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Preface

Product Features

"ANSI| SCSI-3 Fast-40 Parallel Interface”

Automatic Recommend Rewrite/Reallocate

Automatic Rewrite/Reallocate

Back to Back Writes

Basic Assurance Tests

Command Queuing (both Tagged and Untagged)
Command Reordering

Down-loadable SCSI Firmware

Full 32 byte SCSI Sense Data For mat

LED support

Multiple Initiator Support

Multimode SE/LVD

"OntheFly" error correction capabilities

Optional ANSI SCSI commands supported
Performance counter information via L og Sense
Predictive Failure Analysis (TM) (PFA (TM))
Read Ahead support

Sector Slipping Defect M anagement

Segmented Caching

Selectable reporting of Errors (QPE etc.)

Sdf-optimizing buffer ratios

Synchronous/wide data transfer support

Variable Block Lengths

Write Caching (Volatile)

Refer to the Ultrastar 18ZX/9LZX Hardware
Functional or Ultrastar 36 XP/18LP Hardware
Functional Spec.

Refer to “Automatic
Rewrite/Reallocate-Recommend Rewrite/Reasign.”

Refer to “Automatic
Rewrite/Reallocate-Recommend Rewrite/Reasign.”

Refer to “Back-to-Back Writes.”

Refer to “Basic Assurance Tests (BATS).”

Refer to “Command Queuing.”

Refer to “Command Queuing,”

Refer to “Write Buffer.”

Refer to Appendix A, “SCSI Sense Data Format.”
Refer to “LED Pin.”

Refer to “Multiple Initiator Systems.”

Refer to “Synchronous Data Transfer Request”

Refer to the Ultrastar 18ZX/9LZX Hardware
Functional or Ultrastar 36 XP/18LP Hardware
Functional Spec for reliability features.

Refer to “SCSI Commands.”

Refer to “Log Sense.”

Refer to “Predictive Failure Analysis.”

Refer to “Read-Ahead.”

Refer to “Reassign Blocks.”

Refer to “Segmented Caching.”

Refer to “Page Oh - Vendor Unique Parameters.”

Refer to “Page 2h - Disconnect/Reconnect
Parameters.”

Refer to “Supported Messages” and Page Oh -
Vendor Unique Parameters.”

Refer to the Ultrastar 18ZX/9LZX Hardware
Functional or Ultrastar 36 XP/18LP Hardware
Functional Spec.

Refer to “Page 8h - Caching Parameters” regarding
the WCE bit.
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About ThisManual

This manual is adescription of the Small Computer System Interface (SCSI) function supported by the Drive.
The first three chapters cover SCSI commands, status, and messages.

Chapter 4 covers behavior under various operating conditions.

The Appendices cover sense data and error recovery.

For elements of SCSI not described in this document (that is, physical characteristics, bus phases), refer to the
Small Computer System Interface-2 (ANS X3.131 : 1994).

For non-SCSI characteristics of this Drive such as physical dimensions, power requirements, and
performance, refer to the Ultrastar 18Z2X/9LZX Hardware Functional or Ultrastar 36XP/18LP Hardware
Functional Spec.

Every attempt has been made to make this Drive compliant with the definition of the Small Computer System
Interface-2 (ANS X3.131: 1994) Small Computer System Interface-3 Block Commands Revision 8b (ANS
NCITS.306-199x). Small Computer System Interface-3 Architecture Model Revision 18 (ANS x3.270-1996).
Small Computer System Interface-3 Primary Commands Revision 11a (ANS x3.301-1997). Small Computer
System Interface-3 Interlocked Protocol Revision 10 (ANS x3.292-1997) standards.

SCSI-2 by design provides compatibility with SCSI devices that support bus parity and meet conformance
level 2 of the American National Standard X3.131:1994. Accordingly, this Drive can coexist with earlier
SCSI devices on the same bus. The Drive also operates well even when the Initiator does not support the
SCSI-2 protocol extensions.

Note: This Document was printed from an on-line system and must only be used for reference purposes.

® The Master document is the on-line version, ULTRADOC.LWP on M:\K2\DOCS\SCSISPEC\ on a
LAN server in Rochester, Minnesota.

* To preserve the integrity of this document, please DO NOT remove any pages from this printed copy.

* Theindividual who receives acopy of this document is responsible for prompt disposal of the copy
when it is superseded by a newer version of the document or by another document.

® |f this document is received by other means than from the Development group, the individual who

received this document should report to Development. Failure to do so prevents Development from
informing the individual of future releases.

APPROVALS
This document is pending approval by:
Department 2D8 Manager

REVIEW PROCEDURES

The content of this specification is directly tied to the current microcode (firmware) release. Therefore, this
document is reviewed when new levels of microcode are about to be released.

The next scheduled release will be when the Microcode changes the function of the drive.
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Data Representation

This document uses ASCII notation. Hex values areindicated by atrailing "h." Binary values are indicated
by atrailing "b." The following notations are equivalent:

® O7horO7H
® '07’'xor’'07 X
® 0x07 (except in the case where "X" is defined as "don’t care")

In ASCII, the high order bit in abyteis seven, the low order bit is zero.
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1.0 SCSI Commands

Following isasummary of SCSI commands supported. The column "SCSI" refersto Small Computer System
Interface-2 (ANSI X3.131 : 1994), Small Computer System Interface-3 Block CommandsRevision 8b (ANS
NCITS.306-199x) and Small Computer System Interface-3 Primary Commands Revision 11a (ANSI
x3.301-1997) standards.

Tablel. SCSI Commands Supported

SCSI Code

Description

04h
12h
4Ch
4Dh
15h
1Ah
34h
5Eh
5Fh
08h
28h
3Ch
25h
37h
B7h
3Eh
07h
1Ch
17h
57h
AOh
03h
16h
56h
01h
0Bh
2Bh
1Dh
1Bh
35h
00h
2Fh
OAh
2Ah
2Eh
3Bh
3Fh
41h

cNoNoNoNoNoNoE-doNokdoNoNookdrdoNokHoloNoNoNokgok<4doNoNoNoNoNoNoRgr«

O - Optional

M - Mandatory

Format Unit

Inquiry

Log Select

Log Sense

Mode Select (6)*

Mode Sense (6)*
Pre-Fetch

Persistent Reserve In
Persistent Reserve Out
Read (6)*

Read (10)*

Read Buffer

Read Capacity

Read Defect Data (10)*
Read Defect Data (12)*
Read Long

Reassign Blocks
Receive Diagnostic Results
Release

Release (10)*

Report LUNSs

Reguest Sense
Reserve

Reserve (10)*

Rezero Unit

Seek (6)*

Seek (10)*

Send Diagnostic
Start/Stop Unit
Synchronize Cache
Test Unit Ready
Verify

Write (6)*

Write (10)*

Write and Verify

Write Buffer

Write Long

Write Same

* Command Descriptor Block Length
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1.1.1 CDB Control Byte

These bits are in the control byte, which isthe last byte of every command descriptor block. The meanings of
these fields are defined below.

VU
VU stands for Vendor Unique.

Flag
If Link is zero, Flag must also be zero. If Link is one and the command terminates successfully, the
Target sends either the Linked Command Compl ete message (Flag=0) or the Linked Command
Complete (With Flag) message (Flag=1). Typically this bit 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 completion of the current command. Upon successful completion of the command, the Drive
returns Intermediate status and then sends one of the two messages defined under Flag above.

1.1.2 Reserved Field Definitions

A Reserved field is defined as being required to be filled with binary 0. It may be shown in tables as any of
the following:

® Reserved

® Reserved=0
* RSVD

®* RSVD=0

1.1.3 Reserved Value Definitions
A value may be defined to be "Reserved.” This means that the value is not valid for the field being described.
1.1.4 Invalid Field Errors

If avalueisinvalid in one of the Command Descriptor Blocks, a Check Condition Status will result with a
Sense Key of lllegal Request and Additional Sense Code/Qualifier dependent upon which field was invalid.
The following are self explanatory:

¢ |nvalid Command Operation Code
® Logical Block Address out of Range

® Logical Unit Not Supported

Invalid Field in CDB isused for fields other than the above.
Invalid Field in Parameter List isused for invalid fields in parameter data.
Invalid Bitsin Identify Message is used when the Reserved bits in a message are non-zero.
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1.2 Format Unit

Table2. Format Unit Command Descriptor Block

Byte BIT
7 6 5 4 3 2 1 0
0 Operation Code = 04h
1 LUN FmtData | CmpLst Defect List Format
2 Vendor Unique=0
3 (MSB) Interleave Factor
4 (LSB)
5 vu=0 Reserved =0 Flag Link

The Format Unit Command performs a physical formatting of the Drive. It can perform afull format where a
binary pattern of zeroes iswritten to every customer block or it can perform afast format which only updates
tables and writes no customer blocks. How the format function is performed depends on Mode Page 0 settings
(see 1.6.2, “Page Oh - Vendor Unique Parameters”).

Note: Performance MAY NOT BE AS GOOD with the fast format operation.

The Drive manages two internal defect lists and one external. The primary defect list (PList) is created at
time of manufacture and cannot be altered. The grown defect list (GList) is built after time of manufacture
when Initiators use the Reassign Blocks command, when defects are detected while writing customer blocks
during a full format operation (see 1.6.2, “Page Oh - Vendor Unique Parameters”), and when the Automatic
Reallocate function reassigns a block (see 4.6, “Automatic Rewrite/Reallocate - Recommend
Rewrite/Reasign”). The data defect list (DList) is an external list, it is supplied by the initiator in the DATA
OUT phase of the Format Unit command.

FmtData set to one specifies that a Data Out phase follows the Command phase. The Data Out phase consists
of a defect list header followed by zero or more defect descriptors (see Tables 3 and 4).

FmtData set to zero specifies that no Data Out phase follows.
CmpLst set to one specifies that the GList existing prior to the format not be used and is discarded. The Drive
is formatted with the PList and DList (if specified). The DList becomes the new GList.

CmpLst set to zero specifies that the GList existing prior to the format be used. The Drive is formatted with
the PList, the GList, and the DList (if specified). The DList and the GList are combined and become the new
GList.

The Defect List Format specifies the format of the defect descriptor transferred to the Target when the
FmtData bit is set to one (see Table 5).

Interleave Factor must be either zero or one. The target formats the file with an interleave of one.

Note: It is recommended that the Mode Select command be issued prior to the Format Unit command to
specify parameters that affect the formatting process.

The Block Length parameter (see 1.6.1.2, “Block Descriptor”) is used during formatting and is saved
following a successful format operation. If a Mode 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.
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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 is an active 1/O process (see 4.1.6, “Command Processing During Start-up and Format
Operations”).

®* When tagged queuing is enabled (DQue = 0), all commands except Request Sense and Inquiry return
Queue Full Satus while the Format Unit command is a queued 1/O process (see 4.3, “Command
Queuing”).

®* When tagged queuing is disabled (DQue = 1), all commands except Request Sense and Inquiry return
Busy Satus while the Format Unit command is a queued I/O process.

* |f a Request Sense command is received while a format operation is an active 1/O process, the Target
returnsGood Status. The Sense Key is set to Not Ready and the Additional Sense Code and Qualifier is
set to Format In Progress.

® |f an Inquiry command is received while a format operation is an active 1/O process, the Target returns
Good Satus and Inquiry data as requested.

The format operation must complete successfully for the Drive to be usable. If the command is interrupted by
a reset, power down, or an unrecoverable error, the Drive enters a degraded mode of operation in which
reading and writing are prohibited (see 4.1.9, “Degraded Mode”). To exit the degraded mode, another
Format Unit command must be sent by the Initiator and completed successfully by the Target.

The Format Unit command sets trit Attention Condition for all Initiators except the one that issued the
Format Unit command (see 4.1.5, “Unit Attention Condition”).

Table 3. Format of Defect List - Header

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0
1 FOV DPRY DCRT |STPF=1] IP=0 DSP Immed RSVD
2 (MSB) Defect list length
3 (LSB)

Table4. Format of Defect List - Descriptor (s)
Byte BIT

7 6 5 4 3 2 1 0
0-7 Defect Descriptor 0

8n - 8n+7 | Defect Descriptor n

Note: Format of the defect list sent during the Data Out phase.

The Target has a limited implementation of the Format Option bits located in Bits 2 through 7 of Byte 1 of the
Defect List Header (see Table 3). If the Initiator attempts to select any function not implemented by the
Target, the Target terminates the command ®feck Condition Satus. The Sense Key is set to lllegal

Request and the Additional Sense Code is set to Invalid Field In Parameter List.
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An FOV (Format Options Valid) bit of zero causes the Target to verify that the settings for the DPRY
(Disable PRimarY), DCRT (Disable CeRTification), STPF (SToP Format) and IP (Initialization Pattern) bits
are zero. If any of these bits are not zero, the Target terminates the command with Check Condition Status.
The Sense Key is set to Illegal Request and the Additional Sense Codeis set to Invalid Field In Parameter
List.

Note: The FCERT bit in Mode Page O is provided to control certification when the format command is issued
with the FOV bit off.

When FOV bit is one there are eight combinations of the DPRY, DCRT, STPF, IP and DSP hits allowed.
Other combinations return Check Condition Status with Sense Key of Illegal Request and Additional Sense
Code of Invalid Field In Parameter List. The supported combinations are:

DPRY=0 DCRT=0 STPF=1 IP=0 DSP=0
DPRY=0 DCRT=1 STPF=1 IP=0 DSP=0
DPRY=1 DCRT=0 STPF=1 IP=0 DSP=0
DPRY=1 DCRT=1 STPF=1 IP=0 DSP=0
DPRY=0 DCRT=0 STPF=1 IP=0 DSP=1
DPRY=0 DCRT=1 STPF=1 IP=0 DSP=1
DPRY=1 DCRT=0 STPF=1 IP=0 DSP=1
DPRY=1 DCRT=1 STPF=1 IP=0 DSP=1

The DPRY (disable primary) bit set to one indicates that the Target uses portions of the medium identified as
defectivein the primary defect PList for Initiator addressable logical blocks.

The DPRY (disable primary) bit set to zero indicates that the Target does not use portions of the medium
identified as defective in the primary defect PList for Initiator addressable logical blocks. If the Target cannot
locate the PList or it cannot determine whether a PList exists, the Target terminates the Format Unit command
as described for STPF=1.

The DCRT (disable certification) bit set to one, indicates that the Target does not generate a CList
(certification list) or perform a certification process while executing the Format Unit Command.

The DCRT (disable certification) bit set to zero, indicates that the Target performs a certification process
while executing the Format Unit Command. (Thiswill lengthen the time it takes to complete the Format
command.)

Note: Sincethe DCRT bit is part of the Data Out phase that follows the format command, the FCERT bit in

Mode Page O is provided to control certification when the format command is issued with no Data Out phase

(see 1.6.2, “Page Oh - Vendor Unique Parameters”). If a format command is issued with a Data Out phase
then FCERT is ignored.

The STPF (stop format) bit controls the behavior of the Target when one of the following events occurs:
®* The Target cannot locate a required defect list or determine that the list exists.

®* The Target encounters an unrecoverable error while accessing a required defect list.

The STPF bit must be set to one. If one or both of the above conditions occurs, the Target terminates the
Format Unit command wit@heck Condition Satus. The Sense Key is set to Medium Error and the
Additional Sense Code is set to either Defect List Not Found if the first condition occurred, or Defect List
Error if the second condition occurred.

The IP (initialization pattern) bit must be set to zero. The Target initializes all data with zeros.
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The DSP (disable saving parameters) bit set to zero requests that the Target save al saveable Mode
parameters during the format operation. If the DSP bit is set to one the Target will not save the saveable
Mode parameters during the format operation.

An Immed bit set to zero requests that status be returned at the end of the format operation.

An Immed bit set to one requests that status be returned immediately. Good Status is returned following the

CDB validation and transfer of datain the Data Out phase. If the immediate format operation terminatesin

error, Deferred Error Sense data is generated. See 4.1.8, “Deferred Error Condition” for more information
regarding the immediate format operation. With the Immed bit set to one, the Link bit must be set to zero
otherwise the command is terminated witieck Condition Status, Sense Key is set to lllegal Request and
Additional Sense Code is set to CDB Invalid.

The Defect List Length field specifies the total length in bytes of the defect descriptors that follow. The

defect list length must be equal to eight times the number of defect descriptors to follow, otherwise the
command is terminated witbheck Condition Satus. The Sense Key is set to lllegal Request and the

Additional Sense Code is set to Invalid Field In Parameter List. The defect descriptors must specify the defect
based on the current Format Device parameters reported by the Mode Sense command.

The following table describes the influence of the various options on the format operation.

Table5. Effect of Optionson Format Operations

New GList
Composition
Defect © :glr_"“i‘;e the
Command Type 50“”39‘ K = Keep the
Defect Liss  Defect Liss M =Mandatory P=PList :
FmtData  Cmplst — “po o Length O =Optiond G=cLig = °-%
=endi P 'S A= Add the Dlist
D =DList to the Glist
R = Replace the
Glist with
the DList
No Defect List
0 0 000b N/A M P.G K
Block Format
1 0 000b Zero M PG
1 1 000b Zero M P
Bytes From | ndex For mat
1 0 100b Zero (@] PG K
1 1 100b Zero (@] P E
1 0 100b >0 (0] P,G,D A
1 1 100b >0 (@] P,D R
Physical Sector For mat
1 0 101b Zero (@] PG K
1 1 101b Zero (@] P
1 0 101b >0 O P,G,D
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1 1 101b >0 0] P.D R

The Target supports two defect descriptor formats for the Format Unit command and the Read Defect Data
commands, Bytes From Index format and Physical Sector format (see Table 5).

The Target does not require that DList entries be in ascending order.

If the DList entry does not correspond to a valid user addressable media location, the command terminates
with Check Condition Satus. The Sense Key is set to Illegal Request and the Additional Sense Codeis set to
Invalid Field In Parameter List.

Table 6. Defect Descriptor - Bytes From Index For mat

Byte BIT
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 Bytes From Index
6
7 (LSB)

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 defect bytes from index. Theinternal format of the Target’sGList is not identical to the
DList, thusthe DList entry isinterpreted as a defect which starts at the beginning of the sector pointed to by
the DList entry, with alength equal to the sector length. If the Initiator sends more than one defect descriptor
for the same sector, the Target creates one GList entry for each defect descriptor.

Note: For the specified block length, if the Dlist entry when converted to a physical sector, is equal to the
physical sector of a Plist entry (DPRY = 1), that Dlist entry is not added to the Dlist.

If the Target receives a defect bytes from index value of FFFFFFFFh, indicating that the entire track be
marked defective, the command is terminated with Check Condition Status. The Sense Key isset to Illegal
Request and the Additional Sense Codeis set to Invalid Field In Parameter List.

Table 7. Defect Descriptor - Physical Sector Format

Byte BIT
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 Defective Sector Number
6
7 (LSB)
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Each defect descriptor for the Physical Sector format specifies a defect that is the length of a sector. The
defect descriptor is comprised of the cylinder number of the defect, the head number of the defect, and the
defect sector number. The actual defect stored in the Glist points to the start of the sector and has alength
equal to the sector size. If the Initiator sends more than one defect descriptor for the same sector, the Target
creates one GList entry for each defect descriptor.

