages. This page is used to determine which additional pages an Initiator can request.

Table 118: L og Sense Page 0

Bit
Byte 7 6 5 4 3 2 1 0
0 Reserved Page code=0
1 Reserved
2-3 Page L ength = 000Dh(Number of Pages Supported)
4 First supported page 00h
5 Second supported page 02h
6 Third supported page 03h
7 Fourth supported page 05h
8 Fifth supported page 06h
9 Sixth supported page ODh
10 Seventh supported page OEh
1 Eighth supported page OFh
12 Ninth supported page 10h
13 Tenth supported page 15h
14 Eleventh supported page 2Fh
15 Twelfth supported Page Code =30h
16 Thirteenth supported Page Code = 37h
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19.7.3 Log Sense Page 2

This page contains counters for write errors.
Table 119: Log Sense Page 2 (part 1 of 2)

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 02h
1 Reserved
2-3 Pagel ength = 54h
4-5 Parameter Code = 0000h
6 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
7 Parameter Length = 08h
8-15 Errorsrecovered without delay
16-17 Parameter Code = 0001h
18 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
19 Parameter Length = 08h
20-27 Errorsrecovered with possible delays
28-29 Parameter Code = 0002h
30 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L = 00b
31 Parameter Length = 08h
32-39 Reserved =0
40-41 Parameter Code = 0003h
42 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
43 Parameter Length = 08h
44-51 Total errorsrecovered
52-53 Parameter Code = 0004h
54 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
55 Parameter Length = 08h
56-63 Timesrecovery invoked
Table 120: L og Sense Page 2 (part 2 of 2)
Bit
Byte
7 6 5 4 3 2 1 0
64-65 Parameter Code = 0005h
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66 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L = 00b
67 Parameter Length = 08h

68-75 Total byteswritten

76-77 Parameter Code = 0006h
78 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L = 00b
79 Parameter Length = 08h

80-87 Count of hard errors

All parameter counts indicate the number of sectors with the specified types of errors, except Times Recovery Invoked, which
isacumulative count of all recovery steps attempted on all sectors written.
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19.7.4 Log Sense Page 3

This page contains counters for read errors.

Table 121: Log Sense Page 3 (part 1 of 2)

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 03h
1 Reserved
2-3 Pagel ength = 54h
4-5 Parameter Code = 0000h
6 DU=0| DS=0 | TSD=0 |ETC=0 TMC=0 F&L =00b
7 Parameter Length = 08h
8-15 Errorsrecovered without delay
16-17 Parameter Code = 0001h
18 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
19 Parameter Length = 08h
20-27 Errorsrecovered with possible delays
28-29 Parameter Code = 0002h
30 DU=0| DS=0 | TSD=0 |[ETC=0 TMC=0 F&L = 00b
31 Parameter Length = 08h
32-39 Reserved =0
40-41 Parameter Code = 0003h
42 DU=0| DS=0 | TSD=0 |[ETC=0 TMC=0 F&L =00b
43 Parameter Length = 08h
44-51 Total errorsrecovered
52-53 Parameter Code = 0004h
54 DU=0 | DS=0 | TSD=0 |ETC=0 TMC=0 F&L =00b
55 Parameter Length = 08h
56-63 Timesrecovery invoked
64-65 Parameter Code = 0005h
Table 122: L og Sense Page 3 (part 2 of 2)
Bit
Byte
7 6 5 4 3 2 1 0
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66 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L = 00b
67 Parameter Length = 08h

68-75 Total bytesread

76-77 Parameter Code = 0006h
78 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L = 00b
79 Parameter Length = 08h

80-87 Count of hard errors

All parameter counts indicate the number of sectors with the specified types of errors, except Times Recovery Invoked, which
isacumulative count of al recovery steps attempted on al sectors read. ECC-on-the-fly correction is not included in any
counters.
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19.7.5 Log Sense Page 5

This page contains counters for verify errors.
Table 123: Log Sense Page 5 (part 1 of 2)

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 05h
1 Reserved
2-3 Pagel ength = 54h
4-5 Parameter Code = 0000h
6 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L = 00b
7 Parameter Length = 08h
8-15 Errorsrecovered without delay
16-17 Parameter Code = 0001h
18 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L =00b
19 Parameter Length = 08h
20-27 Errorsrecovered with possible delays
28-29 Parameter Code = 0002h
30 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L = 00b
31 Parameter Length = 08h
32-39 Reserved =0
40-41 Parameter Code = 0003h
42 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L =00b
43 Parameter Length = 08h
44-51 Total errorsrecovered
52-53 Parameter Code = 0004h
54 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L =00b
B5. Parameter Length = 08h
56-63 Timesrecovery invoked
64-65 Parameter Code = 0005h
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Table 124: Log Sense Page 5 (part 2 of 2)

Bit
Byte
7 6 5 4 3 2 1 0
66 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
67 Parameter Length = 08h
68-75 Total Bytes Verified
76-77 Parameter Code = 0006h
78 DU=0 | DS=0 TSD=0 TMC=0 F&L =00b
79 Parameter Length = 08h
80-87 Count of hard errors

All parameter counts indicate the number of sectors with the specified types of errors, except Times Recovery Invoked, which
isacumulative count of all recovery steps attempted on all sectors verified. ECC-on-the-fly correction is not included in any
counters.
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19.7.6 Log Sense Page 6

This page contains counters for non-medium errors. Thisincludes seek errors and other hardware type failures.
Table 125: L og Sense Page 6

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 06h
1 Reserved
2-3 Pagel_ength = 0Ch
4-5 Parameter Code = 00h
6 DU=0| DS=0 |TSD=0|ETC=0 TMC=0 F&L =00b
7 Parameter Length = 08h
8-15 Error count
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19.7.7 Log Sense Page D

This page contains temperature information.
Table 126: L og Sense Page D

Bit
Byte
7 6 5 4 3 2 1
0 Reserved Page code = ODh
1 Reserved
2-3 Pagel_ength = 0Ch
4-5 Parameter Code = 0000h
6 DU=0 DS=1 | TSD=0| ETC=0 TMC=0 F&L =00b
7 Parameter Length = 02h
8 Reserved
9 Temper ature (degrees Celsius)
10-11 Parameter Code 0001h
12 DU=0 DS=1 | TSD=0| ETC=0 TMC=0 F&L = 00b
13 Parameter Length = 02h
14 Reserved
15 Reference Temper ature (degrees Celsius)
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19.7.8 Log Sense Page E

This page contains the start-stop cycle information.
Table 127: Log Sense Page E

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = OEh
1 Reserved
2-3 Pagel ength = 24h
4-5 Parameter Code = 0001h
6 DU=0 DS=1 | TSD=0 | ETC=0 TMC=0 F&L =00b
7 Parameter Length = 06h
8-11 Year of Manufacture (4 ASCII characters)
12-13 Week of Manufacture (2 ASCII characters)
14-15 Parameter Code 0002h
16 DU=0 DS=0 | TSD=0 | ETC=0 TMC=0 F&L = 00b
17 Parameter Length = 06h
18-21 Accounting Date Year (4 ASCI | characters)
22-23 Accounting Date Week (2 ASCII characters)
24-25 Parameter Code 0003h
26 DU=0 DS=1 | TSD=0 | ETC=0 TMC=0 F&L =00b
27 Parameter Length = 04h
28-31 Specified cycle count over devicelifetime
32-33 Parameter Code 0004h
34 DU=0 DS=1 | TSD=0 | ETC=0 TMC=0 F&L = 00b
35 Parameter Length = 04h
36-39 Accumulated start-stop cycles (4 byte binary number)

The week and year that the device was manufactured shall be set in the parameter field defined by parameter code 0001h. The
date of manufacture cannot be saved using the LOG SELECT command. The data is expected in numeric ASCII characters
(30-39h) inthe form YY'YYWW. The accounting date specified by parameter code 0002h is a parameter that can be saved
using the LOG SELECT command.
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19.7.9 Log Sense Page F

This page contains the Application Client Log.
Table 128: L og Sense Page F

Bit
Byte
7 6 5 4 3 2 1 0

0 Reserved Page code = OFh

1 Reserved

2-3 Page length = 4000h

Application client log parameter

4-259 1st application client log parameter
11%?;27 64th application client log parameter

The following table describes the application client log parameter structure.

Table 129: L og Sense Page F, Application Client Log

Bit
Byte
7 6 5 4 3 2 1 0

0-1 Parameter code

2 EU :DS TSD=0|ETC=0 TMC=0 F&L =00b

3 Parameter length = FCh

4- First parameter byte

255 Last parameter byte

Parameter code 0000h through 003Fh are supported.
The values stored in the parameter bytes represent data sent to the device in a previous LOG SELECT command.
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19.7.10 Log Sense Page 10

This page contains self-test results. The results of the 20 most recent self-tests are stored in this Log page.
Table 130: Log Sense Page 10

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 10h
1 Reserved
2-3 Pagel_ength = 190h
4-23 1st self-test resultslog parameter
384- 403 20th self-test resultslog parameter

The following table describes the self-test results log parameter structure

Table 131: L og Sense Page 10, self-test results

Bit
Byte
7 6 5 4 3 2 1 0

0-1 Parameter code

2 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L =11b

3 Parameter Length = 10h

4 Function Code RSVD Self-Test Results Value

5 Extended Segment Number

6-7 Timestamp
8-15 LBA of First Failure

16 Reserved SenseKey

17 Additional Sense Code

18 Additional Sense Code Qualifier

19 Vendor specific

» Parameter Codeidentifiesthe log parameter for the log page. The parameter codefield for the results of the most recent
test will be 0001h. The parameter for the next most recent will be 0002h.

» Function Code contains the content of the Function Code field in the SEND DIAGNOSTIC command that initiated this
self-test.

» Self-Test Results Value is described in the table bel ow.
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Table 132: L og Sense Page 10, self-test results

Value Description

Oh The self-test routine completed without error.

The background self-test routine was aborted by the initiator using a SEND

1h DIAGNOSTIC command with the Abort Background self-test function.

oh The self-test routine was aborted by the application client by a Task Manage-
ment function or areset.

3h An unknown error occurred while the Target was executing the self-test routine
and the Target was unable to complete the self-test routine.

h The self-test completed with a test element that failed and it isnot known which

test element failed.

5h Thefirst segment of the self-test failed.

6h The second segment of the self-test failed.

Thethird or greater segment of the self-test failed (see the Extended segment

M umber fidld).

8h-Eh Reserved.

Fh The self-test isin progress.

» Extended Segment Number Thisfield identifies the number of the segment that failed during self-test. If no segment
failed, thisfield will be O0h.
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Table 133: Log Sense Page 10, Extended Segment Number

Extended
Segment Short Self-Test Extended Self-Test
Number
1lh Drive Ready Test
2h Drive Diagnostics
3h SMART
4h Low Level Format check
5h Physical Head Check
6h Random Verify
- Verify First 300 MB ]
7h i Verify all LBAs
- Verify Last 100 MB
8h Recheck SMART

» Timestamp Thisfield contains the total accumulated power-on hours of the Target at the time the self-test completed.

» LBA of first failure Thisfield contains the LBA of thefirst logical block address where a self-test error occurred. If no
errors occurred during the self-test or the error is not related to a LBA then the field will be FFFFFFFFFFFFFFFFh.

» Sense K ey, Additional Sense Code and Additional Sense Code Qualifier These fields will contain the additional
information relating to the error or exception conditions during self-test.

See Section 19.40 “SEND DIAGNOSTIC (1D)” on page 262, for detailed listing of operations carried out by SEND DIAG-
NOSTIC command and Power on Diagnostics.
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19.7.11 Log Sense Page 15

This page contains information about Background Medium Scan operations.
Table 134: L og Sense Page 15

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 15h
1 Reserved
2-3 Page L ength = (19 + 24N -3)
Background Medium Scan parameters
4-19 BM S Status Par ameter
20-43 First Medium Scan Parameter
19+24N Last Medium Scan Parameter

The following table describes the BMS Status Parameter structure.

Bit
Byte
7 6 5 4 3 2 1 0
0-1 Parameter Code = 0000h
2 DU=0 DS=0 TSD=0 | ETC=0 TMC=0 F&L =11b
2-3 Page L ength = 0Ch
4-7 Power On Minutes
8 Reserved =0
9 BM S Satus
10-11 Number of Scans Performed
12-13 Medium Scan Progress
14-15 Reserved =0

» Power On Minutesindicates the total power on minutes at the time the log page is requested
* BM S Satusis described in the following table

BMS Satus Description
00h No scans active
01h Background medium scan isactive
02h Background pre-scan isactive
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BM S Satus Description

03h-04h Not supported
05h Background scan halted due to medium for matted without P-List
06h Background scan halted due to a vendor-specific cause
07h Background scan halted due to temperature out of range
08h Scan suspended until BM S Interval Timer expires

0%h - FFh Reserved

» Number of Scans Performed indicates the number of background scans that have been performed over the life of the-

drive.

» Medium Scan Progressis a percent complete indication of the medium scan. The returned value is a numerator that has
65,536 (1 00 00h) as its denominator.

The following table describes the Medium Scan Parameter structure.

Bit
Byte
7 6 5 4 3 2 1 0
0-1 Parameter Code = 0001h - 080Ch
2 DU=0 DS=0 TSD=0 | ETC=0 TMC=0 F&L =11b
2-3 Page Length = 14h
4-7 Power On Minutes
8 Reassign Status SenseKey
9 Additional Sense Code
10 Additional Sense Code Qualifier
11 Head (MSB) Cylinder
(M SB)
12-13 Cylinder
(LSB)
(MSB)
14-15 Sector
(LSB)
16-23 LBA

» Power On Minutesindicates the total power on minutes at the time the error was detected.
» Reassign Statusis set as shown below. Reassignment during the background scan is not supported.

Reassign Status Description

Oh No reassignment needed

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
157



Reassign Status Description

Reassignment pending receipt of Reassign command or
1h write command (if auto write reallocation is allowed)
from theinitiator

02h-5h Not supported

6h - Fh Reserved
Additional Sense Code and Additional Sense Code Qualifier provide details about the error detected.
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19.7.12 Log Sense Page 2F
This page contains SMART Status and Temperature Reading.

Table 135: Log Sense Page 2F

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 2Fh
1 Reserved
2-3 Pagel ength =8
4-5 Parameter Code = 0000h
6 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L =11b
7 Parameter Length = 04h
8 SMART Sense Code Byte
9 SMART Sense Qualifier
10 Most Recent Temper ature Reading
11 Vendor HDA Temperature Trip Point
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19.7.13 Log Sense Page 30

This page contains Performance Counters.
Table 136: L og Sense Page 30

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page code = 30h
1 Reserved
2-3 Page L ength = 0030h
4-5 Parameter Code = 0000h
6 DU=0 DS=0 | TSD=0| ETC=0 TMC=0 F&L = 00b
7 Parameter Length =2Ch
8-9 Zero Seeks
10-11 Seeks>=102/3
12-13 Seeks>=1/3and <2/3
14-15 Seeks>=1/6and < 1/3
16-17 Seeks>=1/12and < 1/6
18-19 Seeks>0and < 1/12
20-23 Reserved =0
24-25 Overrun Counter
26-27 Under run Counter
28-31 Device Cache Full Read Hits
32-35 Device Cache Partial Read Hits
36-39 Device Cache Write Hits
40-43 Device Cache Fast Writes
44-47 Device Cache Read Misses
48-51 Reserved =0

Page 30h returns performance counter information. This includes seek counters and buffer overrun/under run counters.
The appropriate seek counter isincremented once during execution of Pre-Fetch, Read, Verify, Write, Write and Verify, Write

Same, and Seek commands.
Buffer Overrun conditions are detected during Read commands.

Buffer Underrun conditions are detected during Verify with ByteChk=1, Write, Write and Verify, and Write Same commands.

Only one seek counter isincremented for each of these commands and the counter is incremented only once per command.
Thelength of theinitial seek that is required to access the first Logical Block specified for the SCSI command determines
which seek counter isincremented. The Zero Seek counter isincremented if aseek is not required or if only ahead switchis

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification

160




required to access the first Logical Block. After theinitial seek, no further counter incrementing is performed for that com-
mand.

Note:  Thelength of aseek as reported in page 30 may differ from expected results. The reason for thisisthat the drive exe-
cutes Idle Time Functions between operations of the drive. The seek operations that occur in Idle Time Functions are not
directly entered into page 30 seek counters but they change the length of the following seek. Thisis because after the Idle Time
Function is completed, the heads will not necessarily be in the same position as they were at the completion of the previous
command.

A buffer overrun or under run condition occurs when the Initiator does not transfer data to or from the Target data buffer fast
enough to keep up with reading or writing the media. The buffer overrun counter isincremented during operations that require
aData In phase when a buffer full condition prevents the continued transfer of data from the mediato the data buffer. The
buffer under run counter isincremented during operations that require a Data Out phase when a buffer empty condition pre-
ventsthe start or continuation of a datatransfer from the data buffer to the media (or a data transfer from the mediafor a Verify
command with BytChk=1).

Buffer Overrun conditions are detected during the following SCSI commands:
* READ (6)
* READ (10)
Buffer Under Run conditions are detected during the following SCSI commands:
e VERIFY WITH BytChk=1
* VERIFY (16) WITH BytChk=1
* WRITE (6)
* WRITE (10)
* WRITE AND VERIFY
 WRITE AND VERIFY (16)
« WRITE SAME
« WRITE SAME (16)

« ZERO SEEKS
The number of times no seek was required. The operation may have resulted in a head switch.

« SEEKS>=2/3DISK
The number of seeks equal to or greater than 2/3 of the disk.

* SEEKS>= 1/J3AND < 2/3DISK
The number of seeks equal to or greater than 1/3 and less than 2/3 of the disk.

* SEEKS>=1/6 AND < 1/3DISK
The number of seeks equal to or greater than 1/6 and less than 1/3 of the disk.

¢ SEEKS>=1/12 AND < 1/6 DISK
The number of seeks equal to or greater than 1/12 and less than 1/6 of the disk.

« SEEKS>0AND < 1/12 DISK
The number of seeks less than 1/12 of the disk.

* OVERRUN COUNTER
The number of timesthat datawas available to be transferred from the media but the device buffer still contained data
that had not been retrieved by the Initiator. Consequently, the disk had to take additional revolutions until the buffer
was available to accept data.

* UNDER RUN COUNTER
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The number of times that the drive was ready to transfer datato its disk (on awrite), but its buffer was empty (i.e.,
had not been filled by the Initiator), thus the disk was forced to take extrarevolutions.

* DEVICE CACHE FULL READ HITS
The number of timesthat all of the data requested by the read operation was obtained from the device read or write
cache.

* DEVICE CACHE PARTIAL READ HITS
The number of times that a portion, but not al, of the data requested by the read operation was obtained from the
device read or write cache. A physical operation to the device mediawas required to obtain the remaining data.

* DEVICE CACHE WRITE HITS
The number of times that the data associated with awrite operation replaces, or is combined with, existing datain the
device write cache, thereby eliminating a write operation.

* DEVICE CACHE FAST WRITES
The number of times that space was available in the device write cache for the data associated with a write operation
and aresponse was returned immediately.

* DEVICE CACHE READ MISSES
The number of times that none of the data requested by the read operation was obtained from the read cache.

The statistics reported by this page arelost on a self-initiated reset or when the Drive is powered off. Even though the DSfield
equals zero, the parameters on this page are not savable.
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19.7.14 Log Sense Page 37

This page contains a series of miscellaneous data counters including information about predictive failure analysis occurrences.
Table 137: Log Sense Page 37

Byte Bit
y 7 6 5 i [ 3 [ 2 | 1 0
0 Reserved Page code = 37h
1 Reserved
2-3 Page L ength = 0030h (48)
4-5 Parameter Code = 0000h
6 DU=0 ‘ DS=0 TSD=0 | ETC=0 ‘ TMC=0 ‘ F&L =00b
7 Parameter Length =2Ch
8 (MSB)
- Power on Hours (hours only)
11 (LSB)
12 (MSB)
- Total Bytes Read
19 (LSB)
20 (MSB)
- Total Bytes Written
27 (LSB)
28 Max Drive Temp (degrees Celsius)
(MSB) GList Size
29-30
(LSB)
31 Number of PFA Occurrences
MED HDW _
32 PEA PEA Reserved =0
33-40 Total Read Commands
41 - 48 Total Write Commands
49 Reserved =0
50-51 Flash Correction Count

The Power on Hoursfield specifies the total time the drive has been powered on in hours only.
The Max. Drive Temperature field specifies the maximum temperature, in degrees Celsius, the drive has ever reached.
The Glist Sizefield gives the total number of LBAS that have been reassigned on the drive.

The Number of PFA Occurrencesfield gives the number of PFA occurrences during the life of the drive and not the number
of PFA eventsthat have been reported. The number of reported PFA events may be less due to the settings of Mode Page
Ox1C.

If set, the Media and Har dwar e PFA bitsindicate that a PFA trip has occurred during the life of the drive. These flags are set
during a PFA occurrence that may or may not coincide with the reporting of a PFA event as mentioned above.

Total Read Commands counter isincremented for each Read (6) and Read (10) command received.

Total Write Commands counter is incremented for each Write (6), Write (10), Write Verify and Write Verify (16) command
received.

Flash Correction Count isincremented each time ECC correction is applied to data stored in Flash ROM.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
163



Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
164



19.8 MODE SELECT (15)

Table 138: Mode Select (15)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 15h
1 Reserved =0 PF=1 Reserved =0 SP
2

Reserved =0

3
4 Parameter List Length
5 VvUu=0 Reserved =0 FLAG | LINK

The MODE SELECT (15) command provides a means for the Initiator to specify LUN or device parameters to the Target. It
also allows an Initiator to specify options the Target usesin error recovery, caching, and formatting.

Thereisasingle set of Mode Page parameters shared by al Initiators.

* PF A PF (Page Format) bit value of one indicates that the data sent by the Initiator after the Mode Select Header and the
Block Descriptor, if any, compliesto the Page Format. The Target ignores thisfield since it only accepts mode param-
etersin the Page Format.

» SP Save Pages. Thisindicates

0 The drive shall not save the pages sent during the Data Out phase but will use them for all following commands
until the power isremoved, areset is received, or anew MODE SELECT command is received.

1 The drive will save the datain the reserved area of the disk. It will be used for al the following commands until
another MODE SELECT command isissued. Thisinformation is maintained over a power cycle or reset of the
drive.

» Parameter List Length This specifies the number of bytes to be sent from the Initiator. A parameter list length of zero
suppresses data transfer and is not considered an error.

The MODE SELECT parameter list contains a 4-byte header followed by zero or one block descriptor followed by zero or
more pages. The pagesthat are valid with this command are defined in the addendum under the heading M ode Select Data, as

they vary with the drive model.

Application Note

The Initiator should issue aMODE SENSE command requesting all Changeabl e values (see PCF field in byte two of the CDB
in) prior to issuing a MODE SELECT command. Thisis necessary to find out which pages are implemented by the drive and
the length of those pages. In the Pages of the MODE SENSE command the drive will return the number of bytes supported for
each Page. The Page Length set by the Initiator in the MODE SELECT command must be the same value as returned by the
drivein MODE SENSE Page Length. If not, the drive will return Check Condition status with sense key of Illegal Request.

Note:  If anInitiator sendsaMODE SELECT command that changes any parametersthat apply to other Initiators, the drive
shall generate an unit attention condition for all Initiators except for the one that issued the MODE SELECT command. The

drive shall set the additional sense code to Parameters Changed (2Ah).
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19.9 MODE SELECT (55)

Table 139: M ode Select (55)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 55h

1 Reserved =0 PF=1 Reserved =0 SP
2-6 Reserved =0
8 (MSB) Parameter List Length

(LSB)
9 VU=0 Reserved =0 FLAG LINK

The MODE SELECT (55) command provides ameans for the Initiator to specify LUN or device parametersto the Target. See
the MODE SELECT (15) command for a description of the fieldsin this command.
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19.10 MODE SENSE (1A)

Table 140: Mode Sense (1A)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 1Ah
1 Reserved RSVD DBD Reserved =0
2 PCF Page Code
3 Subpage Code
4 Allocation Length
5 vU=0 Reserved =0 FLAG LINK

The MODE SENSE (1A) command provides a means for the drive to report various device parametersto the Initiator. It isthe
complement to the MODE SELECT command.

If the DBD (Disable Block Descriptor) bit is zero, the Target will return the Block Descriptor. If the DBD hit is set to 1, the
Target will not return the Block Descriptor.

Allocation L ength indicates the maximum number of bytes that the Initiator has set aside for the DATA IN phase. A value of
zero is not considered an error. If the allocation length is smaller than the amount available, that portion of the data up to the
allocation length will be sent. This may result in only a portion of a multi-byte field being sent.

Page Control Field: PCF (Page Control Field) defines the type of Page Parameter values to be returned.

PCF
00

01

Meaning

Report current values. The drive returns the current values under which the logical unit is presently configured for
the page code specified. The current values returned are

1. Initially following power-up but before the mediais accessed, the default values become current. Once the media
can be accessed, the saved values are read from the Reserved Area and become current.

2.The parameters set in the last successful MODE SELECT command.

3.The saved values if aMODE SELECT command has not been executed since the last power-on, hard RESET con-
dition, or TARGET RESET message.

Following the completion of start-up, execution of the MODE SELECT command can modify the current values.

Note: Those parameters associated with format are not considered current and are not saved until the successful com-
pletion of a FORMAT UNIT command.

In addition, the current values take on the saved values after areset if the parameters were saved. If the Page Codeis
3Fh, then all pagesimplemented by the Target are returned to the Initiator with fields and bit values set to current val-
ues.

If the Page Code is not 3Fh, the page defined by the Page Code, if supported by the Target, is returned with fields and
bits set to current values.

Note: The drive will not processthe MODE SELECT command until the completion of spin-up. Therefore, the Initi-
ator cannot modify the current values prior to the saved values being read in.

Report changeable value. The drive returns the changeabl e values for the page code specified. The page requested is
returned containing information that indicates which fields are changeable. All bits of parametersthat are changeable
shall be set to one. Parameters that are defined by the drive shall be set to zero. If any part of afield is changeable, all
bitsin that field shall be set to one.

Note: For avaluefield such as the buffer ratios of page 2 the bit field will not indicate the range of supported values
but rather that the field is supported.
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10 Report default value. The drive returns the default values for the page code specified. The parameters not supported
by the drive are set to zero.

11 Report saved value. The drive returns the saved value for the page code specified.
Saved values are one of the following:
- the values saved as aresult of MODE SELECT command
- identical to the default values

- zero when the parameters are not supported
The Page Length byte value of each page returned by the drive indicates up to which fields are supported on that
page.
Page Code: Thisfield specifies which page or pages to return. Page code usage is defined in the figure below.

Table 141: Page Code Usage

Page Code |Description

00h - 1Ch  |Return specific page, if supported.
3Fh Return all supported pages.

If a Page Code of 3Fhisused, MODE SENSE returns the pages in ascending order with one exception. Page 0 is aways
returned last in response to aMODE SENSE command.

If an unsupported page is selected, the command is terminated with a CHECKT CONDITION status and available sense of
ILLEGAL REQUEST/INVALID FIELD IN CDB.

Subpage Code: Thisfield specifies the subpage to return, and may be set to a specific page, or to FFh for all supported sub-
pages.

19.10.1 Mode Parameter List

The mode parameter list contains a header followed by zero or more block descriptors followed by zero or more variable
length pages.

19.10.1.1 Header
The 6-byte command descriptor block header is defined below.
Table 142: Mode parameter header (6)

Bit
Byte
7 6 5 4 3 2 1 0
0 Mode Data L ength
1 Medium Type=0
2 WP=0 Reserved=0 DP(IUA Reserved =0
3 Block Descriptor Length (=0 or 8)

The 10-byte CDB header is defined bel ow.
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Table 143: M ode parameter header (10)

Bit
Byte
7 6 5 4 3 2 1 0
0 (MSB) Mode Data L ength
1 (LSB)
2 Medium Type=0
3 WP=0 Reserved=0 DPOFUA =1 Reserved =0
g Reserved =0
6 (MSB) Block Descriptor Length
7 (=0o0r 8) (LSB)

» Mode Data L ength. When using the MODE SENSE command, the mode data length field specifies the length in bytes
of the following datathat is available to be transferred. The mode data length does not include the length byte itself.
When using the MODE SELECT command, thisfield is reserved.

» Medium Typefield is always set to zero in the drive (Default Medium Type).

» WP. When used with the MODE SELECT command, the Write Protect (WP) bit isreserved.

When used with the MODE SENSE command, a Write Protect (WP) bit of zero indicates that the medium iswrite
enabled.

» DPOFUA bit value of 1 indicates that the Target supports the FUA and DPO bits in the Read and Write Commands.

 Block Descriptor Length specifies the length in bytes of the block descriptors. When used with the MODE SELECT
command, zero or eight is supported by the drive. When used with the MODE SENSE command, the drive returns
eight to indicate that only a single block descriptor is available.
Note: DPOFUA isignored during Mode Select command processing athough the SCSI Standard states that it is reserved dur-
ing Mode Select. Ignoring it allows the Mode Sense Parameter List for the byte containing this bit to be re-used as aMode
Select Parameter List.
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19.10.1.2 Block Descriptor
Table 144: M ode Parameter Block Descriptor

Byte 0 (MSB)

Byte 1 Number of Blocks
Byte 2
Byte 3 (LSB)

Byte 4 Density code=0

Byte 5 (MSB)
Byte 6 Block Length
Byte7 (LSB)

The Block descriptor provides formatting information about the Number of Blocks (user addressable) to format at the speci-
fied Block Length.

* Number of Blocks
When used with the MODE SELECT command, the Number of Blocks field must be
- Zerotoindicate not to change available blocks
- OXFFFFFFFF to indicate all available blocks
- Theexact number of blocksin the data area of the drive, which can be obtained with the MODE SENSE
- The number of blocks lessthan exact one, in order to CL I P the number of blocks
Any other valueisinvalid and causes the command to fail with Check Condition status.
When used with the MODE SENSE command, the field contains the exact number of blocks.
* Density Code
- Always O for direct access devices.
* Block Length

The Block Length field reflects the number of bytes of user data per sector (not including any protection informa-
tion). When used with the MODE SELECT command, the Block length field must contain the value from 512 to 528
(8 bytes step) or zero. Otherwise the drive will terminate the command with Check Condition status.

A FORMAT UNIT command is required to cause these parameters to become current only if the block length param-
eter is different from the current block length.

When used with the MODE SENSE command, the field is dependent on how the mediais currently formatted.
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19.10.1.3 Page Descriptor
Table 145: M ode Parameter Page For mat

ByteO PS SPF Page Code
Byte 1 Page L ength
Byte 2-n Mode Parameters

Each mode page contains a page code, a page length, and a set of mode parameters.

When using the MODE SENSE command, a Parameter Savable (PS) bit of one indicates that the mode page can be saved by
the drivein the reserved area of the drive. A PS bit of zero indicates that the supported parameters cannot be saved. When
using the MODE SELECT command, the PS bit is reserved (zero).

SPF (Sub-Page Format) is set to zero to indicate the short page format is used. The bit is set to one to indicate the long format
is used, supporting sub-pages. The drive supports the following mode page codes:

Table 146: M ode Parameter Page Format

Page Description PS
00 Vendor Unique Parameters 1
01 Read-Write Error Recovery Parameters 1
02 Disconnect/Reconnect Control Parameters 1
03 Format Device Parameters 0
04 Rigid Disk Geometry Parameters 0
07 Verify Error Recovery Parameters 1
08 Caching Parameters 1
0A Control Mode Page 1
ocC Notch Parameters 1
19 Port Control Page 1
1A Power Control Parameters 1
1C Infor mational Exceptions Control 1

The page length field specifies the length in bytes of the mode parameters that follow. If the Initiator does not set this value to
the value that is returned for the page by the MODE SENSE command, the drive will terminate the command with Check Con-
dition status.
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19.10.2 Mode Page 00 (Vendor Unique Parameters)
Table 147: Vendor Unique Parameters - Page 00

Bit Default
Byte
7 6 5 4 3 2 1 0
0 PS 0 Page Code = 00h 80h
1 Page Length = OEh OEh
2 Ignored MRG Ignored 00h
3 Ignored | VGMDE Ignored RRNDE | Ignored 00h
4 Ignored 00h
5 Ignored FDD Ignored CAEN | Ignored 02h
6 IGRA | AVERP Ignored OCT (high nibble) 00h
7 Overall Command Timer (low byte) 00h
8 I gnored 00h
9 Temperature Threshold 00h
10 Command Aging Limit (Hi byte) 00h
1 Command Aging Limit (Low byte) 30h
12 Read Reporting Threshold OAh
13 Write Reporting Threshold O0Ah
14 DRRT Ignored FFMT Ignored 00h
15 Ignored FCERT BYPS |HIM Ignored Reserved =0 00h

Fields marked in the table as 'Ignored' are not used or checked by the drive. They will beinitialized to zero but can be set as
desired for compatibility with older drives.

* MRG (Merge Glist into Plist) bit is set to 1 for merging the Glist entriesinto the Plist during FORMAT UNIT command.

* VGMDE (Veggie Mode) bit set to 1 will cause the drive to execute random self-seeks. To enable this mode, the initiator
must perform the mode select to set the bit while the drive is spinning, then Stop Unit, then Start Unit. VGMDE set
to 0 disables the self-seeks (normal operation).

* RRNDE (Report Recovered Non Data Errors) bit controls the reporting of recovered Non Data Errors when the PER bit
isset. If RRNDE is set, recovered Non Data Errors are reported. If the RRNDE hit is not set, then recovered Non
Data Errors are not reported.

* FDD (Format Degraded Disable) controls the reporting of Format Degraded sense data for Test Unit Ready commands
when the driveisin aformat degraded state. When the FDD bit is one, Format Degraded sense data will not be
reported for a Test Unit Ready command. When the FDD bit is zero, Format Degraded sense data will be reported
for Test Unit Ready commands when the driveisin aformat degraded state. Thisbit does not affect the reporting of
Format Degraded conditions for any media access commands.

» CAEN (Command Aging Enable) When set this bit causes the Command Age Limit timer to be used to avoid commands
waiting in the command queue for an indefinite period. When commands have been in the queue for aperiod of time
greater than the timer limit they will be reordered to be executed on afirst come first served basis. When thishit is
reset, commands are always executed based on the queue reordering rules.
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* IGRA (Ignore Reassigned LBA) bit worksin conjunction with the RC bit (Mode Page 01h, byte 2, bit 4). The main pur-
pose of thishit isto avoid undesirable read processing time delays due to reassigned LBA processing for continuous
data availability requirements such as Audio Visual applications. If IGRA isset to one and RC is set to one, out-of-
line reassigned LBAs will not be processed. If IGRA isset to oneand RC is set to zero, or if IGRA isset to zero,
reassigned LBAs will be processed normally.

* AVERP (AV ERP Mode) bit is set to one in order to specify maximum retry counts during Read DRP. When AV ERP bit
is set to one, the maximum retry counts for read operations is specified by Read Retry Count (Mode Page 1 Byte 3).
AVERP bit is set to zero to specify that the drive shall process read DRP up to the default maximum retry count when
Read Retry Count is set to a non-zero value.

* OCT (Overal Command Timer) controls the maximum command execution time, from receipt by the drive until status
isreturned. If the command is unableto complete in the specified amount of time, it will be aborted with Check Con-
dition status, Aborted Command sense key. The Overall Command Timer does not alter the behavior of the Com-
mand Aging Limit or Recovery Time Limit. Each unit of thistimer is 50 milliseconds. Setting the valueto zero
disabled the feature.

» Temperature Threshold specifies the threshold value in degrees Celsius for the thermal sensor warning message. A
value of 0 selects the default value (85 degrees Celsius).

» Command Aging Limit Thisvalue controls the maximum time acommand should wait in the command queue when the
CAEN bit is set. Each unit of thistimer is 50 ms.

» Read Reporting Threshold specifies the error reporting threshold for recovered data errors during read operations
when PER=1.

» Write Reporting Threshold specifies the error reporting threshold for recovered data errors during write operations
when PER=1.

* DRRT (Disable Restore Reassign Target) bit disables the reading and restoration of the target LBA during a Reassign
Blocks command. If the DRRT bit is zero, the reassign command attempts to restore the target LBA's data. If the data
cannot be restored, the target LBA isreassigned and written with a data pattern of all 00s. If the DRRT bit is one, no
attempt is made to restore the target LBA.

* FFMT (Fast Format Enable) bit allows the formatting of the drive without any writes to the customer media. All format
operations are alowed including changing block sizes and manipulating defects. The drive will operate normally
after afast format with the following caveat: since no datais written to any customer data blocks as aresult of a Fast
Format operation, there is a possibility that aread attempt to any particular block (without having previously written
to that block) will result in an unrecoverable data error. Thiswill most likely happen if the block size is changed as
every LBA will contain data of an incorrect length and apparently an incorrect starting point. It is also possible to
generate an uncorrectable data error without changing block sizesif the defect list is shortened and previously bad
blocks become visible in the customer address space. Of course ALL DATA ON THE DRIVE WILL BE LOST as
the result of any format operation and so any attempt to read blocks which have not been written to will result in
unpredictable behavior.

* FCERT (Format Certification) bit determines whether the certification step will be performed during a Format Unit
command. FCERT bit set to O disables certification. FCERT hit set to 1 enables the certification step.

* BYPS (Bypass) controls the drive's actions following a self-initiated reset. If set, the drive will bypass both ports, and
remain bypassed when al reset actions are complete. Inthismode, intended for development and qualification use, a
power cycleisrequired to re-establish loop communications. If the BY PShit is zero, the drive will temporarily
bypass both ports during the reset, but enable both when the reset actions are complete. A unit attention condition
will be reported to indicate that the self-initiated reset has occurred.

* HIM (High Impedance Mode) hit determines how the drive will communicate with an 8067 compliant enclosure. When
thisbit is set to one, the drive configures its enclosure services bus drivers tobe standard open collector outputs.
When set to zero, the drive will actively drive the bus lines high, rather than rely on an external pull-up resistor.
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19.10.3 Mode Page 01 (Read/Write Error Recovery Parameters)
Table 148: M ode Page 01 (Vendor Unique Parameters)

Bit
Byte
7 6 5 4 3 2 1 0 Default

0 PS 0 Page Code = 01h 81h
1 Page Length = 0OAh O0Ah

2 AWRE | ARRE B RC EER=0 | PER DTE DCR COh
3 Read Retry Count 01h

4 Obsolete=0 00h

5 Obsolete=0 00h

6 Obsolete=0 00h

7 Reserved 00h

8 Write Retry Count 01h

9 Reserved 00h

10 (MSB) Recovery Time Limit 00h
u (LSB)

The Read-Write recovery parameters that will be used during any command that performs aread or write operation to the
medium are as follows:

» AWRE Automatic Write Reallocation Enabled bit, set to zero indicates that the drive shall not perform automatic reallo-
cation of defective data blocks during write operations. An AWRE bit set to oneindicates that the drive shall perform
automatic reallocation of defective data blocks during write operations.

* ARRE Automatic Read Reallocation Enabled bit, set to zero indicates that the drive shall not perform automatic reallo-
cation of defective data blocks during read operations. ARRE bit set to one indicates that the drive shall perform
automatic reallocation of defective data blocks during read operations.

» TB Transfer Block hit, set to one indicates that a data block that is not recovered within the recovery limits specified
shall be transferred to the Initiator before Check Condition statusis returned. A TB bit set to zero indicates that such
adatablock shall not be transferred to the Initiator. Data blocks that can be recovered within the recovery limits are
always transferred regardless of the value of the bit.

» RC Read Continuous bit, set to one requests the Target to transfer the entire requested length of data without adding
delays that would increase or ensure dataintegrity. Thisimplies that the Target may send erroneous data. This bit has
priority over all other error control bits (PER, DTE, DCR, TB). RC set to zero indicates normal interpretation of
PER, DTE, DCR, and TB values. The RC hit setting is used by the Target when reporting errors associated with the
transfer of the Initiator's data for the Read commands interpretation of PER, DTE, DCR, and TB values. The RC bit
applies only to READ commands.

Note: The Target implementation of the RC option is to disable error detection of the data fields but continue normal
error detection and recovery for errors occurring in the servo field. If aservo field failure occurs, norma DRP could
result in considerable recovery action, including proceeding through all levels of DRP.

» EER an Enable Early Recovery bit, must be set to zero, indicating that the drive shall use an error recovery procedure
that minimizes the risk of misdetection or miscorrection during the data transfer. Data shall not be fabricated.
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» PER aPost Error bit, is set to one to indicate that the drive reports recovered errors.

» DTE (Data Terminate on Error) bit set to one specifies that data transfer will be halted when the first recovered error is
encountered. PER must be set to one when DTE is set to one. DTE set to zero will cause data transfer to continue
when recovered errors are encountered.

» DCR aDisable Correction hit, is set to one to indicate that Error Correction Code is not used for data error recovery. A
DCR hit of zero indicates that ECC is applied to recover the data.

