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Preface

PRODUCT FEATURES

"On the Fly" error correction capabilities

LRC protection for data integrity

Self-optimizing buffer ratios

Variable Block Lengths

Sector Slipping Defect Management

Optional ANSI SCSI commands supported
Command Queuing (both Tagged and Untagged)

Command Reordering

Refer to theproduct FunctionaBpecification for
reliability features

Refer to theproduct FunctionaBpecification for
reliability features

Refer t01.6.4,“Page 2 - Disconnect/Reconnect
Parameters” orpage 91

Refer to theproduct FunctionaBpecification
Refer t01.16,“Reassign Blocks” on page 133
Refer t01.0,“SCSI Commands” orpage 21
Refer t04.3,“CommandQueuing” onpage 221

Refer t04.3,“CommandQueuing” onpage 221

Back to Back Writes Refer to4.4.1,“Back to Back Writes” onpage 225

Write Caching (Volatile) Refer t01.6.8,“Page 8h - Caching Parameters” on
page 102 regarding the WCE bit

Motor (Spindle) Synchronization Refer to4.5,“Motor Synchronization” orpage 225

Automatic Rewrite/Reallocate

Automatic RecommendRewrite/Reallocate

Predictive Failure Analysis0 (PFA O)

Segmented Caching
Read Aheadsupport
Down-loadable SCSI Firmware

LED support

Refer to4.7, “Automatic Rewrite/Reallocate -
RecommendRewrite/Reassign” opage 228

Refer to4.7, “Automatic Rewrite/Reallocate -
RecommendRewrite/Reassign” opage 228

Refer t04.8, “Predictive FailureAnalysis” on
page 230

Refer t04.9,“Segmented Caching” opage 231
Refer t04.9.3, “Read-Ahead” orpage 231
Refer t01.34,“Write Buffer” on page 160

Refer t04.16,“LED Pin” on page 241
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Basic AssuranceTests

Full 32 byte SCSI SenseData Format

Synchronous/wide datatransfer support

Performance counter information via Log Sense

Selectablereporting of Errors (QPE etc.)

Multiple Initiator Support

Refer t04.19,“Basic Assurance Test8ATS)” on
page 244

Refer to Appadix A, “SCSI SenseData Format”
on page 247

Refer t03.1, “SuyportedMessages” on page 167
and 1.6.2/'Page 0 - VendoiUnique Parameters” on
page 75

Refer to1.5,“Log Sense” on page 52

Refer t01.6.2,“Page 0 - VendoiJnique
Parameters” orpage 75

Refer to4.14,“Multiple Initiator Systems” on
page 240

Page 4 of 308 — Release 33 SI Specification



About This Manual

This manual is adescription of the SmalComputerSystem Interfac¢SCSI) func-
tion supported by th®rive.

The firstthree chapters cove8CSI commandsstatus, andnessages.
Chapter 4coversbehavior undewarious operating conditions.
The Appendices covesense data andrror recovery.

For elements o65CSI notdescribed in thislocument (that isphysical character-
istics, busphases)refer to theSmall ComputerSysteminterface-2(SCSI-2)

For non-SCSicharacteristics of this Driveuch asphysicaldimensions, power
requirements, and performanaefer to theproduct FunctionaBpecification.

Every attempt hadbeen made to makehis Drive compliant with the currendraft
definition of the Small ComputerSystemnterface(SCSI-2)Version-10h, dated 17
October1991. Theintent is to comply with thdinal SCSI-2specification when
that standard is adopted.

SCSI-2 bydesignprovides compatibility withSCSIdevicesthat support buparity
and meet conformandevel 2 of theAmerican National Standarg3.131-199X.
Accordingly, this Drive can coexiswith earlier SCSlIdevices on thesame bus. The
Drive also operates well even when thdtiator does notsupport theSCSI-2 pro-
tocol extensions.

Note: This Document wagprinted from an on-linesystem andnust only beused
for referencepurposes.

« The Master document is then-line versionSTARSCSOLIST3820 on an
IDSS docdisk onRCHVMX.

« To preserve the integrity of thidocumentplease DO NOT remove anyages
from this printed copy.

« The individual whoreceives acopy of thisdocument isesponsible for ppmpt
disposal of thecopy when it issuperceded by a newer version of thecument
or by another document.

If this document igeceived byother means than from the Development group,
the individual whoreceivedthis document isequired toreport to Development.
Failure to do so prevents Development framfiorming the individual of future
releases.