Note: For the specified block length, if the Dlist entry when converted to a physical sector, isequal to the
physical sector of a Plist entry (DPRY = 1), that Dlist entry is not added to the Dlist.

If the Target receives a defect sector value of FFFFFFFFh, indicating that the entire track be marked
defective, the command is terminated with Check Condition Satus. The Sense Key is set to Illegal Request
and the Additional Sense Code is set to Invalid Field In Parameter List.
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1.3 Inquiry

Table 8. Inquiry Command Descriptor Block

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

The Inquiry command requests that information regarding parameters of the Target and its peripheral
device(s) be sent to the Initiator. Several options allow the Initiator to request detailed Vital Product Data
(VPD) about the Drive.

EVPD (Enable Vital Product Data) bit set to zero specifies the Target return standard Inquiry data. When the
EVPD bit is set to zero, The Page Code field must also be zero. If the Page Codeis not zero, the target reports
Check Condition Status with the Sense Key set to Illegal Request and the Additional Sense Code set to Invalid
Fieldin CDB.

EVPD (Enable Vital Product Data) bit set to one requests that the target return the vital product data specified
by the Page Code field. Page Code specifies which page of VPD information the target will return. The
supported VPD pages are defined in EVPD page 00h. If the value in the Page Code Field is not a supported
page the target reports Check Condition Status with the Sense Key set to Illegal Request and the Additional
Sense Code set to Invalid Field in CDB.

Allocation Length specifies the number of bytes the Initiator allocated for returned Inquiry Data. Allocation
length of zero is not an error and means that no datais returned. The target terminates the Data In phase when
all requested Inquiry Data has been returned or when the number of bytes returned equals the allocation
length, whichever isless.

The Inquiry command returns Check Condition Satus only when the target cannot return the requested
Inquiry data.

If an Inquiry command is received from an Initiator with a pending Unit Attention Condition (that is, before
the target reports Check Condition Status), the target performs the Inquiry command and does not clear the
Unit Attention Condition.

Note: The Inquiry Command is not queued. For more information see 4.3, “Command Queuing.”

Note: The inquiry data is set at the time of manufacture and will not change (without a FRU change), with
the following exceptions:
® ASCII uCode Revision Level (EVPD=0) can be changed when the microcode is downloaded with the
Wite Buffer command.
¢ ASCII uCode Identifier (EVPD=0 andEVPD=1, Page Code=3) can be changed when the microcode is
downloaded with th&V i t e Buf f er command.
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® LoadID (EVPD=1, Page Code=3) can be changed when the microcode is downloaded withthe Wi t e
Buf f er command.

* Release level/madification number (EVPD=1, Page Code=3) can be changed when the microcode is
downloaded withthe Wi t e Buf f er command.

Note: The Inquiry data returned 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.
This description isto be used for all the following page definitions.

Thetarget returns a Qualifier of Oh and a Peripheral Device Type of 00h when the logical unitis0. The
Peripheral Qualifier field of zero (0) indicates that the peripheral 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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1.3.1 Inquiry Data Format - EVPD =0

Table9. Standard Inquiry Data- EVPD =0

Byte BIT
7 6 5 4 3 2 1 0
0 Peripheral Qualifier =0 Peripheral Device Type =0
1 RMB =0 Reserved =0
2 ISO = ECMA=0 ANSI =3
3 |RSVD=0 TrmTsk=| Norm |RSVD=0 Response Data Format = 2
0 ACA=0
4 Additional Length = 159 (9Fh)
Reserved =0
Reserved EncServ =| Reserved MultiP = 0| MChngr =| ACKREQ | Addr32 =| Addr16
=0 0 =0 0 Q=0 0
7 RelAdr = | WBuUs32 =| WBus16 | Sync =1 | Linked = | TranDis =| CmdQue| Reserved
0 0 1 0 = =0
8-15 ASCII Vendor ID "IBM"
16-31 ASCII Product Identifier
32-35 ASCII uCode Revision Level
36-45 ASCII Unit Serial Number
46-55 ASCII uCode Identifier
56-95 Reserved =0
96-97 Vendor Unique Reserved =0
98-101 ASCII Plant of Manufacture
102-106 ASCII Date of Manufacture
107 Reserved =0
108-111 ASCII FRU Count ‘0001’
112-113 ASCII FRU Field Length ‘22’
114-125 ASCIl Assembly P/N
126-135 ASCII Assembly EC Level
136-147 ASCII Card Assembly Part Number
148-157 ASCII Card Assembly EC
158-161 ASCII Year of Mfg[YYYY]
162-163 Reserved = 0

If the inquiry data contained on the media is not available, the fields shown above with constant values
contain those values. ASCII uCode Revision Level and ASCII uCode Identifier will be valid. Other fields
may or may not hold valid values, but ASCII fields contain ASCII characters.
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The Inquiry command is different from other commands in that it responds to ainvalid LUN specification by
returning a Qualifier of 3h and a Peripheral Device Type of 1Fh rather than a Check Condition Status. This
indicates "Logical Unit Not Present” and is returned by this Drive for al logical unit numbers except O.

The RMB (removable media bit) field of O indicates that no removable media exists.

The 1SO field of 0 indicates that this product does not claim compliance to the International Organization for
Standards (1SO) version of SCSI (1SO DIS 9316).

The ECMA field of 0 indicates that this product does not claim compliance to the European Computer
Manufacturers Association (ECMA) version of SCSI (ECMA-111).

The ANSI field of 3 indicates the target supports American National Standards Institute SCSI version 3 (ANSI
NCITS.306-199x).

The TrmTsk field of O indicates the Target does not support the TERMINATE TASK task management
function as defined in the SAM.

The Normal ACA Supported bit (NormACA) of zero indicates the device server does not support setting the
NACA bit to one in the Control Byte of the CDB as defined in the SAM.

A Response Data Format value of 2 indicates that the dataisin the format specified in the ANSI standard
(ANSI NCITS.306-199x).

Additional Length specifies the length in bytes of the parameters that follow the additional length field. If the
Allocation Length of the command descriptor block istoo small to transfer all of the parameters, the
Additional Length parameter is not adjusted to reflect the truncation.

The Enclosure Services (EncServ) bit of zero indicates that this device does not contain an embedded
enclosure services component.

The MultiPort (MultiP) bit of zero indicates that this device has a single port and does not implement
multiport regquirements.

A medium changer (MChngr) bit is only supported when the RMB bit is one.

An ACKQ/REQQ (ACKREQQ) hit of zero indicates that the device does not support a request and
acknowledge data transfer handshake on a Q cable.

A wide SCSI Address 32 (Addr32) bit of zero indicates that the device does not support 32-bit wide SCS
addresses. A wide SCSI Address 32 (Addr32) bit of one indicates that the device does support 32-bit wide
SCSI addresses.

A wide SCSI Address 16 (Addr16) bit of one indicates that the device supports 16-bit wide SCSI addresses.
The RelAdr field of O indicates the Target does not support the Relative Addressing Maode.

A wide bus 32 (Wbus32) hit of zero indicates that the device does not support 32-bit wide data transfers.

A wide bus 16 (Wbusl6) hit of one indicates that the device supports 16-bit wide datatransfers. A wide bus
16 bit of zero indicates that the device does not support 16-bit wide data transfers.

Note: If the values of both the Wbusl6 and Wbus32 bits are zero, the device only supports 8-bit wide data
transfers.
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A Synchronous transfer (Sync) bit of one indicates that the device supports synchronous data transfer.
Linked set to 1 indicates the Target supports linked commands for thislogical unit.

A transfer disable (TranDis) bit of O indicates that the device does not support the CONTINUE I/O PROCESS
and TARGET TRANSFER DISABLE messages for thislogical unit.

The CmdQuefield of 1 indicates that the Target supports tagged command queuing.

TheVendor ID is"IBM." Thefieldisleft aigned and the unused bytes are filled with space characters (20h).
Thisfield can be customized to meet the requirements of OEM customers.

The Product Identifier is a 16-character ASCI| field. Thefirst four characters are unique to product model.
The balance of the field is model/customer dependent.

The Code Revision Level field indicates the level of the microcode. Thisisan ASCII 4-character field. The
field isleft aligned and the unused bytes are filled with space characters (20h).

The Unit Serial Number field contains the Drive serial number. Thefield is Alphanumeric, right aligned and
the unused bytes are ASCII zero (30h).

The uCode Identifier field contains the IBM microcode identifier. Thefield isleft aligned and the unused
bytes are filled with space characters (20h).

The Plant of Manufacture field indicates the location of the manufacturing facility that made the Drive. A
code of 0983 isfor San Jose, California and09RI is for Singapore.

The Date of Manufacture field is a 5-byte field containing the Julian date (two-digit year followed by the
three-digit day of the year).

The FRU Count field indicates the number of Field Replaceable Units (FRU) identification fieldsin inquiry.
The FRU Field Length indicates the number of following bytes used to identify each FRU.

The Assembly P/N field isa 12-byte ASCII field that contains the part number for the entire Drive assembly.
Thefield isleft aligned and the unused bytes are filled with space characters (20h).

The Assembly EC Level field is a 10-byte ASCI| field that contains the Engineering Change level of the Drive
assembly. Thefieldisleft aigned and the unused bytes are filled with space characters (20h).

The Card Assembly P/N field is a 12-byte ASCII field that contains the part number of the electronics package
for the Drive. Thefield isleft aligned and the unused bytes are filled with space characters (20h).

The Card Assembly EC field is a 10-byte ASCII field that contains the Engineering Change level of the
electronics package for the Drive. Thefield isleft aligned and the unused bytes are filled with space
characters (20h).

Y ear of Manufacture: 4 digits ASCII year.
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1.3.2 Inquiry Data Format - EVPD =1 - Page Code = 00

Table 10. Inquiry Data- EVPD =1 - Page Code =00

Byte BIT
7 6 5 4 3 2 1 0
0 Peripheral Qualifier Peripheral Device Type
1 Page Code = 00h
2 Reserved = 0
3 Page Length=8
4 First Supported Page Code = 00h
5 Second Supported Page Code = 01h
6 Third Supported Page Code = 03h
7 Fourth Supported Page Code = 80h
8 Fifth Supported Page Code = 82h
9 Sixth Supported Page Code = 83h
10 Seventh Supported Page Code = D1h
11 Eighth Supported Page Code = D2h

Bytes 0-11 are always available.

The Page Code field is set to the value of the Page Code field in the CDB.

The Page Length field specifies the length in bytes of the parameters that follow the Page Length field
(byte 3). If the Allocation Length of the command descriptor block istoo small to transfer all parameters, the

Page Length field is not adjusted to reflect the truncation.

The Supported Page Code fields contain the Page Codes supported by the target or logical unit.

HMSCSO16.LWP
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1.3.3 Inquiry Data Format - EVPD =1 - Page Code =01

Table 11. Inquiry Data- EVPD =1 - Page Code =01

Byte BIT

7 6 5 4 3 2 1 0
Peripheral Qualifier Peripheral Device Type

0

1 Page Code = 01h
2 Reserved = 0
3

4

Page Length = 47
ASCII Length=24

5-16 ASCIl Assembly P/N
17 0

18-27 ASCI| Assembly EC
28 0

29-40 EBCDIC Assembly PIN

41-50 EBCDIC Assembly EC

If the mediais not available, bytes 0-4 are valid. The ASCII fields contain ASCII spaces (20h) and the
EBCDIC fields contain EBCDIC spaces (40h). All other fields are zero (00h).

The Page Code field is set to the value of the Page Code field in the CDB and is associated with the Field
Replaceable Unit code returned by the Request Sense Command.

The Page Length field specifies the length (in bytes) of the vendor unique VPD information (bytes 4 to 50).
If the allocation length of the command descriptor block istoo small to transfer al the data, the Page Length
field is not adjusted to reflect the truncation.

The ASCII Length field specifies the length of the ASCII VPD information (bytes 5 through 28). If the
allocation length of the command descriptor block istoo small to transfer al of the ASCII VPD data, the
ASCII Length field is not adjusted to reflect the truncation.

The ASCII Assembly P/N field is atwelve byte ASCII field that contains the part number for the Drive
assembly. Thefield isleft aligned and the unused bytes are filled with space characters (20h).

The ASCII Assembly EC field isaten byte ASCII field that contains the Engineering Change level of the
Drive assembly. Thefield isleft aligned and the unused bytes are filled with space characters (20h).

The EBCDIC Assembly P/N field is atwelve byte EBCDIC field that contains the part number for the Drive
assembly. Thefield isleft aligned and the unused bytes are filled with space characters (40h).

The EBCDIC Assembly EC field isaten byte EBCDIC field that contains the Engineering Change level of
the Drive assembly. Thefield isleft aligned and the unused bytes are filled with space characters (40h).
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1.3.4 Inquiry Data Format - EVPD =1 - Page Code = 03

Table12. Inquiry Data- EVPD =1 - Page Code = 03

Byte BIT
7 6 5 4 3 2 1
0 Peripheral Qualifier Peripheral Device Type
1 Page Code = 03h
2 Reserved = 0
3 Page Length = 36
4 ASCII Length =0
5-7 Reserved = 0
8-11 Load ID
12-15 Release |evel/modification number
16-19 PTF Number
20-23 Patch Number
24-33 ASCII uCode Identifier
34-35 Reserved (20h)
36-39 ASCII Servo P/N

The Page Code field is set to the value of the Page Code field in the CDB and is associated with the Field
Replaceable Unit code returned by the Request Sense Command.

The Page Length field specifies the length (in bytes) of the vendor unique VPD information (bytes 4-39). If
the allocation length of the command descriptor block istoo small to transfer all the data, the Page Length
field is not adjusted to reflect the truncation.

The Load ID isamicrocode Load identifier.

The Release level/modification number is an indication of the generation level within the Load ID.

Both the PTF Number and the Patch Number are not used and are reserved.

Bytes 8-23 of this page are used to control the level of microcode that isinstalled on the Drive. See 1.37,
“Write Buffer.”

Bytes 24-33 of this page display the drive's microcode identifier. The field is alphanumeric (ASCII), left
aligned and the unused bytes are ASCII spaces (20h).

Bytes 36-39 of this page display the part number of the Servo microcode installed on the drive. This field is
hex numeric ASCII (i.e., the characters will be in the set 0..9,A..F).
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1.3.5 Inquiry Data Format - EVPD =1 - Page Code = 80

Table 13. Inquiry Data- EVPD =1 - Page Code = 80

Byte BIT
6 3 2 1 0
0 Peripheral Qualifier Peripheral Device Type
1 Page Code = 80h
2 Reserved =0
3 Page Length = 16
4-19 ASCII Unit Serial Number

If the mediais not available, bytes 0-3 are valid. All other fields contain ASCII spaces (20h).

The Page Code field is set to the value of the Page Code field in the CDB.

The Page Length field specifies the length (in bytes) of the vendor unique VPD information

(bytes 4-19). If the alocation length of the command descriptor block istoo small to transfer all the data, the

Page Length field is not adjusted to reflect the truncation.

The Unit Serial Number field contains the Drive serial number. Thefield is aphanumeric (ASCII), right

aligned and the unused bytes are ASCI| spaces (20h).

HMSCSO16.LWP
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1.3.6 Inquiry Data Format - EVPD =1 - Page Code = 82

Table 14. Inquiry Data- EVPD =1 - Page Code = 82

Byte BIT
7 6 5 4 3 2 1 0
0 Peripheral Qualifier Peripheral Device Type
1 Page Code = 82h
2 Reserved = 0
3 Page Length = 48
4 ASCII Length=25
5-12 First 8 bytes of Product Identifier in ASCI|
13 0
14-21 First 8 bytes of ASCII Serial Number
22 0
23-28 ASCII Vendor ID ' IBM’
29 0
30-37 First 8 bytes of Product ID in EBCDIC
38-45 First 8 bytes of EBCDIC Seria Number
46-51 EBCDIC Vendor ID "IBM"

If the mediais not available, bytes 0-4 are valid. The ASCII fields contain ASCII spaces (20h) and the
EBCDIC fields contain EBCDIC spaces (40h). All other fields are zero (00h).

The Page Code field is set to the value of the Page Code field in the CDB.

The Page Length field specifies the length (in bytes) of the vendor unique VPD information (bytes 4 to 51).

If the allocation length of the command descriptor block istoo small to transfer al the data, the Page Length
field is not adjusted to reflect the truncation.

The ASCII Length field specifies the length of the ASCII VPD information that follows (bytes 5 through 29).
If the allocation length of the command descriptor block istoo small to transfer all of the ASCII VPD data, the
ASCII VPD length field is not adjusted to reflect the truncation.

The ASCII Product Identifier isthe first 8 bytes of the Product Identifier in the EVPD=0 page.

The ASCII Serial Number field contains the unit serial number. The field isright aligned and the unused
bytes arefilled with ASCII zeros (30h).

The ASCII Vendor ID field contains the vendor ID (IBM). Thefield isleft aligned and the unused bytes are
filled with ASCI| space characters (20h). This field can be customized to meet the requirements of a user.

The EBCDIC Product Identifier isthe first 8 bytes of the Product Identifier in the EVPD=0 page.

The EBCDIC Seria Number field contains the unit serial number. Thefield isright aigned and the unused
bytes are filled with EBCDIC zeroes (FOh).
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The EBCDIC Vendor ID field contains the vendor ID (IBM). Thefield isleft aligned and the unused bytes are
filled with EBCDIC space characters (40h). Thisfield can be customized to meet the requirements of a user.

1.3.7 Inquiry Data Format - EVPD =1 - Page Code = 83

Table 15. Inquiry Data- EVPD =1 - Page Code = 83

Byte BIT
7 6 5 4 3 2 1 0
0 Peripheral Qualifier Peripheral Device Type
1 Page Code = 83h
2 Reserved = 0
3 Page Length = 32h
4 Reserved = 0 Code Set =2
5 Reserved = 0 Identifier Type=1
6 Reserved = 0
7 Descriptor List Length = 22h
8-15 ASCII Vendor ID "IBM"
16-31 ASCII Product Identifier
32-41 ASCII Seria Number
42 Reserved = 0 CodeSet=1
43 Identifier Type=2
44 Reserved = 0
45 Descriptor List Length=8
46-48 |EEE Company Unique ID = 006094h.
49 Plant of Manufacture Code
50 Product Family Number of Heads
51-53 Serial Number (in Hex)

Inquiry Page 0x83 (Device Identification Page) provides away for the initiator to request atarget’s unique
identification descriptor. This product supports two identification descriptors. Both of these descriptors are
returned during the Data In Phase of the Inquiry Command. The first identification descriptor isthe ASCI|
version. The second identification descriptor adheres to the IEEE 64-bit Global Identifier (EUI-64) Standard.