» Read Retry Count setsalimit on the amount of DRP passes in which the Target attempts to recover read errors. A value
of zero disables all data recovery procedures. When AV ERP hit (Mode Page 0 Byte 6 Bit 6) is zero, a value of non-
zero in Read Retry Count enables all steps of DRP. When AVERP bit is one, the number in Read Retry Count setsthe
maximum retry count of DRP.

» WriteRetry Count setsalimit on the amount of DRP passes in which the Target attempts to recover write errors. A
value of zero disables all data recovery procedures..

» Recovery Time Limit indicates the period in 1 millisecond increments for the maximum recovery time of asingle LBA.
The value must be from 40 msto 65535 ms (65.5 seconds). The granularity of the timer is50 ms. If an LBA isnot
able to be recovered within the limit, a Check Condition will be returned. The Recovery Time Limit will not be
applied yo Writes when WCE=1. A vaue of zero disables the timer.
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The following summarizes valid modes of operation. If anillegal modeis set, the MODE SELECT command will complete
successfully but the action of the drive when an error occurs is undefined.

PER DTE DCR TB DESCRIPTION
0 Retriesand Error Correction are attempted. Recovered or corrected data (if any) or both are transferred

0

P O O O O

0

0

0

©O b R L P

0

0

with no Check Condition status at the end of the transfer.
noerr Thetransfer length is exhausted.
soft err The transfer length is exhausted. Transferred data includes blocks containing recovered errors.

hard err Datatransfer stops when an unrecoverable error is encountered. The unrecoverable block is not
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.

1 Retriesand Error Correction are attempted. Recovered or corrected data (if any) or both are transferred

with no Check Condition status at the end of the transfer.
noerr Thetransfer length is exhausted.
soft err The transfer length is exhausted. Transferred data includes blocks containing recovered errors.

hard err Datatransfer stops when an unrecoverable error is encountered. The unrecoverable block is
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.

1 O Retriesareattempted but no error correction (ECC) is applied. Recovered data (if any) are transferred with

= B O O

0

R O+ O

no Check Condition status at the end of the transfer.
noerr Thetransfer length is exhausted.
soft err The transfer length is exhausted. Transferred data includes blocks containing recovered errors.

hard err Datatransfer stops when an unrecoverable error is encountered. The unrecoverable block is not
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.

Retries are attempted but no error correction (ECC) is applied. Recovered data (if any) are transferred
with no Check Condition status at the end of the transfer.

noerr Thetransfer length is exhausted.
soft err The transfer length is exhausted. Transferred data includes blocks containing recovered errors.

hard err Datatransfer stops when an unrecoverable error is encountered. The unrecoverable block is
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.

[llegal Reguest-DTE must be zero when PER is zero.
Illegal Request-DTE must be zero when PER is zero.
[llegal Regquest-DTE must be zero when PER is zero.
Illegal Request-DTE must be zero when PER is zero.

0 Thehighest level error isreported at the end of transfer. Retries and error correction are attempted. Recov-

ered or corrected data (if any) or both are transferred with Check Condition status and Recovered Error
sense key set at the end of the transfer.

noerr Thetransfer length is exhausted.

soft err  Thetransfer length is exhausted. Transferred data includes blocks containing recovered errors.
The information byte in the sense datawill contain the LBA of the last recovered error.

hard err Datatransfer stops when an unrecoverable error is encountered. The unrecoverable block is not
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.
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0

0

1

0

1

0

1 Thehighest level error isreported at the end of transfer. Retries and error correction are attempted. Recov-

1

1

ered or corrected data (if any) or both are transferred with Check Condition status and Recovered Error
sense key set at the end of the transfer.

noerr Thetransfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes blocks containing recovered errors.
The information byte in the sense data will contain the LBA of the last recovered error.

hard err Datatransfer stops when an unrecoverable error is encountered. The unrecoverable block is
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.

The highest level error is reported at the end of transfer. Retries are attempted but ECC is not applied.
Recovered or corrected data (if any) or both are transferred with Check Condition status and Recovered
Error sense key set at the end of the transfer.

noerr Thetransfer length is exhausted.

soft err Thetransfer length is exhausted. Transferred data includes blocks containing recovered errors.
The information byte in the sense datawill contain the LBA of the last recovered error.

hard err Datatransfer stopswhen an unrecoverable error is encountered. The unrecoverable block is not
transferred to the Initiator. The drive then creates the Check Condition status with the appropri-
ate sense key.

The highest level error isreported at the end of transfer. Retries and error correction are attempted. Recov-
ered or corrected data (if any) or both are transferred with Check Condition status and Recovered Error
sense key set at the end of the transfer.

noerr Thetransfer length is exhausted.

soft err The transfer stops on the first soft error detected. The information in the sense data shall contain
the LBA of the block in error.

hard err Datatransfer stops on the unrecoverable error. The unrecoverable error block is not returned to
the Initiator. The drive then creates the Check Condition status with the appropriate sense key.

The highest level error is reported at the end of transfer. Retries and error correction are attempted.
Recovered or corrected data (if any) or both are transferred with Check Condition status and Recovered
Error sense key set at the end of the transfer.

noerr Thetransfer length is exhausted.

soft err Thetransfer stopson the first soft error detected. The information in the sense data shall contain
the LBA of the block in error.

hard err Datatransfer stops on the unrecoverable error. The unrecoverable error block is not returned to
the Initiator. The drive then creates the Check Condition status with the appropriate sense key.

The highest level error isreported at the end of transfer. Retries and error correction are attempted. Recov-
ered or corrected data (if any) or both are transferred with Check Condition status and Recovered Error
sense key set at the end of the transfer.

noerr Thetransfer length is exhausted.

soft err The transfer stops on the first soft error detected. The information in the sense data shall contain
the LBA of the block in error.

hard err Datatransfer stops on the unrecoverable error. The unrecoverable error block is returned to the
Initiator. The drive then creates the Check Condition status with the appropriate sense key.
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1

0 Thehighest level error isreported at the end of transfer. Retries are attempted but ECC is not applied.

Recovered data are transferred with Check Condition status and Recovered Error sense key set at the end
of the transfer.

noerr Thetransfer length is exhausted.

soft err The transfer stops on the first soft error detected. The recovered error block is returned to the
initiator. The information in the sense data shall contain the LBA of the block in error.

hard err Datatransfer stops on the unrecoverable error. The unrecoverable error block is not returned to
the Initiator. The drive then creates the Check Condition status with the appropriate sense key.

The highest level error isreported at the end of transfer. Retries are attempted but ECC in not applied.
Recovered or corrected data (if any) or both are transferred with Check Condition status and Recovered
Error sense key set at the end of the transfer.
noerr Thetransfer length is exhausted.
soft err Thetransfer stops on thefirst soft error detected. The information in the sense data shall contain

the LBA of the block in error.

hard err Datatransfer stops on the unrecoverable error. The unrecoverable error block is returned to the
Initiator. The drive then creates the Check Condition status with the appropriate sense key.
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19.10.4 Mode Page 02 (Disconnect/Reconnect Parameters)

Table 149: M ode Page 02 (Disconnect/Reconnect Parameters)

Bit
Byte
7 6 5 4 3 2 1 0 Default
0 PS 0 Page Code = 02h 82h
1 Page Length = OEh OEh
2 Read Buffer Full Ratio 00h
3 Write Buffer Empty Ratio 00h
A5 (MSB) BusInactivity Limit =0 00h
(LSB)
6.7 (MSB) Disconnect TimeLimit =0 00h
(LSB)
8.0 (MSB) Connect TimeLimit=0 00h
(LSB)
1011 (MSB) Maximum Burst Size 00h
(LSB)
00h
12-15 Reserved =0

The disconnect/reconnect page provides the Initiator with the means to tune the performance of the Fibre Channel Loop.

The drive uses the disconnect/reconnect parameters to control when it attempts to regain control of the Loop during READ
and WRITE commands.

» Read Buffer Full Ratio isthe numerator of afraction whose denominator is 256. The fraction indicates how full the
drive data buffer should be before attempting to re-arbitrate for the Loop. If theratio is set to Oh, the target will cal-
culate and use an optimal ratio based on the negotiated transfer rate.

» Write Buffer Empty Ratio is the numerator of afraction whose denominator is 256. The fraction indicates how empty

the drive data buffer should be before attempting to re-arbitrate for the Loop. If theratio is set to Oh, the target will
calculate and use an optimal ratio based on the negotiated transfer rate.

Both the Read Buffer Full Ratio and the Write Buffer Empty Ratio pertain to the current active notch. For each active notch as
defined in page OCh there are separate Read Buffer Full Ratios and Write Buffer Empty Ratios. When the active notch is set to
zero, the values are applied in mode page OCh across all notches.

e Maximum Burst Sizeis not supported, and any valuein thisfield isignored.
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19.10.5 Mode Page 03 (Format Device Parameters)
Table 150: M ode Page 03 (Format Device Parameters)

Bit
Byte
7 6 5 4 3 2 1 0 Default

0 PS 0 Page Code = 03h 03h
1 Page Length = 16h 16h
- (MSB) Tracks per Zone xxh
(LSB)|xxh
s (MSB) Alternate Sectors per Zone=0 00h
(LSB)|ooh
67 (MSB) Alternate Tracks per Zone=0 00h
(LSB)|ooh
. (MSB) Alternate Tracks per Logical Unit =0 00h
(LSB)|00h
(MSB) Sectors Per Track xxh

10-11
(LSB)|xxh
19.13 (MSB) Data Bytes per Physical Sector xxh
(LSB)|xxh
(MSB) Interleave = 0001h or 0000h 00h

14-15
(LSB)|01h
(MSB) Track Skew Factor xxh

16-17
(LSB)|xxh
(MSB) Cylinder Skew Factor xxh

18-19
(LSB)|xxh
20 SSEC HSEC RMB SURF RESERVED =0 40h
21-23 Reserved =0 00h
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The format device page contains parameters that specify the medium format. This page contains no changeable parameters.
* Tracks per Zone specifies the number of tracks within the zone. Thisfield isafunction of the active notch.
* Sectorsper Track specifies the number of physical sectors within each track. Thisfield is afunction of the active notch.

» Data Bytes per Physical Sector specifiesthe number of user data bytes per physical sector. The value depends upon the
current formatted Block Length.

* Interleave value of 1 or O isvalid. However, the drive will ignore this.

» Track Skew Factor indicates the number of physical sectors between the last block of one track and the first block on
the next sequential track of the same cylinder. Thisfield isafunction of the active notch.

* Cylinder Skew Factor indicates the number of physical sectors between thelast block of one cylinder and the first block
on the next sequential cylinder. Thisfield isafunction of the active notch.

» SSEC = Zero indicates that the drive does not support soft sector formatting.
* HSEC = One indicates that the drive supports hard sector formatting.
* RMB = Zero indicates that the media does not support removable Fixed Disk.

» SURF = Zero indicates that progressive addresses are assigned to al logical blocksin acylinder prior to alocating
addresses within the next cylinder.
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19.10.6 Mode Page 04 (Rigid Disk Drive Geometry Parameters)
Table 151: Mode Page 04 (Rigid Disk Drive Geometry Parameters)

Bit
Byte
7 5 4 3 2 0 Default
0 PS Page Code = 04h 04h
1 Page Length = 16h 16h
(MSB) xxh
2-4 Number of Cylinders xxh
(LSB)
5 Number of heads xxh
(MSB) 00h
6-8 Sarting Cylinder - 00h
Write Precompensation = 0 (LSB)
(MSB) 00h
9-11 Sarting Cylinder - 00h
Reduced Write Current =0 L SB)
19.13 (MSB) Drive Step Rate = 0 (Not used) 00h
(LSB)|ooh
(MSB) 00h
14-16 Landing Zone Cylinder = 0 (Not used) 00h
(LSB)
17 RESERVED =0 RPL =0 00h
18 Rotational Offset = 0 (Not used) 00h
19 RESERVED =0 00h
2021 (MSB) Medium Rotation Ratein RPM 3Ah
(LSB)|9sh
22-23 Reserved =0 00h

Therigid disk drive geometric page specifies various parameters for the drive.

* RPL =0, Indicates that the drive does not support spindle synchronization.
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19.10.7 Mode Page 07 (Verify Error Recovery Parameters)
Table 152: M ode Page 07 (Verify Error Recovery Parameters)

Bit
Byte
7 6 5 | 4 | 3 | 2 | 1 | o |[Defaul
0 PS 0 Page Code = 07h 87h
1 Page L ength = 0Ah OAh
2 Reserved = 0 | EER=0| PER | DTE | DCR | ooh
3 Verify Retry Count 01h
4 Obsolete =0 00h
5-9 Reserved =0 00h
(MSB) Verify Recovery Time Limit 00h
10-11
(LSB)

The Verify recovery parameters are used by the Target when recovering from and reporting errors associated with the verifica
tion of the Initiator's Data for the following commands:

e VERIFY

 WRITE AND VERIFY - the verify portion of the command only.

» EER. Thishitis0 since the Target does not support early recovery.
* PER. Seebelow for description of bit values.

* DTE. (Data Terminate on Error) bit set to one specifies that data transfer will be halted when the first recovered error is
encountered. PER must be set to one when DTE is set to one. DTE set to zero will cause data transfer to continue
when recovered errors are encountered.

* DCR. Seebelow for description of bit values.
The PER, DTE, and DCR hit settings in mode page 7 override those of mode page 1 during VERIFY and the Verify portion of

WRITE AND VERIFY. The following combinations of PER and DCR are valid:
PER DCR DESCRIPTION

0 0 Soft errors are not reported. ECC is applied to recover the data.
1 0 Soft errors are reported. ECC is applied to recover the data.

0 1 Soft errors are not reported. ECC is not used to recover the data.
1 1 Soft errors are reported. ECC is not used to recover the data.

 Verify Retry Count sets alimit on the amount of verify recovery procedure (VRP) passes the Target attempts when
recovering verify errors. The Verify Retry Count of one causes the Target to attempt up to one VRP pass per com-
mand when a medium error occurs during a verify operation. Only values of Oh and O1h are valid. The value of Oh
disables all recovery.

* Verify Recovery Time Limit indicates the period in 1 millisecond increments for the maximum recovery time of asin-

gle LBA during the verify operation. The value must be from 40 msto 65535 ms (65.5 seconds). The granularity of
thetimer is50 ms. If an LBA isnot able to be recovered within the limit, a Check Condition will be returned.
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19.10.8 Mode Page 08 (Caching Parameters)
Table 153: Page 08 (Caching Par ameters)

Bit
Byt
yte 7 6 5 | 4 3 | 2 | 1 | 0 |Ddaul
0 PS 0 Page Code = 08h 88h
1 Page Length = 12h 12h
2 IC ‘ ABPF ‘ CAP ‘ DISC SIZE ‘ WCE ‘ MF ‘ RCD 04h
3 Demand Read Retention Priority Write Retention Priority 00h
A5 (MSB) Disable Pre-fetch Transfer Length FFh
(LSB)

6.7 (MSB) Minimum Pre-fetch 00h
(LSB)

8.0 (MSB) Maximum Pre-fetch FFh
(LSB)

10-11 Maximum Pre-fetch Ceiling FFh
12 FSW ‘ LBCSS | DRA Reserved =0 00h
13 Number of Cache Segments 08h

MSB Cache Segment Size 00h

14-15 ( ) >0

(LSB)
16 Reserved =0 00h
(MSB) 00h
17-19 Non Cache Segment Size
(LSB)

The caching parameters page defines parameters that affect the use of the cache.

e IC (Initiator Contral) bit of one specifies that the drive will honor the following parameters to control cache
segmentation and pre-fetch: SIZE, FSW, LBCSS, Number of Cache Segments, Cache Segment Size. The drive will
never pre-fetch less data than specified by ABPF, MF, Demand Read Retention Priority, Write Retention Priority,
Disable Pre-fetch Transfer Length, Minimum Pre-fetch, Maximum Pre-fetch, and Maximum Pre-fetch Ceiling, but
may pre-fetch more based on internal cache algorithms. When the IC bit is set to zero, all the parameters listed above
areignored, and an internal caching algorithm is used.

» ABPF (Abort Pre-fetch) bit of one, with DRA set to zero, causes the drive to abort the pre-fetch upon receipt of a new
command. ABPF set to one takes precedence over Minimum Pre-fetch. When ABPF is zero, with DRA set to zero,
the termination of any active pre-fetch is dependant upon the other parametersin this page.

» CAP (Caching Analysis Permitted) is not supported and isignored. The IC bit can be used to enable or disable adaptive
caching.

* DISC (Discontinuity) is not supported and isignored. Pre-fetch operations will continue across cylinders, within the
limits of other caching parameters on this page.

» SIZE (Size Enable) bit when set to one indicates that the Cache Segment Sizeisto be used to control caching segmenta-
tion. When SIZE is set to zero, the Initiator requests that the Number of Cache Segmentsisto be used to control cach-
ing segmentation.

» WCE (Write Cache Enable) bit when set at zero indicates that the drive must issue Good status for WRITE (6) or
WRITE (10) command only after successfully writing the data to the media. When the WCE hit is set to one, the
drive may issue Good status for aWRITE (6) or WRITE (10) command after successfully receiving the data but
before writing it to the media. When WCE = 1, the drive operates asif AWRE = 1.
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Note: When WCE = 1, aSYNCHRONIZE CACHE command must be done to ensure data are written to the media
before powering down the Target.

* MF (Multiplication Factor) bit determines how the Maximum and Minimum Pre-fetch parameters are interpreted. If this
bit is set to zero, the parameters are used asis. If the bit is set to one, the parameters are multiplied by the number of
blocks requested in the Read Command.

* RCD (Read Cache Disable) bit set at zero indicates that the drive may return some or all of the data requested by a
READ (6) or READ (10) command by accessing the data buffer, not the media. An RCD bit set at one indicates that
the Target does not return any of the data requested by a READ (6) or READ (10) command by accessing the data
buffer. All of the data requested is read from the media instead.

» Demand Read Retention Priority setsthe retention priority of datarequested on a Read command. It may be set as

defined below:
Value Definition
Oh Do not distinguish between requested data and other data
1h Replace requested data before other data.
Fh Replace other data before requested data.

where the value is the Demand Read Retention Priority or Write Retention Priority. Requested datais the blocks specified in
the Read or Write command. Other datais data in the cache from any other operation such as pre-fetch, read-ahead, etc.

If the Read Retention Priority is not set to Fh or if the DPO bit on the Read command is set to one, the requested datais over-
written by read-ahead data.

If the DPO bit is set to zero and the Read Retention Priority is set to Fh, the requested datais not overwritten with read-ahead
data. If the requested transfer islarger than the segment, the requested data is overwritten with more requested data and there
is no read-ahead
» Write Retention Priority sets the retention priority of data provided on a Write command. See the definition of
Demand Read Retention Priority above for more details.
* Disable Pre-fetch Transfer Length is used to prevent read-ahead after Read commands that are longer than the speci-
fied number of blocks. If this parameter is set to zero, aread-ahead is not performed.
* Minimum Pre-fetch specifies the minimum number of LBAs that the drive should

« after each READ command. A value of zero indicates that read ahead should be terminated immediately after anew com-
mand arrives, except when the new command is on the current head and track.

» Maximum Pre-fetch specifies the maximum number of LBASs to read ahead after a Read command.

» Maximum Pre-fetch Ceiling specifies the maximum number of blocks the drive should attempt to read ahead. Thisfield
isignored.

» FSW (Force Sequential Write) is not supported and isignored. All logical blocks will be written in sequential order.
* LBCSS (Logical Block Cache Segment Size) bit when set to one indicates that the Cache Segment Size field units shall

be interpreted aslogical blocks. When it is set to zero, the Cache Segment Size field units shall be interpreted as
bytes.

» DRA (Disable Read Ahead) bit when set to one requests that the Target not read into the buffer any logical block beyond
the addressed logical block(s). When it is set at zero, the Target may continue to read logical blocksinto the buffer
beyond the addressed logical block(s).

» Number of Cache Segmentsfield is used to select the number of databuffer cache segments. This parameter isvalid
only when the SIZE hit is set at zero. It isignored when SIZE is set at one.

» Cache Segment Size field indicates the requested segment size in Bytes or Blocks, depending upon the value of the
LBCSS bit. The Cache Segment Sizefield isvaid only when the SIZE bit isone. It isignored when SIZE is set at
zero.

» Non Cache Segment Size is not supported and is ignored.
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19.10.9 Mode Page OA (Control M ode Page Par ameters)
Table 154: Page OA (Control M ode Page Par ameters)

Bit Default
Byte
7 6 5 4 3 2 1 0
0 PS 0 Page Code = 0Ah 8Ah
1 Page Length = OAh O0Ah
2 TST=0 TMFonly=0|RSVD=0| D_Sense=0| GLTSD=0 |RLEC=0| 00h
3 Queue Algorithm M odifier Rsvd=0 QErr DQue 00h
4 RSVD=0| RAC=0 | UA_INTLCK_CTRL=0 | SWP=0 Obsolete 00h
5 ATO |TAS=0 Reserved=0 00h
6-7 Obsolete=0 0Ch
8.9 (MSB) Busy Timeout Period 00h
(LSB)
1011 (MSB) Extended Self-test Routine XXh
Completion Time (LSB)

Following are parameter options for Page OA.

» Queuealgorithm modifier specifiesrestrictions on the algorithm used for reordering commands that are tagged with the
SIMPLE message.
0Oh : Restricted reordering. The Target shall reorder the actual execution sequence of the queued commands from each
Initiator such that data integrity is maintained for that Initiator.
1h: Unrestricted reordering allowed. The Target may reorder the actual execution sequence of the queued commands
in any manner it selects. Any data integrity exposures related to command sequence order are explicitly handled by
the Initiator through the selection of appropriate commands and queue tag messages.
2h-7h: RESERVED.
8 : Command reordering is disabled
9-Fh : RESERVED

* QErr (Queue Error Management) The queue error management (QERR) field specifies how the device server shall han-
dle blocked tasks when another task receives a Check Condition status.

QERR

Description
value

Specifiesthat all tasksfrom all I nitiators are blocked from execution when a Contintent
Alligience (CA condition) is pending. Those blocked tasks are allowed to resume execution
00b in anormal fashion after the CA condition iscleared.

Specifiesthat all tasksfrom all I nitiators are aborted when the Tar get returns Check Con-
dition status. A unit attention condition will be generated for each Initiator that had com-
mandsin the queue except for the Initiator that received the Check Condition status. The
01b sense key will be set to Unit Attention and the additional sense code will be set to Commands
Cleared by Another Initiator.
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10b Reserved

Blocked tasksin thetask set belonging to theInitiator to which a Check Condition statusis

sent shall be aborted when the statusis sent.

» DQue (Disable Queuing) bit set at zero specifies that tagged queuing shall be enabled if the Target supports tagged queu-
ing. A DQue bit set at one specifies that tagged queuing shall be disabled. Command queuing is always enabled on
the drive, therefore this bit isignored.

» ATO (Application Tag Owner) bit set to one specifies that the contents of the Logical Block Application Tag field in the
protection information, if any, shall not be modified by thedrive. An ATO bit set to zero specifiesthat the contents of
the Logical Block Application Tag field in the protection information, if any, may be modified by the drive. If the
ATO hit is set to zero, the drive will ignore the contents of the Logical Block Application Tag field in the protection
information.

» Busy Timeout Period is not supported and is ignored.

» Extended Self-test Routine Completion Timeis an advisory parameter that an Initiator may use to determine the time
in seconds that the Target requires to complete self-test routine when the Target is not interrupted by an Initiator and
no errors occur during execution of the self-test routine.

11b

19.10.10 Control Extension Subpage
Table 155: Control Extension Subpage

Bit Default
CByte
7 6 5 4 3 2 1 0
0 PS SPF=1 Page Code = 0Ah 5Ah
1 Subpage Code=1 01h
2-3 Page L ength = 001Ch 001Ch
4 Reserved =0 TCMOS |SCSIP IALUAE| 00h
5 Reserved =0 Initial Priority 00h
6-31 Reserved =0 00h

No fields in the Control Extension subpage are currently changeable. The page is supported for compatibility only.
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19.10.11 Mode Page OC (Notch Parameters)

Table 156: Page OC (Notch Parameters)

Bit
Byte
7 6 5 4 3 2 1 0 Default
0 PS 0 Page Code = 0Ch 8Ch
1 Page Length = 16h 16h
2 ND=1 | LPN=0 Reserved =0 80h
3 Reserved =0 00h
s (MSB) Maximum Number of Notches XXh
(LSB)|xXh
67 (MSB) Active Notch 00h
(LSB)|00h
(MSB) XXh
811 Starting Boundary XXh
(LSB)
(MSB) XXh
12-15 Ending Boundary XXh
(LSB)
(MSB) 0000h
16-23 Pages Notched 88%2
(LSB)|100Ch

The notch page contains parameters for direct-access devices that implement a variable number of blocks per cylinder. Each
section of the logical unit with adifferent number of blocks per cylinder isreferred as anotch. The only field that is change-
ableisthe Active Notch field.

* ND = One meaning that this device is a notched drive.

* LPN = Zero meaning that the notches are based upon physical parameters of the drive (cylinder #), not logical parame-
ters.

» Maximum Number of Notchesisthe number of notches the drive can support. Thisvalueis drive model dependent.

« Active Notch indicates to which notch subsequent MODE SELECT/SENSE command parameters pertain. A value of O
isused for parameter values which apply to all notches. Values from 1 to the maximum val ue depending on the model
specify the notch number, where notch 1 is the outermost notch. Following mode parameters are based on the current
active notch:

*Mode Page 2
- Read Buffer Full Ratio

- Write Buffer Empty Ratio
*Mode Page 3

- Alternate Sector per Zone
- Alternate Track per Zone
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- Alternate Track per Logical Unit
- Sector per Track
- Track Skew Factor

- Cylinder Skew Factor

» Sarting Boundary contains the first physical location of the active notch. The first three bytes are the cylinder number
and the last byte isthe head. The value sent in thisfield is ignored.

» Ending Boundary contains the last physical location of the active notch. The first three bytes are the cylinder number
and the last byte isthe head. The value sent in thisfield isignored.

» Pages Notched is abit map of the mode page codes that indicates which pages contain parameters that may be different
for different notches. The most significant bit of thisfield corresponds to page code 3Fh and the least significant bit
corresponds to page code 00h. If abit is one, then the corresponding mode page contains parameters that may be dif-
ferent for different notches. If abit is zero, then the corresponding mode page contains parameters that are constant
for all notches.
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19.10.12 Mode Page 19h (Fibre Channel Port Control Page)
Table 157: M ode Page 19h

Byte BIT Default
7 6 5 4 3 2 1 0
0 ps | RSYP* Page Code = 10h 99
1 Page L ength = 06h 06h
2 Reserved =0 00h
3 DTFD PLPB DDIS DLM RHA | ALWLI | DTIPE | DTOLI 00h
4 00h
. Reserved =0 ooh
6 Reserved =0 RR_TOV Units 00h
7 Resource Recovery Time Out Value (RR_TOV) 00h

DTFD (Disable Target Fabric Discovery) bit of one indicates that a Target attached by an FC-AL loop shall not rec-
ognize the presence of afabric loop port, FL_Port, on the loop. The Target shall perform only the private loop func-
tions defined for Targets defined by FC-PLDA. When DTFD bit is zero, the Target attached by an FC-AL loop shall
discover FL_Port if present on the loop and perform the public loop functions defined for Targets by FC-FLA.

PL PB (Prevent Loop Port Bypass) bit of one specifies that the Target ignores all LPB (Loop Port Bypass) and L PE
(Loop Port Enable) primitive sequences. The Target’s ports aways remain in participating mode. A PLPB bit of zero
specifies that the Target allow LPB and L PE primitive sequences to control its port bypass circuitry.

DDI S (Disable Discovery) bit of one specifies the Target does not require receipt of Address or Port Discovery in
order to resume tasks following loop initialization. When DDIS is zero, the Target will only resume tasks for an Initi-
ator on receipt of an Address or Port Discovery from that Initiator.

DLM (Disable Loop Master) bit of one specifies the Target does not become loop master during loop initialization.
When DLM is zero, the Target may become loop master.

RHA (Require Hard Address) bit of one indicates that a Target attached to an FC-AL loop shall only attempt to
obtain its hard address available in the SCA-2 SFF-8067 connector or device address jumpers during loop initializa-
tion. The Target shall not attempt to obtain an address during the LISA phase of initialization. If thereisaconflict for
the hard address selection during loop initialization or the Target does not have avalid hard address available, the
Target shall enter the non-participating state. If the Target detects loop initialization while in the non-participating
state, the Target shall again attempt to get its hard address. If the hard address has not changed from the address
obtained in a previous successful loop initialization, the Target shall attempt to obtain the addressin the LIFA phase
if avalid Fabric login exists or LIPA phase of loop initialization. If the hard address has changed, the Target shall
attempt to obtain the new addressin the LIHA phase. When the RHA bit is zero, the Target follows the normal initial-
ization procedure, including the possibility of obtaining a soft address during the loop initialization process.

ALWLI (Allow Login Without Loop Initialization) bit of one specifies the Target uses its hard address to accept |og-
ins without verifying the address with loop initialization. When ALWLI is zero, the Target is required to obtain an
address viathe loop initialization procedure before accepting alogin.

DTIPE (Disable Target Initiated Port Enable) bit of one specifies the Target waits for a Loop Port Enable primitive
with its own hard address before inserting itself onto the loop. When DTIPE is zero, the Target insertsitself onto the
loop without waiting for a Loop Port Enable primitive.
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. DTOLI (Disable Target Originated Loop Initialization) bit of one specifies the Target does not generate the initializ-
ing L1P following insertion into the loop. The Target will respond to an initializing LIP, if received. The Target will
generate theloop failure LIPif it detectsaloop failure at itsinput and the initializing LIP when the loop failureis cor-
rected. When DTOLI is zero, the Target generates the initializing L1P after it enables a port into aloop.

. RR_TOV Unitsfield indicates the unitsin which the RR_TOV is calculated, according to Table 158.
Table 158: Valuesfor RR_TOV Units

Byte 6 Units of measurefor RR_TOV
bit 2 bit1 |bit0
0 0 0 No timer is specified
0 1 1 0.1 seconds
1 0 1 10 seconds
All other values Reserved

. RR_TOV (Resource Recovery Time Out Value) field indicates the number of time units specified by the RR_TOV
UNITS field that shall be used by the timer that performs the RR_TOV timeout functions. The timer accuracy is +/-
0.1 seconds. Changesto RR_TOV will only affect the usage of the timer for non-authentication situations.

When the RR_TOV Units are set to no timer, the RR_TOV value (byte 7) shall be ignored by the Target and a default
timeout value of 2.0 seconds shall be used for RR_TOV.

When the RR_TOV Units are set to 0.1 seconds the following rules apply:

- avalue of 00h will result in an infinite timeout value (no timeout will occur) Note: Thiswill also causeE D_TOV
to have an infinite timeout value.

- avauefrom 01h to 7Eh will result in atimeout duration that is the product of the RR_TOV value and 0.1 seconds
any value from 7Fh to FFh will result in the Target terminating the command with CHECK CONDITION status.
The sense key is set to Illegal Request and the additional sense codeis set to INVALID FIELD in the PARAME-

TERLIST.
When the RR_TOV Units are set to 10 seconds, the following rules apply:

- avalue of 00h will result in an infinite timeout value (no timeout will occur) Note: Thiswill also causeE D_TOV
to have an infinite timeout value.

avaue of 01h will result in atimeout duration that is the product of the RR_TOV value and 10 seconds
- any vaue from 02h to FFh will result in the Target terminating the command with CHECK CONDITION status.

- The SenseKey isset to Illegal Request and the Additional Sense Codeisset to INVALID FIELD inthe PARAM-
ETER LIST.
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19.10.13 Mode Page 1A (Power Control)
Table 159: Page 1A (Power Contral)

Bit
Byte
7 6 5 4 3 2 1 0 Default
0 PS 0 Page Code = 1Ah 9Ah
1 Page Length = 0Ah O0Ah
2 Reserved = 00h 00h
3 Reserved =0 Idle | Sandby| 00h
(MSB) 00h
47 Idle Condition Timer
(LSB)
(MSB) 00h
811 Sandby Condition Timer
(LSB)

« Idle bit of oneindicates that the Target shall use the Idle Condition Timer to determine the length of inactivity timeto
wait before entering the Idle power state. An Idle bit of zero indicates that the Target shall not enter the Idle power
state.

* Idle Condition Timer field indicates the inactivity timein 100 millisecond increments that the Target shall wait before
entering the Idle power state. The minimum allowable inactivity timeis 2 minutes. Any value lessthan thisis
accepted, but will automatically default to 2 minutes.

» Sandby hit of oneindicates that the Target shall use the Sandby Condition Timer to determine the length of inactivity
time to wait before entering the Standby power state. A Standby bit of zero indicates that the Target shall not enter the
Standby power state.

» Sandby Condition Timer field indicates the inactivity time in 100 millisecond increments that the Target shall wait
before entering the Standby power state. The minimum allowable inactivity timeis 2 minutes. Any value less than
thisis accepted, but will automatically default to 2 minutes.
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19.10.14 Mode Page 1C (Informational Exceptions Control)
Table 160: Page 1C (Informational Exceptions Control)

BIT
Byte
7 6 5 4 3 2 1 0 Default
0 PS 0 Page Code = 1Ch 9Ch
1 Page Length = OAh OAh
2 PERF RSVD EBF EWASC |DEXCPT| TEST E?E';%K_ LOGERR 10h
3 Reserved =0 Method of Reporting 00h
00h
(MSB) ooh
4-7 Interval Timer
00h
(LSB)
00h
(MSB) 00h
8-11 Report Count
(LSB)

*PERF (Performance) bit is not supported and isignored. Informational Exception operationswill not cause performance
delays.

» EBF (Enable Background Function) bit is not supported and isignored. Background functions are always enabled.

* EWASC (Enable Warning ASC) bit of zero indicates that Temperature Warnings will not be reported. An EWASC bit of
one allows Temperatuer Warnings to be reported, if the temperature inside the disk enclosure exceeds the threshold
set in Mode Page 00h. The Method of Reporting field controls the reporting method. EWASC isindependent of
DEXCEPT.

* DEXCPT (Disable Exception Control) bit of zero indicates information exception operations are enabled. The reporting
of information exception conditions when the DEXCPT bit is set to zero is determined from the Method of Reporting
field. A DEXCPT bit of one indicates the Target disabled all information exception operations.

» TEST bit of one instructs the drive to generate false drive notifications at the next interval time, (as determined by the
INTERVAL TIMER field), if the DEXCPT is zero. The Method of Reporting and Report Count would apply. The
fasedrivefailureisreported as sense qualifier SDFFh. The TEST bit of zero instructs the drive to stop generating
any false drive notifications.

» Enable Background Error (EBACKERR) bit of zero disables reporting of background self-test errors and background
scan errors via Information Exceptions Control. An EBACKERR bit of one enables reporting of these background
errors. The method of reporting these errorsis determined from the MRIE field.

* LOGERR (Log Errors) is not used and ignored internally by the Target.
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» Method of Reporting Informational Exceptions indicates the methods used by the Target to report informational excep-
tion conditions.

Code Description

Oh

1h
2h

3h

4h

5h

6h

No reporting of informational exception condition: This method instructs the Target to not report infor-
mational exception condition.

Asynchronous event reporting: Not supported.

Generate unit attention: This method instructs the Target to report informational exception conditions by
returning a Check Condition status on any command. The sense key is set to Unit Attention and the addi-
tional sense code indicates the cause of the informational exception condition. The command that has the
Check Condition is not executed before the informational exception condition is reported.

Conditionally generate recovered error: This method instructs the Target to report informational excep-
tion conditions, dependent on the value of the PER bit of the error recovery parameters mode page, by
returning a Check Condition status on any command. The sense key is set to Recovered Error and the addi-
tional sense code indicates the cause of the informational exception condition. The command that has the
Check Condition completes without error before any informational exception condition is reported.

Unconditionally generate recovered error: This method instructs the Target to report informational excep-
tion conditions, regardless of the value of the PER bit of the error recovery parameters mode page, by return-
ing a Check Condition status on any command. The sense key is set to Recovered Error and the additional
sense code indicates the cause of the informational exception condition. The command that has the Check
Condition completes without error before any informational exception condition is reported.

Generate no sense: This method instructs the Target to report informational exception conditions by return-
ing a Check Condition status on any command. The sense key is set to No Sense and the additional sense
code indicates the cause of the informational exception condition. The command that has the Check Condi-
tion completes without error before any informational exception condition is reported.

Only report informational exception condition on request: This method instructs the Target to preserve
the informational exception(s) information. To find out about information exception conditions the Applica
tion Client pollsthe Target by issuing an unsolicited Request Sense command. The sense key is set to No
Sense and the additional sense code indicates the cause of the informational exception condition.

7h-Fh Reserved.

* Interval Timer field indicates the period in 100 millisecond increments for reporting that an informational exception
condition has occurred. The target shall not report informational exception conditions more frequently than the time
specified by the Interval Timer field and as soon as possible after the time interval has elapsed. After the informa-
tional exception condition has been reported the interval timer is restarted. A value of zero or OXFFFFFFFF in the
Interval Timer field indicates that the target only reports the informational exception condition one time and will
override the value set in the Report Count field.

» Report Count field indicates the number of times the Target reports an informational exception condition. The Report
Count of ZERO indicates no limits on the number of times the Target reports an informational exception condition.
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19.10.14.1 Background Control (Subpage 01h)
Table 161: Background Control (Subpage 01h)

BIT
Byte

7 6 5 4 3 2 1 0 Default

0 PS SPF=1 Page Code=1Ch DCh

1 Subpage Code = 01h 01lh
2-3 Page L ength = 0Ch 000Ch

4 Reserved = 0 S L_Full [LOWIR |EN_BMS| 01h

5 Reserved =0 EN_PS 00h
6-7 Background Medium Scan Interval Time 00A8h
8-9 Background Pre-Scan Time Limit 0000h
10-11 Minumum Idle Time Before Background Scan 0000h
12-13 Maximum Time To Suspend Background Scan 0000h
14-15 Reserved =0 0000h

» Suspend On Log Full (S L_FULL) bit set to zero allows background scans to continue if the resultslog (Log Sense
Page 15h) isfull. S L_FULL bit set to one will cause background scans to suspend when thelog is full.

» Log Only When Intervention Required (LOWIR) bit set to zero allows logging of al medium errorsin the results log
(Log Sense Page 15h). When the LOWIR bit is set to one, only unrecovered medium errors will be logged.

* EN_BMS (Enable Background Medium Scan) bit set to zero specifies that the background medium scan is disabled.
EN_BMS hit set to one specifies that background medium scan operations are enabled. |f a background medium
scan isin progress when the EN_BM S bit is changed from one to zero, then the medium scan shall be suspended until
the EN_BMS hit is set to one, at which time the medium scan shall resume from the suspended location.

* EN_PS (Enable Pre-Scan) bit set to zero specifies that the pre-scan is disabled. If a pre-scan operation isin progress
when EN_PS is changed from aoneto a zero, then pre-scan is halted. An EN_PS bit set to one specifies that a pre-
scan operation is started after the next power-on cycle. Once this pre-scan has completed, another pre-scan shall not
occur unless the EN_PS bit is set to zero, then set to one, and another power-on cycle occurs.

 Background Medium Scan Interval Time specifies the minimum time, in hours, between the end of one background
medium scan operation and the start of the next background medium scan operation. The BMS Interval Time shall
occur before the initial background medium scan operation is started.

» Background Pre-Scan Time Limit specifies the maximum time, in hours, for a pre-scan operation to complete. If the
pre-scan operation does not complete within the specified time, then it is halted. A value of zero specifies an unlim-
ited time limit.

* Minimum Idle Time Before Background Scan specifies the minimum time, in milliseconds, that the drive must beidle
before resuming a background media scan or pre-scan. A value of zero will be treated as the default value of 1.0 sec-
ond. Any value lessthan 100 milliseconds will be treated as 100 milliseconds. The internal timer granularity is 50
milliseconds.

* Maximum Time To Suspend Background Scan specifies the maximum time, in milliseconds, that the drive should
delay before processing a new command while background scanning isin progress.
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19.11 MODE SENSE (5A)

Table 162: Mode Sense (5A)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 5Ah

1 Reserved =0 DBD Reserved =0

2 PCF Page Code

3 Subpage Code
4-6 Reserved =0

8 (MSB) Allocation Length

(LSB)
9 vUu=0 Reserved =0 FLAG LINK

The MODE SENSE (5A) command provides ameans for the drive to report various device parameters to the Initiator. See the
MODE SENSE (1A) command for a description of the fields in this command.
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19.12 PERSISTENT RESERVE IN (5E)

Table 163: Persistent Reserve In (5E)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 5Eh

1 Reserved =0 Service Action
2-6 Reserved =0
8 (MSB) Allocation Length

(LSB)
9 VvU=0 Reserved =0 FLAG LINK

The PERSISTENT RESERVE IN command is used to obtain information about persistent reservations and reservation keys
that are active within the controller. This command is used in conjunction with the PERSISTENT RESERVE OUT command
“PERSISTENT RESERVE OUT (5F)” on page 201.