APPROVALS
This document habeen approved by:
Dept. 41L Manager, Ken Plumme¥20/95
REVIEW PROCEDURES
The content othis specification iglirectly tied to thecurrent microcodéfirmware)

release. Therefore, thisdocument igeviewed when nevevels of microcode are
about to bereleased.
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The next scheduletelease will be on holdintil a newlevel of microcode is
anounced.

Data Representation

This document use8SCII notation. Hexvalues are indicated by a trailifb’.
Binary values are indicated by a trailirflg’. The following notations aresquivalent:

07h or O7H
'07'x or'07'X

0x07 (except in thecasewhere "x" is defined asdon't care")

In ASCII, the highorder bit in a byte iseven, the loworder bit is zero.
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Revision History

07/12/93 Initial releasg(preliminary). Major changesrom
Release 1.(Bpitfire.

12/07/93 Preliminaryrelease aftemternalreview.

01/07/94 Secondrelease.

01/24/94 Third release Correctedrevision year to 1994.
Removed UQETrom Mode Select andqueueing
section.

06/09/94 Fourth releasechanges.

09/15/94 Fifth releasechanges. (Releasz0)

02/20/95 Sixth release(Releasel3.0) changes armarked with

change bars. "|"
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1.0 SCSI Commands

Following is a summary of SCSJommands supported. The column “SC3$¢fers
to revision 10h of the ANSI version 2standard.

Table 1. SCSICommandsSupported
SCSI Code  Description

04h Format Unit

12h Inquiry

4Ch Log Select

4Dh Log Sense

15h Mode Select (6)*
1Ah Mode Sense (6)*
34h Pre-Fetch

08h Read (6)*

28h Read(10)*

3Ch ReadBuffer

25h ReadCapacity

37h ReadDefectData (10)*
B7h ReadDefectData (12)*
3Eh Read Long

07h Reassign Blocks
1Ch Receive Diagnosti®Rkesults
17h Release

57h Releasgq10)*

03h RequestSense

16h Reserve

56h Reserve(10)*

01h RezeroUnit

0Bh Seek (6)*

2Bh Seek (10)*

1Dh Send Diagnostic
1Bh Start/Stop Unit
35h Synchronize Cache
00h Test Unit Ready
2Fh Verify

0Ah Write (6)*

2Ah Write (10)*

2Eh Write andVerify
3Bh Write Buffer

3Fh Write Long

41h Write Same

<<

OO0OO0OO0O0O0OO0OZL00Z0000L20200000L0L0000O0

M - Mandatory

O - Optional

V - Vendor Unique

* CommandDescriptor BlockLength
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1.1.1 CDB Control Byte

These bits are in theontrol byte, which is thdast byte of everycommand
descriptor block. The meanings of thefselds aredefinedbelow.

VU VU stands for VendoitJnique.

Flag If Link is zero, Flagmustalso be zero. ILink is one and theeommand
terminatessuccessfully, th& argetsends either théinked Command
CompletemessagdFlag=0) or the LinkedCommandComplete (With
Flag) messag€Flag=1). Typically this bit is used to cause anterrupt in
the Initiator betweeninked commands.

Link This bit is set to one tandicatethat thelnitiator desires arautomaticlink
to the nextcommandupon successfutompletion of the current
command. Uporsuccessfutompletion of thecommand, theDrive
returns Intermediate status atiten sends one of the two messages defined
under Flag above.

1.1.2 Reserved field definitions
A Reservedield is defined as beingequired to bdfilled with binary 0. It may be
shown intables as any of the following:

Reserved
Reserved = 0
RSVD

RSVD = 0

1.1.3 Reserved value definitions
A value may be defined to b&eserved'. This meartbat thevalue is not valid for
the field being described.

1.1.4 Invalid field Errors

If a value is invalid in one of th&€€ommandDescriptorBlocks, aCheckCondition
Statuswill result with a sense key diiegal Requestand additionakense
code/qualifierdependentiponwhich field wasinvalid. The following areself
explanatory:

Invalid CommandOperation Code
Logical Block Address out ofRange

Logical Unit Not Supported
Invalid Field in CDB is used forfields otherthan theabove.
Invalid Field in Parameter Listis used for invalidfields in parameter data.