Each identification descriptor includes a standard four byte header, which includes a Code Set field, an

Identifier Typefield, and a Page Length. The unique Identifier data follows this header.
Vaid Code Set values are described in the following table.
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Table 16. Code Set Values

Value Description
0 Reserved
1 The Identifier field shall contain binary values.
2 The Identifier field shall contain ASCII graphic codes (i.e. code values 20h through 7Eh).

Valid Identifier Type values are described in the following table.

Table 17. Identifier Type Values
Value |Description

1 Thefirst 8 bytes of the Identifier field isIBM’s ASCII Vendor ID. The next 16 bytes of the
Identifier field isthe ASCII Product ID. Thelast 10 bytes of the Identifier field is the ASCI|
Serial Number for that unit.

2 The Identifier field contains an |EEE Extended Unique Identifier, 64-bit (EUI-64). Thefirst 3
bytes represent the Company ID as assigned by the |EEE Registration Authority Committee.
The next byte contains the Plant of Manufacture Code. The following byteis split into two
fields. Bits 0-4 contain the hex equivalent to the number of heads. Bits 5-7 contain the Product
Family ID. The last 3 bytes contain the hex equivalent to the Device Serial Number.

The Page Length specifies the actual number of bytes that the Identifier field occupies.

The ASCII Vendor ID field contains the vendor ID (IBM). Thefield isleft aligned and the unused bytes are
filled with ASCII space characters (20h).

The ASCII Product Identifier isthe first 8 bytes of the Product Identifier in the EVPD=0 page.

The ASCII Serial Number field contains the unit serial number. The field isright aligned and the unused
bytes are filled with ASCII zeros (30h).

The IEEE Company ID givento IBM by the Registration Authority Committee is 006094h.

Valid Plant of Manufacture Codes include;
® SanJose, CA =07h
® Singapore= 87h

Valid Product Family consists of a unique number assigned to each product model.
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Table 18. Inquiry Data- EVPD =1 = Page Code= D1

Byte BIT
7 6 5 4 3 2 1 0
0 Peripheral Qualifier Peripheral Device Type
1 Page Code =D1h
2 Reserved = 0
3 Page Length = 80

4-19 |ASCIl MediaDisk 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

Table 19. Inquiry Data- EPVD =1 - Page Code = D2

Byte BIT
7 6 5 4 3 2 1 0
0 Peripheral Qualifier Peripheral Device Type
1 Page Code = D2h
2 Reserved = 0
3 Page Length = 32
4-19 ASCII Card Serial Number
20-35 ASCII Card Assembly Part Number

If the mediais not available, bytes 0 through 3 arevalid. All the other fields are ASCII blanks (20h).

All ASCII fields are a phanumeric, |eft-aligned, and padded on the right with ASCII blanks (20h).
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1.4 Log Select

Table 20. Log Select Command Descriptor Block

Relative
Byte

BIT

7 6 5 4 3 2 1 0

0

Operation Code = 4Ch

PCR SP

Reserved Reserved = 0

PC=11bor0lb | Reserved=0

Reserved = 0

Reserved = 0

Reserved = 0

Reserved = 0

(MSB)

Parameter List Length
(LSB)

O o~N OO | B W|DN|PF

VU=0 Reserved =0 Flag Link

The Log Select command provides a means for the initiator to clear statistical information maintained by the
Drive and reported via the Log Sense Command.

PCR bit

SP bit

PC field

Parameter
List
Length

HMSCSO16.LWP

The Parameter Code Reset (PCR) bit determines whether the Log Sense parameters will be
cleared and unit attentions posted for all other initiators. A value of 1 indicates that the
parameters should be cleared, while avalue of 0 (except when PC=11b) indicates that the
parameters should not be cleared. Parameter list length must be zero when PCRis 1.

The Save Parameters (SP) 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.

The Page Control (PC) field defines the type of parameters to be selected. Thisfield must be
Set to one of the following:

01b Current cumulative values.

11b Default cumulative values.

The PC field set to 11b (and PCR isadon't care) indicates that the Current Cumulative values
are set to their default values of 0. If the PC field is set to 01b, and PCR is set to 1, the
Current Cumulative values are also set to their default values.

The Parameter List Length indicates the amount of data to be transferred from the initiator to
the target during the DATA OUT phase. A value of zero is acceptable and is not considered
an error.

Note: A specified length greater than OxO0FF will result in a Check Condition Status being

returned. A length that resultsin log data being truncated will generate a Check Condition
Satus.
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If any field in the CDB is not correctly set, the command shall be terminated with a Check Condition Satus.
The Sense Key shall be set to Illegal Request, and the Additional Sense Code set to Invalid Field in CDB.
Thefollowing list contains all individual page parameters that are set to their default value of zero by the Log

Select command (when PCR=1 and Parameter List Length=0).

® Page 01h parameters:

Overrun Counter
Underrun Counter

® Page 02h parameters:

- Write Total Recoverable Error Counter
- Write Total Unrecoverable Error Counter

Write Error Counter

® Page 03h parameters:

ECC OTF Counter
Read Error Counter

Read Total Recoverable Error Counter
Read Total Unrecoverable Error Counter

® Page 05h parameters:

- Verify Total Posted Recoverable Error Counter
- Verify Total Posted Unrecoverable Error Counter

Verify Error Counter

® Page 06h parameters:

Non-Medium Error Counter

® 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

Underrun Counter

Device Cache Full Read Hits
Device Cache Partial Read Hits
Device Cache Write Hits
Device Cache Fast Writes

HMSCSO16.LWP
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® Page 35h parameters:
- Cumulative Cache Full Hits on Reads.
- Cumulative Cache Partial Hits on Reads.
- Cumulative Cache Misses on Reads.

The target generates a Unit Attention Condition (to indicate that parameters have changed) for all initiators
except the one that issued the Log Select command.

The following tables show dataformat for the DATA OUT phase when the Parameter list length is not equal
to zero. Only log pages 1, 2, 3, 5, and 6 are acceptabl e pages for log select data.

1.4.1 Log Select Page 01h

Table21. Log Select Page 01h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 01h
Reserved = 0
2-3 Page Length

Table22. Log Select Page 01h - Parameter Code 0000h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0000h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 02h
4-5 Ignored

Table23. Log Select Page 01h - Parameter Code 0001h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0001h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 02h
4-5 Ignored
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1.4.2 Log Select Page 02h

Table24. Log Select Page 02h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code = 02h
1 Reserved = 0
2-3 Page Length

Table25. Log Select Page 02h - Parameter Code 0002h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0002h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored

Table 26. Log Select Page 02h - Parameter Code 0003h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0003h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored

Table 27. Log Select Page 02h - Parameter Code 0006h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0006h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
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1.4.3 Log Select Page 03h

Table 28. L og Select Page 03h
Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code = 03h
Reserved = 0
2-3 Page Length
Table 29. Log Select Page 03h - Parameter Code 0000h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0000h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
Table 30. Log Select Page 03h - Parameter Code 0002h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0002h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
Table 31. Log Select Page 03h - Parameter Code 0003h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0003h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
HMSCSO16.LWP
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Table 32. Log Select Page 03h - Parameter Code 0006h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0006h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
1.4.4 Log Select Page 05h
Table 33. Log Select Page 05h
Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code = 05h
Reserved = 0
2-3 Page Length
Table 34. Log Select Page 05h - Parameter Code 0000h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0000h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
Table 35. Log Select Page 05h - Parameter Code 0002h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0002h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
HMSCSO16.L WP
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Table 36. Log Select Page 05h - Parameter Code 0003h

Relative BIT
Byte 7 6 5 4 2 1 0
0-1 Parameter Code = 0003h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
Table 37. Log Select Page 05h - Parameter Code 0006h
Relative BIT
Byte 7 6 5 4 2 1 0
0-1 Parameter Code = 0006h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Ignored
1.4.5 Log Select Page 06h
Table 38. Log Select Page 06h
Byte BIT
7 6 5 4 2 1 0
0 Reserved = 0 Page Code = 06h
Reserved = 0
- Page Length
4-5 Parameter Code = 0000h
DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
7 Parameter Length = 04h
8-11 Ignored
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15 Log Sense

Table 39. Log Sense Command Descriptor Block

Byte BIT
7 6 5 4 3 2 1 0
0 Operation Code = 4Dh
1 Reserved RSVD =0 PPC=0 SP
2 PC=11bor 01b Page Code
3 Reserved = 0
4 Reserved = 0
5 (MSB) Parameter Pointer
6 (LSB)
7 (MSB) Allocation Length
8 (LSB)
9 vU=0 Reserved = 0 Flag Link

The Log Sense command allows the Initiator to retrieve statistical data about the Drive.

PPC bit

SP bit

PC field

Page Code

Parameter
Pointer
Field

Allocation
Length
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The Parameter Pointer Control (PPC) 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 allocation length. If PPC bit is set to 1, Check Condition
Satusis returned with a Sense Key of Illegal Request and Additional Sense Code of Invalid
Fieldin CDB.

The Save Parameters (SP) bit set to 0 specifies that the Drive not save any log parameters. If
set to 1, all page parametersthat are savable (those pages denoted by aDS = 0 in the
parameter header control byte) are saved.

Note: Vendor Unigue pages 30h and 35h are exceptions to this. They contain parameters
that have DS = 0, but are not savable.

The Page Control field defines the type of parameters to be selected. This field must be set to
01b to specify Current Cumulative values or 11b to specify Default Cumulative values. If the
PC field is set to either 00b or 10b, Check Condition Satus is returned with a Sense Key of
Illegal Request and Additional Sense Code of Invalid Field in CDB.

The Page Code field identifies which page is being requested. This field must be set to one of
the values returned by Page 00h. If the Page Code valueisinvalid, a Check Condition Satus
isreturned with a Sense Key of Illegal Request and Additional Sense Code of Invalid Field in
CDB.

The parameter pointer field specifies the beginning field for the transfer. A value of 0000h
indicates all parameters for the select page code will be returned.

The Allocation Length field specifies the maximum number of bytes the Initiator has
alocated for returned Log Sense Data. No bytes are transferred if the allocation length is
zero. Thiscondition is not considered an error. The Target terminates the Data In phase
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when al available Log Sense Data has been transferred or when the number of bytes
transferred equals the allocation length, whichever isless.

1.5.1 Log Page Parameters

Each log page begins with a four-byte page header followed by zero or more variable-length log parameters.

Page Header

The Page Code field identifies which log page is being transferred.
The Page Length field specifies the length in bytes of the following log parameters.

L og Parameters

All pages except for page 0 include log parameters. Each log parameter begins with a four-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, or 3rd byte of each parameter header, contains several fields.

The Disable Update (DU) bit set to 0 (1) indicates that the drive updates (disable updates) the log
parameter value to reflect all events that should be noted by that parameter. Although a setting of
lisalowed, thisvaueisignored by the drive.

The Disable Save (DS) bit is set to 1 for al non-savable parameters and is set to O for all savable
parameters.

Note: Vendor Unigue pages 30h and 35h are exceptionsto this. They contain parameters that
have DS = 0, but are not savable.

The Target Save Disable (TSD) hit is set to 0 which indicates that the drive provides a
target-defined method for saving log parameters.

The Enable Threshold Comparison (ETC) bit is set to O which indicates that the drive does not
perform comparisons between cumulative and any threshold values.

The Threshold Met Criteria (TMC) field is not valid because this drive does not perform
threshold comparisons. Thisfieldisset to 0.

The List Binary (LBIN) bit is set to 1 for the Vendor Unique pages whose parameters are lists
which indicates that the lists are in binary format, not ASCII. Thisbit is Reserved and set to O for
al other pages.

The List Parameter (LP) bit is set to O for parameters that are data counters. The LP bitissetto 1
for parametersthat are lists.
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1.5.2 Log Sense Page 00h

Table 40. Log Sense Page 00h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code=0
1 Reserved = 0
2-3 Page Length = 000Bh (Number of Pages Supported)
4 First supported page code = 00h
5 Second supported page code = 01h
6 Third supported page code = 02h
7 Fourth supported page code = 03h
8 Fifth supported page code = 05h
9 Sixth supported page code = 06h
10 Seventh supported page code = 30h
11 Eighth supported page code = 32h
12 Ninth supported page code = 33h
13 Tenth supported page code = 35h
14 Eleventh supported page code = 36h

Page 00h indicates the supported log sense pages. This pageis used to determine which additional pages can
be requested by the Initiator.

Requesting this page with Page Code=00h and PC field = 11b will result in a Check Condition Status returned
with a Sense Key of Illegal Request and Additional Sense Code of Invalid Field in CDB.

HMSCSO16.LWP
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1.5.3 Log Sense Page 01h

Table41. Log Sense Page 01h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code = 01h
1 Reserved = 0
2-3 Page Length (<=000Ch)

Table42. Log Sense Page 01h - Parameter Code 0000h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0000h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 02h
4-5 Buffer Under-Run Counter

Table43. Log Sense Page 01h - Parameter Code 0001h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0001h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 02h
4-5 Buffer Over-Run Counter

A buffer overrun or underrun 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 is
incremented during operations that require a Data In phase when a buffer full condition prevents the
continued transfer of data from the mediato the data buffer. The buffer underrun counter isincremented
during operations that require a Data Out phase when a buffer empty condition prevents the start or
continuation of a data transfer 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 Underrun conditions are detected during the following SCSI commands:
* Verify with BytChk=1
® Write (6)
* Write (10)
* Writeand Verify
® Write Same
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The statistics reported by this page are lost when the Drive is powered off or a self-initiated reset occurs.

The statistics reported by this page are NOT lost on a SCSI reset or Bus Device Reset message.

1.5.4 Log Sense Page 02h

Table 44. Log Sense Page 02h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code = 02h
1 Reserved = 0
2-3 Page Length (<=0018h)

Table45. Log Sense Page 02h - Parameter Code 0002h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0002h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Write Error Counter

Table46. Log Sense Page 02h - Parameter Code 0003h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0003h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Write Total Recoverable Errors

Table47. Log Sense Page 02h - Parameter Code 0006h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0006h
2 DU DS=1 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Write Total Unrecoverable Errors

This parameter counter isincremented during failed write operations.
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The statistics reported by page 02h are not lost when the Drive is powered off or a self-initiated reset occurs,
on a SCSl reset or Bus Device Reset message.

1.5.5 Log Sense Page 03h

Table 48. Log Sense Page 03h

Byte BIT
7 6 5 4 3 2 1 0

0 Reserved =0 Page Code = 03h
1 Reserved = 0

2-3 Page Length (<=0020h)

Table49. Log Sense Page 03h - Parameter Code 0000h
Relative BIT

Byte 7 6 5 4 3 2 1 0

0-1 Parameter Code = 0000h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h

4-7 ECC OTF Counter

Table50. Log Sense Page 03h - Parameter Code 0002h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0002h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Read Error Counter

Table51. Log Sense Page 03h - Parameter Code 0003h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0003h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Read Total Recoverable Errors
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Table52. Log Sense Page 03h - Parameter Code 0006h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0006h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Read Total Unrecoverable Errors

This Parameter Counter isincremented during failed read operations.

The ECC OTF Counter isincremented each time ECC on-the-fly hardware correction is used. The maximum
value that it will reach before wrapping to zero is 0xO000FFFF. The counter resets to zero when the Driveis

powered on.

The statistics reported by this page are not lost (except ECC OTF which islost) when the Drive is powered off
or aself-initiated reset occurs, on a SCSI reset or Bus Device Reset message.

1.5.6 Log Sense Page 05h

Table53. Log Sense Page 05h
Byte BIT
7 6 5 4 3 2 1 0
0 Reserved =0 Page Code = 05h
1 Reserved = 0
2-3 Page L ength (<=0020h)
Table54. Log Sense Page 05h - Parameter Code 0000h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0000h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Verify With No Delay Error Counter
Table55. Log Sense Page 05h - Parameter Code 0002h
Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0002h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Verify Error Counter
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Table56. Log Sense Page 05h - Parameter Code 0003h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0003h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Verify Total Posted Recoverable Errors

Table57. Log Sense Page 05h - Parameter Code 0006h

Relative BIT
Byte 7 6 5 4 3 2 1 0
0-1 Parameter Code = 0006h
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
3 Parameter Length = 04h
4-7 Verify Total Posted Unrecoverable Errors

This parameter counter isincremented during failed verify operations.

The statistics reported by this page are not lost when the Drive is powered off or a self-initiated reset occurs,
on a SCS reset or Bus Device Reset message.

1.5.7 Log Sense Page 06h

Table58. Log Sense Page 06h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 06h
Reserved = 0
2-3 Page Length = 0008h
4-5 Parameter Code = 0000h
DU DS=0 TSD=0 ETC=0 TMC=0 RSVD=0 LP=0

7 Parameter Length = 04h

8-11 Non-Medium Error Counter

This parameter counter isincremented every time a non-medium error is detected.

The statistics reported by this page are not lost when the Drive is powered off or a self-initiated reset occurs,
on a SCS reset or Bus Device Reset message.
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1.5.8 Log Sense Page 30h

Table59. Log Sense Page 30h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 30h
Reserved = 0
2-3 Page Length = 0030h
4-5 Parameter Code =0
DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
7 Parameter Length = 2Ch

8-9 Zero Seeks
10-11 Seeks > =10 2/3
12-13 Seeks>=1/3and < 2/3
14-15 Seeks>=1/6and < 1/3
16-17 Seeks>=0and < 1/6
18-19 Seeks>0and < /12
20-23 Reserved = 0
24-25 Overrun Counter
26 - 27 Underrun 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 - 51 Reserved = 0

Page 30h returns performance counter information. Thisincludes seek counters and buffer overrun/underrun

counters.

The appropriate seek counter isincremented once during execution of each of the following SCSI commands:

Pre-Fetch
Read (6)
Read (10)
Verify
Write (6)
Write (10)

Write and Verify

Write Same
Seek (6)
Seek (10)

HMSCSO16.LWP

Page 53 of 296



Only one seek counter isincremented for each of these commands and the counter is incremented only once
per command. The length of the initial seek that isrequired to access thefirst Logical Block specified for the
SCSI command determines which seek counter isincremented. The Zero Seek counter isincremented if a
seek is not required or if only ahead switch isrequired to access the first Logical Block. After the initial seek,
no further counter incrementing is performed for that command.

Implementer’sNote: The length of a seek as reported in page 30 may differ from expected results. The
reason for thisisthat the drive executes Idle Time Functions (as explained in the Ultrastar 18ZX/9LZX
Hardware Functional or Swordfish/Sawfish Hardware Functional Spec) between operations of the drive. The
seek operations which 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 underrun condition occurs when the Initiator does not transfer datato or from the Target
data buffer fast enough to keep up with reading or writing the media. The buffer overrun counter is
incremented during operations that require a Data In phase when a buffer full condition prevents the
continued transfer of data from the mediato the data buffer. The buffer underrun counter isincremented
during operations that require a Data Out phase when a buffer empty condition prevents the start or
continuation of adatatransfer 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 Underrun conditions are detected during the following SCSI commands:
* Verify with BytChk=1
* Write (6)
® Write (10)
* Writeand Verify
* Write Same

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>= 1/3AND < 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.