The Allocation L ength indicates how much space has been allocated for the returned parameter list. If the length is not suffi-
cient to contain all parameter data, the first portion of the data will be returned. If the remainder of the datais required, the ini-
tiator should send anew PERSISTENT RESERVE IN command and an Allocation Length large enough to contain all data.
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19.12.1 Service Action

The following service action codes are implemented. If areserved service action code is specified, the drive returns a Check
Condition status. The sense key is set to Illegal Request and the additional sense datais set to Invalid Field in CDB.

Table 164: PERSISTENT RESERVE IN, Service Action Codes

Code Name Descriptions

00h Read Keys Reads all registered Reservation Keys

01h Read Reservations Readsall current persistent reservations

02h Report Capabilities Retur ns capability information

o | RedFulSas | LcIIE o matn it ) g
04h-1Fh Reserved Reserved
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19.12.2 Parameter datafor Read Keys
Table 165: PERSISTENT RESERVE IN, parameter data for Read Keys

Bit
Byte
7 6 5 4 3 2 1 0
(MSB)
0-3 Generation
(LSB)
(MSB)
4-7 Additional length (n-7)
(LSB)
(MSB)
8-15 First reservation key
(LSB)
(n-7) (M'SB)
- Last reservation key
n (LSB)

Generation isa counter that increments when PERSISTENT RESERVE OUT command with “Register” or “Preempt and
Clear” completes successfully. Generation is set to 0 as part of the power on reset process and hard reset process.

The Generation field contains a 32-bit counter that the Target shall increment every time aPERSISTENT RESERVE OUT
command requests a Register, a Clear, a Preempt, or a Preempt and Abort service action. The counter shall not be incremented
by a PERSISTENT RESERVE IN command, by a PERSISTENT RESERVE OUT command that performs a Reserve or
Release service action, or by a PERSISTENT RESERVE OUT command that is not performed due to an error or reservation
conflict. Regardless of the APTPL value the generation value shall be set to 0 as part of the power on reset process.

The Additional Length field contains a count of the number of bytesin the reservation key list. If the allocation length speci-
fied by the PERSISTENT RESERVE IN command is not sufficient to contain the entire parameter list, then only the bytes
from 0 to the maximum allowed allocation length shall be sent to the Initiator. The incremental remaining bytes shall be trun-
cated, although the Additional Length field shall still contain the actual number of bytesin the reservation key list without con-
sideration of any truncation resulting from an insufficient allocation length. This shall not be considered an error.

The Reservation Key list contains the 8-byte reservation keysfor all Initiators that have registered through all ports with the
Target.
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19.12.3 Parameter Data for Read Reservations
Table 166: PERSISTENT RESERVE IN, parameter data for Read Reservations

Bit
Byte
7 6 5 4 3 2 1 0
MSB)
0-3 Generation
(LSB)
(MSB)
4-7 Additional length (n-7)
(LSB)
(MSB)
8-n Reservation descriptors
(LSB)

The Generation field shall be as defined for the Persistent Reserve In Read Keys parameter data. The Additional Length field
contains a count of the number of bytesto follow in the Reservation Descriptor(s).

If the Allocation length specified by the PERSISTENT RESERVE IN command is not sufficient to contain the entire param-
eter list, then only the bytes from 0 to the maximum allowed allocation length shall be sent to the Initiator. The remaining
bytes shall be truncated, although the Additional Length field shall still contain the actual number of bytes of the Reservation
Descriptor(s) and shall not be affected by the truncation. This shall not be considered an error.

The format of the Reservation Descriptorsis defined in the Persistent Reserve In Reservation Descriptor table. There shall
be a Reservation Descriptor for the persistent reservation, if any, present in the Target having a persistent reservation.

Table 167: PERSISTENT RESERVE IN, Read Reservation Descriptor

Bit
Byte
7 6 5 4 3 2 1 0
(MSB)
0-7 Reservation key
(LSB)
(MSB)
8-11 Scope-specific address
(LSB)
12 Reserved
13 Scope=0 Type
(MSB)
14-15 Extent Length=0
(LSB)

.The Scope of each persistent reservation created by a PERSISTENT RESERVE OUT command will be returned. Seethe
PERSISTENT RESERVE OUT command section for details.
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19.13 PERSISTENT RESERVE OUT (5F)

Table 168: PERSISTENT RESERVE OUT (5F)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 5Fh

1 Reserved =0 Service Action

2 Scope=0 Type
3-6 Reserved =0
7-8 Parameter List Length = 18h

11 VU=0 Reserved =0 FLAG LINK

The PERSISTENT RESERVE OUT command is used to request service actions that reserve the drive for the exclusive or
shared use of theinitiator. The command uses other service actions to manage and remove such reservations. This command

isused in conjunction with the PERSISTENT RESERVE IN command, and should not be used with the RESERVE and
REL EASE commands.

Note: If aPERSISTENT RESERVE OUT command is received when aRESERVE is active for the drive, the command will
be rejected with Reservation Conflict status.

Parameter List Length must be 18h. If not, Check Condition status will be returned, with sense key of lllegal Request and
additional sense code of Parameter List Length Error.
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19.13.1 Service Action

The following service action codes are supported.

Table 169: PERSISTENT RESERVE OUT, Service Action Code

Code Name Description

00h Register Register areservation key

01h Reserve Create a persistent reservation using areservation key
02h Release Release a persistent reservation

03h Clear Clear al reservation keys and all persistent reservations
04h Preempt Preempt persistent reservations from another Initiator

Preempt persistent reservations from another Initiator and
05h Preempt and Abort clear the task set for the preempted Initiator
Register and Ignore : .
06h existing key Register areservation key
07h-1Fh |Reserved Reserved
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19.13.2 Type

The Typefield specifies the characteristics of the persistent reservation being established for all customer data sectors.
Thetable below describes the supported types and how read and write commands are handled for each reservation type.

Table 170: PERSISTENT RESERVE OUT, Type Code

Code

Name

Description

Oh

Reserved

Reserved

1h

Write Exclusive

Reads Shared: Any initiator may execute commands
that transfer from the media. Writes Exclusive: Only
the initiator with the reservation may execute com-
mands that transfer data to the media; Reservation
Conflict status will be returned to other initiators.

2h

Reserved

Reserved

3h

Exclusive Access

Reads Exclusive: Only the initiator with the reserva-
tion may execute commands that transfer datafrom the
media; Reservation Conflict status will be returned to
other initiators.

Writes Exclusive: Only the initator with the reserva-
tion may execute commands that transfer datato the
media; Reservation Conflict status will be returned to
other initators.

4h

Reserved

Reserved

5h

Write Exclusive
Registrants Only

Reads Shard: Any initiator may execute commands
that transfer from media.

Writes Exclusive: Only registered initiators may exe-
cute commands that transfer data to the media; Reser-
vation Conflict status will be returned to other
initiators.

6h

Exclusive Access
Registrants Only

Reads Exclusive: Only registered initiators may exe-
cute commands that transfer data from the media; Res-
ervation Conflict status will be returned to other
initiators.

Writes Exclusive: Only registered initiators may exe-
cute commands that transfer data to the media; Reser-
vation Conflict status will be returned to other
initiators.

7h-Fh

Reserved

Reserved
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19.13.3 Parameter list

The Parameter List required to perform the PERSISTENT RERSERVE OUT command is defined in the table below. Al
fields must be sent on all PERSISTENT RESERVE OUT commands, even if the field is not required for the specified service
action.

Table 171: Parameter List

Bit
Byte
7 6 5 4 3 2 1 0
(MSB)
0-7 Reservation Key
(LSB)
(MSB)
8-15 Service Action Reservation Key
(LSB)
(MSB)
16-19 Scope-Specific Address
(LSB)
20 Reserved =0 APTPL
21-23 Reserved =0

Reservation K ey contains an 8-byte value provided by the initiator, and identifies the initiator that issued the PERSISTENT
RESERVE OUT command. The Reservation Key must match the registered reservation key for the initiator for all service
actions except REGISTER and REGISTER AND IGNORE EXISTING KEY.

Service Action Reservation K ey contents vary based on the service action. For REGISTER and REGISTER AND IGNORE
EXISTING KEY, the Service Action Reservation Key must contain the new reservation key to be registered. For PREEMPT
and PREEMPT AND ABORT , the field contains the reservation key of the persistent reservation that is being preempted.
Thisfield isignored for al other service actions.

Scope-Specific Address isignored.

APTPL (Activate Persist Through Power L oss) hitisvalid only for REGISTER and REGISTER AND IGNORE EXIST-
ING KEY, and isignored for al other service actions. If thelast valid APTPL bit value received is zero, power losswill cause
all persistent reservationsto be released, and al reservation keys to be removed. If the last valid APTPL hit valuereceived is
one, any persistent reservation and all reservation keys for all initiators will be retained across power cycles.
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19.13.4 Summary
Table 172: PERSISTENT RESERVE OUT, Service Action, Parameters

Parameters
Service Acti Generation
vice Action Scope Rsv SvcAct | Sspec | Extent APTPL counter
Type Key RsvK ey addr length

(0) Register ignore verify save ignore ignore apply +1

(1) Reserve apply verify ignore ignore ignore ignore ---

(2) Release apply verify ignore ignore ignore ignore
®) Pr:(;rgﬁt and apply verify save ignore ignore ignore +1
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19.13.4.1 Scope, Type

The Scope and the Type are applied in the process for the Reserve, Release, and Preempted and Clear service action but they
areignored in the process for the Register service action because they are not used.

19.13.4.2 Reservation Key

The Reservation Key is verified in each service action process. If the Initiator that registered akey is different from the Initia-
tor requesting PERSISTENT RESERVE OUT command, the drive returns a Reservation Conflict status.

19.13.4.3 Service Action Reservation Key

On Register service action, the drive saves the key specified in the Service Action Reservation Key field as akey of Initiator
requesting PERSISTENT RESERVE OUT command.

On Preempt and Clear service action, the reservation that has a key specified in the Service Action Reservation Key field is
preempted.

On other service actions, thisfield isignored.

19.13.4.4 Scope-specified address
Parameter in the Scope-specified address field isignored by the drive.

19.13.4.5 Extent length
Parameter in the Extent length field isignored by the drive.

19.13.4.6 APTPL

The APTPL (Active Persist Through Power Loss) isvalid only for the Register service action. The driveignoresthe APTPL in
other service actions.

The following table shows the relationship between the last valid APTPL value and information held by the drive.
Table 173: APTPL and information held by adrive

Information Thelast valid APTPL value
held by thedrive 0 1
Registration all keysaresetto0 retained
Per sistent Reservation all areremoved retained
Generation counter setto0 setto 0

19.13.4.7 Generation counter

The drive increments the Generation counter when Register service action or Preempt and Clear service action complete suc-
cessfully.
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19.14 PRE-FETCH (34)

Table 174: PRE-FETCH (34)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 34h
1 Reserved = 0 Reserved = 0 Im_med Obso-
= lete
(MSB)
Logical Block Address
2-5
(LSB)
6 Reserved =0
8 (MSB) Transfer Length
(LSB)
9 vu=0 Reserved =0 FLAG LINK

The PRE-FETCH command requests the drive to transfer data to the cache. No dataiis transferred to the Initiator.

Transfer length field specifies the number of contiguous blocks of data that are to be transferred into the cache. A

transfer length of zero indicates that blocks are to be transferred into the cache until the segment isfilled or until the
last block on the media

Immed (Immediate) must be zero. An immediate bit of zero indicates that the status shall not be returned until the
operation has completed.

If the Immed bit is set to one, the drive returns a Check Condition status. The sense key shall be set to lllegal
Request and the additional sense code shall be set to Invalid Field in CDB.
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19.15 READ (6) - (08)

Table 175: READ (6) - (08)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 08h

1 Reserved =0 (MSB) LBA
03 Logical Block Address

(LSB)
4 Transfer Length
5 vu=0 Reserved =0 FLAG LINK

The READ command requests the drive to transfer from the medium to the initiator the specified number of blocks (Transfer
Length) starting at the specified Logical Block Address (LBA).

. Logical block addressfield specifies the logical unit at which the READ operation shall begin.

»  Transfer length field specifies the number of blocksto be transferred. A value of zero implies 256 blocks are to be
transferred.

Note:  Error recovery procedure (ERP) handles errors. The error recovery parameters specified by the MODE SELECT
command control ERPs. If the driveisformatted with protection information, no protection information will be transmitted or
checked.
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19.16 READ (10) - (28)

Table 176: READ (10) - (28)

Byte

Bit

7 6 5 4 3 2 1 0

Command Code = 28h

Rsvd= FUA _ Obso-
RDPROTECT DPO FUA 0 NV lete
(MSB)
Logical Block Address
(LSB)
Reserved =0
(MSB) Transfer Length
(LSB)
vUu=0 Reserved =0 FLAG LINK

The READ (10) command requests the drive to transfer datato the Initiator. The larger LBA and Transfer Length fields permit
greater quantities of datato be requested per command than with the READ command and are required to accessthe full LBA
range of the larger capacity drives.

FUA_NV (Force Unit Access Non-Volatile Cache) may be set to 0 or 1, but isignored since NV_SUP=0in Inquiry
Page 86h.

Transfer length The number of contiguous blocks to be transferred. If the transfer length is zero, the seek occurs, but
no dataistransferred. This condition isnot considered an error. If read ahead is enabled, aread ahead is started after
the seek completes.

DPO (Disable Page Out) bit of one indicates that the data accessed by this command is to be assigned the lowest pri-
ority for being written into or retained by the cache. A DPO bit of one overrides any retention priority specified in the
Mode Select Page 8 Caching Parameters. A DPO bit of zero indicates the priority is determined by the retention pri-
ority. The Initiator should set the DPO bit when the blocks read by this command are not likely to be read again in the
near future.

FUA (Force Unit Access) hit of one indicates that the datais read from the media and not from the cache. A FUA bit
of zero allows the data to be read from either the media or the cache.

RDPROTECT defines the manner in which protection information read from disk shall be checked during process-
ing of the command. Protection information is stored on disk, and may be transmitted to the drive's internal data buf-
fer and to the initiator with the user data. If the drive is not formatted with protection information, RDPROTECT
must be set to 000b, else Check Condition status will be returned with sense key of Illegal Request and additional
sense code of Invalid Field in CDB.

RDPROTECT=000b

Protection information is not transmitted to the initiator and is not checked.

RDPROTECT=001b
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- Protection information is transmitted to the initiator with the user data
Logical Block Guard is checked
Logcia Block Application Tag is checked (applies to READ(32) command only)

- Logical Block Reference Tag is checked

RDPROTECT=010b
- Protection information is transmitted to the initiator with the user data

- Logica Block Guard is not checked
- Logcial Block Application Tag is checked (applies to READ(32) command only)
- Logical Block Reference Tag is checked

RDPROTECT=011b
- Protection information is transmitted to the initiator with the user data
- Logical Block Guard is not checked
- Logcia Block Application Tag is not checked
- Logica Block Reference Tag is not checked

RDPROTECT=100b
- Protection information is transmitted to the initiator with the user data
- Logical Block Guard is checked
- Logcia Block Application Tag is not checked
- Logical Block Reference Tag is not checked

RDPROTECT=101b, 110b, 111b
These values are reserved. Check Condition status will be returned with sense key of Illegal Request and additional sense
code of Invalid Field in CDB.

If a check of the protection information fails, Check Condition status will be returned with sense key of Aborted Command
and additional sense code indicating which protection field check failed.

Refer to the ANSI T10 standards for additional details of protection information.

If thetransfer length is zero, no dataiis transferred. The CDB is validated and protocol checked and, if no problems are found,
Good statusis returned immediately. This condition is not considered an error.
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19.17 READ (12) - (A8)

Table 177: Read (12) - (A8)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = A8h
1 RDPROTECT DPO FUA Rsvd = 0 FUC—N Rsvd = 0
(MSB)
2-5 Logical Block Address
(LSB)
(MSB)
6-9 Transfer Length
(LSB)
10 Reserved =0
1 vu=0 Reserved =0 FLAG LINK

The READ(12) command causes the drive to transfer datato theinitiator. Seethe READ(10) description for the definitions of
the fields in this command.
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19.18 READ (16) - (88)

Table 178: READ (16) - (88)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 88h
1 RDPROTECT DPO FUA Rsvd=0 FUA_NV Rsvd=0
(MSB)
2-5 Logical Block Address
(LSB)
(MSB)
6-9 Transfer Length
(LSB)
10 Reserved =0
1 vU=0 Reserved =0 FLAG LINK

The READ(16) command causes the drive to transfer datato theinitiator. See the READ(10) description for the definitions of
the fields in this command.
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19.19 READ (32) - (7F/09)

Table 179: Read (32) - (7F/09)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 7Fh
1 vU=0 Reserved =0 FLAG LINK
2-5 Reserved =0
6 Reserved =0 Group Number =0
7 Additional CDB Length = 18h
8-9 Service Action = 0009h
10 RDPROTECT DPO FUA RS\(/)d: FtIJ\A/‘— Rsvd=0
n Reserved =0
(MSB)
12-19 Logical Block Address
(LSB)
(MSB)
20-23 Expected I nitial Logical Block Reference Tag
(LSB)
(M SB)
24-25 Logical Block Application Tag
(LSB)
(MSB)
26-27 Logical Block Application Tag Mask
(LSB)
(M'SB)
28-31 Transfer Length
(LSB)

The READ command requests that the drive transfer data from disk to the initiator. Each logical block transferred includes
user data and may include protection information, based on the RDPROTECT field and the drive format.

If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data, Check Condition statuswill be returned with
sense key of Illegal Request and additional sense code of Invalid Command Operation Code. If RTO_EN isone, this com-
mand will be processed normally.
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See READ (10) - (28) for descriptions of the RDPROTECT, DPO, FUA, Logical Block Address, and Transfer Length fields.

When checking of the Logical Block Reference Tag field is enabled, the Expected Initial Logical Block Reference Tag field
contains the value of the Logical Block Reference Tag field expected in the protection information of the first logical block
accessed by the command, instead of avalue based on the LBA.

If the ATO hit is set to one in Mode Page OA and checking of the Logical Block Application Tag field is enabled, the Logical

Block Application Tag Mask field contains avalue that is a bit mask for enabling the checking of the Logical Block Applica

tion Tag field in the protection information for each logical block accessed by the command. A Logical Block Application Tag
Mask bit set to one enables the checking of the corresponding bit of the Expected Logical Block Application Tag field with the
corresponding bit of the Logical Block Application Tag field in the protection information.

If the ATO bit is set to onein Mode Page OA and the checking of the Logical Block Application Tag field isdisabled, or if the

ATO bhit isset to zero, the Logica Block Application Tag Mask field and the Expected Logical Block Application Tag field are
ignored.
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19.20 READ BUFFER (3C)

Table 180: READ BUFFER (3C)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 3Ch
1 Reserved =0 Mode
2 Buffer ID=0
(M SB)
35 Buffer Offset
(LSB)
6.8 (MSB) Allocation Length
(LSB)
9 VvU=0 Reserved =0 FLAG LINK

The READ BUFFER command is used in conjunction with the WRITE BUFFER command as a diagnostic function for test-
ing the memory of the drive and the SCSI bus integrity. This command does not alter the medium.

The function of this command and the meaning of fields within the command descriptor block depend on the contents of the

mode field.
M ODE Description
00000 Read Combined Header and Data
00010 Read Data
00011 Descriptor
01010 Read Data from Echo Buffer
01011 Echo Buffer Descriptor
11010 Enable Expander Communications Protocol and Echo Buffer
All others Not supported
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19.20.1 Combined Header And Data (M ode 00000b)

In this mode a 4-byte header followed by data bytesis returned to the Initiator during the DATA IN phase. The Buffer ID and
the buffer offset field are reserved.

The drive terminates the DATA IN phase when allocation length bytes of header plus data have been transferred or when the
header and all available data have been transferred to the Initiator, whichever isless.

The 4-byte READ BUFFER header (see figure below) is followed by data bytes from the data buffer of the drive.

Table 181: Read Buffer Header

Bit
Byte
7 6 5 4 3 2 1
0 RSVD=0
13 (MSB) Buffer Capacity
(LSB)

The buffer capacity specifiesthe total number of data bytesthat are available in the data buffer of the drive. This number is not
reduced to reflect the allocation length nor isit reduced to reflect the actual number of bytes written using the WRITE BUF-
FER command.

Following the READ BUFFER header the drive will transfer data from its data buffer.
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19.20.2 Read Data (M ode 00010b)

In this mode, the DATA IN phase contains buffer data.

Buffer 1D field must be set to zero, indicating the data transfer buffer. If another value is specified, the command is
terminated with Check Condition status. The drive shall set sense key to Illegal Request and additional sense codeto
lllegal Field in CDB.

Buffer Offset specifiesthe offset of the memory space specified by the Buffer ID. The Initiator should conform to the
offset boundary requirements returned in the READ BUFFER descriptor. If the value exceeds the buffer specified,
the command is terminated with Check Condition status. The drive shall set sense key to Illegal Request and addi-
tional sense codeto Illegal Field in CDB.

Allocation Length The drive terminates the DATA IN phase when allocation length bytes of data have been trans-
ferred or when the header and all available data have been transferred to the Initiator, whichever is less.
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19.20.3 Descriptor (Mode 00011b)

In this mode, a maximum of four bytes of READ BUFFER descriptor information are returned. The drive returns the descrip-
tor information for the buffer specified by the Buffer ID.

. Buffer ID field should normally be set to zero, indicating the drive data transfer buffer. If any other valueis specified,
the drive returns all zerosin the READ BUFFER descriptor.

. Buffer Offset field is reserved.

»  Allocation Length should be set to four or greater. The drive transfers the allocation length or four bytes of READ
BUFFER descriptor, whichever isless. The allocation length of zero indicates no datais transfered. The allocation
length of greater than zero and less than four (size of the Descriptor) isan invalid request and will cause the com-
mand to be terminated with Check Condition status. The drive shall set sense key to lllegal Request and additional
sense codeto Illegal Field in CDB.

The READ BUFFER descriptor is defined in the figure below.

Table 182: Read Buffer Description

Bit
Byte
7 6 5 4 3 1
0 Offset Boundary = 0x09
13 (MSB) Buffer Capacity
(LSB)

The value contained in the Buffer Offset field of subsequent WRITE BUFFER and READ BUFFER commands should be a
multiple of two to the power of the offset boundary. The offset boundary is always set to nine, which indicates Sector Bound-

arles.
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19.20.4 Read Data from Echo Buffer (M ode 01010b)

In this mode the drive transfers data from the echo buffer. The echo buffer will transfer the same data as when the WRITE
BUFFER command was issued with the mode field set to echo buffer.

WRITE BUFFER command with the mode field set to echo buffer should be sent prior to the READ BUFFER command; oth-
erwise the READ BUFFER command will be terminated with Check Condition status and Illegal Request.

In this mode Read Buffer transfers the specified amount of data or the amount previously written with a Write Buffer using
mode 1010b from the echo buffer, whichever isless.

Issuing a Read Buffer mode 1010b before a Write Buffer mode 1010b will cause indeterminate data to be returned.

The most significant two bytes of the Allocation Length are ignored. The specified amount of data transferred should not be
larger than the echo buffer capacity. The echo buffer capacity may be determined by using Read Buffer mode 1011b. Any
additional datatransferred over and above the echo buffer capacity is regarded as indeterminate.

The Buffer ID and Buffer Offset fields are ignored in this mode.

Note:  The echo buffer is a separate buffer from the data buffer used with other read buffer modes. It is intended to be used
for domain validation purposes.
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19.20.5 Echo Buffer Descriptor (M ode 01011b)

In this mode, a maximum of four bytes of Read Buffer Descriptor information is returned. The drive returns the descriptor
information for the echo buffer. The Buffer Offset field isreserved in this mode and must be zero. The drive transfersthe lesser
of the allocation length or four bytes of following Echo Buffer Descriptor.

Table 183: Echo Buffer Descriptor

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved =0 EBOS=0
1 Reserved =0
2 Reserved =0 (M SB) Buffer Capacity
3 Buffer Capacity (LSB)

. EBOS (Echo Buffer Overwritten Supported) bit of zero indicates that the echo buffer is shared by al Initiators.
. Buffer Capacity field returns the size of the echo buffer in byte aligned to a 4-byte boundary.
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19.20.6 Enable Expander Communications Protocol and Echo Buffer (M odel1010b)

Receipt of aREAD BUFFER command with this mode (11010b) causes a communicative expander to enter the expanded
communication protocol mode. SCSI target devices that receive a READ BUFFER command with this mode shall process it
asif it werea READ BUFFER command with mode 01010b (Read Data from Echo Buffer (Mode 01010b)*, page 219.
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19.21 READ CAPACITY (10) - (25)

Table 184: READ CAPACITY (10) - (25)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 25h
1 Reserved =0 Reserved =0 Obso-
lete
(MSB)
2-5 Logical Block Address
(LSB)
6-7 Reserved =0
8 Reserved =0 PMI
9 VU=0 Reserved =0 FLAG LINK

The READ CAPACITY command returns information regarding the capacity of the drive.
. Logical Block Addressisused in conjunction with the PMI bit.
. PMI (Partial Medium Indicator) indicates:
PMI Description

0 The drive returns the last LBA of the drive.

1 Thedrivereturns the last LBA and block length in bytes are that of the LBA after which a substantial delay

in datatransfer will be encountered. This returned LBA shall be greater than or equal to the LBA specified
by the LBA fieldsin the CDB.

This option provides the information that the Initiator needs to determine the amount of space available on the same track
that is accessible without a head switch or seek.
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19.21.0.1 Returned Data For mat
The datareturned to the Initiator in response to the READ CAPACITY command is described here. The dataisreturned in the

DATA IN phase.
Table 185: Format of READ CAPACITY command reply

Bit
Byte
6 7 5 4 3 2 1 0
(MSB)
03 Maximum L ogical Block Address
(LSB)
(MSB)
Block Length
4-7
(LSB)

. Block Length specifiesthe length in bytes of each block of user data (not including protection information).
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19.22 READ CAPACITY (16) (9E/10)

Table 186: Read Capcity (16) (9E/10)

Bit
Byte
6 7 5 4 3 2 1 0
0 Command Code=9Eh
1 Reserved =0 Service Action = 10h
(MSB)
29 Logical Block Address
(LSB)
(MSB)
10-13 Allocation Length
(LSB)
14 Reserved =0 PMI
15 VU=0 Reserved =0 FLAG Link

The READ CAPACITY (16) (9E/10) command returns information regarding the capacity of the drive. Thiscommand is pro-
cessed like the standard READ CAPACITY (25) command.
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19.22.1 Returned Data For mat

The following datais returned to the initiator in the DATA OUT phase.
Table 187: Returned Data For mat

Bit
Byte
6 7 5 4 3 2 1 0
(MSB)
0-7 Maximum L ogical Address
(LSB)
(MSB)
8-11 Block Length
(LSB)
_ RTO_E |PROT_
12 Reserved =0 N EN
13-31 Reserved =0

. RTO_EN (Reference Tag Own Enable) bit set to one indicates that application client ownership of the Logical
Block Reference Tag field in protection information is enabled (i.e. the drive was formatted with protection informa-
tion enabled and the RTO_REQ bit was set to one). An RTO_EN bit set to zero indicates that application client own-
ership of the Logical Block Reference Tag field in protection information is disabled.

PROT_EN (Protection Enable) hit set to one indicates that the drive was formatted with protection information enabled. A
PROT_EN bit set to zero indicates that the drive was not formatted with protection information enabled.
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19.23 READ DEFECT DATA (37)

Table 188: READ DEFECT DATA (37)

Bit
Byte
7 6 5 4 3 2 1 0
Command Code = 37h
Reserved =0 Reserved =0 0
Reserved =0 Plist Glist Defect List Format
Reserved =0
(MSB) Allocation Length

(LSB)
VU=0 Reserved =0 FLAG LINK

The READ DEFECT DATA command requests that the Target transfer the medium defect data to the Initiator.

If the Target is unable to access any medium defect data it will return a Check Condition status with the appropriate sense
key. The sense key will be set to either Medium Error (03h) if a medium error occurred or No Sense (00h) if the list does not
exist and the additional sense code will be set to Defect List Error (19h).

Plist bit set to oneindicatesthat the Target returnsthe Plist. A Plist bit of zero indicates that the Target shall not return
the Plist of defects.

Glist bit set to one indicates that the Target returns the Glist. A Glist bit of zero indicates that the Target shall not
return the Glist.

Note: With both bits set to one Plist and Glist the Target will return both the primary and grown defect lists. With
both bits set to zero, the Target will return only a 4-byte Defect List Header.

Defect List format field is used by the Initiator to indicate the preferred format for the defect list.

The Defect List Format of '100 (Bytes from Index Format)' and '101 (Physical Sector Format)' are supported. If the
requested format is not supported by the drive, it will return the defect list in its default format '101' and then termi-
nate the command with Check Condition status. The sense key will be set to Recovered Error (01h) and the addi-
tional sense code will be set to Defect List Not Found (1Ch).

The drive sends defect list (Defect Descriptors) in a 8-byte Absolute Block Address (ABA) format that follows afour byte
Defect List Header.

The Target will transfer all of the Read Defect Data up to the number of bytes allocated by the Initiator.
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Table 189: Defect List Format

Preferred Defect List Format Returned Defect List Format
Block (000b) Physical Sector
Bytes from Index (100b) Bytes from Index
Physical Sector (101b) Physical Sector
Vendor Unique (110b) Physical Sector
Reserved (001b)
Reserved (010b)
Reserved (011b)
Reserved (111b)

Note:  Thedrivewill terminate the Data In phase when the Allocation Length has been transferred or when all available
Defect Data has been transferred to the Initiator, whichever is less.

The Read Defect Data contains a 4-byte header followed by zero or more defect descriptors.
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19.23.1 Defect List Header
Table 190: Defect List Header

Bit
Byte 7 6 5 4 3 2 1 0
Defect List Header
0 Reserved =0
1 Reserved =0 Plist Glist Defect List Format
03 (MSB) Defect List length

(LSB)
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19.23.2 Defect List Descriptor
Table 191: Defect List Descriptor

Bit

Byte 7 6 5 4 3 2 1

Defect List Descriptor

0-7 Defect Descriptor 0

8n -

(8n+7) Defect Descriptor n
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19.23.3 Bytesfrom Index Format (100b)

Table 192: Defect Descriptors of Bytes from Index For mat

Byte Defect Descriptors
(MSB)
0-2 Cylinder Number of Defect
(LSB)
3 Head Number of Defect
(MSB)
Defect Bytesfrom Index
4-7
(LSB)

Defect Bytes from Index is gotten using the following equation:
Bytes from Index = (Physical Sector Number) * N
Where: N = Bytes per sector
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19.23.4 Physical Sector Format (101b)
Table 193: Defect Descriptors of Physical Sector For mat

Byte Defect Descriptors
(MSB)
0-2 Cylinder Number of Defect
(LSB)
3 Head Number of Defect
(MSB)
Defective Sector Number
4-7
(LSB)

The Defect List Format field specifies the format of the defect list data returned by the Target.

The Defect List Length field specifies the length in bytes of the defect descriptors that follow. The Defect List Length is equal
to eight times the number of defect descriptors.

Normally the Target will set the Defect List Length field to the amount of space needed to contain the entire defect list. How-
ever, the Target is capable of building a defect list with alength such that the entire list cannot be transferred using the maxi-
mum allocation length. If the defect list grows beyond 8191 entries, the defect data cannot be transferred with an allocation
length of OFFFFh. The Target will transfer a partial defect list and return Check Condition status with the sense key set to
Recovered Error and the additional sense code set to Partial Defect List Transferred. The defect list length will be set to

OFFF8h, indicating the maximum number of defect descriptors that can be transferred. Defects beyond this number cannot be
read by the Initiator.
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19.24 READ DEFECT DATA (B7)

Table 194: READ DEFECT DATA (B7)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code=B7h

1 Reserved =0 Plist Glist Defect List For mat
2-5 Reserved =0
6.9 (MSB) Allocation Length

(LSB)

10 Reserved =0
11 VU=0 Reserved =0 FLAG LINK

(See Section 19.23 “READ DEFECT DATA (37)” on page 226.)
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19.24.1 Defect List Header
Table 195: Defect List Header

Bit

Byte 7 6 5 4 3 2 1 0

Defect List Header

0 Reserved =0
1 Reserved =0 Plist Glist Defect List Format
2-3 Reserved =0
(MSB)
4-7 Defect List length

(LSB)

(See Defect List Header for Read Defect Data (37) in Section Table 19.23.1, “Defect List Header,” on page 228.)
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19.24.2 Defect List Descriptor
Table 196: Defect List Descriptor

Bit

Byte 7 6 5 4 3 2 1 0

Defect List Descriptor

0-7 Defect Descriptor 0

8n -

(8n+7) Defect Descriptor n

(See Defect List Descriptor for Read Defect Data (37) in Section 19.23.2 “ Defect List Descriptor” on page 229.)
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19.24.3 Bytesfrom Index Format (100b)
Table 197: Defect Descriptor s of Bytes from Index For mat

Byte Defect Descriptors
(MSB)
0-2 Cylinder Number of Defect
(LSB)
3 Head Number of Defect
(MSB)
4-7 Defect Bytes from Index
(LSB)

Defect Bytes from Index is derived using the following equation:
Bytes from Index = (Physical Sector Number) + N
where N = Bytes per sector.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
235



19.24.4 Physical Sector Format (101b)
Table 198: Defect Descriptors of Physical Sector For mat

Byte Defect Descriptors
(MSB)
0-2 Cylinder Number of Defect
(LSB)
3 Head Number of Defect
(MSB)
4-7 Defective Sector Number
(LSB)
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19.25 READ LONG (3E)

Table 199: READ LONG (3E)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 3Eh
Cor- "
1 Reserved = 0 Reserved = 0 rect Oletse(:)-
=0
(M SB)
Logical Block Address
2-5
(LSB)
6 Reserved =0
8 (MSB) Byte Transfer Length
(LSB)
9 vUu=0 Reserved =0 FLAG LINK

The READ LONG command requests the drive to transfer one block of datato the Initiator. The transfer dataincludes dataand
ECC field data.

. Correct bit of zero causes the logical block to be read without any correction attempts. When the bit is one, data will
be corrected with offline ECC correction before being transferred.

. Logical Block Addressfield specifiesthe logical block at which the read operation shall occur.

. Byte Transfer Length field must specify exactly the number of bytes of data that are available for transfer. If anon-
zero byte transfer length does not match the available data length, the Target terminates the command with Check
Condition status, the sense key is set to |llegal Request, and an additional sense code set to Invalid Field in CDB.
Thevalid and LI bitsare set to one and theinformation field is set to the difference of the requested length minusthe
actual length in bytes. Negative values are indicated by two's complement notation.

Thetransfer length is calculated as follows:
transfer length = logical block size + 56
The data read by this command is neither read from nor retained in the cache.
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19.26 REASSIGN BLOCK S (07)

Table 200: REASSIGN BLOCKS (07)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 07h
1 Reserved =0 Reserved =0
Reserved =0
4
5 VU=0 Reserved =0 FLAG LINK

The REASSIGN BLOCKS command requests the drive to reassign alogical block to an available spare. The REASSIGN
BLOCKS command attempts to allocate spare blocks on a spare track. The LBA istransferred to the drive during the DATA
OUT phase. One to four blocks may be specified for relocation per REASSIGN BLOCK S command.

Reassignment is compl ete upon the completion of the REASSIGN BLOCK S command. At thistime, the defective logical
block address has been added to the Glist.

All datais preserved during a reassign command except for the target LBA data. The Mode Page Oh DRRT (Disable Restore
Reassign Target) bit determinesif the reassign blocks command will attempt to recover the Target LBA data. If the Target can-
not recover the data at the Target LBA then the Initiator will have to restore the data after the REASSIGN BLOCK S command
completes successfully.

If the reassignment begins to move dataand isinterrupted or failsto complete successfully, the Target enters a degraded mode
of operation. In this mode data can be read but writing to the drive is prohibited.

Upon successful completion of this command, the location of the physical sectors reassigned during the command are added to
the Glist. The reassigned sectors are marked defective and cannot be accessed again until after aformat operation discards the
Glist.
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Following is the format of the data sent by the Initiator during the DATA OUT phase.
Table 201: Format of Reassign Blocks data

Bit
Byte
7 6 5 4 3 2 1
0 Reserved =0
1 Reserved =0
3 (MSB) Defect List Length = 4/8/12/16
(LSB)
(MSB)
4-7 Defect Logical Block Address 1
(LSB)
(MSB)
811 Defect L ogical Block Address 2
(LSB)
(MSB)
12-15 Defect Logical Block Address 3
(LSB)
(MSB)
16-19 Defect Logical Block Address 4
(LSB)

. Defect List Length must be 4, 8, 12, or 16. Otherwise, the drive returns Check Condition with a sense key of Illegal
Request.

. Defective Logical Block Addressisfour bytesin length. The Initiator can specify from 1 to 4 Defective Logical
Block Addresses according to the Defect List Length from 4 to 16, respectively. LBAs are not required to bein
ascending order.
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19.27 RECEIVE DIAGNOSTICSRESULTS (1C)

Table 202: RECEIVE DIAGNOSTIC RESULTS (1C)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 1Ch
1 Reserved =0 Reserved =0 PCV
2 Page Code
(MSB) Allocation Length

(LSB)

5 vu=0 Reserved =0 FLAG LINK

The RECEIVE DIAGNOSTIC RESULTS command requests that analysis data requested by a SEND DIAGNOSTIC com-
mand be sent to the Initiator.

. PCV (Page Code Valid) bit of zero indicates that the most recent SEND DIAGNOSTIC command shall define the
data returned by this command. PCV bit of oneindicates that the contents of the Page Code field shall define the data
returned by this command.

e Allocation Length specifies the amount of datato be returned to the Initiator. This value may be zero and thisis not
considered an error. The Target terminates the Data In phase when all available data has been transferred or when the
number of bytes transferred equals the Parameter List Length.

This command may also be used to retrieve a Diagnostic Page from an enclosure.

When requested to communicate with the enclosure via the Send and RECEIV E DIAGNOSTIC commands, the Target goes
through a'discovery phase' with the enclosure as defined in the SFF-8067 standard. The results of this'discovery phase', deter-
mine whether the enclosure: 1) does not support Enclosure Services, 2) supports only the 'short’ Enclosure Service mode as
defined by SFF-8045, or 3) supportsthe 'long' Enclosure Service mode as defined by SFF-8067. After the 'discovery phase' the
drive behaves in accordance with the Enclosure Service mode capabilities of the enclosure. The drive does not attempt to
remember the Enclosure Service capahilities of the enclosure, but rather, in accordance with the SFF-8067 standard, re-per-
forms the 'discovery phase' for each Send and RECEIVE DIAGNOSTIC command received.

If the Target determines that the enclosure does not support Enclosure Services, any attempts to access the Diagnostic Pagesin
the enclosure will resultin CHECK CONDITION status and sense dataiis built with the Sense Key and Additional Sense Code
indicating ENCLOSURE SERVICES UNAVAILABLE. In this case, only the Diagnostic Pages supported by the Target may
be requested.

If the Target determines that the enclosure supports the 'short' form of Enclosure Services, Diaghostic Page 08h is returned in
response to arequest for any valid Diagnostic Page (i.e. 01h-OFh).

If the Target determines that the enclosure supports the 'long’ form of Enclosure Services, areguest for the page is passed on to
the enclosure. Any diagnostic information returned to the Target is transferred to the Initiator. If the request for enclosure
transfer fails, the command is terminated with CHECK CONDITION status and sense data is built with the Sense Key and
Additional Sense Code indicating ENCLOSURE SERVICES UNAVAILABLE.
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19.27.1 Receive Diagnostic Results Page 0
This page contains alist of supported pages.
Table 203: Receive Diagnostic Results page 0

Bit
Byte
7 6 5 4 3 2 1
0 Page Code=0
1 Reserved =0
2-3 Page L ength = 12h
5-19 ESI Pages=01h - OFh
20 Trandate address page = 40h
21 Device LED Control Page = AOh

The supported diagnostic page returns alist of supported pages in ascending order.
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19.27.2 Enclosure Service Information (ESI) Page For mat

The drive supports the following enclosure pages as specified by the “ SCSI-3 Enclosure Service (SES) Rev 8a’ standard.
Please refer to that standard for more definition on these pages. Note that the drive does not attempt to process the information
in these pages, but only acts as a pass through node, to allow the initiator to communicate with the enclosure.

Table 204: Enclosure Page Support for Send and Receive Diagnostic Commands

Page Code Send Diagnostic Command Receive Diagnostic Command
01h Reserved Configuration
02h Enclosure Control Enclosure Status
03h Reserved Help Text
04h String Out String In
05h Threshold Out Threshold In
06h Array Control Array Status
07h Reserved Element Descriptor
08h Reserved Short Enclosure Status
09-0Fh Reserved for SES Reserved for SES
These pages are formatted as in the following table.
Table 205: ES| Page Format
Bit
Byte
6 5 4 3 2 1 0
0 Page Code = 1h-0OFh
1 Page Specific
2 (MSB) Page L ength
(LSB)
n Page Specific

If the enclosure supports ’short” mode, only page 08h is supported. If the enclosure supports’long’ mode, pages 01h-OFh are

supported.
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19.27.3 Receive Diagnostic Results Page 40

Using the SEND DIAGNOSTIC command, an addressin either physical or logical format is supplied to thedrive. This pageis
then used to retrieve the address translated into the other format.