Invalid Bits in Identify Messages used when the Reserved bits ime&ssage are
non-zero.
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1.2 Format Unit

Table 2. Format UniCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 04h
1 LUN | FmtData| CmpLst| Defect List Format
2 Vendor Unique = 0
3 (MSB)Interleave Factor
4 (LsB)
5 vu=20 | Reserved = 0 | Flag | Link

The Format Unit commangerforms aphysicalformatting of the Drive. This
includes a rewrite of all the sector IDs, handlingds#fectivesectors, and the over-
writing of all data areasvith binary zeros. Theformatting processncludes averifi-
cation ofaccesgositioning only and does not includevarification of ID or data
fields.

The Drive manages two interndkfect lists and onexternal. Theprimary defect

list (PList) iscreated at time ofmanufacture and¢annot bealtered. Thegrown
defect list(GList) is built after time ofmanufacture by the Initiators use of the
Reassign Blockeommand and the AutomatiReallocate function(se.7, “Auto-
matic Rewrite/Reallocate Recommendrewrite/Reassign” opage 228). The data
defect list(DList) is anexternallist, it is supplied by the initiator in th®©ATA

OUT phase of thé=ormat Unitcommand.

Severaloptions formanaging theGList are supported.

FmtData set to onepecifiesthat a Data Ouphasefollows the Commandphase.
The Data Outphaseconsists of adefect listheader followed by zero omore defect
descriptors (se@able 3 onpage 25 andrable 4 onpage 25).

FmtData set taerospecifiesthat no Data Ouphasefollows.

CmpLst set to onespecifiesthat the GListexistingprior to the format not beised
and is discarded. The Drive fermatted with thePList andDList(if specified).
The DListbecomes the new GList.

CmpLst set tozerospecifiesthat the GListexistingprior to the format baised.
The Drive is formatted with thé@List, the GList, and the DList (i§pecified). The
DList and the GList are combined and become the new GList.

The Defect List Formaspecifies theformat of thedefectdescriptor transferred to
the Target when th&mtData bit is set to one (s@eble 5 onpage 27).

InterleaveFactor must besither zero orone; the target formats thide with inter-
leave of one.

Note: It is recommended that thlode Selectcommand beassuedprior to the
Format Unit command tepecifyparameterdhat affect theformatting

process.
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The BlockLength parameter (sek6.1.2,“Block Descriptor” onpage 73) is
used during formatting and saved following a successfébrmat operation.
If a Mode Selectcommand has nobbeenissued since the last reset or
start-up (bring-up}kequence, then the Blodlength from theprevious
format operation isised.

The RPL parameter iMode Select pagd4h, affects the waythat track and
cylinder skew are physicallgpplied. Sed.6.6,“Page 4h - Rigid Disk Drive
Geometry Parameters” opage 97, 1.6.5/Page 3 -FormatDevice
Parameters” ompage 94, and 4.5Motor Synchronization” orpage 225 for
more information. Thecurrent RPL parameter is used tontrol thedesired
track andcylinder skew definitions for théormat operationyregardless of the
state ofmotor synchronization.

Subsequent toeceiving aFormat Unitcommand theTarget responds toommands
as follows.

« All commandsexceptRequestSense andnquiry returnCheckCondition Status
while the format operation is amctive 1/0O procesgsee 4.1.6;CommandProc-
essingDuring Start-up and Format Operations” page 205).

+ Whentaggedqueuing is enable@DQue = 0), all commandexceptRequest
Sense andnquiry returnQueue FullStatuswhile the Format Unitcommand is
a queued I/Oprocess (sed.3,“CommandQueuing” onpage 221).

« Whentaggedqueuing isdisabled(DQue = 1), all commandexceptRequest
Sense andnquiry returnBusy Statusvhile the FormatUnit command is a
gueued I/Oprocess.

If a RequestSensecommand igeceived while gormat operation is amctive
I/O process, thélarget returngGood Status The sense key is set to N&Ready
and the additionasensecode andqualifier is set to Format In Progress.

If an Inquiry command igeceived while dormat operation is amctive I/O
process, thélarget return€o0d Statusand Inquiry data asequested.

The format operatiomustcompletesuccessfully for thérive to be usable. If the
command ignterrupted by aeset,power down, or arunrecoverable error, the
Drive enters a degraded mode @beration inwhich reading and writing are
prohibited(seet.1.9,“DegradedMode” on page 208). To exit the degradedode,
another Format Unitommand must bsent by the Initiator and completed suc-
cessfully by theTarget.

The Format Unit commandets the UnitAttention condition for allinitiators
except the onghatissued the BrmatUnit command (sed.1.5,“Unit Attention
Condition” onpage 202).