SEEK S >=1/12 AND < 1/6 DI SK
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 lessthan 1/12 of the disk.
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OVERRUN COUNTER: The number of times that data was available to be transferred from the arm 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.

UNDERRUN COUNTER: The number of times that the DASD was ready to transfer datato itsdisk (on a
write), but its buffer was empty (ie, had not been filled by the Initiator) thus the disk was forced to take extra
revolutions.

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. Thisisaduplicate of the Cumulative Cache Full
Hits on Reads counter on Log Sense, Page 35h.

DEVICE CACHE PARTIAL READ HITS The number of times that a portion, but not all, 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. Thisis a duplicate of the Cumulative Cache Partial
Hits on Reads counter 1.5.11 Log Sense Page 35h.

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 a response was returned immediately.

The statistics reported by this page are lost on a self-initiated reset or when the Drive is powered off.

The statistics reported by this page are NOT lost on a SCSI reset or Bus Device Reset message.

Even though the DS field equal s zero, the parameters on this page are not saveable.

1.5.9 Log Sense Page 32h

Table 60. Log Sense Page 32h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 32h
1 Reserved = 0
2 (MSB) PageLength=in O+ ..+1n n
3 (LSB)
L og Parameter (s)

4 Log Parameter O

In O+ (Length 1n_0)
3

x-1n_n Log Parameter n
X (Length 2n_n)
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1.5.9.1 Log Parameter Format - Page 32h

Table61. Log Parameter Format - Page 32h

Byte BIT
7 6 5 4 3 2 1 0
0 (MSB)
1 Parameter Code= 0,1, ..., n-1, or n (LSB)
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=1 LP=1
3 Parameter Length = 8(m+1)
4 (MSB)
5 Cylinder Number of Site 0
6 (LSB)
7 Head Number of Site 0
8 (MSB)
9 Sector Number of Site 0
10 (LSB)
11
8m+4 |(MSB)
8m+5 Cylinder Number of Sitem
8m+6 (LSB)
8m+7 Head Number of Sitem
8m+8 |(MSB)
8m+9 Sector Number of Site m
8m +10 (LSB)
8m +11

Page 32h is a listing of physical error sites that should be reallocated. (See 4.6, “Automatic
Rewrite/Reallocate - Recommend Rewrite/Reassign” for more information.) When an error site is
reallocated, it is removed from this list. When a format is performed, this list is cleared. If no sites require
reallocation, 8 bytes are returned, the page length is 4 and the parameter length is 0.

The statistics reported to the Initiator by this page are part of error log information maintained by the Target.
The logs are periodically saved to the disk and are restored from the disk after a power cycle or self-initiated
reset.

Implementer’sNote: The Initiator may request this page and return the 8 byte site descriptions to the Target
as a Dlist when issuing a Format command with Dlist option.

Even though the DS field equals zero, the parameters on this page are not saveable.

Requesting this page with Page Code=00h and PC field = 11b will resulheclaCondition Status returned
with a Sense Key of lllegal Request and Additional Sense Code of Invalid Field in CDB.
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1.5.10 Log Sense Page 33h

Table 62. Log Sense Page 33h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 33h
1 Reserved = 0
2 (MSB) PagelLength=1n O+...+1n n
3 (LSB)
L og Parameter (s)
4 Log Parameter O
In O+ (Length 1n_0)
3
x-1nn Log Parameter n
X (Length 1n_n)
1.5.10.1 Log Parameter Format- Page 33h
Table 63. Log Parameter Format - Page 33h
Byte BIT
7 6 5 4 3 2 1 0
O |(msB)
1 Parameter Code=0, 1, .., n-1,orn (LSB)
2 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=1 LP=1
3 Parameter Length = 4(m+1)
4 (MSB)
5 Logical Block Address 0
6 (LSB)
7
dm+4 | (MSB)
Im+5 Logical Block Addressm
4m+6 (LSB)
am+7

Page 33hisalisting of LBAsthat should be reallocated. (See 4.6, “Automatic Rewrite/Reallocate -
Recommend Rewrite/Reassign” for more information.) The data returned by the Target is sorted in
descending LBA order. When an error site is reallocated, it is removed from this list. When a format is
performed, this list is cleared. If no sites require reallocation, 8 bytes are returned, the page length is 4 and
the parameter length is 0.

The statistics reported by this page are part of error log information maintained by the Target. The logs are
periodically saved to the disk and are restored from the disk after a power cycle or self-initiated reset.
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Implementer’sNote: The Initiator may request this page when ready to reassign LBAs that the Target has
recommended for reallocation. The Initiator should issue a reassign command for each LBA in the order
received. Thisassures that the reassigns occur in the correct descending order. (Otherwise, incorrect LBAS
may be reassigned.)

Even though the DS field equal s zero, the parameters on this page are not saveable.

Requesting this page with Page Code=00h and PC field = 11b will result in a Check Condition Status returned
with a Sense Key of lllegal Request and Additional Sense Code of Invalid Field in CDB.

1.5.11 Log Sense Page 35h

Table 64. Log Sense Page 35h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 35h
Reserved = 0
2-3 Page Length = 0028h (40)
4-5 Parameter Code = 0
DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
7 Parameter Length = 24h (36)
8-11 Cumulative Cache Full Hits on Reads
12-15 Cumulative Cache Partial Hits on Reads
16- 19 Cumulative Cache Misses on Reads
20-43 Reserved = 0

Page 35h contains information about cache utilization.
The Cache Full Hits parameter isincremented when all of the requested datais in the cache. The Cache
Misses parameter isincremented when the first block of the requested data is not in the cache. The Cache

Partial Hits parameter isincremented when the first block of the requested dataisin the cache and the last
block is not.

Implementer’sNote: The Initiator may use thisinformation to "fine tune" the caching Mode parameters for
the particular application it is using. (See 4.8, “Segmented Caching” for more information.)

The statistics reported by this page are lost when the Drive is powered off or a self-initiated reset occurs.
The statistics reported by this page are NOT lost on a SCSI reset or Bus Device Reset message.

Even though the DS field equals zero, the parameters on this page are not saveable.
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1.5.12 L og Sense Page 36h

Table 65. Log Sense Page 36h

Byte BIT
7 6 5 4 3 2 1 0
0 Reserved = 0 Page Code = 36h
Reserved = 0
2-3 Page Length = 0006h
4-5 Parameter Code = 0
6 DU DS=0 TSD=0 ETC=0 TMC=0 LBIN=0 LP=0
7 Parameter Length = 02h
8 Reserved = 0
9 Current Temperature M easurement

Page 36h returns the current temperature of the disk enclosure.

The Current Temperature Measurement indicates the hexadecimal value of the drivein degreesC. If avalid
reading of the temperature sensor cannot be obtained, the value returned in this field will be OxFF. No error

will be flagged.
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1.6 Mode Select (6)

Table66. Mode Select Command Descriptor Block

Byte BIT
7 6 5 4 3 2 1 0

0 Operation Code = 15h

1 Reserved PF Reserved = 0 SP
2 Reserved = 0

3 Reserved = 0

4 Parameter List Length

5 vu=0 Reserved =0 Flag Link

The Mode Select command provides ameans for the Initiator to specify logical unit number (LUN) or device
parametersto the Target. It also allows an Initiator to specify options the Target usesin error recovery and
formatting.

Thereisasingle set of Mode Page parameters shared by all initiators.

A Page Format (PF) bit value of 1 indicates the data sent by the Initiator after the Mode Select Header and the
Block Descriptor, if any, compliesto the Page Format. The Target ignoresthisfield sinceit only accepts
mode parameters in the Page Format.

The Save Parameter (SP) bit set to O indicates that the Target does not save the saveable pages sent during the
Data Out phase to disk. The SP bit value of 1, indicates that the Target saves the saveable pagesto the
Reserved Area. Saveable Pages are Pages for which a preceding Mode Sense command returned the PS bit of
the Page Header set to 1 (see 1.7, “Mode Sense (6)”).

The Parameter List Length field specifies the number of bytes of data the Initiator has available to send to the
LUN. 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, as shown in Table 67.

The Initiator should issue a Mode Sense command requesting all changeable values (see PC field in byte two
of the CDB, Table 84, for 1.7, “Mode Sense (6)”) prior to issuing a Mode Select command. This is necessary

to find out which pages are implemented by the Target and the length of those pages. The Target returns in
the pages of the Mode Sense command 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 that returned by the Target in Mode
Sense page length. If this is not true, the TargetGesk Condition Status with the Sense Key of lllegal

Request and Additional Sense Code of Parameter List Length Error.

If any of the parameters sent by a Mode Select command are iltadak Condition Satus is returned with

a Sense Key of lllegal Request and Additional Sense Code of Invalid Field in Parameter List. The SKSV bit
is on and the invalid byte is indicated in the Field Pointer field. The BPV bit is on and the invalid bit is
indicated in the Bit Pointer field (see Appendix A, “SCSI Sense Data Format”).

Each time the Initiator received it Attention Condition (see 4.1.5, “Unit Attention Condition”) Sense Key
from the Target, the Initiator must assume the Target's mode of operation has been changed. The Initiator
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may need to reconfigure the Target to its requirements. See 1.7, “Mode Sense(6)” to determine the Target's
parameters.

A Mode Select command also causesnit Attention Condition (see 4..5, “Unit Attention Condition”) for all
initiators except the one that issued the Mode Select command.

Mode page parameter Current values are equal to the Default values before the Saved values are read from the
Reserved Area of the media. Not all of the Mode Select options on all pages are both changeable and
saveable (also see 1.7, “Mode Sense (6)"). All Saved values that are changeable, are stored on the disk and
can be initialized with a Mode Select command of the Saved parameters. This allows customers to
individualize the value of the Current parameters after a start-up sequence without having to issue a Mode
Select command to change the Current parameters every time the Drive is spun up.

Table67. Mode Select Parameter List - Header
Byte BIT

7 6 5 4 3 2 1 0

Reserved =0

0
1 Medium Type =0

2 WP Reserved =0 DPOFUA Reserved =0
3 Block Descriptor Length =0 or 8

1.6.1.1 Header

The only portion of the Mode Select Header that the Initiator can specify is the Block Descriptor Length field.
All other fieldsmust be set to zero. This implies that a "read-modify-write" strategy for the header bytes

will not work in the case when the write protect jumper is in place causing a mode sense to return WP =1, but
requiring WP to be zero on the subsequent Mode Select.

A maximum of one block Descriptor may be specified. Therefore, the Block Descriptor Length field may
only have values of O or 8.

A Medium Type value of 00h indicates that the Drive is using its only recording density.

The WP (Write Protect) bit of zero indicates the target is write enabled. A WP bit of one indicates the target
is write protected. The Target enters Write Protect mode via a pin on the Option Block or by setting the
Control Mode Page 0OAh SWP bitto 1. Refer to 4.14, “Options Jumper Block” for information regarding the
Options Jumper Block. Refer to 1.6.10, “Page OAh - Control Mode Parameters” for information regarding
SWP bit. The WP bit must be cleared to zero before a Mode Select is issued.

When in Write Protect mode, the following commands cause the TargeiGbesktCondition Status with
sense indicating Write Protected:

® Format Unit

® Synchronize Cache
* Write (16)

* Write (10)

* Write and Verify

* Write Same

® Write Long
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® Reassign Blocks

In addition, automatic rewrites and reall ocates are prohibited. Recommend Rewrite/Reallocate is not affected
by the Write Protect mode.

The DPOFUA bit, is considered reserved on the Mode Select Command by SCSI-2. The Target ignores the
valuein the DPOFUA field on a Mode Select command.

Table68. Mode Select Parameter List - Block Descriptor

Byte BIT
7 6 5 4 3 2 1 0
0 (MSB)
1 Number of Blocks
2 (LSB)
3
4 Density Code=10
5 (MSB)
6 Block Length
7 (LSB)

1.6.1.2 Block Descriptor

The Block Descriptor specifies the Number of Blocks (user addressable) to format at the specified Block
Length. It can be used to specify the default number of blocks or can specify a smaller number for Initiators
that wish to limit the number of blocks on the Drive. The default Number of Blocks is the most blocks which
can fit on the Drive at the specified Block Length.

The Initiator specifies the Number of Blocksin one of three ways:

® A value of 00000000h indicates that the number of blocks will not change from the current value if the

block descriptor block length remains the same as the current block length. If the block descriptor
block length is different from the current block length, the default maximum number of blocksis used.

* A vaue of FFFFFFFFh indicates that the default maximum number of blocks will be used.

® A value other than 0 or FFFFFFFFh specifies the number of blocks. This value must be less than or

equal to the default number of blocks. If the Number of Blocks field specified is larger than can be
supported then the Number of Blocks will be truncated to the maximum number allowed.

The density code for direct-access devicesisO.

A Format Unit command is required to cause these parameters to become current only if the block length
parameter is different than the current block length. If the Number of Blocksis set to areduced value and a
Format Unit command isissued, the Format Unit will format the entire Drive, but the number of blocks visible
to the Initiator will be limited to the specified number.

The Block Length is specified in bytes.

Note: Refer to the Ultrastar 182X/9LZX Hardware Functional or Ultrastar 36X P/18L P Hardware Functional
Spec for information regarding supported block lengths for this product.
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Thereisan implicit association between parameters defined in the Format Device Page (03h) and the Block
Descriptor. If the valuesin the Block Descriptor are different than the Current values, then the Current and
Saved values of some or al of the Format Device page parameters may change. See 1.6.5, "Page 3h - Format

Device Parameters” for details on those values.

Table69. Mode Select Parameter List - Page Descriptor (s)

Byte BIT
7 6 3 2 0
0 RSVD=0| RSVD=0 Page Code
1 Page Length (in bytes).
2-n Refer to each page.

1.6.1.3 Page Descriptor

Byte zero contains the code of the desired page. Bits 7 and 6 of Byte zero are reserved and must be set to 0.
The Page Length field must be set equal to the supported length of the entire page minus 2 bytes. The
remaining bytes contain the page parameters.

If an Initiator sends multiple copies of a page to the Target, the last one received is used. This is not
considered an error.
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1.6.2 Page Oh - Vendor Unique Parameters

Table 70. Mode Select Data For mat Page 00h

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0| RSVD=0 Page Code = 00h
1 Page Length = OEh
2 QPE Ignored | Ignored | Ignored | Ignored | Ignored | Ignored | ARHES
3 ASDPE Ignored | CMDAC | RPFAE DOTF Ignore RRNDE CPE
4 Ignored DWLRO | DLRO
5 Ignored | Ignored DSN FRDD DPSDP | Ignored CAEN Ignored
6 Ignored
7 Ignored
8 Ignored ADC QEMC Ignored LED Mode
9 Temperature Threshold
10 Command Aging Time Limit (HI)
11 Command Aging Time Limit (LO)
12 QPE Read Threshold
13 Ignored
14 DRRT DNR Ignore | RARRRD | FFMT Ignored
15 RTP RRC FCERT Ignore DRPDV DSF IRT IVR

Following are parameter options for Page 0 of Mode Select. Refer to Table 70.
Byte 2 contains the following fields:

QPE: The QPE (Qualify Posted Errors) bit allows the Initiator to inhibit the reporting of recovered data
errors which are recovered below aset DRP step. A QPE hit of O causes the Target to report al recovered
dataerrors. A QPE hit of 1 causes the Target to report only those recovered data errors which exceed the
QPE threshold. All error reporting is governed by Mode Page 1 and Mode Page 7 parameters. For example,
QPE isignored when PER is 0.

This bit appliesto data errors while reading (Data Sync and ECC errors). The QPE bit has no effect on

non-data errors. The user can accept the default reporting thresholds, or can specify the thresholds by using

byte 12 of thispage. (DRP levels are described in Appendix B.1, “Data Recovery Procedure for Data Field
Error.”)

The QPE bit setting is used by the Target when reporting errors associated with the transfer of the Initiator's
data for the following commands:

* Read (6)

* Read (10)

* Verify

* Write and Verify
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For all other commands the QPE bit setting is unused and treated as 0.

ARHES: The ARHES (Auto-Reallocation of aHard Error Site) bit allows the target to auto-reallocate a site
when a hard read error is encountered. An ARHES bit of 0 disables the auto-reall ocate of hard error sites. An
ARHES bit of 1 allows the target to auto-reallocate hard error sites that are encountered during the following
commands:

* Read (6)
* Read (10)
* Veify

For all other commands the ARHES hit setting is unused and treated as 0. Once a site has been
auto-reallocated, the data at the original hard error siteis lost and must be restored by the initiator.
Subseguent reads to an auto-reallocated site will result in a hard error with a UEC, key, code, and qualifier of
0x01DD, 3, 80, 00, respectively, until the site has been rewritten.

If an ARHES site is encountered during anormal reassign or auto-reassign operation, it will be treated asa
normal hard error site and will prohibit the operation from completing.

ARHES s only allowed if the disk drive’ s maximum recovery has been attempted on a site. If thedrive's
recovery islimited in any way through mode page settings, ARHES is disabled.

Byte 3 contains the following fields:

ASDPE: The ASDPE (Additional Save Data Pointer Enable) bit determines whether or not the Save Data
Pointer message is sent to the Initiator prior to disconnection. Thisbit isonly used by the Target after the
Default Mode parameter values are overridden with the Saved values which are read from the Reserved Area
of the media as a part of the motor start-up sequence. Before the Saved values are read from the Reserved
Areaof the media, the Save Data Pointer message is always sent to the Initiator prior to disconnection.

When ASDPE is set to 1, the Save Data Pointer message is sent prior to every disconnect. When ASDPE is
set to 0, the Save Data Pointer message is only sent prior to disconnection if the following conditions are true:

* A Dataphase has occurred since the connection for the current command was established, and
* Another Data phaseis required to successfully complete the command.

CMDAC: The CMDAC bit, when enabled by setting LED Maode O, controls how the Target defines a signal
on the LED pin that indicates when the Driveis "active." See the Ultrastar 18ZX/9LZX Hardware Functional
or Ultrastar 36X P/18L P Hardware Functional Spec for details on the electrical parameters of thisLED Pin
signal.

*  Whenthe CMDAChit=1
- TheLED pingoestoaTTL low level (LOW) for a"Command Active" condition when . . .
1. A CDB (other than Request Sense or Inquiry) is received by the Target.
2. An"Active LUN" condition isin effect.
- TheLED pin goes HIGH for a"Command Inactive" condition when a. . .

1. LUN becomes inactive following the successful completion of a host initiated command or
termination due to an error or exception condition.

2. LUN becomes inactive following the completion of Active LUN condition or termination due
to an error or exception condition.

3. SCSl Bus Reset or a SCSI Bus Reset Message is received.
4. Self-Initiated reset is performed.
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5. Previously received command is terminated via an Abort message.
Note: In the case of Immediate commands such as Format and Start Unit, the LED pin does not
become HIGH until the corresponding Active Lun condition for this command has been completed.

Note: The LED pin does not become LOW during idle activity such as Disk Sweep.