Table 206: Receive Diagnostic Results Page 40

Byte Bit
7 6 5 4 3 2 1 0

0 Page Code = 40h

1 Reserved =0
2-3 Page L ength

4 Reserved =0 Supplied format

5 RA ALTS ALTT Reserved=0 Trandlate format
6-n Translated Address

. Page L ength is set to 02h if the addressisin a Reserved Area (RA =1). Otherwise, Page Length is set to 06h if the
Translate Format is Block format, or OAh if the Translate Format is Bytes From Index format or Physical Sector for-
mat.

. Supplied Format isthe value supplied by the SEND DIAGNOSTIC command,; it may be one of the three following
values:

- 000b Block format
- 100b Bytes From Index format

- 101b Physical Sector format

»  TrandateFormat isthe value supplied by the SEND DIAGNOSTIC command and specifies the format in which the
address has been trandated into List. If the supplied format is the Block format, the Trandate format must be either
Bytes from Index or Physical Sector format. If the supplied format is the Bytes from Index or Physical Sector format,
the Translate format must be Block format. Otherwise the Target will terminate the command with Check Condition
status.

. RA (Reserved Area) is set to on if the trandated block is an inaccessible sector, which could reflect a defect, an
unused sector on a spare cylinder, or a sector beyond the Maximum Customer LBA.

» ALTS(Alternate Sector) isset to oneif the trandated block is a sector in a spare cylinder that pointsto areassigned
customer sector.

e ALTT (Alternate Track) is not used.

. Translated Address contains the address in the trandlate format. If it isan LBA, it is contained within the first four
bytes of the field (bytes 6 to 9) of the page data. For aphysical format it isasfollows:

Table 207: Translated address

Bit
Byte
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6-8 Cylinder Number
9 Head Number
10-13 Sector Number or Bytesfrom Index

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
244




19.27.4 Receive Diagnostic Page AOh

The Receive Diagnostic Device LED Control Page AOh isreturned as aresult of the Send Diagnostic Device LED Control
Page AOh. For a description of the parameters in this page, see 19.34.3, "Send Diagnostic Page AOh" on page 231.

Table 208: Device LED Control Page - Receive Diagnostic

Bit
Byte
7 6 5 4 3 2 1 0

0 Page Code = AGh

1 Reserved =0

(MSB) Page L ength = 0002h

3 (LSB)
4 Reserved =0

5 Reserved =0 SBDL
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19.28 RELEASE (17)

Table 209: RELEASE (17)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 17h
1 Reserved =0 3rdPty=0 3rd Party ID Ext=0
2 Reservation | dentification
34 Reserved =0
5 vu=0 Reserved =0 FLAG LINK

The RELEASE command is used to release a LUN previously reserved. Itisnot an error for an Initiator to release aLUN that
isnot currently active. The drive returns Good status without altering the reservation.

. 3rdPty must be 0. Third Party reservations are not supported. If the 3rdPty bit is not zero, Check Condition statusis
returned with a sense key of Illegal Request and additional sense code of Invalid Field in CDB.

* 3rdParty ID isignored.
. Extents must be 0. Extension is not supported by the drive.
*  Reservation Identification field isignored.
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19.29 RELEASE (57)

Table 210: RELEASE (57)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 57h
1 Reserved =0 3rdPty=0 Reserved =0 Ext=0
2 Reservation | dentification
3 3rd Party Device ID
4-8 Reserved =0
9 vu=0 Reserved =0 FLAG LINK

The RELEASE command is used to release aLUN previously reserved. Itisnot an error for an Initiator to release a LUN that
isnot currently active. The drive returns Good status without altering the reservation.

. 3rdPty must be 0. Third Party reservations are not supported. If the 3rdPty bit is not zero, Check Condition statusis
returned with a sense key of lllegal Request and additional sense code of Invalid Field in CDB.

. 3rd Party ID isignored.
. Extents must be 0. Extension is not supported by the drive.
. Reservation ldentification field isignored.
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19.30 REPORT DEVICE IDENTIFIER (A3/05)

Table 211: REPORT DEVICE IDENTIFIER (A3/05)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = A3h
1 Reserved =0 Service Action = 05h
2 Reserved =0
3 Reserved =0
(MSB)
4-5 LUN=0
(LSB)
(M SB)
6-9 Allocation Length
(LSB)
10 Reserved =0
11 VU=0 Reserved =0 FLAG LINK

The REPORT DEVICE IDENTIFIER command requests that the device server send device identification information to the
application client.

The LUN contains the logical unit number parameter. This parameter is expected to be zero. Other value for this parameter
will cause the command to terminate with a CHECK CONDITION status. The sense key is set to ILLEGAL REQUEST, and
the additional sense codeis set to INVALID FIELD IN CDB.

The ALLOCATION LENGTH field indicates how much space has been reserved for the returned parameter data. If the
length is not sufficient to contain all the parameter data, the first portion of the dataiis returned. Thisis not considered an error.
The actual length of the parameter dataisavailableinthe IDENTIFIER LENGTH field in the parameter data. If the remainder
of the parameter dataiis required, the application client should send a new REPORT DEVICE IDENTIFIER command with an
ALLOCATION LENGTH field large enough to contain al the data.

The REPORT DEVICE IDENTIFIER parameter list contains a 4-byte field that contains the length in bytes of the parameter
list and the logical unit'sidentifier.
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Table 212: Report Device | dentifier parameter list

Bit
Byte
7 6 5 4 3 2 1 0
0.3 (MSB) Identifier Length=n-3
(LSB)
4-n Identifier

The IDENTIFIER LENGTH field specifies the length in bytes of the IDENTIFIER field. If the ALLOCATION LENGTH
field in the CDB istoo small to transfer all of the identifier, the length is not adjusted to reflect the truncation. The identifier
length initially equals zero and is changed only by a successful SET DEVICE IDENTIFIER command.

The IDENTIFIER field contains a vendor specific value. The value reported is the last value written by a successful SET
DEVICE IDENTIFIER command. The value of the identifier is changed only by a SET DEVICE IDENTIFIER command.
Theidentifier value persist through resets, power cycles, mediaformat operations.

The Target return the same Identifier to all Initiators on all ports.

The execution of aREPORT DEVICE IDENTIFIER reguires the enabling of a nonvolatile memory within the logical unit. If
the nonvolatile memory is not ready, the device server returns Check Condition status rather than wait for the device to
become ready. The sense key is set to Not Ready and the additional sense datais set as described in the TEST UNIT READY
command. Thisinformation should allow the application client to determine the action required to cause the device server to
become ready.
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19.31 REPORT LUNS (A0)

Table 213: REPORT LUNS (A0)

Bit
Byte
7 6 5 4 3 1 0
0 Command Code = AOh
1-5 Reserved
(MSB)
6-9 Allocation Length
(LSB)

10 Reserved

11 vVUu=0 Reserved =0 FLAG LINK

The REPORT LUNS command requests that the Target return the known LUN to the Initiator. The REPORT LUNS command
should always be available and is unaffected by any reservations.

The Allocation Length must be at least 16 bytes. If the Allocation Length isless than 16 bytes, the Target will return a Check
Condition status with sense key of Illegal Regquest and additional sense code of Invalid Field in CDB. If the Allocation Length
is not sufficient to contain the LUN values for all configured logical units, the Target shall report as many LUN values as will
fit in the specified Allocation Length. Thisis not considered an error.

The REPORT LUNS command will send the LUN list in the subsequent Data Out Phase. The format of the LUN list is shown

in the following table.
Table 214: LUN Reporting parameter list format

Bit
Byte
7 6 5 4 3 1 0

03 (MSB) LUN List Length=8

(LSB)
4-7 Reserved

(MSB)

8-15 LUN=0

(LSB)

The LUN list length shall contain the length in bytes of the LUN list that is available to be transferred. This product only sup-
ports one LUN. Therefore, the LUN list length must be set to 8. The only supported LUN is zero.
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19.32 REPORT SUPPORTED OPERATION CODES (A3/0C)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = A3h
1 Reserved =0 Service Action = 0Ch
2 Reserved =0 Reporting Options
3 Requested Operation Code
4-5 Requested Service Action
6-9 Allocation Length
10 Reserved =0
1 vUu=0 Reserved =0 FLAG LINK

The REPORT SUPPORTED OPERATION CODES command requests information on commands that the drive supports.
Theinitiator may request alist of all operation codes and service actions supported, or the command support datafor a specific
command.

Reporting Options specifies the information to be returned in the parameter data.

Reporting Options Description

A list of all operation codes and service actions supported by the drive will be returned
000b in the all_commands parameter dataformat. The Requested Operation Code field and
Requested Service Action field will be ignored.

The command support data for the operation code specified in the Requested Operation
Code field will be returned in the one_command parameter dataformat. The Requested
001b Service Action field will beignored. If the Requested Operation Code field specifiesan
operation code that has service actions, Check Condition status will be reported with a
sense key of lllegal Request and additional sense code of Invalid Field in CDB.

The command support data for the operation code and service action specified in the
Requested Operation Code field and Requested Service Action field will be returned in
the one_command parameter dataformat. If the Requested Operation Code field speci-

010b fies an operation code that does not have service actions, Check Condition status will be
reported with asense key of Illegal Request and additional sense code of Invalid Field in
CDB.
011b-111b Reserved

Requested Oper ation Code specifies the operation code of the command to be returned in the one_command parameter data
format.

Requested Service Action specifies the service action of the command to be returned in the one_command parameter data
format.
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Allocation Length specifies the number of bytes that have been allocated for the returned parameter data. If the length is not
sufficient to contain all the parameter data, the first portion of the data shall be returned. The actual length of the parameter
data may be determined from the Additional Length field in the parameter data.
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19.32.1 All_commands parameter data format

The Report Supported Operation Codes all_command parameter data format begins with a four-byte header that contains the
length in bytes of the parameter data, followed by alist of supported commands. Each command descriptor contains informa-
tion about a single supported command CDB (i.e. one operation code and service action combination, or one hon-service-
action operation code).

Bit
Byte
7 6 5 4 3 2 1 0
0-3 Command Data Length (n-3)
4 Command Descriptor O
N Command Descriptor X

Each Command Descriptor containsinformation about a single supported command CDB.

Bit
Byte
7 6 5 4 3 2 1 0

0 Operation Code

1 Reserved =0
2-3 Service Action

4 Reserved =0

5 Reserved =0 SERVACTV
6-7 CDB Length

Operation Code contains the operation code of a supported command.

Service Action contains a supported serivce action of the supported operation. If the operation code does not have a service
action, the Service Action field will be set to zero.

SERVACTV set to zero indicates the operation code does not have service actions and the Service Action field should be
ignored. SERVACTYV set to one indicates the operation code field has service actions and the contents of the Service Action
field are valid.

CDB L ength contains the length of the command CDB in bytes.
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19.32.2 One_command parameter data format

The Report Supported Operation Codes one_command parameter dataformat contains information about the CDB and ausage
map for bitsin the CDB for the command specified by the Reporting Options, Requested Operation Code, and Requested Ser-
vice Action fields in the Reported Supported Operation Codes CDB.

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved =0
1 Reserved =0 Support
2-3 CDB Size (n-3)
4-n CDB Usage Data

The Support field is defined in the table bel ow.

Recording Option Description
000b Da;a about the requested command is not currently available. All data after byte 1 isnot
valid. A subsequent request for command support data may be successful.

001b The requested command is not supported. All data after byte 1 is not valid.
010b Reserved.
011b The requested command is supported in conformance with the standard.
100b Reserved
101b The requested command is supported in avendor specific manner.

110b-111b Reserved.

CDB Size contains the size of the CDB Usage Datafield in the parameter data, and the number of bytesin the CDB for the

command requested.

CDB Usage Data contains information about the CDB for the command requested. Thefirst byte of the CDB Usage Data
field contains the operation code for the command. |f the command contains a service action, then that service action codeis
returned in the same location as the Service Action field of the command CDB. All other bytes of the CDB Usage Datafield
contain a usage map for bitsin the CDB for the command requested.

The bits in the usage map have a one-for-one correspondence to the CDB for the command requested. If the drive evaluatesa
bit in the CDB, the usage map will contain a onein the corresponding bit position. The usage map will contain azeroin the
corresponding bit position for any field treated as ignored or reserved.
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19.33 REPORT SUPPORTED TASK MANAGEMENT FUNCTIONS
(A3/0D)

Table 215: Report Supported Tasks Management Functions (A3/0D)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = A3h

1 Reserved =0 Service Action = ODh
2-5 Reserved =0
6-9 Allocation Length

10 Reserved =0

1 vUu=0 Reserved =0 Flag Link

The REPORT SUPPORTED TASK MANAGEMENT FUNCTIONS command reguests information on task management
functions supported by the drive.

Allocation Length specifies the number of bytesthat have been allocated for the returned parameter data. The allocation
length must be at least four. If the allocation length isless than four, Check Condition Statuswill be returned with sense key of
Illegal Request and additional sense code of Invalid Field in CDB.

The format of the returned parameter datais shown below.

Bit
Byte
7 6 5 4 3 2 1 0
0 ATS ATSS | CACAS | CTSS LURS QTS TRS WAKES
1-3 Reserved =0

ATS (Abort Task) bit set to oneindicates that ABORT TASK is supported. An ATS bit of zero indicates that ABORT TASK
is not supported.

ATSS (Abort Task Set) bit set to oneindicates that ABORT TASK SET is supported. An ATSS bit of zero indicates that
ABORT TASK SET is not supported.

CACAS (Clear ACA) hit set to oneindicates that CLEAR ACA issupported. A CACAS bit of zero indicates that CLEAR
ACA isnot supported.

CTSS (Clear Task Set) bit set to one indicates that CLEAR TASK SET is supported. A CTSS hit of zero indicates that
CLEAR TASK SET is not supported.

LURS (Logical Unit Reset) hit set to one indicates that LOGICAL UNIT RESET is supported. An LUR bit of zero indicates
that LOGICAL UNIT RESET is not supported.

QTS (Query Task) bit set to oneindicates that QUERY TASK issupported. A QTS bit of zero indicates that QUERY TASK
is not supported.

TRS (Target Reset) bit set to one indicates that TARGET RESET is supported. A TRS bit of zero indicates that TARGET
RESET is not supported.
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WAKES (Wakeup) bit set to one indicates that WAKEUP issupported. A WAKES hit of zero indicates that WAKEUP s not
supported.
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19.34 REQUEST SENSE (03)

Table 216: REQUEST SENSE (03)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 03h
1 Reserved =0 Reserved =0
2-3 Reserved =0
4 Allocation Length
5 vU=0 Reserved =0 FLAG LINK

The REQUEST SENSE command requests the drive to transfer sense data.

If REQUEST SENSE command with aninvalid LUN isreceived, the drive returns Good status and reports a sense key of Ille-
gal Request and an additional sense code of Logical Unit Not Supported.

If the drive has no sense data available to return, it shall return a sense key of No Sense and an additional sense code of No
Additional Sense Information.

Separate sense data is maintained by the device for each Initiator. Therefore, there is no requirement for an Initiator to expedi-
tiously clear a Check Condition asthiswill not affect other initiatorsin a multi-Initiator system.

The drive will return the number of bytesin the allocation length or 32 bytes, whichever isless.
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19.35 RESERVE (16)

Table 217: RESERVE (16)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 16h

1 Reserved =0 3rdPty=0 3rd Party ID Ext=0

2 Reservation Identification
34 (M SB) Extent List Length =0

(LSB)
5 vU=0 Reserved =0 FLAG LINK

The RESERVE command is used to reserve a LUN for an Initiator. This reservation can be either for the Initiator sending the
command or for athird party as specified by the Initiator.

Extents are not supported by the drive. The Ext bit must be zero. If Ext bit is set to one, Check Condition status is returned
with a sense key of Illegal Request and additional sense code of Invalid Field in CDB. The Reservation Identification and
Extent List Length fields are ignored.

The Reserve command requests that the entire LUN be reserved for the Initiator until
. the reservation is superseded by another valid Reserve command from the Initiator that made the reservation.
» thereservationisreleased by a REL EASE command from the same Initiator.
. ahard Reset condition occurs.
. a Target Reset message is received from any Initiator.
. apower off/on cycle occurs.

3rdPty must be 0. Third Party reservations are not supported. If the 3rdPty bit isnot zero, Check Condition statusis returned
with asense key of Illegal Request and additional sense code of Invalid Field in CDB.

3rd Party ID isignored.

Only the Initiator that issued the Reserve command for a LUN may release the LUN, regardless of the 3rdPty option. This Ini-
tiator may also release the LUN by issuing another RESERV E command. This superseding RESERV E command rel eases the
previous reservation when the new reservation is granted.

Reservation queuing is not supported by the drive. If aLUN is reserved and a RESERVE command isissued from a different
Initiator, the Target responds with a RESERVATION CONFLICT.
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19.36 RESERVE (56)

Table 218: RESERVE (56)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 56h
1 Reserved =0 3rdPty=0 Reserved Ext=0
2 Reservation Identification
3 Third Pay Device ID
4-6 Reserved =0
8 (M SB) Extent List Length =0
(LSB)
9 vU=0 Reserved =0 FLAG LINK

The RESERVE command is used to reserve a LUN for an Initiator. This reservation can be either for the Initiator sending the
command or for athird party as specified by the Initiator.

Extents are not supported by the drive. The Ext bit must be zero. If Ext bit is set to one, Check Condition statusiis returned
with a sense key of Illegal Request and additional sense code of Invalid Field in CDB. The Reservation Identification and
Extent List Length fields are ignored.

The Reserve command requests that the entire LUN be reserved for the Initiator until
. the reservation is superseded by another valid Reserve command from the Initiator that made the reservation.
» thereservationisreleased by a REL EASE command from the same Initiator.
. ahard Reset condition occurs.
. a Target Reset message is received from any Initiator.
. apower off/on cycle occurs.

3rdPty must be 0. Third Party reservations are not supported. If the 3rdPty bit isnot zero, Check Condition statusis returned
with a sense key of Illegal Request and additional sense code of Invalid Field in CDB.

3rd Party ID isignored.

Only the Initiator that issued the Reserve command for a LUN may release the LUN, regardless of the 3rdPty option. This Ini-
tiator may also release the LUN by issuing another RESERV E command. This superseding RESERV E command rel eases the
previous reservation when the new reservation is granted.

Reservation queuing is not supported by the drive. If aLUN is reserved and a RESERVE command is issued from a different
Initiator, the Target responds with a RESERVATION CONFLICT.
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19.37 REZERO UNIT (01)

Table 219: REZERO UNIT (01)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 01h
1 Reserved =0 Reserved =0
2-4 Reserved =0
5 VvU=0 Reserved =0 FLAG LINK

The REZERO UNIT command requests that the Target seek LBA 0.
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19.38 SEEK (6) - (OB)

Table 220: SEEK (6) - (OB)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 0Bh
1 Reserved =0 (MSB) LBA
2 L ogical Block Address

(LSB)
4 Reserved =0
5 vu=0 Reserved =0 FLAG LINK

The SEEK (6) command requests the drive to seek the specified LBA. If the LBA is greater than the value returned by the
READ CAPACITY command, the Drive returns a Check Condition status with a sense key of Illegal Request and an addi-
tional sense code of Invalid Field in CDB.

19.39 SEEK (10) - (2B)

Table 221: SEEK (10) - (2B)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 2Bh
1 Reserved =0 Reserved =0 0
(MSB)
Logical Block Address
2-5
(LSB)
6-8 Reserved =0
9 vUu=0 Reserved =0 FLAG LINK

The SEEK (10) command requests the drive to seek the specified LBA. If the LBA is greater than the value returned by the
READ CAPACITY command, the Drive returns a Check Condition status with a sense key of Illegal Request and an addi-
tional sense code of Invalid Field in CDB.
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19.40 SEND DIAGNOSTIC (1D)

Table 222: SEND DIAGNOSTIC (1D)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 1Dh
1 Function Code PF RSVD =0 SIfTst DevOfl UntOfl
2 Reserved =0
34 (MSB) Parameter List Length
(LSB)
5 VvU=0 Reserved =0 FLAG LINK

The SEND DIAGNOSTIC command requests the drive to perform its self-diagnostic test or to perform afunction based on a
page of information sent in a Data Out phase during the command.

PF (Page Format) bit set to one indicates the data sent by the Initiator conform to the page structure as specified in
SCSI standard. Thisbit isignored by the Target if the SIfTst bit is set.

SIfTst set to one indicates that the device performsits default self-test. If SIfTst is one, the Function codefield is
ignored. If SIfTst is set to zero, the action to perform is specified in Function code field.
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Table 223: SEND DIAGNOSTIC Function Code (1D)

Value Function name Description
Value to be used when the SIfTst bit is set to one or if the
000b NA SEND DIAGNOSTIC command is not invoking one of the
other self-test function codes.
001b Background Short self-test The device server startsits short self-test routine in back-
ground mode.
010b Background extended soif-test The device server startsits extended self-test routine in
background mode.
011b NA Reserved.
Abort the current self-test in the background mode. This
i vaueisonly valid if aprevious SEND DIAGNOSTIC com-
1000 Abort background self-test mand specified a background self-test function and that
function has not been compl eted.
The device server startsits short self-test routine in the fore-
101b Foreground short self-test ground mode. This self-test will complete in two minutes or
less.
The device server starts its extended self-test routine in the
foreground mode .The completion time for thistest is
110b Foreground extended self-test reported in Mode Page OAh (refer to Mode Page OA (Con-
trol Mode Page Parameters)*, page 186).
111b Reserved.

. DevOfl isignored by the Target for compatibility.
e UntOfl isignored by the Target for compatibility.

. Parameter List Length must be O when the SIfTst bit is one. Otherwise, Check Condition statuswill be generated
with asense key of lllegal Request and additional sense of Invalid Field in CDB. If the SIfTst bit is zero, it should be
set to the length of the page to be transferred in the DATA OUT phase of the command. If it does not match the
expected length of the page a Check Condition status will be also generated with a sense key of Illegal Request and
additional sense of Invalid Field in CDB.

If the motor is not running at the correct speed when the command isreceived, it isrejected by a Check Condition statuswith

aNot Ready sense key.

If afault is detected during the default or foreground self-test, a Check Condition is reported as an end status. If afault is

detected during the background self-test, it islogged in the log page for later retrieval by aLOG SENSE command.

See Section Diagnostics*, page 333 for adetailed listing of operations carried out by the SEND DIAGNOSTIC command and

Power on Diagnostics.
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19.40.1 Send Diagnostic Page 0

This page requests that the drive return alist of supported pages on the next RECEIVE DIAGNOSTICS command.
Table 224: Diagnostic Page 0

Bit
Byte
7 6 5 4 3 2 1 0
0 Page Code=0
1 Reserved =0
2-3 PageLength=0
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19.40.2 Send Diagnostic Page 40

Thisallowsthe Initiator to translate aLBA or physical sector addressto the other format. The addressto be translated i s passed
to the Target with the SEND DIAGNOSTIC command and the results are returned to the Initiator by the RECEIVE DIAG-
NOSTICS command.

The Target will read the parameter list from the Initiator, and, if no errors are detected in the parameter list, Good status will be
returned. The data translation will be performed upon receipt of the RECEIVE DIAGNOSTICS command.

Table 225: Diagnostic Page 40

Bit
Byte
7 6 5 4 3 2 1 0

0 Page Code = 40h

1 Reserved =0
2-3 Page L ength = 0Ah

4 Reserved =0 Supplied format

5 Reserved =0 Trandate format
6-13 Addressto Trandate

Supplied Format may take one of the following three values:

- 000b Block format
- 100b Bytes From Index format
- 101b Physical Sector format

It specifies the format in which the address has been supplied.

. Transglate Format specifies the format that the address should be trandated into. If the supplied format is the Block
format, the Translate format must be either Bytes from Index or Physical Sector format. If the supplied format isthe
Bytes from Index or Physical Sector format, the Tranglate format must be Block format. If either of the format fields
isinvalid or they specify the same format, the command will terminate with Check Condition status with a sense
code of lllegal Request and Illegal Field in Parameter List.
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. Addressto Trandate contains the address to trandate. If the logical block format is specified, the first four bytes of
thefield (bytes 6 to 9) contain the LBA and the remainder must be zero. For the physical format the address must be
specified asfollows.

Table 226: Addressto trandlate

Bit
Byte
7 6 5 4 3 2 1 0
6-8 Cylinder Number
9 Head Number
10-13 Sector Number or Bytesfrom Index
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19.40.3 Send Diagnostic Page AOh

The Device LED Control Page ACh allows the initiator to turn on or off the device fault LED light.
Table 227: Device LED Control Page - Send Diagnostic

Bit
Byte
7 6 5 4 3 2 1 0
0 Page Code = AOh
1 Reserved =0
(MSB)
2-3 Page L ength = 0002h
(LSB)
4 Reserved =0
5 Reserved =0 SBDL

The page begins with afour-byte page header which specifies the page code and length. A SBDL (Set Bad Device Light) bit of
one turns the device LED on, zero turns the device LED off. If the target detects an error in the passed parameter data it shall

terminate the command with CHECK CONDITIONS Status. The sense key shall be set to Illegal Request and the Additional
Sense code set to Illegal Field in CDB.
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19.41 SET DEVICE IDENTIFIER (A4/06)

Table 228: SET DEVICE IDENTIFIER (A4/06)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = A4h

1 Reserved =0 Service Action = 06h

2 Reserved =0

3 Reserved =0

4-5 Restricted =0

(MSB)
6-9 Parameter List Length
(LSB)

10 Reserved =0

11 VU=0 Reserved =0 FLAG LINK

The SET DEVICE IDENTIFIER command requests that the device identifier information be set to the value received in the
SET DEVICE IDENTIFIER parameter list.

On successful completion of a SET DEVICE IDENTIFIER command a unit attention is generated for all Initiators except the
one that issued the service action. When reporting the unit attention condition the additional sense code is set to Device I denti-
fier Changed.

. Parameter List Length field specifies the length in bytes of the Identifier that is transferred from the host system to
the Target. The maximum value for thisfield is 512 bytes. A parameter list length of zero indicates that no datais
transferred, and that subsequent REPORT DEVICE IDENTIFIER commands return an Identifier length of zero.

The SET DEVICE IDENTIFIER parameter list contains the identifier to be set by the addressed logical unit.

Table 229: SET DEVICE IDENTIFIER, Parameter List

Bit
Byte

7 6 5 4 3 2 1 0

0-n |dentifier

The IDENTIFIER field is avendor specific value, to be returned in subsequent REPORT DEVICE IDENTIFIER commands.
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19.42 START STOP UNIT (1B)

Table 230: START STOP UNIT (1B)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 1Bh

1 Reserved =0 Reserved =0 Immed
2-3 Reserved =0

o L oEj
4 Power Conditions=0 Reserved=0 _ Sart
5 vuU=0 Reserved =0 FLAG LINK

The START STOP UNIT command is used to spin up or stop the spindle motor.
. Immed bit is to specify
0  statusisto bereturned at the end of the operation.

1  Good status shall aways be returned immediately after command has been received. The TEST UNIT
READY command may be used to determine when the drive becomes ready after a spin-up.
. Power Conditionsis not supported by the drive and must be set to 0.
*  LoEj isnot supported by the drive and must be set to 0.
. Sart bit isto specify:

0 stopthespindle
1 dartthespindle

Note:  Once the drive has become ready (after a power on), the START STOP UNIT command can be used without any
errors regardless of the state of the motor: stopped or spinning.
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19.43 SYNCHRONIZE CACHE (10) - (35)

Table 231: SYNCHRONIZE CACHE (10) - (35)

BIT
Byte
7 6 5 4 3 2 1 0
0 Command Code = 35h
1 Reserved = 0 Reserved = 0 Im_med Obso-
= lete
(MSB)
Logical Block Address
2-5
(LSB)
6 Reserved =0
8 (MSB) Number of Blocks
(LSB)
9 vU=0 Reserved =0 FLAG LINK

The SYNCHRONIZE CACHE command ensures that logical blocks in the cache have their most recent data value recorded
on the media.

. Logical Block Addressisto specify where the operation is to begin.

. Immed (immediate) must be zero. An immediate bit of zero indicates that the status shall not be returned until the
operation has completed. If the Immed bit is set to one, the drive returns a Check Condition status. The sense key
shall be set to lllegal Request and the additional sense code shall be set to Invalid Field in CDB.

. Number of Blocks specifies the total nhumber of contiguous logical blocks within the range. Number of Blocks of
zero indicates that all remaining logical blocks on the logical unit shall be within the range.
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19.44 SYNCHRONIZE CACHE (16) - (91)

Table 232: Synchronize Cache (16) - (91)

BIT
Byte
7 6 5 4 3 2 1 0
0 Command Code = 91h
1 Reserved =0 Imzmed Rséd:
2-9 Logical Block Address
10-13 Number of Blocks
14 Reserved =0
15 VU=0 Reserved =0 FLAG LINK

The SYNCHRONIZE CACHE command ensures that logical blocks in the cache have their most recent data value recorded
on themedia. Seethe SYNCHRONIZE CACHE (10) description for definitions of the fields in this command.
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19.45 TEST UNIT READY (00)

Table 233: TEST UNIT READY (00)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = Q0h
1 Reserved =0 Reserved =0
2-4 Reserved =0
5 vuU=0 Reserved =0 FLAG LINK

The TEST UNIT READY command allows the Initiator to check if the drive isREADY. The SCSI specification defines
READY as the condition where the device will accept a media-access command without returning Check Condition status.

The drive will first verify that the motor is spinning at the correct speed. If the spindle motor is not spinning at the correct
speed, Check Condition statusis returned with sense key of Not Ready. |f the motor is spinning at the correct speed, the drive
accepts normal media access commands.

The TEST UNIT READY command is not intended as a diagnostic. No self diagnostic is performed by the device as aresult
of this command.

The TEST UNIT READY command has specia significance for power sequencing using the UNIT START command with an
Immediate bit of one. In this mode the UNIT START command returns Task Complete status before the completion of motor
spin-up and expectstheinitiator to issue TEST UNIT READY commands to determine when the motor has reached the proper
speed.

Note:  The spindle automatically starts in automatic spin-up mode. The drive does not execute any commands other than
TEST UNIT READY, INQUIRY, or REQUEST SENSE command until the Power On sequence is complete. The drive will
return Check Condition status with Not Ready sense key and In Process of Becoming Ready sense code for all other com-

mands during the Power On period.
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19.46 VERIFY (2F)

Table 234: VERIFY (2F)

BIT
Byte
7 6 5 4 3 2 1 0
Command Code = 2Fh
VRPROTECT DPO Reserved = 0 Byte | RSVD
Chk =0
(MSB)
Logical Block Address
(LSB)
Reserved =0

(MSB) Verification Length
(LSB)
vu=0 Reserved =0 FLAG LINK

The VERIFY command requests that the drive verify the data written on the media. A verification length of zero indicates that
no datawill be transferred. This condition is not considered an error.

ByteChk bit set to zero indicates that the datais read from the disk and verified using ECC.If an ECC error is
detected in the verify process, Check Condition status is returned with sense key set to Medium Error. ByteChk bit
set to one indicates that byte-by-byte comparison is performed between the data on the disk and data transferred from
the initiator during the data-out phase.

If the comparison is unsuccessful, the command is terminated with Check Condition status and the sense key is set
to Miscompare.

DPO (Disable Page Out) bit of one indicates that the data accessed by this command is to be assigned the lowest pri-
ority for being written into or retained by the cache. A DPO bit of one overrides any retention priority specified in the
Mode Select Page 8 Caching Parameters. A DPO bit of zero indicates the priority is determined by the retention pri-
ority. The Initiator should set the DPO bit when the blocks read by this command are not likely to be read again in the
near future.

If caching is enabled, the command performs an implied FUA and an implied Synchronize Cache before starting the VERIFY.
This ensures that the medium, not the cache, is being verified.

The command stops on Check Condition and reports the LBA in error. The command must be reissued, starting with the next
LBA, to verify the remainder of the Drive.

The Verification Length is the number of blocks to check.

The data (if any) from the data-out phase and the data from the media are not retained in the cache. Therefore, the DPO bit has
no effect on this command and isignored.

VRPROTECT defines the manner in which protection information read from disk shall be checked during processing of the
command. Protection information is stored on disk, and may be validated using the drive'sinternal checking algorithms, and
a so byte-by-byte compared using data from the initiator when ByteChk=1.
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If the driveis not formatted with protection information, VRPROTECT must be set to 000b, else Check Condition status will
be returned with sense key of Illegal Request and additional sense code of Invalid Field in CDB.

VRPROTECT=000b

If the driveis not formatted with protection information, only user datais verified.

If the drive is formatted with protection information:

- Logical Block Guard is checked

- Logcial Block Application Tag is checked (applies to VERIFY (32) command only)
- Logical Block Reference Tag is checked

VRPROTECT=001b

- Logical Block Guard is checked

- Logcial Block Application Tag is checked (appliesto VERIFY (32) command only)
- Logical Block Reference Tag is checked

VRPROTECT=010b

- Logical Block Guard is not checked

- Logcial Block Application Tag is checked (appliesto VERIFY (32) command only)
- Logical Block Reference Tag is checked

VRPROTECT=011b

- Logical Block Guard is not checked

- Logcia Block Application Tag is not checked
- Logical Block Reference Tag is not checked

VRPROTECT=100b

- Logical Block Guard is checked

- Logcial Block Application Tag is not checked
- Logical Block Reference Tag is not checked

VRPROTECT=101b, 110b, 111b

These values are reserved. Check Condition status will be returned with sense key of Illegal Request and additional sense
code of Invalid Field in CDB.

If a check of the protection information fails, Check Condition status will be returned with sense key of Aborted Command
and additional sense code indicating which protection field check failed.

If ByteChk=1, the drive'sinternal checking of protection information is done only when VRPROTECT=000b and the drive is
formatted with protection information
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If ByteChk=1, and VRPROTECT is not set to 000b, checking of protection information is performed on the fields described
above as a byte-by-byte comparison against the data transferred to the drive by the initiator during the Data Out phase..

Refer to the ANSI T10 standards for additional details of protection information.
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19.47 VERIFY (12) - (AF)

Table 235: Verify (12) - (AF)

BIT
Byte
7 6 5 4 3 2 1 0
0 Command Code= AFh
Reserv Byte Reserv
1 VRPROTECT DPO FUA ed=0 Chk ed=0
(M'SB)
Logical Block Address
2-5
(LSB)
(M'SB)
6-9 Verification Length
(LSB)
10 Reserved =0
n vu=0 Reserved =0 FLAG LINK

The VERIFY (12) command causes the drive to verify datawritten on the media. See the VERIFY (10) description for the def-
initions of the fields in this command.
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19.48 VERIFY (16) - (8F)

Table 236: Verify (16) - (8F)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 08Fh
1 VRPROTECT DPO Reserved = 0 '?{ltlf Rsvd
(MSB)
2-9 Logical Block Address
(LSB)
(MSB)
10-13 Verification Length
(LSB)
14 Reserved =0
15 VvU=0 Reserved =0 FLAG LINK

The VERIFY command requests that the drive verify the data written on the media. See the VERIFY (10) description for the
definitions of the fieldsin this command.
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19.49 VERIFY (32) - (7TF/0A)

Table 237: Verify (32) - 7F/0A)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = OFFh
1 vu=0 Reserved =0 FLAG LINK
2-5 Reserved =0
6 Reserved =0 Group Number =0
7 Additional CDB Length = 18h
8-9 Service Action = 000Ah
_ ByteC Reserv
10 RDPROTECT DPO Reserved =0 hk ed=0
1 Reserved =0
(M'SB)
12-19 Logical Block Address
(LSB)
(MSB)
20-23 Expected Initial Logical Block Reference Tag
(LSB)
(MSB)
24-25 Expected L ogial Block Appliation Tag
(LSB)
(M'SB)
26 - 27 Logical Block Application Tag M ask
(LSB)
(MSB)
28-31 Verification Length
(LSB)

The VERIFY command requests that the verify the data written on the media. Each logical block includes user data and may
include protection information, based on the VPROTECT field and the drive format.

If the RTO_EN hit is set to zero in the READ CAPACITY (16) parameter data, Check Condition status will be returned with
sense key of Illegal Request and additional sense code of Invalid Command Operation Code. If RTO_EN isone, this com-

mand will be processed normally.
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See VERIFY (2F) for descriptions of the VPROTECT, DPO, ByteChk, Logical Block Address, and Verification Length fields.

When checking of the Logical Block Reference Tag field is enabled, the Expected Initial Logical Block Reference Tag field
contains the value of the Logical Block Reference Tag field expected in the protection information of the first logical block
accessed by the command, instead of avalue based on the LBA.

If the ATO bit is set to one in Mode Page OA and checking of the Logical Block Application Tag field is enabled, the Logical

Block Application Tag Mask field contains avalue that is a bit mask for enabling the checking of the Logical Block Applica

tion Tag field in the protection information for each logical block accessed by the command. A Logical Block Application Tag
Mask bit set to one enables the checking of the corresponding bit of the Expected Logical Block Application Tag field with the
corresponding bit of the Logical Block Application Tag field in the protection information.

If the ATO bit is set to one in Mode Page OA and the checking of the Logical Block Application Tag field is disabled, or if the
ATO hit isset to zero, the Logica Block Application Tag Mask field and the Expected Logical Block Application Tag field are
ignored.
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19.50 WRITE (6) - (0A)

Table 238: WRITE (6) - (0A)

Bit
Byte
7 6 5 4 3 2 1 0

0 Command Code = 0Ah

1 Reserved =0 (MSB) LBA
03 L ogical Block Address

(LSB)
4 Transfer Length
5 VU=0 Reserved =0 FLAG LINK

The WRITE command requests the drive to write the specified number of blocks of data (Transfer L ength) from the Initiator
to the medium starting at the specified L ogical Block Address (L BA).

See Section 19.15 “READ (6) - (08)" on page 208 for the parameters.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
280



19.51 WRITE (10) - (2A)

Table 239: WRITE (10) - (2A)

Bit
Byte 7 4 3 > 1 5
0 Command Code = 2Ah
WRPROTECT DPO FUA Revd=o | FUAN | Obso-
Vv lete
(MSB)
Logical Block Address
(LSB)
Reserved =0
(MSB Transfer Length
(LSB)
vu=0 Reserved = 0 FLAG LINK

The WRITE (10) command requests that the drive write the data transferred from the Initiator. This command is processed like
the standard WRITE (6) - (0A) command except for the longer transfer length.

Transfer Length isthe number of contiguous blocks to be transferred. If the transfer length is zero, the seek occurs,
but no dataistransferred. This condition is not considered an error.

DPO (Disable Page Out) bit of one indicates that the data accessed by this command is to be assigned the lowest pri-
ority for being written into or retained by the cache. A DPO bit of one overrides any retention priority specified in the
Mode Select Page 8 Caching Parameters. A DPO bit of zero indicates that the priority is determined by the retention
priority. The Initiator should set the DPO bit when the blocks written by this command are not likely to be read in the
near future.

FUA (Force Unit Access) hit of oneindicates that the Target must write the data to the media before returning Good
status. A FUA bit of zero indicates that the Target may return Good status prior to writing the data to the media.

FUA_NV (Force Unit Access Non-Volatile Cache) may be set to 0 or 1, but isignored since NV_SUP=0 in Inquiry
Page 86h.

If aWRITE(6) command is received after protection information is enabled, the drive will set the protection information as
follows as it writes each block to disk:

» theLlogica Block Guard field is set to a properly generated CRC

» theLogical Block Reference Tag field is set to:

» theleast significant four bytes of the LBA, if the RTO_EN bhit is set to zero in the READ CAPACITY (16)
parameter data ; or

*  FFFFFFFFh, if the RTO_EN bit is set to one;

» theLogical Block Application Tag field is set to

*  FFFFh, if the ATO bit is set to one in Mode Page OAh

* Anyvalue, if the ATO bit is set to zero.

WRPROTECT defines the manner in which protection information written to disk shall be checked during processing of the
command. Protection information may be transmitted to the drive with the user data, based on the WRPROTECT bit and the
drive format.
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If thedriveis not formatted with protection information, WRPROTECT must be set to 000b, else Check Condition status will
be returned with sense key of |llegal Request and additional sense code of Invalid Field in CDB.

WRPROTECT=000b
Protection information is not transmitted to the drive.

If the drive is formatted with protection information, the drive will write protection information to disk based on itsinternal
algorithms.

WRPROTECT=001b
- Protection information is transmitted to the drive with the user data
- Logical Block Guard is checked
- Logcial Block Application Tag is checked (appliesto WRITE (32) command only)
- Logical Block Reference Tag is checked

WRPROTECT=010b
- Protection information is transmitted to the drive with the user data
- Logical Block Guard is not checked
- Logcial Block Application Tag is checked (applies to WRITE(32) command only)
- Logical Block Reference Tag is checked

WRPROTECT=011b
- Protection information is transmitted to the drive with the user data
- Logical Block Guard is not checked
- Logcial Block Application Tag is hot checked
- Logical Block Reference Tag is not checked

WRPROTECT=100b
- Protection information is transmitted to the drive with the user data
- Logica Block Guard is checked
- Logcia Block Application Tag is not checked
- Logical Block Reference Tag is not checked

WRPROTECT=101b, 110b, 111b

These values are reserved. Check Condition status will be returned with sense key of Illegal Request and additional sense
code of Invaid Field in CDB.