Note: While the Format Unittommandeffectively erases the entirdataarea of the
Drive, this use is not recommended. Eoase data areas on tbeive and
savetime, use the Write Sameommand.
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Table 3. Format oDefect List -Header
Byte BIT
7 | e | 5 | 4 | 3 | 2 1 0
0 Reserved = 0
FOV DPRY| DCRT| STPF IP = DSP Immed| RSVD
0 =
2 (MSB)Defectlist length
3 (LsB)
Table 4. Format oDefect List - Descriptor(s)
Byte BIT
7 | e | 5 | a4 | 3 | 2 1 0
0-7 DefectDescriptor 0
8n - DefectDescriptor n
8n+7
Note: Format of the defect lissentduring theData Out fhase.

The Target has &mited implementation of the &rmat Option bits located in Bits
2 through 7 ofByte 1 of the Defect LisHeader (see Table 3). If the Initiator
attempts toselect anyfunction not implemented by the Target, the Target termi-
nates thecommand withCheckCondition Satus The sense key is set to lllegal
Request and thadditionalsensecode is set to Invalid Field lfParameteList.

An FOV (FormatOptionsValid) bit of zero causes th&arget toverify that the
settings for theDPRY (DisablePRimarY),DCRT (Disable CeRTification)STPF
(SToP Format) IRInitialization Pattern), and DSP (DisablgavingParameters)
bits are zero. If any of these bits are not zero, the Target terminatesotinenand
with CheckCondition Status The sense key is set to lllegRlequest and thaddi-
tional sensecode is set to Invalid Field IfParameteList.

When FOV bit is onethere are foutombinations of théPRY, DCRT,STPF, IP
and DSP bits allowed. Angther combinations return @heckCondition Status
With a sense key of lllegaRequest and aadditionalsensecode of Invalid Field In
Parametelist. The supported combinationare:

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

The DPRY (disableprimary) bit set to onéndicatesthat theTarget does use
portions of the mediunidentified as defective in thprimary defectPList for Initi-
ator addressabléogical blocks.

The DPRY (disableprimary) bit set to zerdandicatesthat theTarget does not use

portions of the mediunidentified as defective in thprimary defectPList for Initi-
ator addressabléogical blocks. If the Targetannotlocate thePList or it cannot
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determine whether BList exists, theTarget terminates the Formé&knit command
as described foBTPF=1.

The DCRT (disable certification) bit set tone,indicatesthat theTarget does not
generate &List (certification list) orperform acertification process while executing
the Format Unit Command.

The DCRT (disable certification) bit set to zero, indicatdsat theTarget performs
a certification process while executing the Forntatit Command (This will
lengthen the time it takes toomplete theFormatcommand.

The STPF(stop format) bit controls the behavior of the Target when one of the
following events occurs:

The Targetcannotlocate a requirediefect list nordeterminethat thelist exists.

The Target encounters an unrecoverable ewbile accessing aequireddefect
list.

The STPF bitmust be set to one. If one or both of théove conditions occurs,
the Target terminates the Format Uridbmmand withCheckCondition Status The
sense key is set tMedium Error and theadditionalsensecode is set to either
Defect List NotFound if thefirst condition occurred, oDefect ListError if the
second condition occurred.

The IP (initializationpattern) bitmust be set t@ero. The Targeinitializes all data
with zeros.

The DSP (disable savingarameters) bimust bezero. The Targesaves all the
Mode Select savablparameters during thieormat operation.

An Immed bit set tozero requestshat status be returned at the end of the format
operation.

An Immed bit set to oneequestghat status be returned immediatel{Good Status
is returnedfollowing the CDB validation and transfer of data in tH2ata Outphase.
If the immediate format operation terminates in errbeferredError Sense data is
generated. See 4.1.8eferredError Condition” onpage 207 fomore information
regarding themmediate format operationWith the Immed bit set to one, thkink

bit must be set taero.

The Defect ListLengthfield specifies theotal length in bytes of thelefect descrip-
torsthatfollow. The defectlist lengthmust beequal toeight times thenumber of
defectdescriptors to follow, otherwise theommand igerminated withCheck Con-
dition Status The sense key is set to lllegRlequest and thadditionalsensecode
is set to Invalid Field InParametetist. The defectdescriptorsmustspecify the
defectbased on the currentdfmatDevice parameters reported by tidode Sense
command.