When the CMDAC bit =0

- The LED pin goes LOW for a"Motor Active" condition which means that the Spindle Motor is
spinning.

- The LED pin goes HIGH for a"Motor Inactive" condition which means that the Spindle Motor is
not spinning.

RPFAE: The RPFAE (Report Predictive Failure Analysis Error) bit allows certain recovered errors to be
reported at the completion of the command that handled the data when PER=0. (PER=0 normally inhibits the
reporting of all recovered errors.) See 1.6.3, “Page 1h - Error Recovery Parameters” for more details on
reporting recovered errors.

An RPFAE bit of 1 indicates that recovered errors that are associated with the drive's Predictive Failure
Analysis (PFA) functions are reported. When RPFAE is set to 0, whether or not recovered errors are reported
is based upon the state of the PER bit. The PFA functions include the Auto/Recommend Rewrite/Reassign
(ARRR) functions. See 4.6, “Automatic Rewrite/Reallocate - Recommend Rewrite/Reassign.”

The reporting of recovered errors are controlled by the setting of the PER, QPE, RPFAE, and RARRRD bits
as follows:

Table71. Error Reporting Modes
PER QPE | RPFAE | RARRRD |Reporting of Recovered Errors

0 X 0 X Recovered errors are not reported.

0 X 1 0 Only recovered errors associated with the PFA functions are
reported.

0 X 1 1 Only recovered errors associated with the PFA functions are

reported except that recovered errors associated with the
Automatic/Recommend Rewrite/Reallocate (ARRR) function
are not reported.

1 0 X X All recovered errors are reported.

1 1 X X Recovered errors that are above the threshold defined by|the

QPE bit are reported, plus recovered errors that are associated
with the PFA (ARRR) functions. See 4.6, "Automatic
Rewrite/Reallocate - Recommend Rewrite/Reassign."

Note: See 4.7, “Predictive Failure Analysis” for details concerning PFA.

DOTF: The DOTF (Disable ECC On The Fly) bit indicates if ECC On The Fly is enabled. This bit is Status
Only. If DOTF is not set then ECC On The Fly correction is enabled. If DOTF is set then ECC On The Fly
correction is disabled and Software ECC correction will be used in place of ECC On The Fly correction.

RRNDE: The RRNDE (Report Recovered Non Data Errors) bit controls the reporting of recovered Non

Data Errors when the PER bit is set. If RRNDE is set then recovered Non Data Errors are reported. If the
RRNDE bit is not set then recovered Non Data Errors are not reported.
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CPE: The CPE (concurrent processing enable) bit controls whether or not I/O process are allowed to execute
concurrently. Concurrent processing is when multiple 1/O processes are active (not queued). Thisimpliesthe
Data phase of 1/0 processes are allowed to overlap. The Target utilizes concurrent processing to perform
back-to-back writes (see 4.4.1, “Back-to-Back Writes”).

When concurrent processing is disabled, only one non-priority I/O process will be active at a time. Priority
commands are never queued and are always allowed to execute concurrently (see 4.2, “Priority Commands”).

Concurrent Processing is enabled if CPE = 1.
Concurrent Processing is disabled if CPE = 0.

Byte 4 contains the following field:

DLRO: (Disable Latency Reduction Optimization). The file normally attempts to begin reading data before
the servo has completely settled on track in an attempt to reduce the apparent read seek time, or equivalently
to reduce latency (with early read some blocks will be read on arrival which normally would have required a
full revolution of latency). The DLRO bit, when set, causes the servo to wait until the head has settled on
track before allowing a read to begin and thus reduces the performance of the drive.

DWLRO: (Disable Write Latency Reduction Optimization). The file normally attempts to begin writing

data before the servo has completely settled on track in an attempt to reduce the apparent write seek time, or
equivalently to reduce latency (with early writes some blocks will be written on arrival which normally would
have required a full revolution of latency). The DWLRO bit, when set, causes the servo to wait until the head
has settled on track before allowing a write to begin and thus reduces the performance of the drive.

Byte 5 contains the following fields:

DSN: The Disable Target Initiated Synchronous Negotiation bit indicates whether the Drive will perform
Target Initiated Synchronous Negotiation and Target Initiated Transfer Width Negotiation. DSN = 1 indicates
the Drive will not perform Target Initiated Synchronous and Transfer Width Negotiation, while DSN =0
indicates that the Drive will.

Note: The DSN bit is an indicator bit only. Changing this bit does not have any functional effect on the
Drive. The actual function is controlled by an Option Jumper as described in the Ultrastar 18ZX/9LZX
Hardware Functional or Ultrastar 36 XP/18LP Hardware Functional Spec.

FRDD: A FRDD (Format and Reassign Degraded Disable) bit of 1 prevents the Drive from reporting Format
or Reassign degraded on a Test Unit Ready Command, and causes media access commands (i.e., read, write)
to report a media error if degraded. A FRDD bit of 0 indicates that Format or Reassign degraded is reported
for the Test Unit Ready command.

DPSDP: The Data Phase Save Data Pointer bit controls whether the Drive sends a Save Data Pointer
message at the end of the data phase. A DPSDP bit of O indicates that the Drive sends a Save Data Pointer
message prior to disconnection only if the following conditions are true:

* A data phase has occurred since the connection for the current command was established.

* Another data phase is required to successfully complete the command.

A DPSDP bit of 1 indicates that the Drive will send a Save Data Pointer message prior to every disconnection

once a data phase has occurred for the current command. If the ASDPE bit is set to 1, the Save Data Pointer
message is sent prior to every disconnect regardless of the value of the DPSDP bit.
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CAEN: The Command Aging Enable bit used in conjunction with the Command Aging Time Limit bytes,

alowsthe Initiator to limit the amount of time a command can be queued. The CAEN bit set to 1, causes the

target to reorder a command to the earliest possible execution time after the command has been in the queue

for the time duration specified in the Command Aging Time Limit bytes. Restrictions on the reordering

algorithm as specified by the Queue Algorithm Modifier (see 1.6.10, “Page 0OAh - Control Mode Parameters”)
still apply in this case. Data integrity is maintained when Restricted Reordering is in effect.

If the CAEN bit is equal to 0 and the Command Aging Time Limit (bytes 10-11) is non-zero, the Command
Aging Time Limit field is treated as a Command Aging Time Out limit.

If the CAEN bit is equal to 0 and the Command Aging Time Limit (bytes 10-11) is 0, then Command Aging is
not enabled.

Byte 6 and Byte 7 are ignored.

Byte 8 contains the ADC, QEMC bit, and the LED Pin Indicator Modes for the LED.

ADC: The ADC (Adaptive Caching) affects the Target's caching algorithm. If the ADC bit is set to one, the
Target alters the Demand Read Retention Priority and Maximum Prefetch based on perceived workloads, in
an attempt to maximize the number of cache hits and minimize command overhead.

QEMC: The QEMC (Queue Error Management Control) affects the Target's operation when QErr is set to a
one. QEMC has no effect if QErr = 0. See QErr on 1.6.10, “Page 0Ah - Control Mode Parameters” for a
description on the how QEMC effects QErr.

LED Mode = 0h (Compatibility)
The CMDAC bit controls the LED mode.
CMDAC = 1 (Command Active)
CMDAC = 0 (Motor Active)

LED Mode = 1h (Motor Active).
When the motor is spinning, the LED is high.

LED Mode = 2h (Command Active).
When there is a command active or in the queue, the LED is high.

LED Mode = 3h (Degraded).
When the Target is in any degraded mode, the LED is high.
LED Mode = 4h (Command Active | Degraded).
When there is a command active/queued OR when the Target is in any degraded mode, the LED is high.
LED Mode = 5h (Hardwar e fault).
When a hardware error is detected by the target the LED goes high.
LED Mode = 6h-Fh (Reserved for future use).

Byte 9 specifies the threshold value in degrees Celsius for the thermal sensor warning message. The
temperature threshold can be adjusted in the range: 6 degrees C through 65 degrees C. A value of 0 selects
the default threshold which depends on which electronics card is installed on the drive. All other values
above or below the adjustable range select the range limit to which they are closest.

Note: The casting temperature may be different than that reported by the sensor due to the sensor being
located on the electronics card rather than on the casting.
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Byte 10 and Byte 11 are used as atimer for the Drive’'s Command Aging Feature determined by the setting of
the CAEN bit in byte 5. The Command Aging Time Limit Timer isin 50 msincrements.

Byte 12 specifiesthe error reporting threshold for read operations (including Write and Verify) when the
QPE bit is set. A value of 0 or Offh indicates that the Drive default value shall be used. Any other valueis
interpreted as the threshold. A recovered error which requires more steps of recovery than the threshold will
be reported. (Refer to the Ultrastar 18ZX/9LZX Hardware Functional Spec., section on Data Reliability.)

Byte 13 isignored (any input value accepted).
Byte 14 contains the following fields:

DRRT: The 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’sdata. |If the data cannot be restored, the target LBA is reassigned and written with adata
pattern of all FF's. If the DRRT bit isone, no attempt is made to restore the target LBA.

DNR: The DNR (Disable Nested Reassign) bit disables nested reassigns. If the DNR bit is zero, nested
reassigns are performed. If the DNR bit is one, Nested reassigns are not done.

RARRRD: The RARRRD (Report Automatic/Recommend Rewrite/Reallocate Disabled) bit controls
reporting sense data for recovered errors associated with this function when the RPFAE bit isset. If the
RARRRD bit is set then recovered errors associated with the ARRR function are not reported. If the
RARRRD bit is not set then recovered errors associated with the ARRR function are reported.

FFMT: The Fast Format Enable (FFMT) bit allows formatting this drive without any writes to the customer
media. All format operations are allowed including changing block sizes and manipulating defects. Thefile
will operate normally after afast format with the following caveat:

Snce no data iswritten to any customer data blocks as a result of a Fast Format operation, thereisa
possibility that a read attempt to any particular block (without having previously written to that block) will
result in an unrecoverable data error. Thiswill most assuredly happen if the block size is changed as every
LBA will contain data of an incorrect length and, apparently, incorrect starting point. Itisalso possibleto
generate an uncorrectable data error without changing block sizes if the defect list is shortened and
previously bad blocks become visible in the customer address space. Of course ALL DATA ON THE FILE
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.

Byte 15

RTP: The RTP (Reassign Target Pad) bit determines whether the reassign target sector is padded with 00h or
FFh. If the RTP bit is set to 1 then the target sector is padded with 00h. If the RTP bit is set to 0 then the
target sector is padded with FFh.

RRC: The RRC (Read Retry Count) bit determines how the retry count on page 1 byte 3isused. If the page
0 RRC bit is 0 and page 1 read retry count is O then no recovery is performed. If the page 0 RRC bitis0 and
page 1 read retry count is 1 then maximum recovery is performed. If the page 0 RRC bit is 1 then the page 1
read retry count isthe maximum level of recovery performed.

FCERT: The FCERT (Format Certification) bit determines whether the certification step will be performed

during a Format Unit command. A FCERT bit set to O disables certification. A FCERT bit set to 1 enables
the certification step.
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DRPDV: Disable Reassign Blocks Post Maove Verify (DRPDV) set to zero allows the file to perform averify

operation on al blocks moved as aresult of performing areassign blocks operation. A verify failure during

thistime will cause the file to go Reassign Degraded (see 4.1.9, “Degraded Mode”). DRPDV set to one (1)

will inhibit this verify operation Setting DRPDV to one may result in unrecoverable blocks being written

which will not be reported, and the drive will not go reassign degraded. This is generally acceptable in
environments where system level redundancy can recover the lost data and it is desirable to keep the drive on
line.

DSF: Discard Surface Analysis Results after Format (DSF) set to zero will allow defects discovered during
the format operation to be added to the GList. A new GList will be created to hold these entries if the format
is being performed without the old GList. DSF = 1 will result in no new entries being added to the GList and
no new GList will be created if the file is being formatted without a GList. This may result in known bad sites
becoming visible again.

IRT: The IRT (Integration Reassign Threshold) bit determines the threshold used to recommend
reassignment or initiate auto-reassign. When IRT is disabled with a value set to O, the thresholds used to
determine when a sector should be reassigned and either recommended or auto-reassigned, depending upon
state of the ARRE and AWRE bits, are set to values optimized for end user environments. When enabled, by
setting to 1, thresholds optimized for integrating the drive into a system to minimize end-user field failures is
used.

IVR: The IVR (Integration Verify Recovery) bit determines the maximum number of steps attempted during
a Verify Recovery Procedure (VRP) as defined in B.1.2, “Verify Commands.” When disabled with a value
set to 0, all of the steps defined in B.1.2, “Verify Commands” are attempted, if required. When enabled, by
setting to 1, a maximum number of steps optimized for integrating the drive into a system to minimize
end-user field failures is used.
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1.6.3 Page 1h - Error Recovery Parameters

Table 72. Mode Select Data For mat Page 01h
Byte BIT

7 6 5 4 3 2 1 0
RSVD=0| RSVD=0 Page Code = 01h
Page Length = OAh
AWRE ARRE B RC EER=0 PER DTE DCR
Read Retry Count
Correction Span
Head Offset Count
Data Strobe Offset Count
Reserved = 0
Ignored
Reserved = 0

10 (MSB) Recovery Time Limit
11 (LSB)

Ol oIl |~ W | N|FL,|O

The following are parameter options for Page 1 of Mode Select. Refer to Table 72.
Byte 2 contains the following fields:

AWRE: (Automatic Write Reallocation Enable) = 1, enables the automatic reallocation of defective blocks
found during the verify portion of a Write and Verify Operation. This automatic reallocation will only be
done on Hard Error sites. Only one hard error site may be automatically reallocated during each Write and
Verify Operation. The Write and Verify Operation will fail if multiple hard errors are encountered.

When AWRE = 0, the target does not perform automatic reallocation of defective blocks during Write and
Verify Operations.

The AWRE bit setting is only used by the Target during Write and Verify Commands. For all other
commands, the AWRE bit setting is unused and treated as 0.

ARRE: (Automatic Read Reallocation Enable) = 1, enables automatic reallocation of defective blocks found

during read operations. The automatic reallocation is performed only if the Target successfully recoversthe

data. All error recovery actions required by the error recovery bits (TB, EER, PER, DTE and DCR) are

executed. Error reporting as required by the error recovery bits (EER, PER, DTE, and DCR) is performed

only after completion of the reallocation. Therefore any failures that occur during the reallocation are

reported. See 4.6, “Automatic Rewrite/Reallocate-Recommend Rewrite/Reassign” for execution details and
error procedures.

When ARRE = 0, the Target does not perform automatic reallocation of defective blocks found during read
operations. The ARRE bit setting is used by the Target when an error occurs during the transfer of the
Initiator's data for the following commands:

* Read (6)
* Read (10)
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For all other commands, the ARRE bit setting is unused and treated as 0.

TB: (Transfer Block) Bit set to 1 indicates that the failing block be transferred to the Initiator. TB setto O
requests that afailing block not be transferred to the Initiator.

If an unrecoverable error occurs and TB is set to avalue of 1, the Target transfers the failing block of
uncorrected data if the unrecoverable error is adata error (that is, there is data available to transfer).  An
Initiator may make this distinction by issuing a Request Sense command and examining the Additional Sense
Code. An Additional Sense Code of 11h indicates an unrecoverable read error in the data block. The failing
block istransferred only for thiscase. The TB bit setting is used by the Target when reporting errors
associated with the transfer of the Initiator’s data for the following commands:

* Read (6)
* Read (10)
For all other commands, the TB bit setting is unused and treated as 0.

RC: (Read Continuous) bit set to 1 requests the Target to transfer the entire requested length of data without
adding delays which would increase or ensure dataintegrity. Thisimpliesthat the Target may send erroneous
data. Thisbit has priority over all other error control bits (PER, DTE, DCR, TB).

RC set to O 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 following
commands:

* Read (6)
* Read (10)
* Prefetch

For all other commands, the RC bit setting is unused and treated as 0.
EER: (Enable Early Recovery). The EER bit must be 0. The Target does not support early recovery.

PER: (Post Error) Bit set to 1 requests that the Target report Check Condition Status for al recovered data
and non-data errors, with the appropriate Sense Key. The Check Condition Status occurs during data transfer
depending either on the DTE setting or occurrence of an unrecoverable error. If multiple errors occur, the
Request Sense data reports the block address of either the last block on which the recovered error occurred or
of the first unrecoverable error.

PER set to 0 requests that the Target not create Check Condition Status for recovered errors. The PER bit
setting is used by the Target when reporting errors associated with the transfer of the Initiator’ s data for the
following commands:

Read (6)

Read (10)

Prefetch

Write (6)

Write (10)

Write Same

Write and Verify - the write portion of the command only.

Note: Seethe description of the RPFAE bit in the section 1.6.2, “Page Oh - Vendor Unique Parameters”
for information regarding the reporting of soft errors associated with Predictive Failure Analysis
functions
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For all other commands, the PER bit setting is unused and treated as 0.

DTE: (Disable Transfer on Error) Bit set to 1 indicates that the Target creates the Check Condition Satus
and terminates the data transfer to the Initiator upon transferring the last byte of the recovered block when a
dataerror isrecovered. The Transfer Length may not be exhausted. DTE may only be set to 1 if PER isaso
setto 1. The Target creates Check Condition Satus with Illegal Request Sense Key if thisisnot so. DTE set
to 1 inhibits Automatic/Recommend Rewrite/Reallocate.

DTE set to 0 continues data transfer through recovered errors. The DTE bit setting is used by the Target
when reporting errors associated with the transfer of the Initiator’ s data for the following commands:

Read (6)

Read (10)

Write (6)

Write (10)

Write Same

Write and Verify - the write portion of the command only.

For all other commands, the DTE bit setting is unused and treated as 0.

DCR: (Disable Correction) set to 1 indicates that ECC (error correction codes) are not applied in the course
of error recovery. DCR set to 1 inhibits Automatic/Recommend Rewrite/Reall ocate.

DCR set to 0 enables error correction. The DCR bit setting is used by the Target when reporting errors
associated with the transfer of the Initiator’s data for the following commands:

* Read (6)
* Read (10)
For al other commands, the DCR bit setting is unused and treated as 0.

The following summarizes valid modes of operation:

PER | DTE | DCR | TB | Description

Retries and error correction are attempted. Recovered and/or corrected data (if
any) istransferred with no Check Condition Satus at the end of the transfer.

soft error | Thetransfer length is exhausted. Transferred data includes blocks
containing recovered errors.

hard error | Datatransfer stops when the unrecoverable error is encountered.
The unrecoverable block is not transferred to the Initiator.

Retries and error correction are attempted. Recovered and/or corrected data (if
any) istransferred with no Check Condition Satus at the end of the transfer.

soft error | Thetransfer length is exhausted. Transferred data includes blocks
containing recovered errors.

hard error | Datatransfer stops when the unrecoverable error is encountered.
The unrecoverable block is transferred to the Initiator (if data error).