If acheck of the protection information fails, Check Condition status will be returned with sense key of Aborted Command
and additional sense code indicating which protection field check failed.

Refer to the ANSI T10 standards for additional details of protection information.
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19.52 WRITE (12) - (AA)

Table 240: Write (12) - (AA)

Bit
Byte 7 6 4 3 2 1 0
0 Command Code = AAh
1 WRPROTECT DPO FUA Rsvd=0 FUA NV Rsvd=0
(MSB)
2-5 Logical Block Address
(LSB)
(MSB)
6-9 Transfer Length
(LSB)
10 Reserved=0
1 VU=0 Reserved =0 FLAG LINK
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19.53 WRITE (16) - (8A)

Bit
Byte 7 6 4 3 2 1 0
0 Command Code = 8Ah
1 WRPROTECT DPO FUA Rsvd=0 FUA_NV Rsvd=0
(M'SB)
2-9 Logical Block Address
(LSB)
(MSB)
10-13 Tranfer Length
(LSB)
14 Reserved =0
15 vuU=0 Reserved =0 FLAG LINK

The WRITE(16) command causes the drive to write data from the initiator to the media. See the WRITE(10) description for

the definitions of the fields in this command.
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19.54 WRITE (32) - (7F/0B)

Table 241: Write (32) - (7F/OB)

Bit
Byte 7 6 5 4 3 2 1 0
0 Command Code = 7Fh
1 VU=0 Reserved =0 FLAG LINK
2-5 Reserved =0
6 Reserved =0 Group Number =0
7 Additional CDB Length = 18h
8-9 Service Action = 0009h
10 WRPROTECT DPO FUA Rsvd=0 FUA_NV Rsvd=0
1 Reserved =0
(MSB)
12-19 Logical Block Address
(LSB)
(MSB)
20-23 Expected Initial Logical Block Reference Tag
(LSB)
(MSB)
24-25 Expected L ogical Block Application Tag
(LSB)
(MSB)
26-27 L ogical Block Application Tag M ask
(LSB)
(MSB)
28-31 Transfer Length
(LSB)

The WRITE command requests that the drive write data transferred from the initiator to disk. Each logical block transferred
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includes user data and may include protection information, based on the WRPROTECT field and the drive format. Each logi-
cal block written includes user data and, if the drive is formatted with protection information enabled, protection information.

If the RTO_EN hit is set to zero in the READ CAPACITY (16) parameter data, Check Condition statuswill be returned with
sense key of Illegal Request and additional sense code of Invalid Command Operation Code. If RTO_EN isone, this com-
mand will be processed normally.

See WRITE (10) - (2A) for descriptions of the WRPROTECT, DPO, FUA, Logical Block Address, and Transfer Length fields.

When checking of the Logical Block Reference Tag field is enabled, the Expected Initial Logical Block Reference Tag field
contains the value of the Logical Block Reference Tag field expected in the protection information of the first logical block
accessed by the command, instead of avalue based on the LBA.

If the ATO bit is set to one in Mode Page OA and checking of the Logical Block Application Tag field is enabled, the Logical

Block Application Tag Mask field contains avalue that is a bit mask for enabling the checking of the Logical Block Applica

tion Tag field in the protection information for each logical block accessed by the command. A Logical Block Application Tag
Mask bit set to one enables the checking of the corresponding bit of the Expected L ogical Block Application Tag field with the
corresponding bit of the Logical Block Application Tag field in the protection information.

If the ATO bit is set to one in Mode Page OA and the checking of the Logical Block Application Tag field isdisabled, or if the
ATO hit isset to zero, the Logica Block Application Tag Mask field and the Expected L ogical Block Application Tag field are
ignored.
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19.55 WRITE AND VERIFY (10) - (2E)

Table 242: WRITE AND VERIFY (10) - (2E)

Bit
Byte
7 6 4 3 2 1 0
0 Command Code = 2Eh
_ Byte Obso-
1 WRPROTECT DPO Reserved =0 Chk lete
(MSB)
Logical Block Address
2-5
(LSB)
Reserved =0
(MSB) Transfer Length
(LSB)
vU=0 Reserved =0 FLAG LINK

WRITE AND VERIFY command requests that the drive writes the data transferred from the Initiator to the medium and then
verify that the datais correctly written. If caching is enabled, animplied FUA (Force Unit Access) and animplied Synchronize
Cache are performed before starting the operation. Thisinsures that data from the disk, not the cache, is verified.

See the WRITE (10) command description for the definition of the WRPROTECT field.

Transfer Length isthe number of contiguous blocksto to transferred. If the transfer length is zero, the seek occurs,
but no dataistransferred. This condition is not considered an error.

If caching is enabled, the command performs an implied FUA and an implied Synchronize Cache before starting the
operation. Thisinsures that the medium, not the cache, is being verified.

ByteChk bit set to zero indicates that the data is read back from the disk and verified using ECC after the successful
write operation. If an ECC error is detected in the verify process, Check Condition statusis returned with sense key
set to Medium Error. ByteChk bit set to one indicates that byte-by-byte comparison is performed between data on the
disk starting the block specified in LBA field and data transferred from the Initiator.

If the comparison is unsuccessful, the command is terminated with Check Condition status and the sense key is set
to Miscompare.

DPO (Disable Page Out) bit of one indicates that the data written by this command is to be assigned the lowest prior-
ity for being written into or retained by the cache. A DPO bit of one overrides any retention priority specified in the
Mode Select Page 8 Caching parameters. A DPO bit of zero indicates the priority is determined by the retention pri-
ority.

The Initiator should set the DPO bit when the blocks written by this command are not likely to be read again in the
near future.
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19.56 WRITE AND VERIFY (12) - (AE)

Table 243: Write andVerify (12) - (AE)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = AEh
1 WRPROTECT DPO Reserved =0 ByteChk Obsolete
(MSB)
2-5 Logical Block Address
(LSB)
(MSB)
6-9 Transfer Length
(LSB)
10 Reserved =0
11 VU=0 Reserved =0 FLAG LINK

The WRITE AND VERIFY command requests that the drive write the data transferred from the Initiator to the medium and

then verify that the datais correctly written. Seethe WRITE AND VERIFY (10) description for the definitions of the fieldsin
this command.
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19.57 WRITE AND VERIFY (16) - (8E)

Table 244: Write and Verify (16) - (8E)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 8Eh
_ Byte Obso-
1 WRPROTECT DPO Reserved =0 Chk lete
(MSB)
2-9 Logical Block Address
(LSB)
(MSB) Transfer Length
10-13
(LSB)
14 Reserved =0
15 vu=0 Reserved =0 FLAG LINK

The WRITE AND VERIFY command requests that the drive write the data transferred from the Initiator to the medium and
then verify that the datais correctly written.
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19.58 WRITE AND VERIFY (32) - (7F/0C)

Table 245: Write and Verify (32) - (7F/0C)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 7Fh
1 vuU=0 Reserved =0 FLAG LINK
2-5 Reserved =0
6 Reserved =0 Group Number =0
7 Additional CDB Length = 18h
8-9 Service Action = 000Ch
10 WRPROTECT DPO Reserved = 0 BytlfCh R:gfg"
1 Reserved =0
(MSB)
12-19 Logical Block Address
(LSB)
(M'SB)
20-23 Expected Initial Logical Block Reference Tag
(LSB)
(MSB)
24-25 Expected Logical Block Application
(LSB)
(M SB)
26 - 27 Logical Block Application Tag Mask
(LSB)
(M'SB)
28-31 Transfer Length
(LSB)

The WRITE AND VERIFY command requests that the drive write the data transferred from the initiator to disk and then ver-
ify that the datais correctly written.

If the RTO_EN hit is set to zero in the READ CAPACITY (16) parameter data, Check Condition status will be returned with
sense key of Illegal Request and additional sense code of Invalid Command Operation Code. If RTO_EN isone, this com-
mand will be processed normally.
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See WRITE AND VERIFY (10) - (2E) for descriptions of the WRPROTECT, DPO, ByteChk, Logical Block Address, and
Transfer Length fields.

When checking of the Logical Block Reference Tag field is enabled, the Expected Initial Logical Block Reference Tag field
contains the value of the Logical Block Reference Tag field expected in the protection information of the first logical block
accessed by the command, instead of avalue based on the LBA.

If the ATO hit is set to one in Mode Page OA and checking of the Logical Block Application Tag field is enabled, the Logical

Block Application Tag Mask field contains avalue that is a bit mask for enabling the checking of the Logical Block Applica

tion Tag field in the protection information for each logical block accessed by the command. A Logical Block Application Tag
Mask bit set to one enables the checking of the corresponding bit of the Expected L ogical Block Application Tag field with the
corresponding bit of the Logical Block Application Tag field in the protection information.

If the ATO bit is set to onein Mode Page OA and the checking of the Logical Block Application Tag field isdisabled, or if the
ATO bit isset to zero, the Logical Block Application Tag Mask field and the Expected Logical Block Application Tag field are
ignored.
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19.59 WRITE BUFFER (3B)

Table 246: WRITE BUFFER (3B)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 3Bh
1 Reserved =0 Mode
2 Buffer ID
(MSB)
35 Buffer Offset
(LSB)
(MSB)
6-8 Parameter List Length
(LSB)
9 vUu=0 Reserved =0 FLAG LINK

The WRITE BUFFER command is used in conjunction with the READ BUFFER command as a diagnostic function for test-
ing the memory of the drive and the SCSI bus integrity. This command does not alter the medium of the drive. Additional
modes are provided for downloading microcode and saving microcode.

This command will cause the entire cache to be emptied.

The function of this command and the meaning of fields within the command descriptor block depend on the contents of the

mode field.
MODE

00000
00010
00100
00101
00111
01010
11010
All Others

Description

Write combined header and data

Data

Download Microcode

Download Microcode and Save - single binary file
Download Microcode and Save - multiple binary files
Write Datato Echo Buffer

Enable expander Communications Protocol

Not Supported

If any values other than shown above are specified, Check Condition statusis returned with asense key of |llegal Request and
additional sense code of Invalid Field in CDB.
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19.59.1 Combined Header And Data (M ode 00000b)

In this mode, the data to be transferred is preceded by a four-byte header.

Buffer 1D must be zero. If another value is specified, no download function is performed and the command is terminated with
Check Condition status. And the drive shall set the sense key to Illegal Request and additional sense codeto lllegal Field in
CDB.

Buffer Offset must be zero. If another value is specified, no download function is performed and the command is terminated
with Check Condition status. And the drive shall set the sense key to lllegal Request and additional sense codeto lllegal Field
in CDB.

Parameter List Length specifies the number of bytes that shall be transferred during the DATA OUT phase. This number
includes four bytes of header, so the data length to be stored in the drive buffer is transfer length minus four. If the length
exceeds the buffer size, the command is terminated with Check Condition status. And the drive shall set sense key to Illegal
Request and additional sense codeto Illegal Fieldin CDB. A Parameter List Length of lessthan four (size of header) indicates
no datais transferred.

The 4-byte header consists of all reserved bytes.
Table 247: Write Buffer Header

Bit
Byte

0-3 Reserved =0
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19.59.2 Write Data (M ode 00010b)

In this mode, the DATA OUT phase contains buffer data.

Buffer ID must be zero. If another value is specified, no download function is performed and the command is terminated with
Check Condition status. And the drive shall set the sense key to Illegal Request and additional sense codeto Illegal Field In
CDB.

Buffer Offset specifies the offset of the memory space specified by the Buffer ID. The initiator should conform to the offset
boundary requirements returned in the READ BUFFER descriptor. If the value exceeds the buffer specified, the command is
terminated with Check Condition status. And the drive shall set the sense key to lllegal Request and additional sense code to
lllegal Field In CDB.
Parameter List Length specifiesthe Parameter List Length. It must be

. less than the capacity of the buffer size after adding the Buffer Offset value and

. on a sector boundary
A Parameter List Length of zero indicates no datais to be transferred and command status is returned.

If an invalid valueis specified, the command is terminated with Check Condition status. And the drive shall set the sense key
to Illegal Request and additional sense codeto Illegal Field In CDB.
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19.59.3 Download Microcode (M ode 00100b)

NOTE: It isnot expected that a customer will ever issue thisformat of the command.

In this mode, the microcode is transferred to the control memory space of the drive. When downloaded, the drive will operate
with the newly downloaded code immediately until the next power cycle.

Buffer 1D field is used to indicate which portion of the microcode image is being downloaded. The following Buffer IDs are
supported by the Target:

- 00h: Main Microprocessor Code
- nnh: ID of Vendor Unique Reserved Area

Any unsupported value for the Buffer ID will cause the command to terminate with Check Condition status. And the drive
shall set the sense key to Illegal Request and additional sense codeto lllegal Field In CDB.

Buffer Offset must be zero. If aninvalid valueis specified, the command is terminated with Check Condition status. The
drive shall set the sense key to Illegal Request and additional sense codeto Illegal Field in CDB.

Parameter List Length must be the size of the data set to be downloaded. It may also be set to 0000h in which case no code
is updated and command statusis returned. If an invalid valueis specified, the command is terminated with Check Condition
status. And the drive shall set the sense key to Illegal Request and additional sense codeto Illegal Field In CDB.

This process generates a unit attention condition for MICROCODE HAS BEEN CHANGED for all Initiators except the one
which sent the WRITE BUFFER command. Upon the completion of the WRITE BUFFER command the new microcode is
immediately ready for operation.

Note: The Download Microcode mode described in this specification is to indicate that the drive will accept a command with
this mode, though it is not expected that a user will ever issue such a command. To use the write buffer command with this
mode, a special microcode version is required from development. If such a microcode is released from development, then it
will include appropriate instructions on the function of new microcode and its effect on the drive operations after download.
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19.59.4 Download Microcode and Save (M ode 00101b) -Single Binary File

In thismode the datais transferred to the drive to save into the System reserved areaon the disk. Thisisfor functional upgrade
and configuration change reflecting the user's requirements and the manufacturer’s reason or both, and it is stored in the media
as a permanent copy. The newly downloaded code becomes effective after the drive issues and completes a self-initiated
Power On Reset.

Note: It requires up to 30 seconds to update the microcode including the Flash ROM update.

Note: New code to be downloaded to the drive will be provided by development either by request of a customer for an addi-
tional function or as aresult of afunctional change by development. However please note that not all possible fixes or new
functions can be applied to adrive in thismanner and that there isa very high dependency on the level of ROM code contained
within the drive. If aninvalid code or a code not compatible with the ROM code is downloaded, the drive will usually reject
this code and will continue normal operation. However thereisasmall possibility that an invalid code will be accepted. If this
occurs, the unit usually becomes inoperable and will have to be returned to the manufacturer for recovery.

Buffer 1D field isused to indicate which portion of the microcode image is being downloaded. To download microcode, the
buffer ID should be set to 00h. Other values are reserved for Hitachi development purposes only.
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19.59.5 Download Microcode and Save (M ode 00111b) - Multiple Binary Files

In this mode the target receives a segment of the binary microcode file. The Parameter List Length (segment length) of each
segment shall be amultiple of 4K bytes. Thetotal length of all segmentsreceived shall be equal to the total length of the binary
microcode file. All segments must be sent in the proper sequential order.

If an invalid Parameter List Length is specified, Check Condition statusis returned with sense key of Illegal Request and
additional sense code of Invalid Field in CDB.

Thefirst segment sent in this mode indicates, by default, the first segment of the binary microcodefile. If a Check Condition
statusis returned in this mode, a Buffer I D == 00h in the subsequent Write Buffer command in this mode indicates the first
segment of the binary microcode file. Otherwise the Buffer ID field isignored.

The Buffer Offset field isignored.

After all segments of the binary microcode file have been received, the drive behavior isthe same as Download Microcode and
Save (Mode 00101b) - Single Binary File.
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19.59.6 Write Data to Echo Buffer (Mode 01010b)

In this mode the Target transfers data into the echo buffer. The echo buffer is assigned in the same manner by the Target as it
would for aWRITE operation. Datawill be sent aligned on 4-byte boundaries.

Upon successful completion of aWRITE BUFFER command the datawill be preserved in the echo buffer unlessthereisan
intervening command to any logical unit, in which case it may be changed.
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19.59.7 Enable Expander Communications Protocol (M ode 11010b)

In this mode the drive behavior is the same as Write Data to Echo Buffer (Mode 0101b).
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19.60 WRITE LONG (3F)

Table 248: WRITE LONG (3F)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 3Fh
1 Reserved = 0 Reserved = 0 Obso-
lete
(MSB)
2-5 Logical Block Address
(LSB)
6 Reserved =0
8 (MSB) Byte Transfer Length
(LSB)
9 vu=0 Reserved =0 FLAG LINK

The WRITE LONG command requests the drive to write one block of datatransferred from the Initiator.
The transfer data must include

. User Data
. 56 bytes of ECC data
Parameters are

* Logical Block Addressfield specifiesthe logical block at which the write operation shall occur.

. Byte Transfer Length. Thisfield must specify the exact number of bytes of data available for transfer. If anon-zero
byte transfer length does not match the avail able data length, the Target terminates the command with Check Condi-
tion status, then the sense key is set to Illegal Request, and an additional sense code is set to Invalid Field in CDB.
Thevaid and ILI bitsare set to one and theinformation field is set to the difference of the requested length minusthe
actual length in bytes. Negative values are indicated by two's complement notation.
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19.61 WRITE SAME (41)

Table 249: WRITE SAME (41)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 41h
_ PBDA LBDA Obso-
1 WRPROTECT Reserved =0 TA=0 TA=0 lete
(MSB)
2-5 Logical Block Address
(LSB)
6 Reserved =0
8 (MSB) Number of Blocks
(LSB)
9 vu=0 Reserved =0 FLAG LINK

The WRITE SAME command instructs the Target to write asingle block of data transferred to the Target from the Initiator to
anumber of sequential logical blocks. This command is useful for writing large data areas without sending all of the data over
the SCSI bus.

. See the WRITE(10) command description for the definition of the WRPROTECT field.

. Logical Block Address specifies the address at which the write begins. The Number of Blocks specifies the number
of contiguous blocksto be written. If the number is zero, all of the remaining blocks on the specified Logical Unit are
written.

. Number of Blocks specifies the number of contiguous blocks to be written. If the number is zero, al of the remain-
ing blocks on the specified logical unit are written.

. RelAdr (Relative Block Address) is not supported and must be set to be zero.

The data for this command is not retained in the cache.
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19.62 WRITE SAME (16) - (93)

Table 250: Write Same (16) - (93)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 93h
1 WRPROTECT Reserved=0 | Foo0TA |EBDATAT opsolete
(MSB)
2-9 Logical Block Address
(LSB)
(MSB)
10-13 Number of Blocks
(LSB)
14 Reserved =0
8 (MSB) Number of Blocks
(LSB)
9 vuU=0 Reserved =0 FLAG LINK

The Write Same command instructs the Target to write a single block of data transferred to the Target from the Initiator to a
number of sequential logical blocks. This command is useful for writing large data areas without sending all of the data over
the SCSI bus. See the WRITE(10) command description for the definition of the WRPROTECT field.
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19.63 WRITE SAME (32) - (7F/0D)

Table 251: Write Same (32) - (7F/0D)

Bit
Byte
7 6 4 3 2 1 0
0 Command Code = 7Fh
1 vuU=0 Reserved =0 FLAG LINK
2-5 Reserved =0
6 Reserved =0 Group Number =0
7 Additional CDB Length = 18h
8-9 Service Action = 000Dh
10 WRPROTECT Reserved = 0 PBES‘TA LBES‘TA Resfved
11 Reserved =0
(MSB)
12-19 Logical Block Address
(LSB)
(MSB)
20-23 Expected Initial Logical Block Reference Tag
(LSB)
(MSB)
24 - 25 Expected L ogical Block Application Tag
(LSB)
(MSB)
26 - 27 Logical Block Application Tag Mask
(LSB)
(MSB)
28-31 Number of Blocks
(LSB)

The WRITE SAME command requests that the drive write asingle block of data transferred from the initiator to disk for a
number of sequential logical blocks. Thiscommand is useful for writing large data areas with the same data, without sending
al of the data over the interface. Each logical block transferred includes user data and may include protection information,
based on the WRPROTECT field and the drive format. Each logical block written includes user dataand, if the driveisfor-

matted with protection information enabled, protection information.
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If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data, Check Condition status will be returned with
sense key of Illegal Request and additional sense code of Invalid Command Operation Code. If RTO_EN isone, this com-
mand will be processed normally.

See WRITE SAME (41) for descriptions of the WRPROTECT, Logica Block Address, and Number of Blocks fields.

When checking of the Logical Block Reference Tag field is enabled, the Expected Initial Logical Block Reference Tag field
contains the value of the Logical Block Reference Tag field expected in the protection information of the first logical block
accessed by the command, instead of avalue based on the LBA.

If the ATO hit is set to one in Mode Page OA and checking of the Logical Block Application Tag field is enabled, the Logical

Block Application Tag Mask field contains avalue that is abit mask for enabling the checking of the Logical Block Applica-

tion Tag field in the protection information for each logical block accessed by the command. A Logical Block Application Teg
Mask hit set to one enables the checking of the corresponding bit of the Expected L ogical Block Application Tag field with the
corresponding bit of the Logical Block Application Tag field in the protection information.

If the ATO bit is set to one in Mode Page OA and the checking of the Logical Block Application Tag field isdisabled, or if the
ATO hit isset to zero, the Logica Block Application Tag Mask field and the Expected Logical Block Application Tag field are
ignored.
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20.0 SCSl Satus Byte

Upon the completion of a command a status byte is sent to the initiator. Additional sense information may aso be available
depending on the contents of the status byte. The following section describes the possible values for the status byte and sense
data. All Reserved fields are set to zero.

Table 252: SCSI Satus Byte. Format of the SCSI STATUS byte.

Bit

7 6

5 4 3 2 1 0

Reserved =0

Status Code RSVD

STATUSBYTE Description

00h

02h

04h

08h

10h

14h

18h

28h

GOOD
The command has been successfully completed.
CHECK CONDITION

An error, exception, or abnormal condition has been detected. The sense datais set by the drive. The
REQUEST SENSE command should be issued to determine the nature of the condition.

CONDITION MET
This status is returned when an unlinked PRE-FETCH command has been successfully compl eted.
BUSY

This condition is returned when disconnect privilege is not granted while the drive is BUSY processing the
other command for the other initiator. The normal initiator recovery action isto issue the command at alater
time or to reissue the command and grant the disconnect privilege.

INTERMEDIATE

Not supported.

INTERMEDIATE CONDITION MET
Not supported.

RESERVATION CONFLICT

This status is returned whenever an SCS| device attempts to access the drive, but it has been reserved by
another initiator.

QUEUE FULL

This statusindicates that the target's command queueisfull. If atagged command queuing feature is enabled
and there is no room on the command queue, this statusis returned when the initiator sends a command. For
this status, sense data are not valid.
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21.0 Additional information

This chapter provides additional information or descriptions of various functions, features, or operating models supported by
the Target that are not fully described in previous chapters.

21.1 Obtainingan AL_PA

The SCA-2 FC-AL connector used by the drive provides 7 bits which encode a preferred Hard AL_PA for use on both loops.
If thisvalueis set to 7Fh, a Soft AL_PA will be used.

Note: Loop Initialization cannot be bypassed if Soft AL_PA is selected.

A Soft AL_PA will also be used if, for any reason, the Hard AL_PA cannot be obtained. If this happens, The drive will
. log out al initiators
. accept new port logins
. accept each process login with a reason code of: 05h

No special action istaken if the connector supplied AL_PA is changed while the drive is participating on the loop(s).

21.2 Loop Initialization Procedure

L_Ports use the Loop Initialization Procedure in order to acquire an AL_PA and participate on the loop.

The drive optionally initiates the Loop Initialization Procedure shortly after power-on, depending on the configured mode set-
tings. Inaddition, it may (depending on the mode settings) initiate the Loop Initialization Procedure for the following reasons:

3. When it has been unable to obtain the loop for E_D_TOV.
4. When aloop failure has been detected (loss of sync for R_T_TOV)

The Loop Initialization Procedure is disruptive to any communication that is actually in progress on the loop. IOPs that are
gueued or active but without any frames 'in flight' are not affected.

Initiators are not logged out by the Loop Initialization Procedure, but it is their responsibility to login if their AL_PA changes.
The drive detects (via the Port_Name) this situation and implicitly ends the prior login. Theinitiator may perform a'Port Dis-
covery' sequence to check that the targets have not physically changed.

The L_Port that initiates the Loop Initialization Procedure must transmit LIPsfor 2 x AL_TIME to ensurethat all L_Ports par-
ticipate. By default, AL_TIME is set to 15ms.

All L_Ports must provide sufficient buffering to receive and transmit the LI1xx frames that are circulated during the Loop Ini-
tialization Procedure. The largest of these (LILP and LIRP) have a 132 byte payload and are supported by the drive.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
309



Table 253: LIxx Frame Payloads

LIxx Frame Payload

LISM 1101 0000h 8 - byte Port_Name

LIFA 1102 0000h 16 - byte AL_PA bit map

LIPA 1103 0000h 16 - byte AL_PA bit map

LIHA 1104 0000h 16 - byte AL_PA bit map

LISA 1105 0000h 16 - byte AL_PA bit map

LIRP 1106 0000h 128 - byte AL_PA position map
LILP 1107 0000h 128 - byte AL_PA position map

The Loop Initialization Procedure is as follows...
1. Select Initial AL_PA
Theinitial AL_PA isEFh.
2. Select alLoop Master
LISM frames are continuously transmitted. TheD_ID and S _ID fields are set to 0000EFh.

If aLISM frameisreceived which isthe same as the one transmitted, the Port becomesthe L oop Master and continues the
procedure at step 3.

For all other received LISM frames...
- If the D_ID is 000000h, the frame is retransmitted.
- If the Port_Name in the payload is greater than the Port_Name, the frame is discarded.
- If the Port_Name in the payload is less than the Port_Name, the frame is retransmitted.

If an ARB(FO) is received, the Port continues the procedure at step 4.
3. Loop Master

a. ARB(FQ) is continuously transmitted until ARB(FO) isreceived.

b. The Port preparesan LIFA frame with aninitial AL_PA bit map of al zeros. After transmitting the LIFA frame, the
Port waits to receive a LIPA frame.

c. The AL_PA bit map from the LIFA frameisused in aLIPA frame. If the bit corresponding to the Port’s previously
assigned AL_PA isnot set it isset now. If it isaready set, the Port attemptsto obtain its Hard AL_PA instep d. The
Port transmits the LIPA and waitsto receive it back.

d. The AL_PA bit map from the LIPA frameisused in aLIHA frame. If the bit corresponding to the Port’s hard
assigned AL_PA isnot set it is set now (unlessabit was set for LIPA). If it isalready set, the Port attempts to obtain a
Soft AL_PA in step e. The Port transmits the LIHA and waits to receive it back.

e. The AL_PA bit map from the LIHA frameisused in aLISA frame. If abit was not set for LIHA, the bit associated
with the lowest priority AL_PA till availableis set. Thisisthe Port’s“ soft assigned” AL_PA. If no bitsare available,
the Port shall stay in non-participating mode. The Port transmitsthe LISA and waitsto receiveit back. If byte 3 of the
payload in the received LISA frameis till 01h (indicating that al nodes on the loop support positional mapping) the
drive continues with the next two steps. Otherwise, the next two steps are skipped.

f. The Port creates a LIRP frame with an AL_PA position map of all FFh, except for the first two byteswhich are
01xxh (xx isthe Port’s AL_PA). The Port transmits the LIRP frame and waits to receive it back.

0. TheAL_PA position map from the received LIRP isused to create aLIL P frame. The Port transmitsthe LILP frame
and waits to receiveit back.

h. CLSistransmitted to put all other Portsinto MONITORING state. When received back, the Loop Master itself goes
to MONITORING state.

4. Non Loop Master
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The Port retransmits received ARB(FO) and prepares to receive the following frames, followed by CLS.

a. When aLIFA frameisreceived, the Port will set the bit corresponding to the Port’s “ Fabric Assigned” AL_PA if the
Port was logged-in to the local FL_Port prior to the LIP. (See 21.5, “Public Loop Operation” on page 312.) After
transmitting the LIFA frame, The Port waitsto receive aLIPA frame.

b. When aLIPA frameisreceived (and abit was not set for LIPA), the bit corresponding to any previously assigned
AL_PA ischecked. If not set, it isset now. If it isalready set, the Port attemptsto obtainitsHard AL_PA in step c.
The Port transmitsthe LIPA.

c. WhenalLIHA frameisreceived (and abit was not set for LIPA), the bit corresponding to any required hard assigned
AL_PA ischecked. If not set, it isset now. If it is already set, the Port attemptsto obtain a Soft AL_PA in step d. The
Port transmits the LIHA.

d. When aLISA frameisreceived (and abit was not set for LIHA), the bit associated with the lowest priority AL_PA
gtill available is set. Thisisthe Port’s soft assigned AL_PA. If no bits are available, the Port shall stay in non-partici-
pating mode. The Port transmits the LI1SA.

e. If aLIRPframeisreceived, and the Port was ableto claim an AL_PA in one of the LIXA frames, the left most byte
isincremented by one and used as an offset at which to store the Port’s AL_PA. The Port transmitsthe LIRP.

f. If aLILPframeisreceived, the Port may storethe AL_PA position map for use in error recovery. The Port transmits
the LILP.

g. When CLSisreceived, the Port retransmitsit and goesto MONITORING state.

21.3 Flow Control

The drive provides a Class 3 service. Flow control is maintained using R_RDY's.

Each initiator is required to login with every target. This establishesthe Login BB_Credit, (i.e. how many frames the initiator
or target may send immediately on opening or being opened.)

Prior to login, BB_Credit is zero.

The Alternate BB_Credit Model is operated as follows...
. On opening, the Available BB_Credit in each direction is set to the agreed Login BB_Credit value.
. Each frame sent decrements the Available BB_Credit and each R_RDY received incrementsit.

. If the Available BB_Credit reaches zero, the node must stop sending frames until enough R_RDY s have been
received to restore positive credit.

. Itispermissible to close before credit is balanced (i.e. R_RDY received for each frame sent) but only when enough
buffers are available to satisfy the maximum Login BB_Credit that has been extended.

Available BB_Credit may exceed Login BB_Credit but a point to noteisthat R_RDY is not specific to any frame type. There-
fore, the amount of Available BB_Credit that the drive will extend is limited by the amount of buffer space available for
FCP_CMND or FCP_DATA IUs. For example, during the execution of a 512K WRITE command, there may be buffer space
for 256 2K FCP_DATA IUsand 10 FCP_CMND IUs. The amount of credit extended will be for 10 frames.

21.4 Login Requirements

In order to communicate effectively, apair of L_Ports must exchange operational parameters. The same appliesto any SCSI
processes that use the L_Ports.

The exchange of parametersiscalled L ogin and may be either explicit or implicit.

. Explicit Login isthe default. L_Ports use the PLOGI Extended Link Service sequence to exchange parameters and
SCSI Processes use the PRLI Extended Link Service.

. Implicit Login is enabled via setting of mode page 19h. When enabled, PLOGI and PRLI are not required and a
default set of parametersis assumed.
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The response to certain frames at various stages of login is defined in Table 254.
Table 254: Responseto Frames before PLOGI or PRLI

Frame Received No PLOGI PLOGI but no PRLI
ABTS Discard and Send LOGO BA_ACC or BA_RJT(1)
ADISC Discard and Send LOGO ACC(2) or LS RJT
LOGO ACC ACC

PDISC Discard and Send LOGO ACC(2) or LS RJT
PLOGI ACC ACC

PRLI Discard and Send LOGO ACC

PRLO Discard and Send LOGO ACCor LS RIT(3)
Unlisted Extended Link Service Discard and Send LOGO ACCorLS RIT(4)

Note:

1- Thedrivereturns BA_RJT to ABTS BLSwhen ABTS BLS has RX_ID other than OFFFFh
2 - N_Port ID, Port_Name and Node Name must match alogged in port for ACC to be returned.
3 - If PRLI has not been successfully completed, Reason Code = 'Image Pair does not exist'

4 - Unsupported Extended Link Services are rejected.

Login parameters remain in effect until reset or updated by...

. Power cycle
e LIPResat

. Explicit Logout (LOGO)
. Explicit Login (PLOGI/PRLI)

. Implicit Logout (failure to re-Discover within RR_TOV following LIP)

21.5 Public Loop Operation

The drive is designed to perform as a Public NL_Port described in the FLA 2.70 profile.

Thedrive will:

. tolerate unfairness of aFL_Port

. support 24bit addressing

. accept FAN extended link service
. perform FLOGI to Fabric F_Port (AL_PA = 00h, well known address OFFFFFEh)

. perform registration to asimple name server (AL_PA = 00h, well known address OFFFFFCh) using RFC-4 service.
. claim afabric-assigned AL_PA during LIPin the LIFA sequence

. receive frames from aFL_Port for more than one S_ID in a single loop tenancy

. open L_Port at AL_PA = 00h and send frames to remote port

. usevaluesof E D _TOV, R _A_TOV as specified by the fabricin FLOGI ACC
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21.5.1 NL Port Initialization

NFS Fabric
B

SCSl
Initiator E

Public Loop
Device

Public Loop
Device
Public Loop
Device

IP Host E

Public Loop
Device

i) Non FLA

b) Perform
FLOGI

c) Address
Changed

Implicit LOGO

d) Recovery
from Change

a) FLOGI
Required?

- L_bit set
- AL_PA changed
- no FLOGI yet

€) Receive
FAN

Change/Timeout >

No Address Change

No Address Change
and L_bit not set

First FLOGI

f) No Address

g) Perform

h) Initialize
Complete

Public Loop
Device

Public Loop
Device

During LIP, if the port had an AL_PA prior to the LIP, and the port had completed FLOGI, then the port attempts to acquireits

Fabric-assigned AL_PA during LIFA sequence.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
313



a) FLOGI Required

Upon completion of LIP, the port will implicitly log out with the Fabric and perform FLOGI if one or more of the fol-
lowing istrue:

* the L_bit was set to onein at least the LISA sequence during the LIP.
« the port did not acquire the AL_PA it had prior to the LIP.
» the port did not have an AL_PA prior to the LIP.

» the port had not completed FLOGI prior to the LIP
b) Perform FLOGI

The port attempts to send FLOGI to the FL_Port by opening AL_PA = 00h using Full-Duplex. Meanwhile the port
ignores any FAN EL S and responds to ADISC or PLOGI request sequenceswith an LS _RJT reply sequence, with a
Reason code of “Unable to perform Command Request at thistime”. If the FLOGI request fails for any reason, the port
proceeds to step i). If no address change occurred and the L_bit is not set then the port proceedsto step f). If thisisthe
first FLOGI or if the address has not changed and the L_hit is set, then the port proceeds to step g).

¢) Address has changed
The port has determined that its own addressing information and/or that of the FL_Port has changed, or that it did not

have completed addressing information (via FLOGI) prior to the initialization. The port discards all pending Exchanges,
and performs implicit LOGO with al other ports. The port proceeds to step d).

d) Recovery from address change
The port waits R_A_TOV. During this time the port discards all frame received except for the PLOGI and ADISC
request sequences and LOGO ACC reply sequences. The port respondsto al PLOGI request withan LS RJT reply

seguence, with a Reason code of “Unable to perform Command Request at thistime”. The port respondsto each ADISC
request sequence with a LOGO request sequence. The port proceeds to step g).

€) Receive FAN
If FLOGI is not required, the port waitsE_D_TOV to receive FAN ELS. The port discards all frames received except

ADISC and PLOGI requests until FAN is received. The port responds to ADISC and PLOGI request sequences with an
LS RJT reply sequence, with a Reason code of “Unable to perform Command Request at thistime”.

After receiving the FAN ELS, if the port determines the FL_Port has the same address, F_Port_ Name and
Fabric_Name that the FL_Port had before initialization, the port proceeds to f). Otherwise, the port implicitly logs out
with the Fabric and proceeds to b).

If the port does not receive a FAN ELS within E_D_TOV the port proceeds to b).
f) Address has not changed
The port resumes all suspended Exchanges with Remote Ports and with Local Ports that are known to be Public

NL_Ports. If the port has any suspended Exchanges with Private Loop devices on the Local Loop, the port requires the
private loop authentication described in PLDA profile. The port proceeds to step h).

g) Perform RFC-4
The port performs PLOGI with the Directory Server (AL_PA = 00h, well known address OFFFFFCh) and attempts an
RFC-4 request with the Name Service. Regardless of this attempt of RFC-4, the port proceeds to step h).
h) Initialize complete
This completes initialization for the port.
i) Non FLA

The port is not connected to aloop that contains an FL_Port. The port completes initialization based on the rules
described in PLDA profile.
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21.6 SCSI Protocol

There are various operating conditions that prevent the Target from executing a SCSI command. This section describes each of
these operating conditions and their relative priority.

21.6.1 Priority of SCSI Satus Byte Reporting

After establishingthel_T_L nexusor|_T_L_Q nexusthe Target must first determine whether command execution is allowed.
Execution is deferred until alater timeif the command must be added to the command queue. Execution may also be pre-
vented by an internal Target condition that requires the reporting of a Check Condition, Queue Full, Busy, or Reservation Con-
flict Status. There are severa different internal conditions to be active at the same time. The order in which the Target checks
for each of these conditions determines their priority (highest priority first) asfollows:

Check Condition status for invalid Logical Unit Number. (See Section 21.6.2, “Invalid LUN Processing” on page 315)
Check Condition status for Incorrect Initiator Connection (See Section21.6.3, “ Overlapped Commands’ on page 315)
Check Condition status for Unit Attention Condition (See Section 21.6.5, “Unit Attention Condition” on page 317

Busy Status or Queue Full Status (See 21.6.4, “Command Processing During Execution of Active I/O Process’ on
page 316

Check Condition status for Deferred Error Condition (See Section 21.6.8, “Deferred Error Condition” on page 319)

6. Check Condition status during Startup and Format operations (See Section “21.6.6, “ Command Processing During
Startup and Format Operations’ on page 319)

7. Reservation Conflict status (See Section 21.6.10, “Command Processing while Reserved” on page 327)
8. Check Condition status for invalid command opcode
9. Check Condition status for invalid command descriptor block

A w DN

o

The highest priority internal condition that prevents command execution is reported by the Target provided there is no bus
error.

For all Check Conditions Sense datais built by the target provided avalid LUN addressis known. Sense datais cleared by the
Target upon receipt of any subsequent command to the LUN from the initiator receiving the Check Condition.

21.6.2 Invalid LUN Processing

Any value other than zero in the FCP_LUN field of the FCP_CMD IU isinvalid.
Thetarget's response to an invalid LUN varies with the command, as follows:

Inquiry: Execute the command, return the INQUIRY data that indicates unknown device type (byte 0 = 7Fh), and return
GOOD status. All other bytes are valid (see 19.5, “INQUIRY (12)” on page 125).

Request Sense:  Execute the command, return the sense data with the Sense Key set to lllegal Request and the Additional
Sense Code and Additional Sense Code Qualifier set to LOGICAL UNIT NOT SUPPORTED, and return GOOD status (see
also 19.34, “REQUEST SENSE (03)” on page 257).

All Others: Do not execute the command and return CHECK CONDITION status, along with the auto-sense data with the
Sense Key set to lllegal Request and the Additional Sense Code and Additional Sense Code Qualifier set to LOGICAL UNIT
NOT SUPPORTED.

In all cases, the target's response to the command for an invalid LUN does not affect the current execution of acommand on
the valid LUN for thisinitiator or any other initiator.

21.6.3 Overlapped Commands

Fibre Channel Protocol for SCSI Revision 012 (X 3.269-1996) says the following: "5.5.9 The value of the OX_ID isthetag
defined by X3.270-1996. Since the value of the OX_ID isrequired by FC-PH to be unique, there is no requirement for an FCP
logical unit to check for overlapping commands.” Thus the drive does not perform any overlapped command checking.
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21.6.4 Command Processing During Execution of Active /O Process

When the target is not executing any 1/O processes, anew /O processis permitted to execute (unless execution is prevented by
another internal target condition listed in 21.6.1, “Priority of SCSI Status Byte Reporting” on page 315).