The following table describes the influence of theariousoptions on the format
operation.
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Table 5. Effect of Options on Format operations
5 =3
= =
© £ > é %i
£ = 9 S= | o El Zz. o
(@] (D) "(-_5‘ © 8 Q 6_'2 <%}
L - [l g e - O _°aL
@ @ o S5 | g 82w B L2
[T - | pr S 8o | p J43 G gatE
a | 5] O e O g
Q Q Q£ E o | L, ouo =
e £ [} [¢] (@) (&) ) oo
LL O o o o =0 [a] BN ONA Zl wx<xcox
No DefectlList
0 0 000b N/A M P,G K
Block Format
1 0 000b Zero M P,G
1 1 000b Zero M P
Bytes From Index Format
1 0 100b Zero (@] P,G K
1 1 100b Zero (@] P E
1 0 100b >0 (@] P,G,D A
1 1 100b >0 (@] P,.D R
Physical Sector Format
1 0 101b Zero (@] P,G K
1 1 101b Zero (@] P E
1 0 101b >0 (@] P,G,D A
1 1 101b >0 (@] P,.D R

The Target supports twdefectdescriptor formats for the Format Uniommand
and the ReadefectDatacommandsBytesFrom Index format andPhysical
Sectorformat (see Table 5).

The Target does not requitbat DList entries be in ascending order.
If the DList entry does not correspond tovalid user addressablaedia location,
the commanderminates withCheckCondition Satus The sense key is set to

lllegal Request and thadditionalsensecode is set to Invalid Field IfParameter
List.
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Table 6. DefectDescriptor -BytesFrom Index format

Byte BIT

7 | e | 5 | 4 | 3 | 2 | 1 | o
(MSB)

Cylinder Number ofDefect
(LSB)

Head Number oDefect

(MSB)
DefectBytesFrom Index

~No s~ |W|INEFLO

(LSB)

Eachdefect desriptor for the BytesFrom Index formatspecifiesthat thesector
containing this byte benarkeddefective. The defect deriptor is comprised of the
cylindernumber of thedefect, theheadnumber of thedefect, and the defedtytes
from index. The internaformat of the Target's GList is natlentical to theDList,
thus the DListentry is interpreted as defectwhich starts at the beginning of the
sectorpointed to by the DLisentry, with a length equal to the sector length. If the
Initiator sendsmore than onealefect dacriptor for the same sector, the Target
creates onésList entry for eachdefectdescriptor.

Note: For the specifiedlock size, if theDlist entry whenconverted to a physical
sector, is equal to thphysical sector of a Plisgtntry (DPRY = 1),that Dlist entry
is not added to the Dlist.

If the Targetreceives a defedtytesfrom index value ofFFFFFFFFh indicating
that theentire track bemarkeddefective, thecommand igerminated withCheck
Condition Status The sense key is set to lllegRlequest and thadditionalsense
code is set to Invalid Field IfParameteList.

Table 7. DefectDescriptor -Physical Sector Format

Byte BIT

7 | e | 5 | a4 | 3 | 2 | 1 | o
(MSB)

Cylinder Number ofDefect
(LSB)

Head Number obDefect

(MSB)
DefectiveSectorNumber

~No b~ |W|INFO

(LSB)

Eachdefect desriptor for the Physical Sectdormat specifies a defedthat is the

length of a sector. Thedefect @scriptor is comprised of theylinder number of the
defect, theheadnumber of thedefect, and the defestectornumber. Theactual
defectstored in the Glist points to the start of the sector and has a length equal to
the sectorsize. If thelnitiator sendsmore than onalefectdescriptor for the same
sector, the Targetreates oné&sList entry for eachdefectdescriptor.

Note: For the specifiedblock size, if theDlist entry whenconverted to a physical
sector, is equal to thphysical sector of a Plisgtntry (DPRY = 1),that Dlist entry
is not added to the Dlist.
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If the Targetreceives a defectector value oF FFFFFFFh,indicatingthat the
entire track be markedefective, thecommand igerminated withCheckCondition
Status The sense key is set to lllegRlequest and thadditionalsensecode is set
to Invalid Field In ParameteList.
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1.3 Inquiry

Table 8. InquiryCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 12h
1 LUN | Reserved = 0 | EVPD
2 Page Code
3 Reserved = 0
4 Allocation Length
5 vu=20 | Reserved = 0 | Flag | Link

The Inquirycommandrequestghat informationregardingparameters of the Target
and its peripheratlevice(s) besent to the Initiator. Severaloptionsallow the Initi-
ator torequestdetailed VitalProduct Data (VPD) about therive.