0 Retries are attempted but no error correction (ECC) is applied. Recovered data (if
any) istransferred with no Check Condition Satus at the end of the transfer.

soft error | Thetransfer length is exhausted. Transferred data includes blocks
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containing recovered errors.

hard error |Data transfer stops when the unrecoverable error is encountere
The unrecoverable block is not transferred to the Initiator.

Retries are attempted but no error correction (ECC) is applied. Recovered @
any) is transferred with nGheck Condition Satus at the end of the transfer.

ata (if

soft error | The transfer length is exhausted. Transferred data includes blo
containing recovered errors.

cks

hard error |Data transfer stops when the unrecoverable error is encountere
The unrecoverable block is transferred to the Initiator (if data err

Or).

lllegal Request - DTE cannot be 1 when PER is 0.

lllegal Request - DTE cannot be 1 when PER is 0.

lllegal Request - DTE cannot be 1 when PER is 0.

o|lo|o|o
RPlRr R |k
= E=RE=

| O|Fr | O

lllegal Request - DTE cannot be 1 when PER is 0.

The highest error level is reported at the end of transfer, (see B.3, “Priority o
Reporting.”) Retries and error correction are attempted. Recovered and/or
corrected data (if any) is transferred wiheck Condition Status and Recovered
Error Sense Key set at the end of the transfer.

Error

soft error | The transfer length is exhausted. Transferred data includes blog
containing recovered errors.

ks

hard error |Data transfer stops when the unrecoverable error is encountere
The unrecoverable block is not transferred to the Initiator.

The highest error level is reported at the end of transfer, (see B.3, “Priority 0
Reporting.”) Retries and error correction are attempted. Recovered and/or
corrected data (if any) is transferred witheck Condition Satus and Recovered
Error Sense Key set at the end of the transfer.

Error

soft error | The transfer length is exhausted. Transferred data includes blo
containing recovered errors.

cks

hard error |Data transfer stops when the unrecoverable error is encountere
The unrecoverable block is transferred to the Initiator (if data err

.
or).

The highest error level is reported at the end of transfer, (see B.3, “Priority 0
Reporting.”) Retries are attempted but ECC is not applied. Recovered data
is transferred wittCheck Condition Status and Recovered Error Sense Key set
the end of the transfer.

Error
if any)
At

soft error | The transfer length is exhausted. Transferred data includes blo
containing recovered errors.

cks

hard error |Data transfer stops when the unrecoverable error is encounteregl.

The unrecoverable block is not transferred to the Initiator.

=

The highest error level is reported at the end of transfer, (see B.3, “Priority 0
Reporting.”) Retries are attempted but ECC is not applied. Recovered data
any) is transferred witheck Condition Status and Recovered Error Sense Key
set at the end of the transfer.

Error
(if

soft error | The transfer length is exhausted. Transferred data includes blod
containing recovered errors.

ks
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hard error |Data transfer stops when the unrecoverable error is encountere
The unrecoverable block is transferred to the Initiator (if data err

or).

The highest error level is reported at the end of transfer, (see B.3, “Priority of
Reporting.”) Retries and error correction are attempted. Recovered and/or
corrected data (if any) is transferred w@&@heck Condition Status and Recovered
Error Sense Key set at the end of the transfer.

Error

soft error | Data transfer stops on the first soft error detected. The recoveré
error block is returned to the Initiator.

pd

hard error |Data transfer stops on the unrecovered error. The error block ig
returned to the Initiator.

not

The highest error level is reported at the end of transfer, (see B.3, “Priority of
Reporting.”) Retries and error correction are attempted. Recovered and/or
corrected data (if any) is transferred wiZheck Condition Status and Recovered
Error Sense Key set at the end of the transfer.

Error

soft error | Data transfer stops on the first soft error detected. The recoverg
error block is returned to the Initiator.

2d

hard error |Data transfer stops on the unrecovered error. The unrecovered
block is returned to the Initiator (if data error).

error

The highest error level is reported at the end of transfer, (see B.3, “Priority of
Reporting.”) Retries are attempted but ECC is not applied. Recovered data
any) is transferred witl®heck Condition Status and Recovered Error Sense Key
set at the end of the transfer.

Error

(if

soft error | Data transfer stops on the first soft error detected. The recoverg
error block is returned to the Initiator.

2d

hard error |Data transfer stops on the unrecovered error. The error block ig
returned to the Initiator.

not

The highest error level is reported at the end of transfer, (see B.3, “Priority of
Reporting.”) Retries are attempted but ECC is not applied. Recovered data
any) is transferred witiCheck Condition Status and Recovered Error Sense Key
set at the end of the transfer.

Error
(if

soft error Datatransfer stops on the first soft error detected. The recovered
error block is returned to the Initiator.

hard error | Datatransfer stops on the unrecovered error. The unrecovered error
block isreturned to the Initiator (if data error).
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The Read Retry Count sets alimit on the amount of data recovery procedure (DRP) passes the Target
attempts when recovering read errors. One pass through DRP involves executing all steps of DRP.
(See Appendix B.1, “Data Recovery Procedure for Data Field Errors” for a description of one DRP pass.)
A Read Retry Count of 00h disables all recovery. Read Retry Count set to 0 inhibits Automatic/Recommend
Rewrite/Reallocate. A nonzero value for Read Retry Count causes the Target to attempt up to one DRP pass
when a Medium Error occurs during a read operation. The Read Retry Count is used by the Target for errors
associated with the transfer of the Initiator's data for the following commands:

®* Read (6)

®* Read (10)

For all other commands, the Read Retry Count is unused and treated as 1. This description of Read Retry
Count depends on the RRC bit (see 1.6.2, “Page Oh - Vendor Unique Parameters”) being set to zero (0). If the
page 0 RRC bit is set to one (1) then the Read Retry Count is the maximum level of recovery steps performed
(see Appendix B).

TheCorrection Span is ignored.
TheHead Offset Count is ignored.
The Data Strobe Offset Count is ignored.

TheRecovery Time Limit specifies, in increments of one millisecond, the maximum time duration the Target
uses for data error recovery procedures. A recovery time limit of 0000h specifies the Target uses the default
value of no time limit. Due to the internal clocking inherent in this product, the time limit will have a
granularity of 50 milliseconds which may change in this or future products. The Recovery Time Limit is used
by the Target for errors associated with the transfer of the Initiator's data for the following commands:

®* Read (6)

®* Read (10)

® Write (6)

* Write (10)

* Write Same

* Write and Verify

For all other commands, the Recovery Time Limit is unused and the target uses the default value of no time
limit.
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1.6.4 Page 2h - Disconnect/Reconnect Parameters

Table 73. Mode Select Data For mat Page 02h

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0|RSVD=0 Page Code = 02h
1 Page Length = OEh
2 Read Buffer Full Ratio
3 Write Buffer Empty Ratio
4 Ignored
5 Ignored
6 (MSB) Disconnect Time Limit =0
7 (LSB)
8 (MSB) Connect TimeLimit=0
9 (LSB)
10 (MSB) Maximum Burst Size
11 (LSB)
12 EMDP=0 Reserved =0 DIMM |RSVD =0 DTDC
13 Reserved = 0
14 Reserved = 0
15 Reserved = 0

Following are parameter options for Page 2 of Mode Select. Refer to Table 73.

An Initiator may use the Identify message to grant the Target the genera privilege of disconnecting.
(Disconnect requests from the target via Disconnect messages may still be selectively rejected by the Initiator
by issuing Message Reject.)

The Target uses Mode Select Page 2 parameters to control reconnection during Read and Write operations.

Read Buffer Full Ratio and Write Buffer Empty Ratio are the numerators of a fraction whose denominator
is256. Thisfraction indicates how full (or empty) the Target’ s data buffer segment should be prior to
attempting to reconnect to the SCSI bus. When applying these ratios, the Target rounds down to awhole
buffer block. If theratio is set to Oh (the default), the Target will calculate and use an optimal ratio based on
the negotiated transfer rate (width and period), and the formatted block size. If theratio is set to FFh, the
Target does not attempt to reconnect until the buffer segment is completely full (or empty). 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 zero, the values are applied across all notches.
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Reconnecting to a Read Command: For a Read command, the reconnect is delayed relative to the
availability of thefirst block in the Target’s data buffer segment by the fraction of the Target’ s data buffer
segment size or the datatransfer length, whichever isless.

Example: If Read Buffer Full Ratio is COh (decimal 192) for aratio of 0.75, the reconnect is delayed until the
Target’ s data buffer segment is 3/4 full or until approximately 3/4 of the remaining transfer length isin the
Target’ s data buffer segment (whichever is smaller).

Reconnecting to Write Command: For a Write command, the Write Buffer Empty Ratio is significant only
if the total datatransfer length is greater than the size of the Target’ s data buffer segment. The fraction
determines how empty the Target’ s data buffer segment should be before reconnecting to begin filling the
buffer segment again.

Example: If Write Buffer Empty Ratio is COh (decimal 192) for aratio of 0.75, the reconnect is delayed until
the Target’ s data buffer segment is 3/4 empty or until approximately 3/4 of the remaining transfer length is
empty in the Target’s data buffer segment (whichever is smaller).

Choosing Buffer Ratios: For single Initiator/single Target systems, the Initiator should set the buffer ratios
to match the SCSI bus instantaneous data transfer rate to the Target’ sinternal data sector transfer rate. (See
the ULTRASTAR 18ZX/9LZX Hardware Functional or Ultrastar 36X P/18LP Hardware Functional Spec for
the data rate values.)

Buffer Ratio = 256 x (Instantaneous SCSI Data Transfer Rate - Data Sector Transfer Rate) / I nstantaneous
SCSI Data Transfer Rate.

For systems with SCSI configurations other than single Initiator/single Target, a different ratio may provide
better performance.

The Disconnect Time Limit isthe minimum timein 100 microsecond increments that the Target waits after
releasing the SCSI bus before attempting reselection. The value of 00h indicates that there is no limit.

The Connect Time Limit is the maximum time in 100 microsecond increments that the Target is allowed to
use the SCSI bus before disconnecting, if the Initiator has granted the disconnect privilege and it is not
restricted by DTDC. The value of 00h indicates that there is no limit.

The Maximum Bur st Size isthe maximum amount of data that the Target transfers during a data phase
before disconnecting if the Initiator has granted the disconnect privilege. Thisvalueis expressed in
increments of 512 bytes (e.g., avalue of 0001h means 512 bytes, 0002h means 1024 bytes, etc.).
Disconnections attempted by the Target are on block boundaries only. Therefore, the largest number of
blocks of datathat the Target transfers before disconnecting is the integer portion of the value of the
(Maximum Burst Size x 512)/(Block Length) equation. For the case when (Maximum Burst Size x 512) is
less than the Block Length, the Target will transfer 1 block of data before attempting to disconnect.

A value of 0000h indicates there isno limit on the amount of data transferred per connection.

When a nonzero Maximum Burst Sizeisin effect, the Maximum Burst Size isthe basis of the buffer
full/empty ratios. For example, if the Maximum Burst Size field is set to 0010h (15 blocks, if Block

Length = 520 bytes) and the Read Buffer Full Ratio is set to COh (ratio of .75), then the reconnect is delayed
until approximately 3/4 of the maximum burst (11 blocks) or approximately 3/4 of the remaining transfer
length isin the Target’ s data buffer segment (whichever is smaller).

Regardless of the value in Maximum Burst Size, the Target disconnects prior to completion of the data phase
if the internal data buffer segment becomes empty during a Read command or full during a Write command.
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The Enable M odify Data Pointers (EM DP) hit set to 0 indicates the target will not issue the modify data
pointers message.

The Disconnect Immediate (DIMM) bit allows the Initiator to control whether the Target is required to
disconnect following the receipt of a command and prior to starting a data phase.

When the DIMM is set to 1, the Target disconnects from the SCSI Bus following the receipt of a command
and prior to starting a Data In or Data Out phase.

Note: Priority commands do not disconnect from the SCSI bus (see 4.2, “Priority Commands”).

For Write (6), Write (10), Write and Verify, and Write Same commands (opcodes 0Ah, 2Ah, 2Eh, 41h),

DIMM set to 0 indicates that the Target is not allowed to disconnect from the SCSI bus after receiving the
command and prior to starting the Data Out phase unless the write command must be queued. The Target
remains connected to the SCSI bus until the Data Out phase is started. After the Data Out phase is started, the
Target may disconnect to free the SCSI bus for use by other devices.

For Read (6) and Read (10) commands (opcodes 08h and 28h), DIMM set to O prevents the Target from
disconnecting from the SCSI Bus until it has determined that the requested data is not available in the data
buffer. If the data is available, the Target will not disconnect prior to starting the data transfer unless the read
command must be queued. If the data is not available, the Target disconnects until enough data has been read
from the disk to satisfy the reconnection criteria as determined by the Read Buffer Full Ratio.

All other commands with DIMM set to 0 may or may not disconnect before a data phase is started.

Note: Disconnection is based on the Target's internal control algorithms, the setting of the disconnect
privilege bit in the previous ldentify message, and other parameters in this mode page.

TheData Transfer Disconnect Control (DTDC) field defines further restrictions on when a disconnect is
permitted.

A value of 00b indicates that DTDC is not used by the Target and the disconnect is controlled by the other
fields in this page.

A value of 01b indicates that the target shall not attempt to disconnect once the data transfer of a command
has started until all data the command is to transfer has been transferred. The connect time limit and bus
inactivity limit are ignored during the data transfer.

The value 10b is reserved.
A value of 11b indicates that the target shall not attempt to disconnect once the data transfer of a command
has started until the command is complete. The connect time limit and bus inactivity limit are ignored once

data transfer has started.

Note: If DTDC is nonzero and the maximum burst size is nonze@hesk Condition Satus shall be
returned. The Sense Key shall be set to Illegal Request and the Additional Sense Cddleegalt koeld in
Parameter List.
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1.6.5 Page 3h - Format Device Parameters

Table 74. Mode Select Data For mat Page 03h

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0|RSVD=0 Page Code = 03h
1 Page Length = 16h (22)
2 (MSB) Tracks per Zone
3 (LSB)
4 (MSB) Alternate Sectors per Zone
5 (LSB)
6 (MSB) Alternate Tracks per Zone=0
7 (LSB)
8 (MSB) Alternate Tracks per Logical Unit =0
9 (LSB)
10 (MSB) Sectors per Track
11 (LSB)
12 (MSB) Data Bytes per Physical Sector
13 (LSB)
14 (MSB) Interleave = 0001h (or 0000h)
15 (LSB)
16 (MSB) Track Skew Factor
17 (LSB)
18 (MSB) Cylinder skew Factor
19 (LSB)
20 SSEC=0 |HSEC=1| RMB=0 | SURF=0 Reserved = 0
21 Reserved = 0
22 Reserved = 0
23 Reserved = 0

The format device page contains parameters which specify the medium format. Sectors per Track, Interleave,
Track Skew Factor, and Cylinder skew Factor fields may have values of zero in them to indicate that the
values used are defined by the Target.

This page contains saved parameters but none of the fields are saveable by a Mode Select command with the
SP bit set to 1. Even though the datain this page is not saveable, it isvalid to send this page on a Mode Select
command with SP set to 1.

The Tracks per Zone value is the number of tracksin acylinder. Thisfield isafunction of the device Model
Number.

Note: The Mode Select command accepts any value in thisfield but the entered value isignored.

The Alternate Sectorsper Zoneisthe average number of aternate sectors per zone of the active notch.
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Note: The Mode Select command accepts any value in this field but the entered value isignored.

The Alternate Tracks per Zone value of 0000h indicates that thisis Target specific (different zones can
contain different amounts of alternate tracks).

The Alternate Tracks per Logical Unit value of 0000h indicates that thisis Target specific.

Sectors per Track specifies the number of physical sectorsincluded within each track. This number includes
any alternate sectors that may have been allocated and any defective sectors that may have been found and
marked defective. Thisfield isafunction of the current Block Length and active notch. For more
information see the Ultrastar 182X/9LZX Hardware Functional or Ultrastar 36X P/18L P Hardware Functional

Spec.

A value of zero is also accepted in thisfield.
Data Bytes per Physical Sector specifies the number of user data bytes per physical sector. The value
depends upon the current formatted Block Length. For further information on allowed sector sizes, see the
Ultrastar 18Z2X/9LZX Hardware Functional or Ultrastar 36X P/18L P Hardware Functional Spec.
Note: The Mode Select command accepts any value in this field but the entered value isignored.
Interleave values of 1 or 0 are valid. No other interleave is provided.
Track Skew Factor indicates the number of physical sectors between the last logical block of one track and
thefirst logical block on the next sequential track of the same cylinder. Thisfield isafunction of the current
Block Length and active notch as defined in the Ultrastar 18ZX/9LZX or Ultrastar 36X P/18LP Hardware
Functional Spec. A value of zerois also accepted in thisfigd.
Cylinder Skew Factor indicates the number of physical sectors between the last logical block of one cylinder
and thefirst logical block on the next cylinder. The valueis afunction of the current Block Length and active
notch as defined in the Ultrastar 18ZX/9LZX Hardware Functional or Ultrastar 36XP/18LP Hardware
Functional Spec.
Byte 20 contains the following fields:

SSEC: The SSEC hit is set to 0 indicating that the Target does not support soft sector formatting.

HSEC: TheHSEC bitissetto 1 indicating that the Target uses hard sector formatting.

RMB: The RMB (Removable Media Bit) is set to 0 indicating that the Target does not support
removable media.

SURF:  The SURF (Surface) bit set to O indicates that the Target allocates progressive addresses to all
sectors within acylinder prior to allocating sector addresses to the next cylinder.
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1.6.6 Page 4h - Rigid Disk Drive Geometry Parameters

Table 75. Mode Select Data For mat Page 04h

Byte BIT
7 6 5 4 3 2
0 RSVD=0|RSVYD=0 Page Code = 04h
1 Page Length = 16h
2 (MSB)
3 Number of Cylinders
4 (LSB)
5 Number of Heads
6 (MSB)
7 Starting Cylinder--Write Precompensation = 0
8 (LSB)
9 (MSB)
10 Starting Cylinder--Reduced Write Current = 0
11 (LSB)
12 (MSB) Drive Step Rate=0
13 (LSB)
14 (MSB)
15 Landing Zone Cylinder
16 (LSB)
17 Reserved =0
18 Reserved =0
19 Reserved =0
20 (MSB) Medium Rotation Rate
21 (LSB)
22 Reserved =0
23 Reserved =0

This page describes some physical attributes of the Drive.

Number of Cylinder s defines the number of physical cylinders used for customer datastorage. Thisfieldisa
function of the device Model Number. See the Ultrastar 18ZX/9LZX Hardware Functional or Ultrastar
36XP/18L P Hardware Functional Spec for more information on the number of cylinders. A value of zerois
also accepted in thisfield.

Number of Heads defines the number of physical heads used for customer data storage. Thisfieldisa
function of the device Model Number. The exact values are defined in the Ultrastar 18ZX/9LZX Hardware
Functional or Ultrastar 36X P/18L P Hardware Functional Spec. A value of zero is also accepted in thisfield.