If an active 1/O process exists when the target receives a new command, then the target determinesif:
»  thecommand is permitted to execute
. the command is added to the queue
. Queue Full statusisto be returned
. Busy statusisto be returned

If an active 1/0O process exists when the target receives a new command, then the target determines how the new command
should be handled based on the following rules:

*  Check Condition statusis returned with sense key set to Logical Unit Not Ready if:

» the startup operation or aformat operation is active. See 21.6.6, “Command Processing During Startup and For-
mat Operations’ on page 319 for the exact conditions which cause this response.
Note: If aUnit Attention is pending when this condition exists, the sense key is set to Unit Attention rather than Logical Unit
Not Ready since Unit Attention has a higher reporting priority (see 21.6.1, “Priority of SCSlI Status Byte Reporting” on

page 315).
»  Thecommand is permitted to execute if:

» thecommand isapriority command (see 21.7, “Priority Commands’ on page 327).
«  theconditions to execute concurrently are met (see 21.10, “Concurrent 1/0O Process’ on page 328).
e Thecommand is added to the queue if:

» any I/O process aready exists at the target, and

» thisisnot an incorrect initiator connection.
. Queue Full statusisreturned if:

» the command would otherwise be added to the queue (according to the rules described above), but al slotsin
the queue are full, or

» the command would otherwise be added to the queue (according to the rules described above), but all of the
available queue sots not reserved for use by another initiator are full, or

e aFormat Unit command was previously queued but has not yet begun execution, or

» thetargetisin aDegraded Mode (see 21.6.9, “ Degraded Mode” on page 320) and a Start Unit command was pre-
viously queued but has not yet begun execution.

. Busy statusis never returned.
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21.6.5 Unit Attention Condition

The target generates a unit attention condition when one of the following occurs:

The target has been reset

Thisincludes a power-on reset or areset caused by a Target Reset Task Management function or Reset LIP. In al of
these cases, a unit attention condition is generated for each initiator. 1n addition, aprocesslogin (PRLI) will cause a
Unit Attention Condition Power-On Reset for that initiator with an Additional Sense Code and Additional Sense
Code Qualifier reported as Power-On Reset, Power-On Reset Occurred.

MODE SELECT command has been executed

In this case, a unit attention condition is generated for all initiators except the one that issued the MODE SELECT
command. The Additional Sense Code and Additional Sense Code Qualifier reported is MODE PARAMETERS
CHANGED. The unit attention condition is generated if any of the current page parameters are set by the MODE
SELECT command. The target does not check to see that the old parameters are different from the new parameters.
For example: If theinitiator issuesa MODE SENSE command with a page code to report the current values followed
by aMODE SELECT command with the same parameter list, a unit attention condition is generated despite the fact
that the current parameters were not changed from their previous value. However, if the target detects anillegal
parameter or error condition prior to modifying the current parameters, a unit attention condition is not generated
since the parameters were not set. The unit attention condition is also not generated if the MODE SELECT command
parameter list does not include any pages and only the header or header/block descriptor is present.

FORMAT UNIT command has been executed

In this case, a unit attention condition is generated for all initiators except the one that issued the FORMAT UNIT
command. The Additional Sense Code and Additional Sense Code Qualifier reported isNOT READY TO READY
TRANSITION, (MEDIUM MAY HAVE CHANGED). Thisindicates that the block descriptor parameters from the
last MODE SELECT command have been used and are now considered current values.

WRITE BUFFER command to download microcode has been executed

In this case, a unit attention condition is generated for all initiators except the one that issued the WRITE BUFFER
command. The Additional Sense Code and Additional Sense Code Qualifier reported is MICROCODE HAS BEEN
CHANGED.

Commands Cleared by another initiator

This unit attention condition is generated after an initiator sends a Clear Task Set Task Management function. The
unit attention condition is generated for all other initiators with 1/O processes that were either active or queued for the
logical unit. The Additional Sense Code and Additional Sense Code Qualifier reported is COMMANDS CLEARED
BY ANOTHER INITIATOR.

LOG SELECT command with PCR bit has cleared parameters.

In this case, a unit attention condition is generated for all initiators except the one that issued the LOG SELECT com
mand. The additional sense code and additional sense code qualifier reported is Log Select Parameters Changed.

The registration or reservation made by a Persistent Reserve Out command was cleared by another initiator.
In this case, a unit attention condition is generated for the initiator that held the cleared registration or reservation.
A Predictive Failure Analysis threshold has been reached and the Method of Reporting field of mode page 1Ch is 2h.
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The unit attention condition persists for each initiator until that initiator clears the condition from the logical unit as described
below. Several commands are handled as special cases during a unit attention condition These cases are also discussed bel ow.

If the target receives acommand from an initiator before reporting a CHECK CONDITION status for a pending unit attention
condition for that initiator, the target's response varies with the command as follows:

Inquiry Execute the command, return GOOD status, and preserve the unit attention condition.

Report Luns  Sameas above

Request Sense  Execute the command, return any pending sense data, return GOOD status, and preserve the unit
attention condition. If thereis not any pending sense data, the sense data associated with the highest
priority unit attention condition is returned and the highest priority unit attention condition is
cleared for thisinitiator.

All Others Do not execute the command, return a CHECK CONDITION status, clear the highest priority unit
attention condition for thisinitiator and return the associated sense data.

More than one unit attention condition may be generated for an initiator before that initiator clears the unit attention condition.
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21.6.6 Command Processing During Sartup and Format Operations

If the Target receives acommand from an Initiator while the Target is executing a startup or format operation, the response of
the Target varies with the command as follows:

INQUIRY The drive sends inquiry data and returns appropriate status.

REQUEST SENSE Executes the command, returns a Sense key of NOT READY and an Additional Sense Code of
LOGICAL UNIT NOT READY and returns GOOD STATUS.

The Additional Sense Code Qualifier that is returned depends on type of 1/O processes that are
active:

For the START/UNIT STOP and the Auto-start operation, the qualifier returned is LOGICAL
UNIT ISIN PROCESS OF BECOMING READY. For the FORMAT UNIT command, the quali-
fier returned isLOGICAL UNIT NOT READY, FORMAT IN PROGRESS, and the Sense key spe-
cific bytes are set to return the progress indication.

REPORT LUNS The drive sends REPORT LUNS data and approprate status.

ALL OTHER The drive terminates the command with CHECK CONDITION status. The Sense data generated is
described in Reguest Sense above.

21.6.7 Internal Error Condition

The Target generates an Internal Error condition for all Initiators when an internally initiated operation ends with an unrecov-
erable error, that is, the startup sequence for Auto Start enabled terminates after the SCSI bus has been enabled and prior to
completion of the bring-up sequence.

An Internal Error condition causes Sense data to be generated and saved for al Initiators. The Error Code field of the Senseis
set for a Current Error (70h) and the Sense Key is set to HARDWARE ERROR. Recovered errors are not reported.

The Internal Error condition persists for each Initiator until that Initiator clears the condition from the logical unit as described
below. Several commands are handled as special cases during an Internal Error condition. These cases are a so discussed.

If the Target receives acommand from an Initiator while an Internal Error condition existsfor that I nitiator, the response of the
Target varies with the command as follows:

INQUIRY The drive executes the command with GOOD status and does not clear the Internal Error condition.

REQUEST SENSE The drive executes the command, returns the sense data generated by the Internal Error condition,
returns Good Status, and clears the Internal Error condition for that Initiator.

ALL OTHER The drive terminates the command with a CHECK CONDITION status and clears the Internal

Error condition.

21.6.8 Deferred Error Condition

Error code (71h) of sense dataindicates that the Check Condition status returned isthe result of an error or exception condition
that occurred during execution of a previous command for which Good status has already been returned.

The drive creates an Deferred Error condition when
. Execution of a Format Unit command with the immediate bit of one ends with an error.
. Execution of a Write command with WCE (Write Cache Enable) bit of one ends with an error.
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21.6.9 Degraded Mode

There are certain errors or conditions which may impair the ability of the drive to function normally. Rather than fail hard the
driveis designed to be as responsive as possible. Also, in most cases, some action on the part of the initiator may be used to
restore normal operation. This mode of limited operation is called Degraded Mode.

There are 3 conditions in the Degraded Mode:
. Spindle Motor Degrade which is caused by one of the following conditions:
- Spindle Motor is not started by the option jumper setting (Disable Auto Spin Up)
- Spindle Motor is delayed from spinning up by the option jumper setting (Auto Start Delay)
- Spindle Motor was started (by POR or Unit Start command) and the Target is under Self Configuration.
- Spindle Motor Failed to start.
- Spindle Motor was stopped by Unit Stop command after the Target successfully completed the Self Configuration.
. Self Configuration Failure Degraded which is caused by one of the following conditions:
- RAM Code, Configuration Sector Read Failure
- RAM Code, Configuration Sector Revision Mismatch

. Format Command Failure Degraded. This condition is caused when Format Unit command failed or was interrupted
abnormally (Mode Page 0, byte 5, bit 4 FDD controls Format Degraded mode)
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21.6.9.1 Responseto SCSI Command in Degraded Mode - Disable Auto Start
The tables on the following pages show the degraded mode status with acceptable commands and additional sense codes

Table 255: Spindle Motor Degraded Mode - Disable Auto Sart

Command (w/Option) Response

Request Sense Executed. The Target may return Sense Key 02h (Not Ready) ASC/ASCQ
0402h (Initialize Command Required)

Inquiry (EVPD=0) Executed

Inquiry (EVPD=1) Executed and Check Condition is returned with Sense Key 05h (I1legal Request)
ASC/ASCQ 2400h (Invalid Field in CDB)

Test Unit Ready Executed and Check Condition is returned with Sense Key 02h (Not Ready)
ASC/ASCQ 0402h (Initialize Command Required)

Start Stop Unit Executed

(Start) - Success. Good Statusiis returned. Motor Degraded Modeis cleared

- Spindle Motor Start Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 0400h (Start Spindle Motor Fail)

- Self Configuration Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM Code NOT

load)
Start Stop Unit Executed. Good Statusis returned. Motor Degraded Mode is NOT cleared
(Stop)
Other Commands Not Executed. Check Condition Status is returned with Sense Key 02h (Not

Ready) ASC/ASCQ 0402h (Initialize Command Required)
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21.6.9.2 Responseto SCSI Command in Degraded Mode - Auto Sart Delay/ Spinning Up
Table 256: Spindle Motor Degraded M ode - Auto Sart Delay/Spinning Up

Command (w/Option) Response

Request Sense Executed. The Target may return Sense Key 02h (Not Ready) ASC/ASCQ
0401h (In Process of Becoming Ready)

Inquiry (EVPD=0) Executed

Inquiry (EVPD=1) Executed and Check Condition isreturned with Sense Key 05h (I11egal Request)
ASC/ASCQ 2400h (Invalid Field in CDB)

Test Unit Ready Executed and Check Condition is returned with Sense Key 02h (Not Ready)
ASC/ASCQ 0401h (In Process of Becoming Ready)

Start Stop Unit Executed

(Start) - Success. Good Status is returned. Motor Degraded Mode is cleared

- Spindle Motor Start Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 0400h (Start Spindle Motor Fail)

- Self Configuration Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM Code NOT
load)

Other Commands Not Executed. Check Condition Status is returned with Sense Key 02h (Not
Ready) ASC/ASCQ 0401h (In Process of Becoming Ready)

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
322



21.6.9.3 Responseto SCSI Command in Degraded Mode - Spindle Start Failure
Table 257: Spindle Motor Degraded Mode - Spindle Sart Failure

Command (w/Option)

Response

Request Sense

Executed. The Target may return Sense Key 02h (Not Ready) ASC/ASCQ
0400h (Start Spindle Motor Fail)

Inquiry (EVPD=0)

Executed

Inquiry (EVPD=1)

Executed and Check Condition isreturned with Sense Key 05h (I11egal Request)
ASC/ASCQ 2400h (Invalid Field in CDB)

Test Unit Ready Executed and Check Condition is returned with Sense Key 02h (Not Ready)
ASC/ASCQ 0400h (Start Spindle Motor Fail)
Executed

Start Stop Unit - Success. Good Status is returned. Motor Degraded Mode is cleared

(Start) - Spindle Motor Start Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 0400h (Start Spindle Motor Fail)
- Self Configuration Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 4080h (Diag Fail- Bring up Fail)
Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM Code NOT
load)

Start Stop Unit Executed. Good Statusis returned. Motor Degraded Mode is NOT cleared

(Stop)

Other Commands

Not Executed. Check Condition Status is returned with Sense Key 02h (Not
Ready) ASC/ASCQ 0400h (Start Spindle Motor Fail)
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21.6.9.4 Responseto SCSI Command in Degraded M ode - Spindle Stopped by Unit Sop Command
Table 258: Spindle Motor Degraded M ode - Spindle Sopped by Unit Sop Command

Command (w/Option) Response

Request Sense Executed. The Target may return Sense Key 02h (Not Ready) ASC/ASCQ
0402h (Initialize Command Required)

Inquiry (EVPD=0) Executed

Inquiry (EVPD=1) Executed

Test Unit Ready Executed and Check Condition is returned with Sense Key 02h (Not Ready)
ASC/ASCQ 0402h (Initialize Command Required)
Executed

Start Stop Unit - Success. Good Status is returned. Motor Degraded Mode is cleared

(Start) - Spindle Motor Start Failure: Check Condition with Sense Key 02h (Not Ready)

ASC/ASCQ 0400h (Start Spindle Motor Fail)

- Self Configuration Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM code NOT

load)
Start Stop Unit Executed. Good Statusis returned. Motor Degraded Mode is NOT cleared
(Stop)
Other Commands Not Executed. Check Condition Status is returned with Sense Key 02h (Not

Ready) ASC/ASCQ 0402h (Initialize Command Required)
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21.6.9.5 Sdf Configuration Failure Degraded Mode
Table 259: Self Configuration Failure Degraded M ode

Command (w/Option)

Response

Request Sense

Executed. The Target may return
Sense Key 02h (Not Ready) ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM code NOT
load)

Inquiry (EVPD=0)

Executed

Inquiry (EVPD=1)

Executed and Check Condition is returned with
Sense Key 05h (lllegal Request) ASC/ASCQ 2400h (Invalid Field in CDB)

Test Unit Ready

Executed and Check Condition is returned with
Sense Key 02h (Not Ready) ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM code NOT
load)

Start Stop Unit
(Start)

Executed
- Success. Good Status is returned. Motor Degraded Mode is cleared

- Spindle Motor Start Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 0400h (Start Spindle Motor Fail)

- Self Configuration Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM code NOT
load)

Write Buffer
(Download and Save)

Executed.
- Success. Good Status is returned. Motor Degraded Mode is cleared

- Self Configuration Failure: Check Condition with Sense Key 02h (Not Ready)
ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM code NOT
load)

Other Commands

Not Executed. Check Condition Statusis returned with Sense Key 02h (Not
Ready) ASC/ASCQ 4080h (Diag Fail- Bring up Fail)

Sense Key 02h (Not Ready) ASC/ASCQ 4085h (Diag Fail-RAM code NOT
load)
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21.6.9.6 Format Command Failure Degraded Mode
Table 260: Format Command Failure Degraded M ode

Command (w/Option)

Response

Request Sense

Executed. The Target may return
Sense Key 02h (Not Ready) ASC/ASCQ 3100h (Format Corrupted)
Sense Key 03h (Medium Error) ASC/ASCQ 3100h (Format Corrupted)

Inquiry (EVPD=0)

Executed

Inquiry (EVPD=1)

Executed

Test Unit Ready Executed and Check Condition is returned with Sense Key 02h (Not Ready)
ASC/ASCQ 3100h (Format Corrupted)
Format Unit Executed

- Success. Good Status is returned. Format Degraded Modeis cleared

- Failure: Check Condition Statusis returned and Format Degraded Mode is
NOT cleared.

Other Commands

Not Executed. Check Condition Statusis returned with Sense Key 03h (Medium
Error) ASC/ASCQ 3100h (Format Corrupted)

Note:  Mode Page O byte 5 bit 4 (FDD) =0
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21.6.10 Command Processing while Reser ved

A logical unit isreserved after successful execution of the Reserve command. Each time a Reserve command is executed suc-
cessfully, the Target records the SCSI ID of the Initiator that made the reservation and the SCSI ID of the Initiator that isto
receive the reservation. This information is needed to determine whether subsequent commands should be permitted or if the
Reservation Conflict Status should be reported. The Initiator that made the reservation is the Initiator that issued the Reserve
command. The Initiator to receive the reservation may be either the same or a different Initiator (third-party reservation).

If thelogical unit isreserved when anew command is received, the Target examines the command opcode and the SCSI ID of
theissuing Initiator to determine whether a Reservation Conflict Status should be returned based on the following rules:

If theissuing Initiator is the one that made the reservation and & so the one to receive the reservation, then all com-
mands are permitted.

If theissuing Initiator is neither the one that made the reservation nor the one to receive the reservation, then
- A Reguest Sense or Inquiry command is permitted.

- A Release command is permitted but is ignored.

- Any other command results in a Reservation Conflict Status.

If theissuing Initiator isthe one that made the reservation but is not the one to receive the reservation, then
- AnInquiry, Request Sense, Reserve, or Release command is permitted.

- Any other command results in a Reservation Conflict Status.

If theissuing Initiator is not the one that made the reservation but is the one to receive the reservation, then
- A Reserve command results in a Reservation Conflict Status.

- A Release command is permitted but is ignored.

- Any other command is permitted.

If a Reservation Conflict Statusis not reported and the command is permitted, then the Target checks the next highest priority
internal condition to determine whether execution is allowed. See Section 21.6.1, “Priority of SCSI Status Byte Reporting” on
page 315.

21.7 Priority Commands

Certain SCSI commands always execute without returning a Busy Status or Reservation Conflict Status in response to the
command. These commands are

. Inquiry

. Request Sense

. Report LUNSs

»  Test Unit Ready

These commands are executed prior to attempting to complete the execution of any other pending command in the queue.
These commands are never queued.
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21.8 Command Queuing

When the initiator specifies that the drive shall disable command queuing, the initiator must send only untagged commands.
When the initiator specifies that the target shall enable command queuing, the initiator may send either tagged or untagged
command, but shall not use both at the same time.

The following commands are never queued.
. Priority Commands (i.e.: Request Sense and Inquiry)

. Commands for an invalid LUN.

21.8.1 Queue Depth

Any initiator can queue at |east one command at any timeirrespective of the actions of any other initiatorsin the system. A sin-
gleinitiator may queue up to 128 commands, if no other initiator has more than one command in the queue, although at times
this maximum may be reduced as the drive can reserve command blocks for internal use.

21.8.2 Queue Full Satus

The drive will respond with QUEUE FULL statusto a SCSI command when all queue slots are utilitzed. The SCSI command
is not placed in the command queue under this condition.

21.8.3 Effectsof LIP on Command Queuing

When aloop re-initializes (viaa LI P sequence) command execution for al initiators on theinitializing port is suspended. After
loop initialization is complete, the drive will maintain all queued commandsfor al initiators up to RR_TOV. If an initiator per-
forms Exchange Authentication (via PDISC or ADISC) within RR_TQV, its queued commands will now be free to execute.

If an initiator fails to authenticate within RR_TOV, the initiator will be implicitly logged out, and the commands will be
removed from the command queue.

21.8.4 Termination of 1/O Processes

Normal termination of 1/O processes occurs when the target returns SCSI status. 1/0 processes may also be terminated by the
following:

* AnABORT TASK terminates the specified 1/0O process from the issuing initator
. An ABORT TASK SET terminates all 1/O processes from the issuing initiator
. A CLEAR TASK SET, TARGET RESET or reset terminates all 1/0 processes from al initiators

. Failure by an initiator to initiate Exchange Authentication within RR_TQOV of the completion of Loop Initialization
resultsin an implicit logout and termination of all associated 1/0 processes (21.8.5 Effects of LIP on Command Que-
ing on apage 291)

21.9 Command Reordering

Command reordering is supported when enabled by the Queue Algorithm Modifier in mode page OA ( see 19.10.9, “Mode
Page OA (Control Mode Page Parameters)” on page 186.

21.10 Concurrent I/O Process

Concurrent command are always allowed to execute concurrently with non-priority commands. A second priority command
received while a priority command is being executed is put at the head of the command queue.

. WRITE commands when another WRITE command is an active |/O process

. READ commands when another READ command is an active 1/O process
When a concurrent command ends in CHECK CONDITION status, the QErr bit on the Mode Page OAh will determine how
other active I/O processes from the same initiator for that drive will be handled.
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21.11 Write Cache

If the WCE (Write cache enable) bit is 1, the drive returns Good Status and Task complete message and goes to Bus Free
immediately after receiving the data of the last sector before actually writing the data onto the media.

If the drive detects an error after it returns a Good Status, the drive sets a Deferred Error (Error Code of sense data = 71h) and
afollowing command will be returned with Check Condition and the Contingent allegiance condition is established. Under the
Contingent allegiance condition all queued processes including commands from other initiators are suspended.

21.12 Automatic Rewrite/Reallocate

The target supports Auto and Recommended Reallocate for READ, WRITE, WRITE VERIFY, and VERIFY.

Automatic and Recommend Reall ocate operate from within the read/write command. When an automatic reallocation occurs,
the read or write command takes longer to compl ete.

This operation is sometimes referred to as auto-reassignment due to its similarity to the operation performed by the reassign
command.

Following is a description of the target behavior for each setting of ARRE. ARRE setting affects all data errors. (No Sector
Found, Data Sync Byte Errors and Data ECC Errors.)

ARRE=1: An error site determined to need rewriting or reallocation during aread is automatically rewritten or reallo-
cated at the conclusion of the read and prior to the sending of the status. The site will be automatically
rewritten or reallocated only if the data has been successfully read.

ARRE=0: An error site determined to need rewriting or reassignment during aread is recommended for rewriting or
reassignment at the conclusion of the read.

The setting of the ARRE bit is checked and the target will automatically rewrite/reall ocate or recommend rewrite/reassign for
the following commands.

. Read
. Write

For al other commands the ARRE setting isignored and the target will not automatically rewrite/ reallocate or recommend
rewrite/reassign.
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Following is adescription of the target behavior for each setting of AWRE. AWRE setting effects only No Sector Found Errors
on writes.

AWRE=1: An error site determined to need reassignment during awrite is automatically reallocated at the conclusion
of the write and prior to sending the status. The site will be automatically reallocated only if the write recov-
ery succeeded at the conclusion of the write.

AWRE=0: An error site determined to need reassignment during awrite is recommended for reassignment at the con-
clusion of the write.

The setting of the AWRE bit is checked and the target will automatically reallocate or recommend reassign for the following
commands.

e Write(6)
e Write(10)
. Write portion of Write and Verify
For all other commands the AWRE setting is ignored and the target will not automatically reallocate or recommend reassign.

Auto/Recommend Reallocate information is communicated via the sense data returned following a command during which a
site was determined to need rewriting or reassignment. The LBA returned in the sense datais the LBA that was determined to
need rewriting or reassignment.

The sense data combinations with auto/recommend rewrite/reallocate are listed bel ow.

Table 261: Sense data combinations with auto/recommend rewrite/reallocate

Key Code | Qual | Description
1 17 01 | Recovered Datawith retries
1 17 06 | Recovered Datawithout ECC - Auto Reallocated
1 17 07 | Recovered Datawithout ECC - Recommend Reassign
1 17 09 | Recovered Datawithout ECC - Data Rewritten
1 18 00 | Recovered Datawith ECC
1 18 02 | Recovered Datawith ECC - Auto Reallocated
1 18 05 Recovered Datawith ECC - Recommend Reassign
1 18 07 | Recovered Datawith ECC - Data Rewritten
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21.13 Segmented Caching

21.13.1 Overview
Segmented Caching divides the data buffer into several smaller buffers. Each buffer is used as Read/ Write/Read-Ahead buffer.

21.13.2 Read Ahead

The Read Ahead function consists of reading data that the Initiator has not yet requested to the drive buffer. Thisfunctionis
intended to improve performance for an initiator that frequently accesses sequentia data with successive SCSI read com-
mands. The Read Ahead function works when RCD (the read cache disable) bit of read cache page (page 08h) is set to zero.

The drive initiates the Read ahead function when the following conditions exist:
* RCDisO
. Read, Verify and Write and Verify isreceived.
*  The consecutive LBA of the requested LBA is not available in the buffer
If SCSI reset or target reset message is received, all contents of segmented buffer is flushed.

Even if an error occurs during the Read ahead, the error will not be reported to the Initiator. The data read before the error
occurred will be stored as valid data by the Read Ahead function.

21.14 Multiple Initiator Systems

This section describes how the target behaves in a multipleinitiator system. Up to 64 initiators may be supported at any one
time.

21.14.1 Sense Data

A separate sense data areais reserved for each initiator. Each area is maintained independently. This allows a command from
one initiator to complete with a CHECK CONDITION status and generate sense data without being affected by a subsequent
command from a different initiator. There is no requirement for the first initiator to send a REQUEST SENSE command to
retrieve the Sense Data prior to the execution of acommand from a different initiator.

21.14.2 Mode Pages

A single set of Mode pagesis maintained. Thisincludes both current and saved parameters. If aMODE SELECT command is
executed that updates the current parameters, a unit attention condition is generated for all initiators except the one that issued
the command. See 21.6.5, “Unit Attention Condition” on page 317 for more information.

21.15 Enclosure Services

Enclosure Services alow the Host Computer System to access information held by the Enclosure Microcontroller using the
same industry standard interface as the enclosed devices.

This disk drive supports the ESI (Enclosure Services Interface) for this purpose, as described in the Functional Specification.

The drive sets the EncServ bit to 1b in the Standard INQUIRY Dataindicating that it supports enclosure services. Thisindi-
cates that the Host may use the SEND DIAGNOSTIC and RECEIVE DIAGNOSTIC RESULTS commands to access informa-
tion held by the Enclosure. Thisinformation isin the form of 'Diagnostic Pages.

Diagnostic Pages 01h to OFh are reserved for Enclosure Services.

There are two distinct forms of Enclosure Services. The EncServ bit does not specify which form the Target and Enclosure are
capable of (if any). The Host can discover this by using a RECEIVE DIAGNOSTIC RESULTS command to request Diag-
notic Page 00h.

When requested to communicate with the enclosure viathe SEND and RECEIVE DIAGNOSTIC commands, the drive goes
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through a'discovery phase' with the enclosure as defined in the SFF-8067 standard. The results of this discovery phase deter-
mine whether the enclosure: 1) does not support Enclosure Services, 2) supports only the 'short’ Enclosure Services mode as
defined by SFF-8045, or 3) supports the 'long' Enclosure Services mode as defined by SFF-8067. After the discovery phase,
the drive behaves in accordance with the Enclosure Services mode capabilities of the enclosure. The drive does not attempt to
remember the Enclosure Services capabilities of the enclosure, but rather, in accordance with the SFF-8067 standard, re-per-
forms the discovery phase for each SEND and RECIEVE DIAGNOSTIC command received.

Short This mode is defined for use when an Enclosure simply supplies an 7-bit parame-
ter as defined by the SFF-8045 standard to the drive.

When mounted in this type of Enclosure, an attempt to access any Enclosure Ser-
vice Diagnostic Page using the SEND DIAGNOSTIC command will terminate the
command with CHECK CONDITION status. The sense datawill have a Sense
Key of Illegal Request and an Additional Sense Code of UNSUPPORTED
ENCLOSURE FUNCTION.

Requesting any Enclosure Service Diagnostic Page using the RECEIVE DIAG-
NOSTIC RESULTS command will return only Diagnostic Page 08h (Short Enclo-
sure Status).

Long Thisform is defined for use when the Enclosure and target are able to communi-
cate using the secondary interface as defined in the SFF-8067 standard.

When mounted in this type of Enclosure, any attempt to access an Enclosure Ser-
vice Diagnostic Page using the SEND DIAGNOSTIC or RECEIVE DIAGNOS-
TIC RESULTS commands resultsin the Diagnostic Page being transferred to/from
the enclosure. CHECK CONDITION status and sense data with an appropriate
Sense Key and Additional Sense Codeisgenerated if the transfer fails or cannot be
performed.

Note: For amore detailed description of Enclosure Services, please refer to the following specifications:
. SFF-8067 Specification

21.15.1 Enclosurelnitiated ES|
This drive supports Enclosure Initiated ESI as described in the SFF-8067 standard.

21.16 Multiple Initiator Environment

21.16.1 Initiator Sense Data

Separate sense datais reserved for each I-T-L. Each sense datais maintained independent of commands from other initiators.

21.16.2 Initiator M ode Select/M ode Sense Parameters

A single shared copy of the Mode Sel ect/M ode Sense parametersis maintained by the drive. Thisincludes both the current and
saved parameters.

21.17 Reset

Reset actions will return the drive to aknown, initialized state.

This device supports the Hard reset option as defined in the SCSI standards (see 7.1.9 Dev_Ctrl_Code x on page 33) and the
reset sources discussed below.
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21.17.1 Reset Sources
There are four sources of resets detected by the target:

Reset Name Reset Source

Power-On Reset Thisisthe signal generated by the hardware at initial power-on

Self-Initiated reset Thisisasoftware-generated reset that occurs when a catastrophic error is detected by
the microcode.

LIP Reset ThisisaLIP(AL_PS PD) primitive sequence wherethe AL_PD matchesthe AL_PA
of thedrive.

Target Reset Thisisan FCP_CMD IU with the TARGET RESET TMF flag set.

Reset LUN ThisisaFCP_CMD IU with the RESET LUN TMF flag set.

21.17.2 Reset Actions
The action taken by the drive following areset is dependent on the source of the reset.

21.17.2.1 Power-On reset and Self-Initiated reset
These two reset conditions cause the following to be performed in the order shown:
. A power-up sequence

e A startup sequenceis necessary to put the drive in aready state
These reset conditions cause the following actions:

. If the reset occurs during the power-up sequence, the power-up sequence is re-started.

. If the auto-start option is enabled and a start-up sequence has not yet completed, the start-up sequence is restarted.
Note: The power-up sequenceis not re-run, since it has already compl eted.

. If the reset occurs while a physical sector is being written, the WRITE operation is disabled at the end of the current
sector. The mediais not corrupted if power is maintained to the end of the current sector.

21.18 Diagnostics

The drive will execute Power on Diagnostics at power on time to assure the correct operation of the drive by validating com-
ponents (ROM, RAM, Sector Buffer, EEPROM, HDC, Spindle Motor, Actuator), checking stored information in the Reserved
Areaand EEPROM, and verifying fault detects circuits.

Self-test can be invoked by issuing a SEND DIAGNOSTIC command.

21.18.1 Power on Diagnostics

At power on time the following tests are executed:
Validation of ROM and EEPROM

RAM test for internal RAM

Test and Initialize HDC registers

RAM test for Sector Buffer

Start Spindle Motor (if Auto spin up enable)

gk wNPRE
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6. Calibration of Actuator
7. Read/Write test for all Heads
8. Vadlidation of RAM code and data table (RDM, Log, Mode Page) from the Reserved Area

If Auto spin up isdisabled, steps5 - 8 will be executed by the first START STOP UNIT command which has the Start bit set.
Faults detected before successful completion of the HDC section could prevent the drive from responding to a selection.

Faults detected after the successful completion of the HDC test section will be reported as CHECK CONDITION statusto the
Initiator on the first command issued after afault is detected (except for the INQUIRY, REPORT LUNS and REQUEST
SENSE commands). The INQUIRY, REPORT LUNS and REQUEST SENSE commands will always be responded with a
GOOD status. Detecting a fault during power on will not terminate execution of the tests nor will it terminate the power on
process.

21.18.2 Self-test via SEND DIAGNOSTIC Command

21.18.2.1 Default Self-test

The default self-test isinvoked by the SIfTst bit in the SEND DIAGNOSTIC command. The responseis simply a GOOD sta-
tusif the test is successful or a CHECK CONDITION statusif the test fails.

The following tests are performed by the default self-test (in the order defined):

1. Spin check isto check if the spindle motor is running at the correct speed.

2. Write, Read and Comparetest isadisk read/write test. It writes datato a predefined location in the reserved areaand
then reads it back and validates the content. All heads are tested.

3. ECCcircuit test isatest for ECC circuit to ensure that errors can be corrected by the circuit.

4. Seek test isaservo test. It validates seeks to 256 random locations out of the full volume.

21.18.2.2 Short and Extended Self-tests

There are two other types of self-tests that may be invoked using the Function Code field in the SEND DIAGNOSTIC com-
mand: a short self-test and an extended self-test. The tests performed in the short and extended self-tests are described later.

Thetime required by alogical unit to complete its extended self- test is specified in the Extended self-test Completion Time
field in the Control Mode Page. The results of self-test can be retrieved viathe LOG SENSE command for Log Page 10.

21.18.2.3 Self-test Modes

There are two modes for short and extended self-tests: aforeground mode and a background mode. These modes are described
in the following clauses.

Foreground mode

When the drive receives a SEND DIAGNOSTIC command specifying a self-test to be performed in the foreground mode, the
drive will return status for that command after the self-test has been completed. While performing a self-test in the foreground
mode, the drive will respond to all commands except INQUIRY, REPORT LUNS, and REQUEST SENSE with a CHECK
CONDITION status, a sense key of NOT READY and an additional sense code of LOGICAL UNIT NOT READY - SELF-
TEST IN PROGRESS.

If thedriveis performing aself-test in the foreground mode and atest error occurs, the drive will update the self-test resultslog
page and report CHECK CONDITION status with a sense key of HARDWARE ERROR and an additional sense code of
LOGICAL UNIT FAILED SELF-TEST. The application client may obtain additional information about the failure by reading
the self-test results log page.

An application client may terminate a self-test that is being performed in the foreground mode using an ABORT TASK,
ABORT TASK SET, or CLEAR TASK SET task management function. If the drive receivesan ABORT TASK, ABORT
TASK SET, or CLEAR TASK SET task management function while performing a self-test in the foreground mode, it will
abort the self-test and update the self-test results log page.

Background mode
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When the drive receives a SEND DIAGNOSTIC command specifying a self-test to be performed in the background mode, the
drive will return status for that command as soon as the command descriptor block has been validated. After returning status
for the SEND DIAGNOSTIC command specifying a self- test to be performed in the background mode, the drive will initial-
ize the self-test results log page as follows. The Function Code from the SEND DIAGNOSTIC command will be placed in the
Function Code field in the log page. The self-test Results field shall be set to OFh. After the self-test results log pageisinitial-
ized, the drive will begin the first self-test segment.

While the device server is performing a self-test in the background mode, it shall terminate with a CHECK CONDITION sta
tus any SEND DIAGNOSTIC command it receives that meets one of the following criteria:

a TheSfTst bitisone
b. The Function Code field contains a value other than 000b or 100b.

When terminating the SEND DIAGNOSTIC command, the sense key shall be set to NOT READY and the additional sense
code shall be set to LOGICAL UNIT NOT READY, SELF-TEST in PROGRESS. While performing a self-test in the back-
ground mode, the drive will suspend the self- test to service any other command other than SEND DIAGNOSTIC (with Func-
tion Code field set to 100b) WRITE BUFFER (with the mode set to any download microcode option), FORMAT UNIT and
START UNIT STOP command. Suspension of the self-test to service the command will occur within 2 seconds. If SEND
DIAGNOSTIC (with Function Code field set to 100b), WRITE BUFFER (with the mode set to any download microcode
option), FORMAT UNIT or START UNIT STOP command is received, the drive will abort the self-test, update the self-test
log, and service the command within two seconds after the command descriptor block has been validated.

An application client may terminate a self-test that is being performed in the background mode by issuing a SEND DIAG-
NOSTIC command with the Function Code field set to 100b (Abort background self-test function).

Elements common to foreground and background self-test modes

The Progress Indication field returned in response to a REQUEST SENSE command may be used by the application client at
any time during execution of a self-test to poll the progress of the test. While executing a self-test unless an error has occurred,
the drive will respond to a REQUEST SENSE command by returning a sense key of NOT READY and an additional sense
code of LOGICAL UNIT NOT READY - SELF-TEST IN PROGRESS with the sense key specific bytes set for progressindi-
cation.

The application client may obtain information about the twenty most recently completed self-tests by reading the self-test
results log page. Thisisthe only method for an application client to obtain information about self-tests performed in the back-
ground mode. The default self-test results are not logged in the log page.

Tests performed in the Short and Extended Self-test

The following table defines the tests performed in the short and extended self test. They are defined by their segment number
which isalso used to report Self-Test Results, in Log Sense Page 10. Note that the only difference between the Short and the
Extended tests, is the sequentia verify test in segment 7h. Also note that either of these tests can be run in foreground or back-
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ground mode as previously described.
Table 262: Short and Extended Self-Test Description

Segment Short Self- Extended Test Description
1h Drive Ready Test Internal check toinsuredriveis“ready”, similar to a Test
Unit Ready command.
2h Drive Diagnostics Thistest is comprised of the Default Self Test as defined
in Section 21.18.2.1, “ Default Self-test” on page 334
3h SMART Perform SMART testing and check results to ensure that
SMART threshold criteria are not exceeded
4h Low Level Format check Check to insure that the mediais currently not in the
MEDIA FORMAT CORRUPTED state.
5h Physical Head Check Write/Read test on each head in a predefined location in
the drive's Reserved Area of the disk.
6h Random Verify Perform 4000 random verify operations and insure no
uncorrectable errors.
7h - Verify First Verify all Sequential verify operation. Ensure that no uncorrect-
300MB LBA's able errors occur within the verify range.
- Verify Last
100 MB
8h Recheck SMART Same as segment 3h.

21.18.2.4 Background Medium Scan

For arelated function, see Mode Page 1C (Informational Exceptions Control), page 193
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21.19 Idle Time Function

The drive periodically saves datain logs and PFA countersin the reserved area of the disks. The information is used by the
drive to support various SCSI commands and for the purpose of failure analysis.

21.20 Command Time out Limits

The 'Command Time-out Limits' are defined as the time period from the SCSI Arbitration phase through the SCSI Task com-
plete message, associated with a particular command.

The following times are for environments where Automatic Reallocation is disabled and there are no queued commands.

21.20.1 Reassignment Time

The drive should be allowed a minimum of 5 seconds to complete a*“Reassign Blocks” command.

21.20.2 Format Time

Approximately 90/45/25 minutes should be allowed for 300/147/73 GB capacity drivesto complete a"Format Unit" command
when certification is disabled. Allow 180/90/50 minutes when certification is enabled. If "Fast Format" is enabled viathe
FFMT bit in mode page 00h, allow 30 seconds for completion.

21.20.3 Sart/Sop Unit Time

The drive should be allowed a minimum of 30 seconds to complete a“ Start Stop Unit” command (with Immed bit = 0). Initia-
tors should also use thistime to allow startup sequencesinitiated by auto start ups and “ Start Stop Unit” commands (with
Immed bit = 1) to complete and place the drive in a“ready for use” state.

Note: A time-out of one minute or more is recommended but NOT required. The larger system time-out limit allows the
system to take advantage of the extensive ERP/DRP that the drive may attempt in order to successfully complete the startup
sequence.
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21.20.4 Medium Access Command Time

The time-out limit for medium access commands that transfer user data or non-user data or both should be a minimum of 30
seconds. These commands are

Pre-Fetch

Read

Read Defect Data
Seek

Send Diagnostic (Function Code = 0)
Read Long
Reassign Blocks
Write

Write and Verify
Write Buffer
Write Same
Verify

Note:  The 30-second limit assumes the absence of bus contention and data transfers of 64 blocks or less. This time should
be adjusted for anticipated bus contention and if longer user data transfers are requested.

21.20.5 Time-out Limitsfor Other Commands

The drive should be alowed a minimum of 5 seconds to complete these commands:
Inquiry
Log Select
Log Sense
Mode Select
Mode Sense
Persistent Reserve In/Out
Read Buffer
Read Capacity
Read Long
Release
Request Sense
Reserve
Set/Report Device Identifier
Start/Stop Unit (with Immed bit = 1)
Synchronize Cache
Test Unit Ready
Writer Long

The command time-out for acommand that is not located at the head of the command queue should be increased by the sum of
command time-outs for all of the commands that are performed beforeiit is.
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21.21 Recommended Initiator ERP

The Drive's design points for error reporting to the system assumes certain system action for the error return codes. These
assumptions are:

1. SCSl protocol will bethefirst priority in reporting errors.

2. Thesystem will maintain alog of al reported errors.

3. System architecture should include all error handling recommendations made in this section. Deviations should have
mutual agreement between Drive development and system integration.

This section is directed toward documenting the assumptions made by the Drive that the system is expected to implement. The
two error classes that the system should be concerned with are DATA and NON-DATA errors.

Data errors are those errors that deal with the handling of data to and from the MEDIA and are identified by the Additional
Sense Code contained in the sense data. The Additional Sense Codes for data errors are as follows:

. OC - Write error
. 11 - Unrecovered read error
. 14 - No record found
. 16 - Data Synchronization mark error
. 17 - Recovered read error without ECC correction
. 18 - Recovered read error with ECC correction
Typically, data errors do not include positioning of the heads or the data path though the electronics.

Nondata errors are those errors that do not have a direct relationship with transferring data to and from the media. Nondata
errors can include data handling if the mediais not associated with the error (that is, interface error).

The system action assumed for each class of error is outlined here.

21.21.1 Drive Service Strategy

The Drive service strategy is defined so the customer will be able to use the system as soon after afailure is detected as possi-
ble. Thefirst priority isto replace the entire drive to make the system operational with minimal service time. The service rep-
resentative should:

Back up all the customer data on thisdriveif possible
Replace the complete drive

Restore the customer data

Return the drive to customer service

AL PE
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21.21.2 Recommendationsfor System Error Log

The system error log should contain information about the Drive error that will allow recovery actions. The system error logs
should contain all the error information returned in the sense data. At a minimum, the following information about each error
occurrence should be logged.