Starting Cylinder-Write Precompensation indicates the physical cylinder at which write precompensation
begins. The valueis set to 000000h indicating that the field is vendor specific.

HMSCSO16.LWP Page 82 of 296



Starting Cylinder-Reduced Write Current indicates the outermost physical cylinder to be written with
reduced write current. The valueis set to 000000h indicating that the field is vendor specific.

Drive Step Rate is set to 0000h to indicate there is no stepper motor.

The Landing Zone Cylinder is based on the Device Model Number. The Landing Zone can be calculated by
adding 200 to the maximum cylinder for the device. Refer to the Ultrastar 18ZX/9LZX Hardware Functional
or Ultrastar 36X P/18L P Hardware Functional Spec for the maximum cylinder value.

The Medium Rotation Rate indicates the spindle speed in revolutions per minute. A value of zeroisaso
accepted in thisfield.

HMSCSO16.LWP Page 83 of 296



1.6.7 Page 7h - Error Recovery Parametersfor Verify

Table 76. Mode Select Data For mat Page 07h

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0|RSVD=0 Page Code = 07h
1 Page Length = OAh
2 Reserved = 0 EER=0 PER DTE=0 DCR
3 Verify Retry Count
4 Verify Correction Span = 48h
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0
9 Reserved = 0
10 (MSB) Verify Recovery Time Limit
11 (LSB)

Following are parameter options for Page 7 of Mode Select. Refer to Table 76.

Page 7 parameters are used by the Target when recovering from and reporting errors associated with the
verification of the Initiator’ s Data for the following commands:

* Verify

* Writeand Verify--the verify portion of the command only.

Since bytes 4-9 are not changeable, the Mode Select Command accepts only the values indicated for

bytes4 - 9.

Byte 2 contains the following fields:

EER:
PER:
DTE:
DCR:

Thisbit is 0 since the Target does not support early recovery.
See below for description of bit values.

Thisbit is 0 since the Target always continues on recovered verify operation errors.
See below for description of bit values.

PER, DTE, and DCR bit settingsin page 7 override those of page 1 during Verify and the Verify portion of
Write and Verify. There are only four valid conditions for the PER, DTE, and DCR hits. All other
combinations return Check Condition Satus.

PER DTE DCR
0 0 0
1 0 0
0 0 1
1 0 1
HMSCSO16.LWP

Description

Soft errors are not reported. DCR isignored.
Soft errors are reported. DCR isignored.
Soft errors are not reported. DCR isignored.
Soft errors are reported. DCR isignored.
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Soft errors occur when the datais successfully read by one of the appropriate retry steps described in
Appendix B.1.2, “Verify Commands.” Also see sections on 1.33, “Verify” and 1.36, “Write and Verify” for
more details on how soft and hard errors are defined fovetiéy andWrite and Verify commands.

Verify Retry Count sets a limit on the amount of verify recovery procedure (VRP) passes the Target attempts
when recovering verify errors. One pass through VRP involves executing all steps of VRP. (See B.1.2,
“Verify Commands” for a description of one VRP pass.) A non-zero Verify Retry Count causes the Target to
attempt up to one VRP pass when a Medium Error occurs during a verify operation.

Verify Correction Span specifies the size, in bits, of the largest data error burst for which data error
correction may be attempted.

Note: The Mode Select command accepts any value in this field but the entered value is ignored.

Verify Recovery Time Limit specifies in increments of one millisecond the maximum time duration the
Target uses for data error recovery procedures to recover data for an individual block. A recovery time limit
of 0000h specifies that the Target uses its default value of no time limit. Due to the internal clocking inherent
in this product, the time limit will have a granularity of 50 milliseconds which may change in this or future
products.
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1.6.8 Page 8h - Caching Parameters

Table 77. Mode Select Data For mat Page 08h

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0|RSVD=0 Page Code = 08h
1 Page Length = 12h
2 IC ABPF CAP DISC SIZE WCE MF RCD
3
Demand Read Retention Priority Write Retention Priority
4 (MSB) Disable Pre-fetch Transfer Length
5 (LSB)
6 (MSB) Minimum Pre-fetch
7 (LSB)
8 (MSB) Maximum Pre-fetch
9 (LSB)
10 (MSB) Maximum Pre-fetch Ceiling
11 (LSB)
12 FSwW LBCSS DRA Reserved = 0
13 Number of Cache Segments
14 (MSB) Cache Segment Size
15 (LSB)
16 Reserved =0
17 (MSB)
18 Non-Cache Segment Size
19 (LSB)

Page 8 parameters are used for defining the use of the cache. See 4.8, “Segmented Caching” for a more
detailed description of cache support.

The use of the cache is also altered by the setting of Mode Select Page 0, ADC (Adaptive Caching) bit.

Byte 2 contains the following fields:

IC:

An IC (Initiator Control) bit of 1 specifies that the Target will use the Number of Cache Segments or
Cache Segment Size fields, dependent on the Size bit, to control the cache segmentation. An Initiator
Control bit of 0 specifies that the target use its own algorithm to control the cache segmentation. The
target's algorithm behaves exactly as if this bit is set = 1, unless the Vendor Unique Mode Page 0 ADC
bitis set = 1. When IC =0 and ADC = 1, an adaptive caching algorithm overrides both the Number of
Cache Segments and Cache Segment Size fields.
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ABPF:

The ABPF (Abort Pre-Fetch) bit of 1 and DRA bit of 0 requests that the target abort the pre-fetch upon
selection. The ABPF set to one takes precedence over the Minimum Pre-fetch bytes. When set to zero,
with the DRA bit equal to zero, the termination of any active pre-fetch is dependent upon Caching Page
bytes 4 through 11.

CAP:

The Caching Analysis Permitted (CAP) hit, when set to one, requests that the target perform caching
analysis during subsequent operations. When set to zero, CAP requests that caching analysis be
disabled to reduce overhead time or to prevent non pertinent operations from impacting tuning values.
Even though the target supports initiators setting CAP = 0, caching related L og parameters will be
maintained due to the negligible effects of updating them when CAPisset = 0.

DISC:

The Discontinuity (DISC) bit, when set to one, requests that the target continue the pre-fetch acrosstime
discontinuities, such as across cylinders and tracks, up to the limits of the space available for pre-fetch.
When set to zero, the DISC requests that the pre-fetches be truncated (or wrapped) at time
discontinuities. Even though the target supports initiators setting DISC = 0, prefetches across track
boundaries may be executed dependent upon other prefetch Mode parameters, when DISC is set = 0.

SIZE:

The Size Enable (SIZE) bit, when set to one, indicates that the Cache Segment Size is to be used to
control caching segmentation. When SIZE equals zero, the initiator requests that the Number of Cache
Segments is to be used to control caching segmentation. The exception to thisiswhen IC = 0 and the
Vendor Unique Maode Page Oh ADC parameter isset = 1. Inthat case, the target determines cache
segmentation. The value sent in the field not used to determine segmentation isignored. When read
with a Mode Sense command, both values reflect actual values, regardless of the previously selected
value in the unused parameter.

WCE:

MF:

The WCE (Write Cache Enable) bit of 0 specifiesthat the Target returns Good Satus for a Write

command only after successfully writing all of the data to the medium. The WCE bit of 1 specifies that

the Target may return Good Status for a Write command after successfully receiving the data but before
writing the data to the medium. (Also see4.4.1, “Back to Back Writes” and 4.8.4, “Write Cache” for
more information.)

Note: When Write Cache is enabled (WCE = 1), a Synchronize Cache command must be done to
assume data is written to the media before powering down the Target.

The MF (Multiplication Factor) bit determines how the Maximum and Minimum Pre-fetch parameters
are interpreted. If this bit is equal to 0, the parameters are used as is. If the bit is equal to 1, the
parameters are multiplied by the number of blocks requested in the Read Command.

RCD:

An RCD (read cache disable) bit of O indicates that the Target 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 (see 4.8,
“Segmented Caching”). An RCD bit of 1 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. Rather, all of the data
requested is read from the media.
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Demand Read Retention Priority setsthe Retention Priority of data requested on a Read Command. It may
be set to Oh, 1h, or Fh as defined below:

Value Definition
Oh Do not distinguish between Requested Data and Other Data.
1h Replace Reguested 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 datain 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 hit on the Read command is 1, the Requested Data
is overwritten by Read-Ahead data.

If the DPO bhit is 0 and the Read Retention Priority is set to Fh, the Requested Data is not overwritten with
Read-Ahead Data. If the requested transfer is larger than the segment, the Requested Data is overwritten with
more Requested Data and there is no Read-Ahead.

Write Retention Priority setsthe Retention Priority of data provided on a Write Command (see 4.8.8,
“Segment Prioritization” ). It may be set to Oh, 1h, or Fh. See 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 specified number of blocks. If this parameter is set to 0, a Read-Ahead is not performed.

Minimum Pre-fetch is used to set a lower limit on the number of blocks to Read-Ahead after a Read
Command. The value of 0000h indicates that pre-fetching is terminated whenever another command is ready
for executing. A value in the range 0001h-FFFEh is the number of blocks prefetched following a read
operation that will not be preempted by a subsequent command. The actual number of blocks prefetched
without interruption may be decreased by other reasons such as space in the cache segment, maximum
prefetch, and the end of the media. The value of FFFFh indicates that the drive self-adapts the minimum
prefetch value. The adaptive minimum prefetch algorithm uses the detected workload seen by the drive to
optimize throughput and response time for that workload.

Maximum Pre-fetch is used to set an upper limit on the number of blocks to Read-Ahead after a Read
Command. Other factors, such as segment size, Drive size, retention priorities, commands in the queue, the
value of Page 0, ADC (Adaptive Caching) bit, and new commands may also limit the Read-Ahead.

Maximum Pre-fetch Ceiling limits Read Ahead just like Maximum Pre-fetch does when the MF bit is set to
0. But when MF is set to 1, it also limits Read Ahead to an absolute value, unlike Maximum Prefetch which
uses a value scaled by the transfer length when MF = 1.

Byte 12 contains the following fields:

FSW:

The Force Sequential Write (FSW) bit when set to one, indicates that multiple block writes are to be
transferred over the SCSI bus and written to the media in an ascending, sequential, logical block order.
When the FSW bit equals zero, the target is allowed to reorder the sequence of writing addressed logical
blocks in order to achieve faster command completion.

LBCSS:
HMSCSO16.L WP Page 88 of 296



The Logical Block Cache Segment Size (LBCSS) bit when set to one, indicates that the Cache Segment
Sizefield units shall beinterpreted aslogica blocks. When the LBCSS bit equals zero the Cache
Segment Size field units shall be interpreted as bytes.

DRA:
The Disable Read-Ahead (DRA) bit, when set to one, requests that the target not read into the buffer any
logical block beyond the addressed logical block(s). When the DRA hit equals zero, the target may
continue to read logical blocks into the buffer beyond the addressed logical block(s).

The Number of Cache Segments field is used to select the number of data buffer cache segments. The value
entered in thisfield is rounded down to the nearest value of cache segments supported by this Drive. The
number of cache segments supported by this Driveis 1-62. This parameter isvalid only when the SIZE bit is
zero. Itisignored when SIZE isaone.

Thetotal cache space is divided among equally sized cache segments. (See the Ultrastar 18ZX/9LZX
Hardware Functional or Ultrastar 36X P/18L P Hardware Functional Spec for a description of the total cache
and individual cache segment sizes.)

Note: Mode Select commands that transfer Page 8h cause the entire cache to be emptied (see 4.8,
“Segmented Caching”).

The Cache Segment Size field indicates the requested segment size in Bytes or Blocks, depending upon the
value of the LBCSS bit. The Cache Segment Size field is valid only when the SIZE bit is one. It is ignored
when SIZE is a zero. The drive considers this a minimum size. It may be rounded up in order to make best
use of available cache space.

If the Non-Cache Segment Size field is greater than zero, this field advises the target how many bytes the
initiator requests that the target allocate for buffer function when all other cache segments are occupied by
data to be retained. If the number is at least one, caching functions in the other segments need not be
impacted by cache misses to perform the SCSI buffer function. The size of the non cache portion of the
buffer is fixed thus the target ignores any value in this parameter.

HMSCSO16.LWP Page 89 of 296



1.6.9 Page 09h - Peripheral Device Parameters

Table 78. Mode Select Data For mat Page 09h

Byte BIT
7 6 3 2 1 0
0 RSVD=0 | RSVD=0 Page Code = 09h
1 Page Length = OEh
2 (MSB) Interface Identifier = 0000h
3 (LSB)
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Ignored
9 Ignored
10 Ignored
11 Ignored
12 Ignored
13 Ignored
14 Reselection Retry Count
15 Ignored FAST20 | FAST10 | Ignored | FORCES

The Peripheral Device Page (Table 78) controls vendor-specific features that are not defined in ANS
specifications.

Reselection Retry Count: This byte determines the number of times the Target will attempt to reselect after
areselection timeout has occurred. A value of 0 means no Reselection retry will be attempted. When set to
FFh the Target will attempt to retry Reselection forever.

FAST 20 set to aone forces SDTR transfer negotiations at a transfer period of OCh. If set to zero the Target
will negotiate at the fastest speed it is capable of .

FAST10 set to aoneforces SDTR transfer negotiations at atransfer period of 19h. If set to zero the Target
will negotiate at the speed determined by the FAST20 hit.

Note: The FAST10 and FAST20 bits are maximum transfer rates. If either of these bits are set, the target
will not renegotiate SDTR if it is currently operating at a slower transfer rate.

FORCES set to aone prohibits the drive from negotiating for wide data transfers, even if the driveis capable
of wide transfers. When set to zero, the drive negotiates for the widest data transfer it is capable of.
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1.6.10 Page OAh - Control M ode Parameters

Table 79. Mode Select Data For mat Page OAh

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0|RSVD=0 Page Code = 0Ah
1 Page Length = OAh
2 Reserved = 0 GLTSD=0 | RLEC=0
3 | Queue Algorithm Modifier Reserved = 0 QErr DQue
4 RSVD=0| RAC=0 Reserved = 0 SWP | RAERP=0 | UAAERP=0| EAERP=0
5 Reserved = 0
6 (MSB) Ready AEN Holdoff Period
7 (LSB)
8 (MSB) Busy Timeout Period
9 (LSB)
10 Reserved = 0
11 Reserved = 0

The Control Mode Page (Table 79) provides controls over several features. The features are tagged queuing
(see 4.3.2, “Tagged Queuing”), extended contingent allegiance, asynchronous event notification, and error
logging (see 4.5, “Error Logs”).

GLTSD (Global Logging Target Save Disable) bit of O allows the target to provide a target-defined method
for saving log parameters.

RLEC (Report Log Exception Condition) bit of 0 specifies that the Target does not report log exception
conditions.

Queue Algorithm Modifier specifies restrictions on the algorithm used for reordering commands that are
tagged with the SIMPLE QUEUE TAG message. The value of zero in this field indicates that the Drive will
reorder the execution sequence of queued commands from each initiator such that data integrity is maintained
for that initiator. This means that if the transmission of new commands was halted at any time, the final value
of all data observable on the medium shall have exactly the same value as it would have if the commands had
been executed in the same received sequence without tagged queuing. The restricted reordering value is the
default value.

A value of one (1h) in the Queue Algorithm Modifier field specifies that the target may reorder the actual
execution sequence of the queue 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
gueue tag messages.

A value of eight (8h) specifies that no reordering be done.
A value of nine (9h) specifies that the numeric value of the Queue Tag received with a Simple Queue Tag

message determines the order of execution. The larger the value of the queue tag, the earlier the command
will be scheduled for execution. The Head of Queue Tag and Ordered Queue Tag messages are still honored.
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Any dataintegrity exposures related to command sequence order are explicitly handled by the initiator
through the selection of appropriate commands and queue tag messages.

A value of ten (Ah) has the same effect as a value of (1h).

QErr (Queue Error management) bit of 0 specifiesthat the Target suspends execution of queued and active
commands from any Initiator which receives a Check Condition Status until the pending sense datais cleared.
Those commands still queued or suspended after the Target has returned Check Condition Status, continue
execution in anormal manner when the pending sense datais cleared.

A QErr bit of 1 specifiesthat the Target aborts queued and active commands when the Target returns Check
Condition Satus. An active Start Unit command or an active Format Unit command are not aborted and

continue to execute when an Initiator returns Check Condition Status. The setting of the QEMC bit (see 1.6.2,
“Page 0Oh - Vendor Unique Parameters”) determines if the commands from all Initiators or just the Initiator
receiving theCheck Condition Satus are aborted.

When the QErr bit is 1 and the QEMC bit is 0, all active commands and all gueued commands from the
Initiator receiving theCheck Condition Satus are aborted. Commands from other Initiators are unaffected.

When the QErr bit is 1 and the QEMC bit is 1, all active commands (except Start Unit and Format Unit) and
all gueued commands from all Initiators are aborted when the Target réhacksCondition Satus. When

this condition occurs, Bnit Attention Condition will be generated for each Initiator that had an I/O process
aborted except for the Initiator that received @heck Condition Status. The Sense Key will be set ttnit

Attention and the Additional Sense Code will be se€anmands Cleared by Another Initiator.

DQue (Disable Queuing) bit of O specifies that tagged queuing is enabled. A DQue bit of 1 specifies that
tagged queuing is disabled. Any queued commands for that |_T_L nexus are aborted. No status is sent for
aborted commands. Any subsequent queue tag message received is rejected with a MESSAGE REJECT
message and the 1/O process is executed as an untagged command.

RAC (Report A Check) bit of O specifies that long busy conditions (e.g. busy conditions during auto
contingence allegiance) may be reported.

A SWP (Software Write Protect) bit of 1 specifies that the logical unit shall inhibit writing to the medium

after writing all cached or buffered write data. When SWP is one, all commands requiring writes to the
medium shall retur@€heck Condition Status and shall set the Sense Key to DATA PROTECT and the
Additional Sense Code to WRITE PROTECTED. When SWP is one the WP bit shall be set to one for
subsequent MODE SENSE commands. A SWP bit of zero specifies that the logical unit may allow writing to
the medium if Write Protect mode has not been selected by a pin on the Option Block. Refer to 4.14,
“Options Jumper Block” for information regarding the Options Jumper Block. When the SWP bit is 0 the WP
bit shall be set to 0 unless Write Protect mode has been selected by a pin on the Option Block. For a list of
the commands affected by the SWP bit and details of the WP bit, refer to 1.6.1.1, “Header” section.

The RAERP, UAAERP, andEAERP bits enable specific events to be reported via the asynchronous event
reporting protocol. Since the Target does not create asynchronous event notifications, all three bits are
always 0.

Ready AEN Holdoff Period specifies the minimum time in milliseconds after the Target starts its

initialization sequence that it delays before attempting to issue an asynchronous event notification. Since the
drive never returns any asynchronous events, any value is accepted.