*  Valid bit and error code (Sense byte 0)

. Sense Key (Sense byte 2)

. Information bytes (Sense bytes 3 through 6)

. Command specific information (Sense bytes 8 through 11)

e Additional Sense Code (Sense byte 12)

e Additional Sense Code Qualifier (Sense byte 13)

. Field Replaceable Unit (Sense byte 14)

. Sense Key Specific (Sense bytes 15, 16, and 17)

*  Vender Unique error information (Sense bytes 20 through 23)

21.21.3 Data Recovery Procedure

Satistically, most data error activity is noise related and has nothing to do with defectsin the media. It iswrong for the system
to assume that every data error reported occurred because of a defect in the media. It is also wrong for the system to assume
that every data error that occurred because of a media defect rendered the Drive unusable.

Recurring data error activity at the same physical location is an indication of a problem. The problem can be due to a media
defect or magnetic damage. A media defect is physical damage to the recording capability of the media while magnetic dam-
age isadefect in the bit pattern written to the media.

In both cases, the error can be corrected without replacing the unit. The physical sector may require relocation. The Drive
determines the need to reassign a sector. The Mode Select Page 1 option bit ARRE (See Section 19.10.3, “Mode Page 01
(Read/Write Error Recovery Parameters)” on page 174) set active allows the Drive to relocate recovered read data errors. Non
recovered data errors or the ARRE bit being inactive will have additional sense codes returned to recommend reassignment of
sectors.

The need to reassign a sector should be infrequent. Sites not meeting error rate criteriaare removed from use during SAT (Sur-
face Analysis Test) in Drive manufacturing. With the exception of some early life SAT escapes (sites that were marginally
missed during SAT), reassigning defective sectors should be rare. Frequent sector reassignment may be an (early) indication of
another type of failure. Sector reassignments are monitored as part of the predictive failure analysis. When athreshold is
exceeded, the Drive will notify theinitiator that a scheduled service action is required.

Drive soft error rates are based on extraneous random faults that are not predictable. Media defects discovered after the Drive
completes manufacturing final test need to be relocated so that soft error rates are not influenced by predictable known error
sites. Failure of the system to properly rel ocate defective media sites can have a direct influence on system throughput and
drive error rates.
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21.21.3.1 Reassign a Physical Sector

The Drive determines the need to reassign physical sectors based on error activity. Once a physical sector requires reassign-
ment, the Drive will either reassign the physical sector, or recommend to the initiator that the LBA associated with the physical
sector be reassigned.

When the following Sense Key, Additional Sense Code, and Additional Sense Code Qualifier combinations are returned, the
initiator should reassign the LBA reported at the next opportunity.

Note:  In Table 263, the Key, Code, and Qualifier fields are all hex values (i.e., Sense Key 1 is 1h, Sense Code 17 is 17h,
etc.).

Table 263: Recommend Reassign Errors

Key Code | Qual | Description

1 17 07 | Recovered Datawithout ECC - Recommend Reassignment

1 18 05 | Recovered Datawith ECC - Recommend Reassignment

To reassign an LBA that has sense data recommending a reassignment, the initiator should:

1. Attempt to recover the data from the sector being reassigned with a Read (08) or Read (28) command.
2. Reassign the LBA using the Reassign Blocks (07) command.

- If the reassignment compl etes successfully (Good Status), log the error in the system error log.

- If the reassignment compl etes unsuccessfully (Check Condition Status), follow the procedure in Section 21.21.3.3,
“Reassign Blocks Recovery” on page 342.

3. Writethe LBA that was reassigned.

21.21.3.2 DataError Logging

The Drive will report data errors to the initiator that do not require immediate action (successful auto reallocation, successful
auto rewrite, or no action needed on this occurrence). Theinitiator should log these errors in the system error log. No other
action isrequired.

Table264: Log Only Errors

Key Code | Qual | Description
1 16 00 Data Synchronization Mark Error
1 17 01 | Recovered Datawith Retries
1 17 06 | Recovered Datawithout ECC - Auto Reallocated
1 17 09 | Recovered Datawithout ECC - Data Rewritten
1 18 00 | Recovered Datawith ECC
1 18 02 | Recovered Datawith ECC - Auto Reallocated
1 18 07 | Recovered Datawith ECC - Data Rewritten
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21.21.3.3 Reassign Blocks Recovery

The Drive provides the capability to remove media defects without reducing capacity. If the mode parameter bit ARRE is
active, the Drive will automatically reallocate LBA's determined to be defective. For those LBA's where the error is unrecov-
erable or the initiator elects to not have the Drive automatically reallocate LBA's, the Drive will recommend reassignment of
the LBA.

Recovery from afailed reassignment consists of the following actions:

. Updating the defect descriptor to remove the LBA's that have been successfully reassigned and then retry the Reas-
sign Blocks command. The LBA contained in the Command Specific Information field of the Sense Dataisthe LBA
in the first defect descriptor that was not reassigned because of the failure. If the command failed because of an unre-
coverableread error other than those specified in the defect descriptor, add this LBA to the defect descriptor and retry
the command. Refer to Section 19.26, “REASSIGN BLOCKS (07)” on page 238, for additional information.

. If the retried Reassign Blocks (07) command compl etes successfully, returning to normal processing.

. If the retried Reassign Blocks (07) command fails, servicing the drive using the service guidelines recommended in
Section 21.21.1, “Drive Service Strategy” on page 339.

21.21.4 Nondata Error Recovery Procedure

The Drive will follow alogical recovery procedure for nondata errors. The initiator options for non-data errors are limited to
logging the error, retrying the failing command, or replacing the drive.

These recovery procedures assume the initiator practices data back-up and logs errors at the system level for interrogation by
service personnel.

21.21.4.1 Drive Busy

The Driveis busy performing an operation. Thisisnot an error condition. The initiator can test for completion of the opera-
tion by issuing Test Unit Ready (00) (or media access) commands.

. If the Test Unit Ready (00) (or media access) command completes with Check Condition Satus then issue a Request
Sense (03)

- If the specified recovery procedure for the sense datais for a condition other than drive busy, follow the recovery
procedure for the condition reported.

- If the specified recovery procedure for the sense datais for adrive busy condition, then continue re-issuing the Test
Unit Ready (00) and Request Sense commands for the duration of a media access time-out or until the drive returns
Good Satus.

- If the drive has been busy for longer than the limit specified in Section 21.20, “Command Time out Limits’ on
page 337, then service the drive using the service guidelines recommended in Section 21.21.1, “Drive Service
Strategy” on page 339. Otherwise return to normal processing.

. If the Test Unit Ready (00) (or media access) command completes with Good Satus, then return to normal process-
ing.

21.21.4.2 Unrecovered DriveError

The initiator should retry the failing command.
1. If theretry of the failing command completes with Good Satus or recovered Sense Key, follow the recovery procedure
in Section 21.21.4.3, “Recovered Drive Error” on page 343.
2. If theretry of the failing command completes with hardware error sense, verify there is no outside cause (e.g., power
supply) for the failure, then retry the failing command.
a. If theretry of the failing command completes with Good Satus, follow the recovery procedure in next Section
21.21.4.3, “Recovered Drive Error” on page 343.
b. If theretry of the failing command completes with Recovered sense or Hardware error sense, then service the drive
using the service guideline recommended in Section 21.21.1, “Drive Service Strategy” on page 339.
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21.21.4.3 Recovered Drive Error

The Initiator should log the error as soft with the recovery level.

21.21.4.4 Drive Not Ready

Theinitiator should do the following:
1. IssueaSart Sop Unit (1B) command.
2. Verify that the drive comes ready within the time specified in Section 4.5.2, “ Drive ready time” on page 13.
3. If thedrivefailsto come ready within the specified time, service the drive using the service guidelines specified in Sec-
tion 21.21.1, “Drive Service Strategy” on page 339.
4. Retry the failing command.
a. If thefailing command completes with Good Satus, log the error as recovered.
b. If the failing command completes with Not Ready sense, verify there is no outside cause (for example, the power
supply). Then service the drive using the service guidelines specified in Section 21.21.1, “Drive Service Strategy”
on page 339.

21.21.4.5 No Defect Spare

Three conditions can cause this error:
1. When the Reassign Blocks (07) command is issued and there are no spares available for the Drive to use for the reloca-
tion requested.
2. When the Glist isfull and the sector to be reassigned cannot be added.
3. During aformat operation, there was not enough space available to fulfill the spare requirement (Dlist istoo large).

Service the Drive following Section 21.21.1, “Drive Service Strategy” on page 339.

21.21.4.6 Degraded Mode

Refer to Section 21.6.9, “Degraded Mode” on page 320, for the definition of this state. There are three causes for entering
degraded mode. In @l cases the Sense Key is Not Ready. The causes are the following:

1. Sense Code/Qualifier of Logical Unit Not Ready, initializing command required. The spindle motor not spinning or not
at the proper speed. This may not be an error condition. The initiator should issue a Unit start (1B) command to start
the spindle motor. If the Drive fails to come ready in the time specified in Section 21.20, “Command Time out Limits’
on page 337, service the drive using the service guideline recommended in Section 21.21.1, “Drive Service Strategy”
on page 339.

2. Sense Code/Quadlifier of Diagnostic Failure. Failure of a Send Diagnostic self test, astart up sequence, or other internal
target failures.

Failure of a send diagnostic self test or a start up sequence.

Thisfailureisthe result of the diagnostics that are executed during power on or when the Send Diagnostic (1D) com-
mand is executed detecting a failure. Aswith the RAM code not loaded and the configuration data not |oaded, the
recovery is either a power cycle or issuing the Send Diagnostic (1D) command with the self test bit set active.
Recovery for afailed Send Diagnostic (1D) is achieved in one of the following ways:

Executing the Send Diagnostic (1D) command
Power cycling the drive

If the failure repeats, service the drive using the service guideline recommended in Section 21.21.1, “Drive Service
Strategy” on page 339.

Recovery for afailed power up sequence is achieved in one of the following ways:
Issuing a Unit start (1B) command
Power cycling the drive.

If the failure repeats, service the drive using the service guideline recommended in Section 21.21.1, “ Drive Service
Strategy” on page 339.
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- Internal target failures

The drive periodically adjusts the track following for each head to compensate for expansion and contraction of the
disks due to temperature changes. If one of these adjustments fails, the drive will enter a degraded mode to prevent
writing data off track.

Recovery of this condition is either a power cycle or successful completion of the Send Diagnostic (1D). Service the
drive using the recommended service guidelines specified in Section 21.21.1, “Drive Service Strategy” on page 339, if
the power cycle or the Send Diagnostic (1D) command fail to complete successfully.

Sense Code/Qualifier of Format Command Failed Format Unit (04), Sense Code/Qualifier of Medium Format Cor -
rupted Reassign Failed Reassign Blocks (07) command, or an automatic reallocation failed or was abnormally termi-
nated.

Recovery from afailed Format Unit (04) is achieved by retrying the command. If the command fails a second time, ser-
vice the drive following the procedure defined in Section 21.21.1, “Drive Service Strategy” on page 339.

If the above defined recovery procedures fail to clear the degraded mode condition, the Drive should be replaced. Follow the
procedure in Section 21.21.1, “Drive Service Strategy” on page 339, when replacing the drive.

21.21.4.7 Reserved AreaHard Error

Sectors found defective in the reserved area of the disk cannot be reassigned after the Drive leaves the factory. The datain the
reserved areais not directly accessible by theinitiator. For thisreason, the reserved areahas all data. A data error must occur in
both copies of the data record before the Drive considers areserved arearead error. When this happens, the integrity of the
drive is questionable.

Service the Drive using Section 21.21.1, “ Drive Service Strategy” on page 339.

21.21.4.8 Interface Protocol

For al interface protocol errors, theinitiator should complete the following steps:
1. Correct the parameter that caused the Illegal Request
2. Retry thefailing command

3.

If the first retry of the failing command completes with
- Good Satus, log the error as recovered

- Check Condition Satus with sense data for an lllegal Request, verify thereis no outside cause (for example, the
power supply) for the failure

- Other, follow the recommendations for the error condition reported. Retry the failing command. If thisretry of the
failing command completes with

» Good Satus, log the error as recovered

 Check Condition Satus with sense datafor an Illegal Request, service the drive using the service guideline rec-
ommended in Section 21.21.1, “Drive Service Strategy” on page 339.

« Other, follow the recommendations for the error condition reported.

21.21.4.9 Aborted Command
Theinitiator should determine the cause from the Additional Sense Code (byte 12):

Sense Key = B (Aborted Command) with Additional Sense Codes of 1B, 25, 43, 49, and 4E are initiator caused abort
conditions. Theinitiator should correct the condition that caused the abort and retry the failing command.

Sense Key = B (Aborted Command) with Additional Sense Code of 44 or 48 are drive caused abort conditions. The
initiator should:

1. Retry thefailing command.

2. If theretry of the failing command completes with
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- Good Satus, log the error as recovered.

- Abort Command Sense, verify thereis no outside cause (e.g. power supply) for the failure.
3. Retry the failing command.
4. If theretry of the failing command completes with

- Good Satus, log the error as recovered.

- Abort command sense, then service the drive using the service guideline recommended in Section 21.21.1,
“Drive Service Strategy” on page 339.

. Sense Key = B (Aborted Command) and an Additional Sense Code of 47 can be an initiator or Drive caused abort
condition. The initiator should follow the above procedure for initiator caused abort conditionsif the Drive detected
the SCSI bus parity error. The initiator should follow the above procedure for Drive caused abort conditionsif theini-
tiator detected the SCSI bus parity error.

21.21.4.10 Unit Attention Condition

Unit Attention Conditions are not errors. They alert the initiator that the drive had an action that may have changed an initiator
controlled state in the drive. These conditions are the following:

Not Ready to Ready Transition

Not ready to ready transition, unit formatted. This Unit Attention Condition will not be reported to the initiator that issued the
Format Unit (04).

Reset
Reset - This means the drive was reset by either a power-on reset, LIP Reset, Target Reset or an internal reset.
M ode Parameter s Changed

A Mode Select (15) command successfully completed. This means that the mode parameters that are the current value may
have changed. The parameters may or may not have changed but the command to change the parameters successfully com-
pleted. The Drive does not actually compare the old current and the new current parametersto determine if the parameters

changed. This Unit Attention Condition will not be reported to the initiator that issued the Mode Select (15).

Microcode Has Changed

Write Buffer (3B) to download microcode has successfully completed. This means that the microcode that controls the Drive
has been changed. The code may or may not be the same as the code currently being executed. The Drive does not compare
old level code with new code.

Commands Cleared by Another Initiator

Tagged commands cleared by a clear queue message. This means that the command queue has been cleared. The Unit Atten-
tion Condition is not reported to the initiator that issued the clear queue message. Unit Attention Condition is reported to all
initiators that had commands active or queued.

Reissue any outstanding command.
L og Select Parameters Changed

A Log Select (4C) command successfully completed. This means that the Log Select command cleared statistical information
successfully (See Section 19.6, “LOG SELECT (4C)” on page 137). Unit Attention Condition is reported to all initiators
excluding the initiator that issued the Log Select command.

Device | dentifier Changed

A Set Device ldentifier (A4) command successfully completed. This means that the Set Device Identifier information field has
been updated. (See 19.41, “SET DEVICE IDENTIFIER (A4/06)” on page 268) A Unit Attention Condition is reported to all
initiators excluding the initiator that issued the Set Device Identifier command.
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21.21.4.11 Components Mismatch

The compatibility test is performed at a power cycle. The compatibility test verifies the microcode version of the electronics.
When the Drive detects the microcode version mismatch, the most likely cause isthe result of incorrect parts used during a ser-
vice action.

If the error reported is Key/code/qualifier 4/40/80, Diagnostic failure, bring-up fail, the initiator should do the following:
1. Retry Power cycle
2. Check the send diagnostic end status. If the statusis
- GOOD, Return to normal processing

- Check Condition Satus, issue a Request Sense (03) and follow the recommendations for the sense data returned
unless the sense data is for a component mismatch. If the sense datais for component mismatch, service the drive
using the service guideline recommended in Section 21.21.1, “Drive Service Strategy” on page 339.

21.21.4.12 Self Initiated Reset

The Drive will initiate a self reset when the condition of the Drive cannot be determined. The internal reset will terminate any
outstanding commands, release any reserved initiators, and stop the spindle motor. The initiator can recover by

1. Logging the error
2. Retrying the failing command. If the failing command compl etes with:
- Good Satus, return to normal processing

- Self initiated reset sense, service the drive according the guidelines recommended in Section 21.21.1, “Drive Ser-
vice Strategy” on page 339.

- Other, follow the recommendations for the error reported.

21.21.4.13 Defect List Recovery
Thisisnot an error condition.

Theinitiator either requested adefect list in aformat (block or vendor specific) that the Drive does not support or the requested
defect list(s) exceed the maximum list length that can be returned. If the Sense Key/Code/Qualifier are:

1/1F/00, the requested list(s) exceed the maximum length that can be supported. Theinitiator should request onelist at atime.
If asingle list exceeds the maximum returnable length, this may be an indication of amarginally operational drive. Service the
drive following the service guidelinesin Section 21.21.1, “Drive Service Strategy” on page 339.

1/1C/01 or 1/1C/02, the requested defect list isnot in the format that the Drive supports. The requested defect list isreturned in
the physical (cylinder, sector, head) format. Thisisthe default format. There is no initiator action required for this condition.
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21.21.4.14 Miscompare Recovery

A miscompare can occur on a Verify (2F) command or aWrite and Verify (2E) with the byte check (BytChk) bit active. Recov-
ery for amiscompare error is different for the two commands.

Verify Command
Theinitiator should do the following:
1. Verify that the data sent to the drive is the correct data for the byte-by-byte compare.

2. Read the data from the mediawith a Read (08) or Read (28) command and verify that the data from the mediaisthe
expected data for the byte-by-byte compare.

- If al data are correct, thisis an indication that the data may have been read from the media incorrectly without an
error detected. Service the drive using the procedure specified in Section 21.21.1, “Drive Service Strategy” on
page 339.

- If al data are not correct, thisis an indication that the data on the mediais not the data the initiator expected.
Rewrite the correct data to the media

Write and Verify Command

The drive uses the same data in the data buffer to write then read and compare. A miscompare error on the Write and \erify
(2E) command is an indication that the drive cannot reliably write or read the media. Service the drive using the procedures
specified in Section 21.21.1, “Drive Service Strategy” on page 339.

21.21.4.15 Microcode Error

The microcode from the interface is validated before the device operates using that microcode. When the validation detects
incorrect or incomplete data, the Drive enters degraded mode.

If the initiator attempted to load microcode using the Write Buffer (3B) retry the Write Buffer (3B). If the command compl etes
with

. Good Satus - return to normal processing

*  Check Condition Satus - service the drive using the service guidelines recommended in Section 21.21.1, “Drive Ser-
vice Strategy” on page 339.

If the check sum error occurred during normal processing, the initiator may attempt to load microcode before deciding to ser-
vice the drive using the service guidelines recommended in Section 21.21.1, “Drive Service Strategy” on page 339.

To load new microcode, the initiator should issue a Write Buffer (3B) command with the download and save option. If the
Write Buffer (3B) command completes with

. Good Status, return to normal processing. Retry the failing command. If the task complete with
- Good Status - Continue normal processing.

- Check Condition Status for check sum error - Service the drive using the service guidelines recommended in Sec-
tion 21.21.1, “Drive Service Strategy” on page 339.

- Check Condition Status for any other error - follow the recommended recovery procedure for the error reported.

*  Check Condition Status for Check sum error, service the drive using the service guidelines recommended in Section
21.21.1, “Drive Service Strategy” on page 339.

. Check Condition Status for any other error, follow the recommendations for the returned sense data.
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21.21.4.16 Predictive Failure Analysis

The Drive performs error log analysis and will alert the initiator of a potential failure. The initiator should determine if this
deviceisthe only device with error activity.

If thisdriveisthe only drive attached to the initiator with error activity, service the drive using the procedures specified in Sec-
tion 21.21.1, “Drive Service Strategy” on page 339.

Note:  Servicefor this drive can be deferred. The longer serviceis deferred, the more probable a failure can occur that will
require immediate service.

If morethan thisdrive is experiencing error activity, the driveis probably not at fault. Locate and service the outside source
causing error activity on thisdrive.

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
348



22.0 SCSI Sense Data

22.1 SCSI Sense Data For mat

Format of the sense data returned by the drive in response to the REQUEST SENSE command.
Table 265: Format of Sense Data.

Bit
Byte
7 6 5 4 3 2 1 0
0 Valid Error Code (70h or 71h)
1 RSVD =0
2 0 ILI 0 SenseKey
26 (MSB) Information Bytes
(LSB)
7 Additional Sense Length
a1l (MSB) Product Specific Information
(LSB)
12 Additional Sense Code
13 Additional Sense Code Qualifier
14 FRU=0
15 SKSsV Sense-K ey Specific Bits
16-17 Sense-K ey Specific Bytes
18-19 Reserved =0
20-23 Vendor unique Error information
24-29 Product Specific Information
30-31 Reserved =0
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22.2 Sense Data Description

22.2.1 Valid (Bit 7 of byte 0)

0
1

The Information Bytes (byte 3 through 6) are not defined.
The Information Bytes (byte 3 through 6) contain avalid logical block address.

22.2.2 Error Code (Bit 6 - 0 of byte 0)

70h
71h

22.2.3 ILI:

Current Error. Thisindicates an error for the current command.

Deferred Error. This indicates that the error is for a previous command that has already returned agood sta-
tus. Such commands are associated with the immediate bit or write caching. Format unit (04h) command is

an example of acommand that may return adeferred error.

cates there is no incorrect length condition.

Incorrect Length Indicator (Bit 5 of byte 2)

ThelLl bitisvalid for the Read Long (3Eh) command and Write Long (3Fh) command only. IL1 set to one and Valid Bit set to
one indicates that the requested logical block length does not match the logical block Iength of the data on the medium for a
Read Long or Write Long command. The Information field contains residue information about the error. L1 set to zero indi-

0 No Incorrect Length condition.
1 Incorrect Length Indicated.
valid L] Command = Read Long or Write Description
Long?
X 0 X No incorrect length condition
1 1 yes Requested Logical block Length does not
match the logical block length of the data
on the disk
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22.2.4 SenseKey (Bit 3- 0 of byte 2)

The sense key provides generic categories in which error and exception conditions can be reported. Initiators would typically
use sense keys for high level error recovery procedures.

Oh

1h

2h

3h

4h

5h

6h

7h
8h
9h
Ah
Bh

Ch-Dh
Eh
Fh

No Sense
There is no sense key information to be reported for the logical unit.
Recovered Error

The last command completed successfully with some recovery action performed by the drive. More detailed
information is available in the Additional Sense Code and Additional Sense Code Qualifier.

Not Ready

Thelogical unit addressed cannot be addressed. More detailed information is available in the Additional
Sense Code and Additional Sense Code Qualifier.

Medium Error

The command terminated with an unrecoverable error condition caused by aflaw in the mediaor an error in
the recorded data. More detailed information is contained in the Additional Sense Code and Additional
Sense Code Qualifier.

Hardware Error

The drive detected a unrecoverable hardware error while performing acommand or during a diagnostic test.
More detailed information is contained in the Additional Sense Code and Additional Sense Code Quadlifier.

Illegal Request

Therewas anillegal parameter in the command descriptor block or additional parameter supplied as data. If
an invalid parameter is found in the CDB, then the command is terminated without altering the medium. If
an invalid parameter is found in parameters supplied as data, then the drive might have altered the medium.

Unit Attention

Indicates that the drive entered in the 'Unit Attention Condition'. (See Section 21.6.5, “Unit Attention Condi-
tion” on page 317)

Data Protect

Not used

Vendor Specific

Not used

Aborted command

The drive aborted the command.
Not I mplemented
Miscompare

Reserved
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22.2.5 Information Bytes (Byte 3 through 6)

Thisfield isonly valid when Valid Bit is one.

. ILI = 0: Thisfield contains the unsigned LBA associated with the sense key. The LBA reported will be within the
LBA range of the command as defined in the CDB.

Note:  AnLBA other than the command LBA may be reported on the Reassign Block (07h) command.

. ILI = 1: Thisfield contains the difference (residue) of the requested length in bytes. Negative values are indicated by
two's complement notation.

Valid ILI Description
0 X 0x00000000 - (not used/invalid)
1 0 LBA
1 1 Residue of the requested length in bytes

22.2.6 Additional SenseLength (Byte7)

Indicates the remaining number of bytesin the sense data. (It is aways set to 18h.)

22.2.7 Command Specific Information (Byte 8 through 11)

Thisfield is unused and will be set to zero.
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22.2.8 Additional Sense Code/Qualifier (Byte 12 and 13)

The following table shows the description of the combination of Sense Key / Sense Code / Qualifier.
Valid Sense Key, Code, Qualifier Combinations Used by the Drive.

Key Code Qual Description

Sense Key = No Sense

0 00 00 No Additional Sense | nformation
(00 00) No Error.

Sense Key = Recovered Error

1 01 00 No Index/Sector Signal
1413 Servo: Soft write no index error

1 02 00 No Seek Complete
141B Servo: Recovered No seek complete
141D Servo: Recovered Seek timeout
141F Servo: Recovered Seek error
142B Servo: Recovered RRO Calibration timeout

1 03 00 Peripheral Device Write Fault
1405 Servo: Recovered writeinhibit error
1733 Recovered read/write abort
1737 Recovered post write abort
1739 Recovered Post PES check write abort
17E0 Servo Recovered read/write abort estimator error
17E2 Servo Recovered read/write abort predictor error
17E4 Servo Recovered read/write abort PES error
17E6 Servo Recovered read/write abort seek start error
17E8 Servo Recovered read/write abort PES reset error
17EA Servo Recovered read/write abort abort WCS other error
17EC Servo Recovered read/write abort WCS other error
17EE Servo Recovered read/write abort hard reset
17F0 Servo Recovered read/write abort RV sensor error
17F2 Servo Recovered read/write abort RV sensor error
17F4 Servo Recovered read/write abort SHARP other error
17F6 Servo Recovered read/write abort SHARP exception error
17F8 Servo Recovered read/write abort SVGA limit error
17FA Servo Recovered read/write abort gray code error
17FC Servo Recovered read/write abort burst error
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17FE Servo Recovered read/write abort no STM error

09

00

Track Following Error
1421 Servo: Recovered track following error

1423 Servo: Recovered track follow timeout

0B

01

Temperature Warning Error

xA02 Temperature Warning

0B

03

Background Selftest Failure Warning
xA03 Background selftest failure warning

0B

Background Pre-Scan Failure Warning

xA04 Background pre-scan failure warning

0B

05

Background Media Scan Failure Warning

xA05 Background media scan failure warning

oC

01

Recovered Write Error with Auto Reallocation - Auto Reallocated
D703 Auto-reallocated due to write error

oC

03

Recovered Write Error - Recommend Reassignment

1704 Recommend reassign due to write error

15

00

Random Positioning Error
1714 Recovered sector overflow
173D Recovered sector miss
1770 Recovered SID timeout

17B2 Recovered abort window error

16

00

Data Synchronization Mark Error
173B Recovered data address mark error

16

01

Data Sync Error - Data Rewritten
E70E Recovered Data Address Mark error - rewritten

16

02

Data Sync Error - Recommend Rewrite

E70F Recovered Data Address Mark error - recommend rewrite

16

03

Data Sync Error - Auto Reallocated
D710 Recovered Data Address Mark error - reassigned

16

Data Sync Error - Recommend Reassignment

E711 Recovered Data Address Mark error - recommend reassign

17

01

Recovered Data with Retries
1722 Recovered small thermal asperity
172C Recovered media error

172E Recovered mediaerror (off-line correction discarded)

17

06

Recovered Data Without ECC - Data Auto-Reallocated
E705 Mediaerror with OTF correction - reassigned
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D72B Recovered thermal asperity - reassigned

17

o7

Recovered Data Without ECC - Recommend Reassignment
E706 Mediaerror with OTF correction - recommend reassign

E72A Recovered thermal asperity - recommend reassign

17

08

Recovered Data Without ECC - Recommend Rewrite
E707 Mediaerror with OTF correction - recommend rewrite

E729 Recovered thermal asperity - recommend rewrite

17

09

Recovered Data Without ECC - Data Rewritten
D708 Mediaerror with OTF correction - rewritten

E728 Recovered thermal asperity - rewritten

18

00

Recovered Data With ECC

1709 Mediaerror with offline correction

18

02

Recovered Data - Data Auto-Reallocated
D70A Mediaerror with offline correction and reassign

D724 Recovered thermal asperity with offline correction - reassigned

18

05

Recovered Data - Recommend Reassignment
E70B Mediaerror with offline correction and recommend reassign

E725 Recovered thermal asperity with offline correction - recommend reassign

18

06

Recovered Data With ECC - Recommend Rewrite
E70C Mediaerror with offline correction - recommend rewrite

E726 Recovered thermal asperity with offline correction - recommend rewrite

18

o7

Recovered Data With ECC - Data Rewritten
E70D Mediaerror with offline correction - rewritten

E727 Recovered thermal asperity with offline correction - rewritten

1C

00

Defect List Format Not Supported
1746 Defect list format not supported

1C

01

Primary Defect List Not Found. Requested Format Not Supported
1747 Primary defect list not found (Read Defect Data only)

1C

02

Grown Defect List Not Found. Requested Format Not Supported
1748 Grown defect list not found (Read Defect Data only)

1F

00

Partial Defect List Transfer

1749 Partial defect list transferred (Defect list longer than 64KB, 64 KB of datareturned - Read
Defect Data only)

00

Internal Target Failure

F123 Invalid request to enter sleep mode
F128 DRAM test in progress

F129 DRAM test complete
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F12A DRAM test error

F132 GEM FH track read error

1201 Error in UEC class

1202 Error in UEC cause

1301 Motor: Recovered internal error

1303 Motor: Recovered Open Loop Commutation failure
1305 Motor: Recovered No feedback detected

1307 Motor: Recovered Settle timeout

1309 Motor: Recovered Gross speed error

130B Motor: Recovered 12V OK error

130D Motor: Recovered Speed error

1311 Motor: Recovered Internal 12V not OK timeout
1313 Motor: Recovered Iductive Sense measurement timeout
1315 Motor: Recovered Spin Sense speed error

1319 Motor: Recovered Target speed error

131B Motor: Recovered Power driver version error

131D Motor: Recovered Over current error

1321 Motor: Recovered Negative regulator fault

1323 Motor: Recovered Module overtemp error

1325 Motor: Recovered 12V or 5V OK error

1327 Motor: Recovered unknown error

1401 Servo: Recovered Requested rezero head does not exist
1403 Servo: Recovered Back EMF movement in progress
1405 Servo: Recovered Back EMF timeout error

1407 Servo: Recovered ADC conversion timeout

1409 Servo: Recovered Load/unload calibration error
140B Servo: Recovered Invalid 5 volts

140D Servo: Recovered Invalid 12 volts

140F Servo: Recovered Invalid harmonic requested

1411 Servo: Recovered Gain BEMF Calibration error
1413 Servo: Recovered VOFF BEMF calibration error
1415 Servo: Recovered Invalid temperature

1417 Servo: Recovered Truncated rezero

1419 Servo: Recovered Heads not loaded

1425 Servo: Recovered KT Seek out of range

1427 Servo: Recovered DAC Offset calibration error
1429 Servo: Recovered Load speed error
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142D
142F
1431
1433
1435
1437
1439
143B
143D
143F
1441
1443
1445
1447
1606
1608
160A
160C
160E
1610
1612
1614
1616
1618
161A
161C
161E
1620
1624
1626
162A
162C
162E
1630

Servo: Recovered ADC Calibration error

Servo: Recovered ADC Offset error

Servo: Recovered ADC Limit error

Servo: Recovered Balancer Resistance error

Servo: Recovered Balancer Resistance Limit error
Servo: Recovered First Cylinder error

Servo: Recovered Valid Cylinder error

Servo: Recovered ADC Saturation error

Servo: Recovered Latch Break timeout

Servo: Recovered MR Resistance out of range error
Servo: Recovered VCM Retract error

Servo: Recovered Load Retry error
Servo: Recovered DFT Sharp error
Servo: Recovered Load/Unload state error
Recovered data with PPM or precomp load
Recovered datawith TA (Thermal Asperity) detection
Recovered datawith SMM or VM or DDF
Recovered data with pre-PPM or FH (Fly Height) detection
Recovered data with write or pre-TA detection
Recovered data with pre-SMM or VM or STM or DDF
Recovered data with NRZ parity error

Recovered parity PP correction or STW

Recovered channel error

Recovered AE thermal asperity

Recovered AE open MR element error

Recovered AE IC over temperature error

Recovered AE IP clock count error

Recovered AE write data BL S error

Recovered AE invalid head address error
Recovered AE power supply error
Recovered AE write transition error

Recovered AE no write head current error
Recovered Channel Pre-TA error

Recovered Channel write or NRZ parity error

1632 Recovered Channel write synth unlock error

1634
1636

Recovered AE Short write read head error
Recovered AE Short write head error
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1638 Recovered AE Non-selected write head error
163C Recovered AE IH open short error

163E Recovered AE IH delay error

1640 Recovered Channel coarse tune timeout error
1642 Recovered AE Readback error

1712 Recovered ECC error

1716 Recovered overrun

171A Recovered ECC overrun

171C Recovered DRAM CRC error

171E Recovered ID Parity error

1731 Recovered write fault

1759 Unknown recovered error

1792 Recovered Current pointer error

1798 Recovered ID not found error

179C Recovered Channel write or NRZ parity error
17B4 Recovered Shock sensor error

17B8 Recovered Reference tag error

17BA Recovered Application tag error

17BC Recovered Guard check error

17BE Recovered Channel write synthesis unlock error
17C0 Recovered End sector check error

17C2 Recovered Read CRC error

17C4 Recovered DRAM ECC error

17C6 Recovered DRAM ECC LBA error

17C8 Recovered DRAM Write error

0B

Vendor Unique - Internal Target Failure

130F Motor: Recovered Spindle Current error

1317 Motor: Recovered Spin Sense timeout

131F Motor: Recovered System clock watchdog error
1329 Motor: Recovered VCM DAC watchdog error

5D

10

Predictive Failure Analysis Threshold Reached
XAFE SMART: Extreme over-temperature warning

5D

50

Predictive Failure Analysis Threshold Reached
xA50 SMART: Load/unload cycle count warning

5D

5B

Predictive Failure Analysis Threshold Reached
xA5B SMART: Spin-up retry count warning

5D

62

Predictive Failure Analysis Threshold Reached
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xA32 SMART: Read error rate warning
xA4A SMART: Write error rate warning

5D 63 Predictive Failure Analysis Threshold Reached
xA43 SMART: Seek error rate warning
5D 64 Predictive Failure Analysis Threshold Reached
xA14 SMART: Spare sector availability warning
5D 66 Predictive Failure Analysis Threshold Reached
xA56 SMART: Spin-up time warning
5D FF Predictive Failure Analysis Threshold Reached
XAFF SMART: Test warning
81 00 Vendor Unique - Internal Logic Error
1601 Channel/AE internal logic error
1718 Recovered Abort immediate error
Sense Key = Not Ready
04 00 Logical Unit Not Ready - Start Spindle Motor Fail
1501 Logical unit not ready
04 01 Logical Unit IsIn The Process of Becoming Ready
1502 Logical unit becoming ready
04 02 Logical Unit Not Ready, initializing command required
F124 Bring-up error
1503 Logical unit not ready - initializing command required
04 03 Logica Unit Not Ready, Manual Intervention Required
1572 Not ready - manual intervention required
1573 Commands cleared due to power failure event (SAS)
04 04 Logical Unit Not Ready, Format In Progress
1504 Not ready - format in progress
04 09 Not Ready - Self-test In Progress
1505 Not ready - self-test in progress
04 1 Not Ready - Notify (Enable Spin-up) Required
1553 Not ready - Notify (Enable Spin-up) required (SAS only)
04 FO Vendor Unique - Logical Unit Not Ready
F133 BATSerror: Vendor |D mismatch
31 00 Medium Format Corrupted - Reassign Failed
1506 Reassign failed
31 01 Format Command Failed

1507 Format failed

Sense Key = Medium Error
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03

00

Medium Error - Write Fault

F734 Unrecovered read/write abort

F738 Unrecovered post write abort

F73A  Unrecovered Post PES check write abort

F7E1 Servo Unrecovered read/write abort estimator error
F7E3 Servo Unrecovered read/write abort predictor error
F7E5 Servo Unrecovered read/write abort PES error

F7E7 Servo Unrecovered read/write abort seek start error
F7E9 Servo Unrecovered read/write abort PES reset error
F7EB Servo Unrecovered read/write abort SID unlock error
F7ED Servo Unrecovered read/write abort WCS other error
F7EF Servo Unrecovered read/write abort hard reset

F7F1 Servo Unrecovered read/write abort RV sensor error
F7F3  Servo Unrecovered read/write abort RV sensor error
F7F5 Servo Unrecovered read/write abort SHARP other error
F7F7 Servo Unrecovered read/write abort SHARP exception error
F7F9 Servo Unrecovered read/write abort SVGA limit error
F7FB Servo Unrecovered read/write abort gray code error
F7FD Servo Unrecovered read/write abort burst error

F7FF  Servo Unrecovered read/write abort no STM error

00

Unrecovered Read Error

F702 Too many notches

F723 Unrecovered small thermal asperity
F702 Too many notches

F72D Unrecovered mediaerror

F72F Unrecovered media error (off-line correction discarded)
F753 G-list full (Format command)

F754 G-list full (2) (Format command)
F755 Pointer repeat size error

F756 DST dlot size error

F757 P-list full

F758 Sparelist full

15

00

Random Positioning Error

F715 Unrecovered sector overflow
F73E Unrecovered sector miss
F771 Unrecovered SID timeout

F7B3 Unrecovered abort window error
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16

00

Data Synchronization Mark Error

F73C Unrecovered data address mark error

19

02

Defect List Error in Primary List
F74B Primary defect list error

19

03

Defect List Error in Grown List
F74C Grown defect list error

31

00

Medium Format Corrupted Reassign Failed
F701 Format corrupted

81

00

Vendor Unique - Internal Logic Error
F719 Recovered Abort immediate error

F75B Too many sectors

Sense Key = Hardware Error

02

00

No Seek Complete

F41C Servo: Unrecovered No seek complete

FA1E Servo: Unrecovered Seek timeout

F420 Servo: Unrecovered Seek error

F42C Servo: Unrecovered RRO Calibration timeout

09

00

Track Following Error
F422 Servo: Unrecovered track following error

F424 Servo: Unrecovered track follow timeout

31

00

Medium Format Corrupted - Reassign Failed

F204 Reassign reserved area media error

32

00

No Defect Spare L ocation Available
F205 G-list full - can't reassign any more sectors

F206 No spares available

35

00

Enclosure Services Failure
1539 ESI: unspecified failure (FC-AL only)

35

01

Enclosure Services Failure - Unsupported Enclosure Function
153A ESI: unsupported function (FC-AL only)

35

02

Enclosure Services Failure - Enclosure Services Unavailable
153B ESI: enclosure unavailable (FC-AL only)

35

03

Enclosure Services Failure - Enclosure Services Transfer Failure
153C ESI: transfer failure

1556 ESI: transfer failed - write ack

1557 ESI: transfer failed - read ack

1558 ESI: transfer failed - write ready

1559 ESI: transfer failed - read ready
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155E ESI: transfer failed - EDV

35

Enclosure Services Failure - Enclosure Services Refused
153D ESI: transfer refused

155A ESI: transfer refused - write ack

155B ESI: transfer refused - read ack

155C ESI: transfer refused - write ready

155D ESI: transfer refused - read ready

3E

03

Self-test Failed
F75D Self-test failed

40

80

Diagnostic Failure

F101
F102
F103
F104
F105
F106
F107
F108
1109

110A
F10B
110C
F10D
F10E
F10F
F110
F111

F112

F113
F114
F115
F116
F117

F11D
F11F
F121
F122

BATS error:
BATS error:
BATS error:
BATSerror:
BATS error:
BATSerror:
BATS error:
BATS error:
BATS error:
BATS error
BATS error

Reserved Area - Invalid request
Reserved Area - Broken
Reserved Area - Invalid version
Reserved Area - Invalid checksum
Reserved Area - Invalid eyecatcher
Reserved Area - Invalid main header checksum
Reserved Area - Invalid read length
Reserved Area - Address boundary error
Reserved Area - Error reading first copy
: Reserved Area - Error reading second copy
: Reserved Area - Read block error

BATS error: Reserved Area - Write fix soft error

BATS error
BATS error

BATS error:

BATSerror:
BATS error:
BATSerror:
BATS error:
BATSerror:
BATS error:
BATSerror:
BATS error:

: Reserved Area - Write fix hard error
: Directory broken

Overlay code load error
Overlay code check

RAM code load error
RAM code check

Config invalid

Log manager invalid
Mediatablesinvalid
Logical-to-physical invalid
Defect manager invalid

Incorrect Disk Code

RPO SID in
BATS error:
BATS error:

valid
Code download in progress

Performance dataread error
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F125 BATSerror: Invalid RID/FID

F12B BATS error: Reserved area - invalid model
F12C BATSeror: Invalid code size

F12D Format Reserved: FAT size exceeded
F12E Format Reserved: Insufficient DIRS good
F12F Format Reserved: Insufficient FATS good
F131 Fash timeout