HMSCSO16.LWP Page 92 of 296



Busy Timeout Period specifies the maximum time in milliseconds that the Initiator allows for the Target to
remain busy for unanticipated conditions which are not a routine part of commands from the initiator. This
field isignored by the drive. Thus all values are accepted.
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1.6.11 Page OCh - Notch Parameters

Table 80. Mode Select Data For mat Page 0Ch

Byte BIT
7 6 5 4 3 2 0
0 RSVD=0|RSVD=0 Page Code = 0Ch
1 Page Length = 16h
2 ND=1 | LPN=0 Reserved = 00h
3 Reserved = 0
4 (MSB) Maximum number of notches
5 (LSB)
6 (MSB) Active notch
7 (LSB)
8 (MSB) Starting Boundary
11 (LSB)
12 (MSB) Ending Boundary
15 (LSB)
16 (MSB) Pages Notched = 000000000000100Ch
23 (LSB)

The notch page contains parameters for direct-access devices which implement a variable number of blocks
per cylinder. Each section of the logical unit with a different number of blocks per cylinder isreferred to asa
notch. The only field that is changeable is the "Active notch" field.

"ND" =1 meaning that this driveisanotched drive.

"LPN" = 0 meaning that the notches are based upon physical parameters of the drive (cylinder #), not logical

parameters.

"Maximum Number of Notches" isthe number of notches the drive can support. The value returned is
model dependent.

" Active Notch" indicates which notch subsequent M ode Sel ect/Sense command parameters pertain to.

A value of 0 isused for parameter values which apply to all notches. Vaues greater than 0 specify the notch
number, where notch 1 is the outer most notch.
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The following mode parameters are based on the current active notch:

®* Page02h
- Read Buffer Empty Ratio.

- Write Buffer Full Ratio.

®* Page03h
- Alternate Sectors Per Zone.

- Sectors Per Track.
- Track Skew Factor.
- Cylinder Skew Factor.

" Starting Boundary" containsthe first physical location of the active notch. The first three bytes are the
cylinder number and the last byteisthe head. The value sent in thisfield isignored.

"Ending Boundary" containsthe last physical location of the active notch. Thefirst three bytes are the
cylinder number and the last byteisthe head. The value sent in thisfield isignored.

" Pages Notched" isahit 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 different for different notches. If the bit is zero, then the corresponding mode page
contains parameters that are constant for all notches.
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1.6.12 Page 1Ah - Power Conditions

Table81. Mode Select Data For mat Page 1Ah

Byte BIT
7 6 4 3 2 1 0
0 RSVD=0|RSVYD=0 Page Code = 1Ah
1 Page Length = OAh
2 Reserved = 00h
3 Reserved =0 Idle Standby
4 (MSB)
- Idle Condition Timer
7 (LSB)
8 (MSB)
- Standby Condition Timer
11 (LSB)

All values are for the two timers and their corresponding control bits are accepted. Despite this, the drive

does not alter the internal power saving algorithms based upon those val ues.
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1.6.13 Page 1Ch - Informational Exceptions Contr ol

Table 82. Mode Select Data For mat Page 1Ch

Byte BIT
7 6 5 4 3 2 1 0
0 RSVD=0|RSVD=0 Page Code = 1Ch
1 Page Length = OAh
2 PERF RSVD =0 EWASC | DExcpt Test RSVD =0| LogErr
3 Reserved = 0 MRIE
4 (MSB)
- Interval Timer
7 (LSB)
8 (MSB)
- Report Count
11 (LSB)

The Informational exceptions control page defines the methods used by the target to control the reporting and
the operations of specific informational exceptions conditions. This page shall only apply to informational
exceptions that report an Additional Sense Code of FAILURE PREDICTION THRESHOLD EXCEEDED or
WARNING to the initiator.

Informational exception conditions occur as the result of vendor specific events within the target. An
informational exception condition may occur asynchronous to any commands issued by an initiator.

A PERFormance bit (PERF) of zero indicates that informational exception operations that are the cause of
delays are acceptable. A performance bit of one indicates that the target shall not cause delays while doing
informational exception operations. A performance bit set to one may cause the target to disable some or all
informational exception operations, thereby limiting the reporting of informational exception conditions.

An Enable Warning ASC bit (EWASC) of zero indicates that PFA warning messages will not be reported. An
EWASC hit of 1 allows PFA warning messages to be reported.

A Disable Exception control bit (DExcpt) of zero indicates that informational exception operations shall be
enabled. The reporting of informational exception conditions when the DExcpt bit is set to zero is determined
from the Method of Reporting Informational Exceptions field.

Note: Disable Exception control (DExcpt) bit of zero indicates the failure prediction threshold exceeded
reporting shall be enabled. The method for reporting the failure prediction threshold exceeded when the
DExcpt bit is set to zero is determined from the Method of Reporting Informational Exceptionsfield. A
DExcpt bit of one indicates the target shall disable reporting of the failure prediction threshold exceeded. The
Method of Reporting Informational Exceptions field isignored when DEXxcpt is set to one and EWASC is set
to zero.

An Enable Warning ASC bit (EWASC) of zero indicates the target shall disable reporting of the warning.

The Method of Reporting Informational Exceptions field isignored when DExcpt is set to one and EWASC is
set to zero. An EWASC hit of one indicates warning reporting shall be enabled. The method for reporting the
warning when the EWASC hit is set to one is determined from the Method of Reporting Informational
Exceptions fied.
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A Test bit (Test) of one instructs the target to generate an informational exception test report at each interval
time (if DExcpt = 0). The condition will be reported with an Additional Sense Code of FFh. A Test bit of
zero instructs the target to stop generating informational exception test reports.

Thelog errors bit (LogErr) of either one or zero indicates the target shall log informational exception
conditions.

The Method of Reporting Informational Exceptions field (MRIE) specifies the method that should be used by
the target to report informational exception conditions (see Table 83.)

The Interval Timer field indicates the period in 100 millisecond increments for reporting that an information
exception condition (a PFA event is an example of an informational exception condition) has occurred. The
file will not report informational exception conditions more frequently than the time specified by the Interval
Timer field and as soon as possible after the timer interval has elapsed. After the informational exception
condition has been reported the interval timer shall be restarted. The default setting for the Interval Timer
field is FFFFFFFFh. When this default is set, the interval timer is disabled and causes the file to behave as
though the interval timer were equal to 0. Theinterval timer will not be maintained across power cycles.

HMSCSO16.LWP Page 98 of 296



The Report Count field indicates the number of times to report an informational exception condition. A value
of zero in the Report Count field indicates there is no limit on the number of times the device server reports an
informational exception condition. The internal report count will not be maintained across power cycles.

Table83. Method of Reporting Informational Exception Fields

MRIE

Description

Oh

No reporting of informational exception conditions.

2h

GeneratdJnit Attention: This method instructs the target to report informational exception
conditions by returning &heck Condition Satus on any command. The Sense Key shall be
to Unit Attention and the Additional Sense Code shall indicate the cause of the informatior
exception condition.

The command that has tfeck Condition Satus shall not be executed before the informatig
exception condition is reported.

3h

Conditionally generate recovered error: This method instructs the target to report informg
exception conditions, dependent on the value of the PER bit of the error recovery parame
mode page, by returningGheck Condition Satus on successful Read or Write commands. 7
Sense Key shall be set to RECOVERED ERROR and the Additional Sense Code shall in
the cause of the informational exception condition.

set
nal

nal

ational
pters
'he
dicate

4h

Unconditionally generate recovered error: This method instructs the target to report
informational exception conditions, regardless of the value of the PER bit of the error rec
parameters mode page, by returnirghack Condition Status on successful Read or Write
commands. The Sense Key shall be set to RECOVERED ERROR and the Additional Se
Code shall indicate the cause of the informational exception condition.

very

nse

6h

Only report informational exception condition on request: This method instructs the targe
preserve the informational exception(s) information. To find out about informational exce
conditions the initiator polls the target by issuing an unsolicited REQUEST SENSE comm
The Sense Key shall be set to NO SENSE and the Additional Sense Code shall indicate
cause of the informational exception condition.

t to
ption
and.
the

Fh

Conditionally generate recovered error: This method instructs the target to report informational
exception conditions, dependent on the values of the PER bit of the error recovery parameters
mode page and the RPFAE, RARRRD bits of the vendor unique parameters mode page, by
returning a Check Condition Status on successful Read or Write commands. The Sense Key
shall be set to RECOVERED ERROR and the Additional Sense Code shall indicate the cause of
the informational exception condition. For information on RPFAE, RARRRD hits see 1.6.2,
“Page Oh - Vendor Unique Parameters.”
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1.7 Mode Sense (6)

Table 84. Mode Sense Command Descriptor Block

Byte BIT
7 6 5 4 3 2 1 0
0 Operation Code = 1Ah
1 LUN RSVD DBD Reserved = 0
=0
2 PC Page Code
3 Reserved = 0
4 Allocation Length
5 VU =0 Reserved = 0 Flag Link

The Mode Sense command provides a means for the Target to report various device parameters to Initiators.
It is the 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 bit
isset to 1, the target wil not return the Block Descriptor.

PC (Page Control) defines the type of Page Parameter values to be returned.
Page Code indicates which page(s) to return.

Page Code of 3Fh isarequest for the Target to return all supported pages. Otherwise, a single page may be
selected. If an unsupported pageis selected, the command is terminated with a Check Condition Status and
available sense of Illegal Request/Invalid Field in CDB.

If aPage Code of 3Fh is used, Mode Sense returns the pages in ascending order with one exception. PageOis
aways returned last in response to a Mode Sense command.

The Allocation Length field indicates the maximum number of bytes the Initiator has set aside for the Data In
phase. A value of zeroisnot considered an error. If the alocation length is smaller than the number of bytes
of data the target has available to send to theinitiator, then that portion of the data up to the alocation length
is sent. Thismay result in only a portion of a multiple byte field being sent.

Note: An Initiator may issue the Mode Sense command to determine Mode Select parameters that are:
Current values
Changeable values
Default values
Saved values

Fields not supported by the Target have values set to zero.

The types of parameters returned for the different setting of the PC bits are as follows:
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PC Meaning

00 Report current values. The definition of current values changes as the Drive progresses from
power-up through command execution. The following list defines the various sources of current
values:

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.

Note: The Target does not process the Mode Select command until the completion of start-up
sequence. Therefore, an Initiator cannot modify the current values prior to the saved values being
read from the Reserved Area, unless a problem prohibited the saved parameters from being read
successfully.

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 completion 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 Code is 3Fh, then all pages implemented by the Target are returned to the Initiator with
fields and bit values set to current values.

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.

01 Report ChangeableValues. Reporting changeable values presents a bit mask for Mode parameter
bytes (i.e., bytes following the page length field) indicating which fields are changeable. For avalue
field such as the buffer ratios in page 2, the bit field does not indicate the range of supported values
but rather that the field is simply supported.

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 changeable values.

Note: Nofield in Page 3 is changeable, but certain fields implicitly have varying values depending
on the current formatted Block Length.

10 Report Default Values. The default values do not require a media access. See 1.6, "Mode Select”
for the Target’ s default values.

If the Page Code is 3Fh, all pagesimplemented by the Target are returned with bits and fields set to
default values.

If the Page Code is not 3Fh, the page defined by Page Code (if supported) is returned with bits and
fields set to default values.
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11 Report Saved Values. The saved valuesreside in the Reserved Area of the Drive.
Returned values can vary depending upon whether or not those parameters can be successfully read

from the Reserved Areaor if they have ever been saved.

The possible saved values returned are either:

Vaues saved in the Reserved Area during the last Mode Select command that had the SP bit on, or
Vauesidentica to the default values if an error prohibits the saved parameters from being read

from the Reserved Area of the disk during a start-up sequence, or

Valuesidentical to the default values if never saved.

If the Page Code is 3Fh, all pagesimplemented by the Target are returned with bits and fields set to

their saved values.

If the Page Code is not 3Fh, the page defined by Page Code, if supported, is returned with bits and

fields set to their saved values.

Note: When Page 3 saved values are requested, the Target will return parameter values equivalent to

the current values.

1.7.1 Mode Sense Data Format (of Header & Block Descriptor)

The following table depicts the format of the Mode Sense data available from the Target.

Table 85. Mode Sense Data Format - Header

Byte BIT
7 6 5 4 3 2 1 0
0 Sense Data Length
1 Medium Type=0
2 WP Reserved =0 DPOFUA Reserved = 0
=1
3 Block Descriptor Length = 08h
Table 86. Mode Sense Data For mat - Block Descriptor
Byte BIT
7 6 5 4 3 2 1 0
0 (MSB)
1 Number of Blocks
2 (LSB)
3
4 Density Code=0
5 (MSB)
6 Block Length
7 (LSB)

See 1.6.1.1, “Header” section for a description of the Medium Type and WP fields.
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The DPOFUA bit value of 1 indicates that the Target supports the FUA and DPO bits in the Read and Write
Commands. See 4.8, “Segmented Caching” for detailed information on this support.

The Block Descriptor Length field value of 8 indicates that only a single block descriptor follows.

The Number of Blocks field specifies the number of blocks currently available to the Initiator. It is a function
of the Number of Blocks specified by the Mode Sense command and the current block length. Refer to the

Ultrastar 18ZX/9LZX Hardware Functional or Ultrastar 36 XP/18LP Hardware Functional Spec for more
information about capacity.

If the Number of Blocks is FFFFFFFFh then the number of blocks is greater than FFFFFFFEh. In this case
the Read Capacity command may be used to determine the actual number of blocks for the device.
The Block Length field is dependent on how the media is currently formatted.
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1.7.2 Mode Sense Data Format (of All Pages)

Table 87. Mode Sense Data For mat Page 00h

Byte BIT
7 6 5 4 3 2 1 0

0 PS=1 | RSVD=0 Page Code=0

1 Page Length = OEh

2 QPE Ignored | Ignored | Ignored | Ignored | Ignored | Ignored | ARHES
3 ASDPE | Ignored | CMDAC | RPFAE DOTF Ignored | RRNDE CPE
4 Ignored DWLRO | DLRO
5 Ignored | Ignored DSN FRDD DPSDP | Ignored CAEN Ignored
6 Ignored

7 Ignored

8 Ignored ADC QEMC Ignored LED Mode

9 Temperature Threshold

10 Command Aging Time Limit (HI)

11 Command Aging Time Limit (LO)

12 QPE-2 for read operations

13 Ignored

14 DRRT DNR Ignored | RARRRD | FFMT Ignore
15 RTP RRC FCERT | Ignored | DRPDV DSF IRT IVR

Table 88. Mode Sense Data Format Page 01h
Byte BIT
7 6 5 4 3 2 1 0

0 PS=1 |RSVD=0 Page Code = 01h

1 Page Length = OAh

2 AWRE ARRE B RC EER=0 PER DTE DCR
3 Read Retry Count

4 Correction Span = 60h

5 Head Offset Count =0

6 Data Strobe Offset Count = 0

7 Reserved = 0

8 Ignored

9 Reserved = 0

10 (MSB) Recovery Time Limit

11 (LSB)
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Table 89. Mode Sense Data For mat Page 02h

Byte eeBIT
7 6 5 3 2 0
0 PS=1 |RSVD=0 Page Code = 02h
1 Page Length = OEh
2 Read Buffer Full Ratio
3 Write Buffer Empty Ratio
4 Ignored
5
6 (MSB) Disconnect TimeLimit=0
7 (LSB)
8 (MSB) Connect Time Limit=0
9 (LSB)
10 (MSB) Maximum Burst Size
11 (LSB)
12 EMDP Ignored DIMM |RSVD=0 DTDC
13 Reserved = 0
14 Reserved = 0
15 Reserved = 0
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Table 90. Mode Sense Data For mat Page 03h

Byte BIT
7 6 5 4 3 2 1 0

0 PS=1 RSVD=0 Page Code = 03h
1 Page Length = 16h
2 (MSB) Tracks per Zone
3 (LSB)
4 (MSB) Alternate Sectors per Zone
5 (LSB)
6 (MSB) Alternate Tracks per Zone=0
7 (LSB)
8 (MSB) Alternate Tracks per Logical Unit=0
9 (LSB)
10 |(MSB) Sectors per Track
11 (LSB)
12 | (MSB) Data Bytes per Physical Sector
13 (LSB)
14 | (MSB) Interleave = 0001h
15 (LSB)
16 | (MSB) Track Skew Factor
17 (LSB)
18 |(MSB) Cylinder skew Factor
19 (LSB)
20 SSEC=0|HSEC=1| RMB=0 | SURF=0 Reserved = 0
21 Reserved =0
22 Reserved =0

23 Reserved =0
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Table91. Mode Sense Data For mat Page 04h

Byte BIT
7 6 5 4 3 2 0
0 PS=1 |RSVD=0 Page Code = 04h
1 Page Length = 16h
2 (MSB)
3 Number of Cylinders
4 (LSB)
5 Number of Heads
6 (MSB)
7 Starting Cylinder-Write Precompensation = 0
8 (LSB)
9 (MSB)
10 Starting Cylinder-Reduced Write Current = 0
11 (LSB)
12 (MSB) Drive Step Rate=0
13 (LSB)
14 (MSB)
15 Landing Zone Cylinder
16 (LSB)
17 Reserved = 0
18 Reserved = 0
19 Reserved = 0
20 (MSB) Medium Rotation Rate
21 (LSB)
22 Reserved = 0
23 Reserved = 0
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Table 92. Mode Sense Data For mat Page 07h

Byte BIT
7 6 5 4 3 2 1 0
0 PS=1 |RSVD=0 Page Code = 07h
1 Page Length = OAh
2 Reserved = 0 EER=0 PER DTE=0 DCR
3 Verify Retry Count
4 Verify Correction Span = 48h
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0
9 Reserved = 0
10 (MSB) Verify Recovery Time Limit
11 (LSB)
Table 93. Mode Sense Data For mat Page 08h
Byte BIT
7 6 5 4 3 2 1 0
0 PS=1 |RSVD=0 Page Code = 08h
1 Page Length = 12h
2 IC ABPF CAP DISC SIZE WCE MF RCD
3 Demand Read Retention Priority Write Retention Priority
4 (MSB) Disable Pre-fetch Transfer Length
5 (LSB)
6 (MSB) Minimum Pre-fetch
7 (LSB)
8 (MSB) Maximum Pre-fetch
9 (LSB)
10 (MSB) Maximum Pre-fetch Ceiling
11 (LSB)
12 FSW LBCSS DRA Reserved = 0
13 Number of Cache Segments
14 (MSB) Cache Segment Size
15 (LSB)
16 Reserved = 0
17 (MSB)
18 Non-Cache Segment Size
19 (LSB)
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Table 94. Mode Sense Data For mat Page 09h

Byte BIT
7 6 5 4 3 2 1 0
0 PS=1 |RSVD=0 Page Code = 09h
1 Page Length = OEh
2 (MSB) Interface Identifier = 0000h
3 (LSB)
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Ignored
9 Ignored
10 Ignored
11 Ignored
12 Ignored
13 Ignored
14 Reselection Retry Count
15 Ignored FAST20 | FAST10 | Ignored | FORCES

Table 95. Mode Sense Data For mat Page OA