40

90

Diagnostic Failure
F118 BATSH2 error: Seek test error

40

AO

Diagnostic Failure

F119 BATSH2 error: Read/write test error
F11A BATSH2 error: ECC test error
F11B BATSH2 error: CRC test error
F11C BATSH2 error: XOR test error

00

Internal Target Failure

F203 Internal target failure

F207 AHB Access Error

F302 Motor: Unrecovered internal error

F304 Motor: Unrecovered Open Loop Commutation error
F306 Motor: Unrecovered No feedback detected error
F308 Motor: Unrecovered Settle timeout

F30A Motor: Unrecovered Gross speed error

F30C Motor: Unrecovered 12V OK error

F30E Motor: Unrecovered Speed error

F312 Motor: Unrecovered internal 12V not OK timeout
F446 Servo: Unrecovered DFT Sharp error

F448 Servo: Unrecovered Load/Unload state error

1449 Servo: Recovered TFCR out-of-range error

F44A Servo: Unrecovered TFCR out-of-range error
F314 Motor: Unrecovered Inductive Sense measurment timeout
F316 Motor: Unrecovered Spin Sense speed error
F31A Motor: Unrecovered Target speed error

F31C Motor: Unrecovered Power driver version error
F31E Motor: Unrecovered Over current error

F322 Motor Unrecovered Negative regulator fault

F324 Motor Unrecovered Module overtemp error

F326 Motor Unrecovered 12V or 5V OK error

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
363




F328
F402
F404
F406
F408
F40A
F40C
FAOE
F410
F412
F414
F416
F418
FA1A
F426
F428
F42A
FA2E
F430
F432
F434
F436
F438
F43A
F43C
FA3E
F440
F442
F444
F446
F448
F44A
F603
F604
F607
F609
F60B

Motor: Unrecovered unkown error
Servo: Unrecovered Requested re zero head does not exist
Servo: Unrecovered Back EMF movement in progress
Servo: Unrecovered Back EMF timeout error
Servo: Unrecovered ADC conversion timeout
Servo: Unrecovered Load/unload calibration error
Servo: Unrecovered Invalid 5 volts
Servo: Unrecovered Invalid 12 volts
Servo: Unrecovered Invalid harmonic requested
Servo: Unrecovered Gain BEMF Calibration error
Servo: Unrecovered VOFF BEMF calibration error
Servo: Unrecovered Invalid temperature
Servo: Unrecovered Truncated rezero
Servo: Unrecovered Heads not loaded
Servo: Unrecovered KT Seek out of range
Servo: Unrecovered DAC Offset calibration error
Servo: Unrecovered Load speed error
Servo: Unrecovered ADC Calibration error
Servo: Unrecovered ADC Offset error
Servo: Unrecovered ADC Limit error
Servo: Unrecovered Balancer Resistance error
Servo: Unrecovered Balancer Resistance Limit error
Servo: Unrecovered First Cylinder error
Servo: Unrecovered Valid Cylinder error
Servo: Unrecovered ADC Saturation error
Servo: Unrecovered Latch Break timeout
Servo: Unrecovered MR Resistance out of range error
Servo: Servo: Unrecovered VCM Retract error
Servo: Unrecovered L oad Retry error
Servo Unrecovered DFT Sharp error
Servo Unrecovered Load/Unload state error
Servo Unrecovered TCFR out-of-range error
Channel/AE target failure
Channel/AE calibration error
Unrecovered data with PPM or precomp load
Unrecovered data with TA detection
Unrecovered with SMM or VM or DDF
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F60D Unrecovered data pre-PPM or FH detection
F60F Unrecovered data write or pre-TA detection
F611 Unrecovered datawith pre-SMM or VM or STM or DDF
F613 Unrecovered datawith NRZ parity error

F615 Unrecovered parity PP correction or STW
F617 Unrecovered channel error

F619 Unrecovered AE thermal asperity found

F61B Unrecovered AE open MR element error
F61D Unrecovered AE IC over temperature error
F61F Unrecovered AE IP clock count error

F621 Unrecovered AE high MR current error

F623 Unrecovered AE write data BLS error

F625 Unrecovered AE invalud head address error
F627 Unrecovered AE power supply error

F629 Unrecovered AE open write head error

F62B Unrecovered AE write transition error

F62D Unrecovered AE no write head current error
F62F Unrecovered Channel Pre-TA error

F631 Unrecovered Channel write or NRZ parity error
F633 Unrecovered Channel write synch unlock error
F635 Unrecovered AE Short write read head error
F637 Unrecovered AE Short write head error

F639 Unrecovered AE Non-selected write head error
F63B Unrecovered AE Write current in read error
F63D Unrecovered AE IH open short error

F63F Unrecovered AE IH delay error

F641 Unrecovered Channel coarse tune timeout error
F643 Unrecovered AE Readback error

F645 Unrecovered Channel coarse tune timeout error
F713 Unrecovered ECC error

F717 Unrecovered overrun

F71B Unrecovered ECC overrun

F71D Unrecovered DRAM CRC error

F71F Unrecovered ID Parity error

F732 Unrecovered Write Fault

F75A Unknown unrecovered error

F799 Unrecovered |D not found error
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F7B5 Unrecovered Shock sensor error

F7B9 Unrecovered Reference tag error

F7BB Unrecovered Application tag error

F7BD Unrecovered Channel write synthesis unlock error
F7C1 Unrecovered End sector check error

F7C3 Unrecovered Read CRC error

F7C5 Unrecovered DRAM ECC error

F7C7 Unrecovered DRAM ECC LBA error

F7C9 Unrecovered DRAM ECC Write error

FCxx Unableto read RID or FID number xx

0B

Vendor Unique - Internal Target Failure

F310 Motor: Unrecovered Spindle Current error

F318 Motor: Unrecovered Spin Sense timeout

F320 Motor: Unrecovered System clock watchdog error
F32A Mator: Unrecovered VCM DAC watchdog error

F2

Vendor Unique - Internal Target Failure
F134 Head Health Check data compare error

F6

Vendor Unique - Internal Target Failure
F135 Head Health Check unrecovered media error

81

00

Vendor Unique - Internal Logic Error
F602 Channel/AE hard logic error
F56E Log dump data corrupt

F56F Log dump data memory error

Sense Key = Illegal Request

00

Parameter List Length Error
1509 Parameter list length error

20

00

Invalid Command Operation Code
150A Invalid opcodein CDB

21

00

Logical Block Address out of Range
150B LBA out of range

24

00

Invalid Field in CDB
150C Illegal request - invalid field in CDB
1542 SPC buffer not allocated

24

F3

Vendor Unique - Illegal Request
1545 Formatted without P-List

25

00

Logical Unit Not Supported
150D Invalid LUN
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26

00

Invalid Field in Parameter List

150E Illegal request - invalid field in parameter list
150F Saved parameter not supported

1510 Unsupported log page

26

02

Parameter Value Invalid
F120 BATS error: Code compatibility failure

F126 BATS error: Code checksum error
F127 BATSerror: Invalid header

F130 Incorrect Customer code

26

Invalid Release of Active Persistent Reservation

1540 Invalid release of persistent reservation

35

01

Unsupported Enclosure Function

1511 Unsupported enclosure services function (FC-AL only)

49

00

Invalid Message Error
1512 Invalid message (SCSI only)

55

00

System Buffer Full
1513 System buffer full

55

I nsufficient Registration Resour ces

1567 Insufficient registration resources

Sense Key = Unit Attention

28

00

Not Ready To Ready Transition (Format completed)
1514 Not ready to read transition

29

00

Unit Attention - L ogin Reset
1515 Login reset (FC-AL only)

29

01

Unit Attention - POR Occurred
1516 Power on reset

29

02

Unit Attention - SCSI Bus Reset Occurred

1517 SCSI bus reset (SCSl), LIP Reset (FC-AL), SAS Hard Reset (SAS)

29

03

Unit Attention - Bus Device Reset Occurred

1518 Busdevicereset (SCSI only), Target Reset (FC-AL), LUN Reset (SAS)

29

Unit Attention - Self I nitiated Reset Occurred
1519 Sdlf initiated reset

29

05

Transceiver Changed to SE
151A Tranceiver changed to single-ended (SCSI only)
1548 Hard Reset received

29

06

Transceiver Changed to LVD
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151B Tranceiver changed to LVD (SCSI only)

29 07 | _T NexusLossOccurred
1554 |_T NexusLoss Occurred (SAS only)
2A 01 M ode Parameters Changed
151C Mode parameters changed
2A 02 L og Parameters Changed
151D Log parameters changed
2A 03 Reservations Preempted
151E Reservations pre-empted
2A 04 Reservations Released
151F Reservationsreleased
2A 05 Registrations Released
1520 Registrations pre-empted
2F 00 Commands Cleared by Another Initiator
1521 Commands cleared by another initiator
2F 01 Commands Cleared by Power Loss Notification
1573 Commands cleared due to power failure event (SAS)
3F 01 Microcode has been changed
1522 Microcode changed
3F 03 Inquiry Parameters Changed
1523 Inquiry parameters changed
3F 05 Device I dentifier Changed
1537 Deviceidentifier changed
5D 00 Predictive Failure Analysis Threshold Reached
1524 PFA Threshold reached
5D FF Predictive Failure Analysis Threshold Reached
1525 PFA Test warning
Sense Key = Aborted Command
1B 00 Synchronous Data Transfer Error
1527 Synchronous data transfer error (SCSI only)
1528 ACK synchronization error (SCSI only)
OE 00 Information Unit Too L ong
1562 Information unit too long.
25 00 Logical Unit Not Supported
1529 Unsupported LUN (SCSI only)
3F OF Aborted Command - Echo Buffer Overwritten

1544 Echo buffer overwritten
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43

00

Message Error
152A Message reject error (SCSI only)
152C Message parity error rcvd when no message sent by target (SCSI only)

00

Internal Target Failure

152D Buffer CRC error on read

152E Internal target failure - Host Interface
154A Xfer Ready credit exceeded (FC-AL only)
154B Xfer length error (FC-AL only)

1568 End-to-End Data Protection Guard check
1569 End-to-End Data Protection Application Tag check
156A End-to-End Data Reference Tag check
156B ECC error in DRAM customer data area
156C Uncorrectable DRAM ECC error

1570 Host interface CRC error

F645 Unrecovered Channel coarse tune timeout
F75C Internal media access timeout

F761 Read/write command timeout

F772 DASH starting timeout

F773 1D table timeout

F774 Servo timeout

F775 Bufferstimeout

F776 DASH done timeout

F777 DASH unknown timeout

F77A  Unrecovered Channel SBW timeout
F77D Recovery timeout

F7B1 Overal command timeout

F7D0 Pre-load timeout

45

00

Select or Reselect Failure
152F Selection reselection error (SCSI only)

47

00

SCSI Parity Error
1530 Message parity error - initiator (SCSI only)
1531 Message parity error - target (SCSI only)

47

03

Information Unit iuCRC Error Detected
1543 |1U SCSI CRC error

48

00

Initiator Detected Error M essage Received
1532 Initiator detected error message received (SCSI only)

49

00

Invalid Message Error
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152B Attention dropped too late (SCSI only)
1533 Inappropriate or illegal message (SCSI only)

4B 00 Data Phase Error
153E Data phase error
4B 01 Invaled Target Port Transfer Tag Received
1561 Information unit too short (SAS only)
4B 02 Too Much Write Data
1560 Too much write data (SAS only)
4B 03 ACK/NAK Timeout
1551 ACK/NAK Timeout (SAS only)
4B 04 NAK Received
1550 NAK Received (SAS only)
4B 05 Data Offset Error
1552 Bad parameter offset (SAS only)
4B 06 Initiator Response Timeout
1555 Initiator response timeout (SAS only)
4E 00 Overlapped Commands Attempted
1534 Overlapped command attempted
aF 00 Command Aborted Due To Loop I nitialization
153F Abort by LIP (FC-AL only), Abort by OOB (SAS)
Sense Key = Miscompare
1D 00 Miscompare During Verify Operation

1535 Miscompare during verify
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22.2.9 RU: Field Replaceable Unit (Byte 14)
The FRU (Field Replaceable Unit) field value will always be zero.

22.2.10 Sense Key Specific (Byte 15 through 17)
The definition of thisfield is determined by the value of the sense key field.

22.2.10.1 SenseKey Specific - Illegal Request (Sense Key = 5h)
Error field pointer is returned.

Table 266: Field Pointer Bytes

Bit
Byte
7 6 5 4 3 2 1 0
15 SKsv C/D Reserved BPV Bit Pointer
16 (MSB) Field Pointer
17 (LSB)
SKSV Sense-key specific valid
0 Sense-key specific field is not valid.
1 Sense-key specific field isvalid.
C/D Command/Data
0 Indicates that the illegal parameter was in the data parameters sent by the initiator during DATA
OUT phase
1 Indicates that theillegal parameter was in the command descriptor block.
BPV Bit Pointer Valid
0 Bit pointer field is not valid.
1 Bit pointer field is significant.
Bit Pointer Indicates which bit of the byte number reported in Field Pointer is the bit in error. When amultiple bit field
isin error, the pointer points to the most significant bit of the field.
Field Pointer  Indicates which bytes of the command descriptor block or of the parameter datawere in error. Bytes are

numbered starting from zero, as shown in the tables describing the commands and parameters. When a mul-
tiple byte field id isin error, the pointer points to the most significant byte of that field.
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22.2.10.2 Sense Key Specific - Recovered (Sense Key = 1h) or Medium (Sense Key = 3h) or Hard-
ware (Sense Key = 4h)

Hardware (Sense Key = 4h) or Medium Error (Sense Key = 3h)

Actual Retry Count is reported.

Table 267: Actual Retry Count

Bit
Byte
7 6 5 4 3 2 1 0
15 SKsv Reserved
16 Secondary Step ERP Type
17 Actual Retry Count
SKSV Sense-key specific valid
0 Actua Retry Count is not valid.
1 Actua Retry Count isvalid.
Actual Retry Count Number of retry steps used in attempting to recover from the error condition.
Secondary Step Secondary error recovery step (valid for servo errors only).
ERP Type Error recovery table branch for this error. Valid values are shown in the table below.
Recovery Type ERP Type
Read 0x00
Verify 0x01
Write 0x02
Seek 0x03
Read, Sync Byte branch 0x04
Read, Thermal Asperity branch 0x05
Read, Minus Mod branch 0x06
Verify, Sync Byte branch 0x07
Verify, Thermal Asperity branch 0x08
Verify, Minus Mod branch 0x09

22.2.10.3 Sense Key Specific - Not Ready (Sense key = 2h)

These fields are defined for the Format unit (04h) command with the Immediate bit set to one and the Send Diagnostic (1Dh)
command with Background self-test function.
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Progressindication is returned.

Table 268: Progress Indication

Bit
Byte
7 6 5 4 3 2 1 0
15 SKsv Reserved
16 (MSB) Progress I ndication
17 (LSB)
SKSV Sense-key specific valid
0 Progress Indication is not valid.
1 Progress Indication isvalid.
Progress|ndication Indicates a percent complete in which the returned value is the numerator that has 10000h asiits

denominator.
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22.2.11 Reserved (Byte 18 through 19)

Reserved fields are filled with zero.

22.2.12 Vendor unique error information (Byte 20 through 23)

Thisfield gives detailed information about the error. It contains a unique code which describes where the error was detected
and which piece of hardware or microcode detected the error depending on current operation.

22.2.13 Physical Error Record (Byte 24 thru 29)

. ILI =1 - Thisfield contains zeros.

. ILI = 0 - These bytes contain the physical location of the error in cylinder, head, and sector. Bytes 24, 25, and 26 are
cylinder high, middlie and low bytes respectively, of the cylinder number. Byte 27 is the head number. Bytes 28 and
29 are the the high and low bytes, respectively of the sector number.

If the head is undetermined, bytes 24, 25, and 26 are set to OFFFFFFh. If the head number is undetermined, byte 27 is
set to OFFh. If cylinder, head, and sector have no relevance the the error, bytes 24 through 29 will all be set to
OFFFFFFFFFFFFh for Valid = 0and IL1 = 0. ThisPhysical Error Record field isvalid for Sense Key 1, 3, and 4 only.

Valid ILI Description
1 0 Cylinder Number (bytes 24-26)
Head number (byte 27)
Sector Number (bytes 28-29)
1 1 0x000000000000
0 X 0x000000000000 - (not used/invalid)

22.2.14 Reserved (Byte 30 through 31)

Reserved fields are filled with zero.
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23.0 Appendix. UEC list

Following isthe list of Unit Error Codes and associated descriptions. The Unit Error Codes are returned by the target in sense
data bytes 20-21.

Thelist of Unit Error Codes and descriptions does not have a direct correlation to the error descriptions and Sense Key/Code/
Qualifier descriptionsin Section 22.0, “ SCSI Sense Data’ on page 349. These codes are used internally by Hitachi and may
change without notice.

How to find a specific UEC

Thefirst hex digit of the UEC indicatesthe error severity, e.g. Fxxx codes are for hard/unrecoverable errors, 1xxx codes arefor
soft/recoverable errors, etc. The second hex digit indicates the grouping, e.g. interface, media, servo, etc. types of errors. The
table is sorted without regard to the first hex digit; instead, sorting is by the least significant three hex digits.

Table 269: Unit Error Codes

UEC Description
0000 No error
F101 BATS error: Reserved Area - Invalid request
F102 BATS error: Reserved Area- Broken
F103 BATS error: Reserved Area- Invalid version
F104 BATS error: Reserved Area - Invalid checksum
F105 BATS error: Reserved Area - Invalid eyecatcher
F106 BATS error: Reserved Area- Invalid main header checksum
F107 BATS error: Reserved Area - Invalid read length
F108 BATS error: Reserved Area- Address boundary error
1109 BATS error: Reserved Area - Error reading first copy
110A BATS error: Reserved Area- Error reading second copy
F10B BATS error: Reserved Area - Read block error
110C BATS error: Reserved Area - Write fix soft error
F10D BATS error: Reserved Area - Write fix hard error
F10E BATS error: Directory broken
F10F BATS error: Overlay code load error
F110 BATS error: Overlay code check
Fl111 BATS error: RAM code load error
Fl112 BATS error: RAM code check
F113 BATS error: Config invalid
Fl114 BATS error: Log manager invalid
F115 BATS error: Mediatablesinvalid
F116 BATS error: Logical-to-physical invalid
F117 BATS error: Defect manager invalid
F118 BATSH2 error: Seek test error
F119 BATSH?2 error: Read/write test error
F11A BATSH2 error: ECC test error
F11B BATSH2 error: CRC test error
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UEC

Description

F11C BATSHZ2 error: XOR test error

F11D Incorrect Disk Code

F11F RPO SID invalid

F120 BATS error: Code Compatibility Failure

F121 BATS error: Code download in progress

F122 BATS error: Performance dataread error

F123 Invalid request to enter sleep mode

F124 Bring-up error

F125 BATS error: Invalid RID/FID

F126 BATS error: Code checksum error

F127 BATS error: Invalid header

F128 DRAM test in progress

F129 DRAM test complete

F12A DRAM test error

F12B BATS error: Reserved area - invalid model
F12C BATS error: Invalid code size

F130 Incorrect Customer Code

F131 Flash timeout

F132 GEM FH track read error

F133 BATS error: Vendor ID mismatch

F134 Head Health Check data compare error

F135 Head Health Check unrecovered mediaerror
F136 BATS#2 error: End-To-End Data Protection error
1201 Error in UEC class

1202 Error in UEC cause

F203 Internal target failure

F204 Reassign reserved area media error

F205 G-list full - can't reassign any more sectors
F206 No spares available

F207 AHB Access Error

1301 Motor: Recovered interna error

F302 Motor: Unrecovered internal error

1303 Motor: Recovered Open Loop Commutation failure
F304 Motor: Unrecovered Open Loop Commutation failure
1305 Motor: Recovered No feedback detected error
F306 Motor: Unrecovered No feedback detected error
1307 Motor: Recovered Settle timeout

F308 Motor: Unrecovered Settle timeout

1309 Motor: Recovered Gross speed error
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UEC Description
F30A Motor: Unrecovered Gross speed error
130B Motor: Recovered 12V OK error
F30C Motor: Unrecovered 12V OK error
130D Motor: Recovered Speed error
F30E Motor: Unrecovered Speed error
130F Motor: Recovered Spindle Current error
F310 Motor: Unrecovered Spindle Current error
1311 Moto: Recovered Internal 12V not OK timeout
F312 Motor: Unrecovered Internal 12V not OK timeout
1313 Motor: Recovered Inductive Sense measurement timeout
F314 Motor: Unrecovered Inductive Sense speed error
F315 Motor: Recovered Spin Sense speed error
F316 Motor: Unrecovered Spin Sense speed error
1317 Motor: Recovered Spin Sense timeout
F318 Motor: Unrecovered Spin Sense timeout
1319 Motor: Recovered Target speed error
F31A Motor: Unrecovered Target speed error
131B Motor: Recovered Power driver version error
F31C Motor: Unrecovered Power driver version error
131D Motor: Recovered Over current error
F31E Motor: Unrecovered Over current error
131F Motor: Recovered System clock watchdog error
F320 Motor: Unrecovered System clock watchdog error
1321 Motor: Recovered Negative regulator fault
F322 Motor: Unrecovered Negative regulator fault
1323 Motor: Recovered Module overtemp error
F324 Motor: Unrecovered Module overtemp error
1325 Motor: Recovered 12V or 5V OK error
F326 Motor: Unrecovered 12V or 5V OK error
1327 Motor: Recovered unknown error
F328 Motor: Unrecovered unknown error
1329 Motor: Recovered VCM DAC watchdog error
F32A Motor: Unrecovered VCM DAC watchdog error
1401 Servo: Recovered Requested rezero head does not exist
F402 Servo: Unrecovered Reguested rezero head does not exist
1403 Servo: Recovered Back EMF movement in progress
F404 Servo: Unrecovered Back EMF movement in progress
1405 Servo: Recovered Back EMF timeout error
F406 Servo: Unrecovered Back EMF timeout error
1407 Servo: Recovered ADC conversion timeout
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UEC

Description

F408 Servo: Unrecovered ADC conversion timeout
1409 Servo: Recovered Load/unload calibration error
F40A Servo: Unrecovered Load/unload calibration error
140B Servo: Recovered Invalid 5 volts

F40C Servo: Unrecovered Invalid 5 volts

140D Servo: Recovered Invalid 12 volts

F40E Servo: Unrecovered Invalid 12 volts

140F Servo: Recovered Invalid harmonic requested
F410 Servo: Unrecovered Invalid harmonic requested
1411 Servo: Recovered Gain BEMF Calibration error
F412 Servo: Unrecovered Gain BEMF Calibration error
1413 Servo: Recovered VOFF BEMF calibration error
F414 Servo: Unrecovered VOFF BEMF calibration error
1415 Servo: Recovered Invalid temperature

F416 Servo: Unrecovered Invalid temperature

1417 Servo: Recovered Truncated rezero

F418 Servo: Unrecovered Truncated rezero

1419 Servo: Recovered Heads not loaded

F41A Servo: Unrecovered Heads not |oaded

141B Servo: Recovered No seek complete

F41C Servo: Unrecovered No seek complete

141D Servo: Recovered Seek timeout

F41E Servo: Unrecovered Seek timeout

141F Servo: Recovered Seek error

F420 Servo: Unrecovered Seek error

1421 Servo: Recovered Track following error

F422 Servo: Unrecovered Track following error

1423 Servo: Recovered Track follow timeout

F424 Servo: Unrecovered Track follow timeout

1425 Servo: Recovered KT Seek out of range

F426 Servo: Unrecovered KT Seek out of range

1427 Servo: Recovered DAC Offset calibration error
F428 Servo: Unrecovered DAC Offset calibration error
1429 Servo: Recovered Load speed error

F42A Servo: Unrecovered Load speed error

142B Servo: Recovered RRO Calibration timeout
F42C Servo: Unrecovered RRO Calibration timeout
142D Servo: Recovered ADC Calibration error

F42E Servo: Unrecovered ADC Calibration error

142F Servo: Recovered ADC Offset error

F430 Servo: Unrecovered ADC Offset error
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UEC Description

1431 Servo: Recovered ADC Limit error

F432 Servo: Unrecovered ADC Limit error

1433 Servo: Recovered Balancer Resistance error

F434 Servo: Unrecovered Balancer Resistance error

1435 Servo: Recovered Balancer Resistance Limit error
F436 Servo: Unrecovered Balancer Resistance Limit error
1437 Servo: Recovered First Cylinder error

F438 Servo: Unrecovered First Cylinder error

1439 Servo: Recovered Valid Cylinder error

F43A Servo: Unrecovered Valid Cylinder error

143B Servo: Recovered ADC Saturation error

F43C Servo: Unrecovered ADC Saturation error

143D Servo: Recovered Latch Break timeout

F43E Servo: Unrecovered Latch Break timeout

143F Servo: Recovered MR Resistance out of range error
F440 Servo: Unrecovered MR Resistance out of range error
1441 Servo: Recovered VCM Retract error

F442 Servo: Unrecovered VCM Retract error

1443 Servo: Recovered Load Retry error

F444 Servo: Unrecovered Load Retry error

1445 Servo: Recovered DFT Sharp error

F446 Servo: Unrecovered DFT Sharp error

1447 Servo: Recovered Load/Unload state error

F448 Servo: Unrecovered Load/Unload state error

1449 Servo: Recovered TFCR out-of-range error

F44A Servo: Unrecovered TFCR out-of-range error

1501 Logical unit not ready

1502 Logical unit becoming ready

1503 Logical unit not ready - initializing command required
1504 Not ready - format in progress

1505 Not ready - self-test in progress

1506 Reassign failed

1507 Format failed

1509 Parameter list length error

150A Invalid opcodein CDB

150B LBA out of range

150C Illegal request - invalid field in CDB

150D Invalid LUN

150E Illegal request - invalid field in parameter list
150F Saved parameter not supported
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UEC

Description

1510 Unsupported Tog page

1511 Unsupported enclosure services function (FC-AL only)
1512 Invalid message (SCSI only)

1513 System buffer full

1514 Not ready to ready transition

1515 Login reset (FC-AL only)

1516 Power on reset

1517 SCSI busreset (SCSl), LIPreset (FC-AL), SAS Hard Reset (SAS)
1518 Bus devicereset (SCSI), Target Reset (FC-AL), LUN Reset (SAS)
1519 Self initiated reset

151A Tranceiver changed to single-ended (SCSI only)
151B Tranceiver changed to LVD (SCSI only)

151C M ode parameters changed

151D Log parameters changed

151E Reservations pre-empted

151F Reservations released

1520 Registrations pre-empted

1521 Commands cleared by another initiator

1522 Microcode changed

1523 Inquiry parameters changed

1524 PFA threshold reached

1525 PFA test warning

1527 Synchronous data transfer error (SCSI only)

1528 ACK synchronization error (SCSI only)

1529 Unsupported LUN (SCSI only)

152A Message reject error (SCSI only)

152B Attention dropped too late (SCSI only)

152C Message parity error rcvd when no message sent by target (SCSI only)
152D Buffer CRC error on read

152E Internal target failure

152F Selection reselection error (SCSI only)

1530 Message parity error - initiator (SCSI only)

1531 Message parity error - target (SCSI only)

1532 Initiator detected error message received (SCSI only)
1533 Inappropriate or illegal message (SCSI only)

1534 Overlapped command attempted

1535 Miscompare during verify

1536 Reservation conflict

1537 Device identifier changed

1539 ESl: unspecified failure (FC-AL only)

153A ESI: unsupported function (FC-AL only)
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UEC Description

153B ESI: enclosure unavailable (FC-AL only)
153C ESl: transfer failure (FC-AL only)

153D ESl: tranfer refused (FC-AL only)

153E Data phase error

153F Abort by LIP (FC-AL), Abort by OOB (SAS)
1540 Invalid release of persistent reservation
1541 Low power condition on

1542 SPC buffer not allocated

1543 IU SCSI CRC error

1544 Echo buffer overwritten

1545 Formatted with No P-List

1548 Hard Reset received

154A Xfer Ready credit exceeded (FC-AL only)

154B Transfer length error (FC-AL only)

1550 NAK rcvd (SAS)

1551 ACK NAK Timeout (SAS)

1552 Bad parameter offset (SAS)

1553 LUN Not ready, Notify (Enable Spinup) required (SAS)
1554 I_T_NexusLossOccurred (SAS)

1555 Initiator Response Timeout (SAS)

1556 ESI transfer failed - write ack (FC-AL)

1557 ESI transfer failed - read ack (FC-AL)

1558 ESl transfer failed - write ready (FC-AL)

1559 ESI transfer failed - read ready (FC-AL)

155A ESI transfer refused - write ack (FC-AL)

155B ESI transfer refused - read ack (FC-AL)

155C ESI transfer refused - write ready (FC-AL)

155D ESI transfer refused - read ready (FC-AL)

155E ESI transfer failed - EDV (FC-AL)

1560 Too much write data (SAS)

1561 Information unit too short (SAS)

1562 Information unit too long (SAS)

1567 Insufficient registration resources

1568 End-to-End Data Protection Guard check

1569 End-to-End Data Protection Application Tag check
156A End-to-End Data Protection Reference Tag check
156B ECC error in DRAM customer data area

156C Uncorrectable DRAM ECC error

F56C Log dump data corrupt

F56F Log dump data memory error

1570 Host interface CRC error
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Description

1572 LUN not ready; manual intervention required

1573 Commands cleared due to power failure event (SAS)
1601 Channel/AE internal logic error

F602 Channel/AE hard logic error

F603 Channel/AE target failure

F604 Channel/AE calibration error

1606 Recovered data with PPM or precomp load

F607 Unrecovered data with PPM or precomp load

1608 Recovered datawith TA (Thermal Asperity) detection
F609 Unrecovered data with TA detection

160A Recovered data with SMM or VM or DDF

F60B Unrecovered datawith SMM or VM or DDF

160C Recovered data with pre-PPM or FH (Fly Height) detection
F60D Unrecovered data with pre-PPM or FH detection
160E Recovered data with write or pre-TA detection

F60F Unrecovered data with write or pre-TA detection
1610 Recovered data with pre-SMM or VM or STM or DDF
F611 Unrecovered data with pre-SMM or VM or STM or DDF
1612 Recovered datawith NRZ parity error

F613 Unrecovered data with NRZ parity error

1614 Recovered parity PP correction or STW

F615 Unrecovered parity PP correction or STW

1616 Recovered channel error

F617 Unrecovered channel error

1618 Recovered AE thermal asperity found

F619 Unrecovered AE thermal asperity found

161A Recovered AE open MR element error

F61B Unrecovered AE open MR element error

161C Recovered AE |C over temperature error

F61D Unrecovered AE IC over temperature error

161E Recovered AE IP clock count error

F61F Unrecovered AE IP clock count error

1620 Recovered AE high MR current error

F621 Unrecovered AE high MR current error

1622 Recovered AE write data BLS error

F623 Unrecovered AE write data BLS error

1624 Recovered AE invalid head address error

F625 Unrecovered AE invalid head address error

1626 Recovered AE power supply error

F627 Unrecovered AE power supply error
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Description

F629 Unrecovered AE open write head error

162A Recovered AE write transition error

F62B Unrecovered AE write transition error

162C Recovered AE no write head current error
F62D Unrecovered AE no write head current error
162E Recovered Channel Pre-TA error

F62F Unrecovered Channel Pre-TA error

1630 Recovered Channel write or NRZ parity error
F631 Unrecovered Channel write or NRZ parity error
1632 Recovered Channel Write Synth Unlock error
F633 Unrecovered Channel Write Synth Unlock error
1634 Recovered AE Short write read head error

F635 Unrecovered AE Short write read head error
1636 Recovered AE Short write head error

F637 Unrecovered AE Short write head error

1638 Recovered AE Non-selected write head error
F639 Unrecovered AE Non-selected write head error
163A Recovered AE Write current in read error

F63B Unrecovered AE Write current in read error
163C Recovered AE |H Open short error

F63D Unrecovered AE IH Open short error

163E Recovered AE |H Deleay error

F63F Unrecovered AE IH Deleay error

1640 Recovered AE Write head encode error

F641 Unrecovered AE Write head encode error

1642 Recovered AE Readback error

F643 Unrecovered AE Readback error

1644 Recovered Channel coarse tune timeout

F645 Unrecovered Channel coarse tune timeout

F701 Format corrupted

F702 Too many notches

D703 Auto-reallocated due to write error

1704 Recommend reassign due to write error

E705 Mediaerror with OTF correction - reassigned
E706 Mediaerror with OTF correction - recommend reassign
E707 Mediaerror with OTF correction - recommend rewrite
D708 Media error with OTF correction - rewritten
1709 Media error with offline correction

D70A Media error with offline correction - reassigned
E70B Media error with offline correction - recommend reassign
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E70C Media error with offline correction - recommend rewrite
E70D Media error with offline correction - rewritten

E70E Recovered Data Address Mark error - rewritten

E70F Recovered Data Address Mark error - recommend rewrite
D710 Recovered Data Address Mark error - reassigned

E711 Recovered Data Address Mark error - recommend reassign
1712 Recovered ECC error

F713 Unrecovered ECC error

1714 Recovered sector overflow

F715 Unrecovered sector overflow

1716 Recovered overrun

Fri7 Unrecovered overrun

1718 Recovered abort immediate

F719 Unrecovered abort immediate

171A Recovered ECC overrun

F71B Unrecovered ECC overrun

17B8 Recovered Reference tag error

171C Recovered DRAM CRC error

F71D Unrecovered DRAM CRC error

171E Recovered ID Parity error

F71F Unrecovered ID Parity error

1720 Recovered sudden death

Fr21 Unrecovered sudden death

1722 Recovered small thermal asperity

F723 Unrecovered small thermal asperity

D724 Recovered thermal asperity w/offline correction - reassigned
E725 Recovered thermal asperity w/offline correction - recommend reassign
E726 Recovered thermal asperity w/offline correction - recommend rewrite
E727 Recovered thermal asperity w/offline correction - rewritten
E728 Recovered thermal asperity - rewritten

E729 Recovered thermal asperity - recommend rewrite

E72A Recovered thermal asperity - recommend reassign

D72B Recovered thermal asperity - reassigned

172C Recovered media error

F72D Unrecovered media error

172E Recovered media error (off-line correction discarded)
F72F Unrecovered media error (off-line correction discarded)
1731 Recovered Write Fault

F732 Unrecovered Write Fault

1733 Recovered read/write abort

F734 Unrecovered read/write abort
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1737 Recovered post write abort

F738 Unrecovered post write abort

1739 Recovered Post PES check write abort
F73A Unrecovered Post PES check write abort
173B Recovered data address mark error
F73C Unrecovered data address mark error
173D Recovered sector miss

F73E Unrecovered sector miss

1746 Defect list format not supported

1747 Primary defect list not found

1748 Grown defect list not found

1749 Partial defect list transferred

F74B Primary defect list error

F74C Grown defect list error

F74D Too many heads

F74E Skew table size error

F74F Too many zones

F750 Too many SIDs

F751 Alternate track table full
F752 Drive capacity too small
F753 G-list full (Format command)
F754 G-ligt full (2) (Format command)
F755 Pointer repeat size error

F756 DST dlot size error

F757 P-list full

F758 Spare list full

1759 Unknown recovered error
F75A Unknown unrecovered error
F75B Too many sectors

F75C Internal media access timeout
F75D Selftest failed

F75E Max servo cylinder too small
F761 Read/write command timeout
1770 Recovered SID timeout

Fr771 Unrecovered SID timeout
Fr72 DASH starting timeout

F773 1D table timeout

Fr74 Servo timeout

F775 Buffers timeout

F776 DASH done timeout

Frr7 DASH unknown timeout

Hitachi Ultrastar 15K450 (FC-AL) Hard Disk Drive Specification
385




UEC

Description

F77A Unrecovered channel SBW timeout

F77D Recovery timeout

1792 Recovered Current pointer error

1794 Recovered Drive DMA timeout error

F795 Unrecovered Drive DMA timeout error

1798 Recovered ID not found error

F799 Unrecovered ID not found error

F7B1 Overall Command Timeout

17B2 Recovered abort window error

F7B3 Unrecovered abort window error

17B4 Recovered shock sensor error

F7B5 Unrecovered shock sensor error

F7B9 Unrecovered Reference tag error

17B8 Recovered Reference tag error

17BA Recovered Application tag error

F7BB Unrecovered Application tag error

17BC Recovered Guard check error

F7BD Unrecovered Guard check error

17BE Recovered Channel write synthesis unlock error
F7BF Unrecovered Channel write synthesis unlock error
17CO Recovered End sector check error

F7C1 Unrecovered End sector check error

17C2 Recovered Read CRC error

F7C3 Unrecovered Read CRC error

17C4 Recovered DRAM ECC error

F7C5 Unrecovered DRAM ECC error

17C6 Recovered DRAM ECC LBA error

FrC7 Unrecovered DRAM ECC LBA error

17C8 Recovered DRAM ECC Write error

F7C9 Unrecovered DRAM ECC Write error

F7DO Pre-load timeout

17EO0 Servo Recovered read/write abort estimator error
F7E1 Servo Unrecovered read/write abort estimator error
17E2 Servo Recovered read/write abort predictor error
F7E3 Servo Unrecovered read/write abort predictor error
17E4 Servo Recovered read/write abort PES error
F7E5 Servo Unrecovered read/write abort PES error
17E6 Servo Recovered read/write abort seek start error
F7E7 Servo Unrecovered read/write abort seek start error
17E8 Servo Recovered read/write abort PES reset error
F7E9 Servo Recovered read/write abort PES reset error
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17EA Servo Recovered read/write abort SID unlock error

F7EB Servo Unrecovered read/write abort SID unlock error

17EC Servo Recovered read/write abort WCS other error

F7ED Servo Unrecovered read/write abort WCS other error

17EE Servo Recovered read/write abort hard reset

F7EF Servo Unrecovered read/write abort hard reset

17F0 Servo Recovered read/write abort RV sensor error

F7F1 Servo Unrecovered read/write abort RV sensor error

17F2 Servo Recovered read/write abort RV sensor error

F7F3 Servo Unrecovered read/write abort RV sensor error

17F4 Servo Recovered read/write abort SHARP other error

F7F5 Servo Unrecovered read/write abort SHARP other error
17F6 Servo Recovered read/write abort SHARP exception error
F7F7 Servo Unrecovered read/write abort SHARP exception error
17F8 Servo Recovered read/write abort SVGA limit error

F7F9 Servo Unrecovered read/write abort SV GA limit error

17FA Servo Recovered read/write abort gray code error

F7FB Servo Unrecovered read/write abort gray code error

17FC Servo Recovered read/write abort burst error

F7FD Servo Unrecovered read/write abort burst error

17FE Servo Recovered read/write abort no STM error

F7FF Servo Unrecovered read/write abort no STM error

1A02 SMART: Temperature warning (no sense)

2A02 SMART: Temperature warning (recovered sense)

3A02 SMART: Temperature warning (unit attn sense)

1A03 SMART: Background selftest warning (no sense)

2A03 SMART: Background selftest warning (recovered sense)

3A03 SMART: Background selftest warning (unit attn sense)

1A04 SMART: Background Pre-Scan warning (no sense)

2A04 SMART: Background Pre-Scan warning (recovered sense)

3A04 SMART: Background Pre-Scan warning (unit attn sense)

1A05 SMART: Background Media Scan warning (no sense)

2A05 SMART: Background Media Scan warning (recovered sense)

3A05 SMART: Background Media Scan warning (unit attn sense)

1A14 SMART: Spare sector availability warning (no sense)

2A14 SMART: Spare sector availability warning (recovered sense)

3A14 SMART: Spare sector availability warning (unit attn sense)

1A32 SMART: Read error rate warning (no sense)

2A32 SMART: Read error rate warning (recovered sense)

3A32 SMART: Read error rate warning (unit attn sense)
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UEC Description

1A43 SMART: Seek error rate warning (no sense)

2A43 SMART: Seek error rate warning (recovered sense)

3A43 SMART: Seek error rate warning (unit attn sense)

1A4A SMART: Write error rate warning (no sense)

2A4A SMART: Write error rate warning (recovered sense)

3A4A SMART: Write error rate warning (unit attn sense)

1A50 SMART: Load/unload cycle count warning (no sense)

2A50 SMART: Load/unload cycle count warning (recovered sense)

3A50 SMART: Load/unload cycle count warning (unit attn sense)

1A56 SMART: Spin up time warning (no sense)

2A56 SMART: Spin up time warning (recovered sense)

3A56 SMART: Spin up time warning (unit attn sense)

1A5B SMART: Spin up retry count warning (no sense)

2A5B SMART: Spin up retry count warning (recovered sense)

3ASB SMART: Spin up retry count warning (unit attn sense)

1AFE SMART: Thermal Sense trip (no sense)

2AFE SMART: Thermal Sensetrip (recovered sense)

3AFE SMART: Thermal Sense trip (unit attn sense)

1AFF SMART: Test warning (no sense)

2AFF SMART: Test warning (recovered sense)

3AFF SMART: Test warning (unit attn sense)

FCxx Unableto read RID or FID number xx
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