EVPD (EnableVital Product Data) bit set taerospecifies theTarget return
standard Inquiry dataWhen theEVPD bit is set tozero, The Pag€odefield
mustalso be zero. If the Pag@ode is notzero, the target report€heck Condition
status with thesense key set to llleg&equest and thadditionalsensecode set to
Invalid Field in CDB (2400).

EVPD (EnableVital Product Data) bit set to onequestghat thetargetwill return
the vital product dataspecified by thePageCodefield. PageCodespecifieswhich
page of VPDinformation the targewill return. The supported VPPages are
defined inEVPD page 00h. If the value in the Pa@odeField is not asupported
page the targeteports CheclkCondition status with thesense key set to lllegal
Request and thadditionalsensecode set to Invalid Field in CDB (280).

Allocation Lengthspecifies thenumber ofbytes thelnitiator allocated for returned
Inquiry Data. Allocation length of zero is not an error andeans that no data is
returned. The target terminates tBbeata Inphase when all requestédquiry Data
has been returned or when thember ofbytes returned equals the allocation
length, whichever idess.

The Inquirycommandreturns CheckConditionstatus only when the targeannot
return therequestednquiry data.

If an Inquiry command igeceivedfrom an Initiator with a pendindgJnit Attention
(that is,before the targeteports CheclCondition status), the target performs the
Inquiry command andloes notclear the UnitAttention condition.

Note: The InquiryCommand is notjueued. For more information sde3,
“CommandQueuing” onpage 221.

Note: The inquiry data is set at the time of manufacture avidlnot change
(without a FRUchange), with the following exceptions:

«+ ASCII ROMcodeRevision Leve(EVPD=0) can be changed when the micro-
code is downloaded with th&RITE BUFFER command.

« ASCII RAMLoad Revision Leve(EVPD=0) can be changedhen the micro-
code is downloaded with th&rRITE BUFFER command.
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« ASCII RAMuCodelLoad P/N(EVPD=0) can be changee2then the microcode
is downloaded with thevRITE BUFFER command.
Load ID (EVPD=1, PageCode= 3) can be changed when the microcode is
downloaded with thevRITE BUFFER command.
Release level/modification numb@ VP D=1, PageCode= 3) can be changed
when the microcode is downloaded with tha&ITE BUFFER command.

« ASCII ROMuCodeLoad P/N(EVPD=1, PageCode= 3) can be changed when
the microcode is downloaded with thverITE BUFFER command.

Note: The Inquiry data returned when media is reotailablewill not be complete.
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1.3.1 Inquiry Data Format - EVPD = 0

Table 9. Standardinquiry Data - EVPD = 0
Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o
0 PeripheralQualifier = 0 PeripheralDevice Type = 0
RMB Device Type Modifier = 0
=0
ISO=20 ECMA =0 | ANSI = 2
RSVD TrmIOOP Reserved = 0 Responséata Format = 2
=0 -
4 Additional Length = 159 (9Fh)
5-6 Reserved = 0
7 RelAdr | WBus32| WBus16| SYNC | Linked | TranDis | CmdQue| SftRe
-0 -0 -1 -1 -1 -1 -0
8-15 ASCII Vendor ID'IBM OEM '
16-19 ASCII ProductType
20-22 ASCII Model Number
23-31 Unused
32-33 ASCIl ROM codeRevision Level
34-35 ASCIlI RAM Load Revision Level
36-43 ASCII Unit SerialNumber
44-55 ASCIl RAM uCodelLoad P/N
56-95 Reserved = 0
96-97 Vendor UniqueReserved = 0
98-101 ASCII Plant of Manufacture
102-106 ASCII Date ofManufacture
107 Unused
108-111 ASCIlI FRU Count '0002'
112-113 ASCII FRU Field Length'22'
114-125 ASCIl Assembly P/N
126-135 ASCIl Assembly EC Level
136-147 ASCII Card Assembly P/N
148-157 ASCII CardAssembly EC
158-163 Reserved = 0

If the inquiry data contained on the media is retailable, byte®9-19 andbyte 32
are valid. Allotherfields (including fields marked Unused) contaiASCII spaces
(20h) with the exception of the UniberialNumberwhich containsASCII zeros
(30h) and all Reservetfields which containzero (00h).

The Inquirycommand idifferentfrom othercommands in that itesponds to a
invalid LUN specification byreturning aQualifier of 3h and aeripheralDevice
Type of 1Fhrather than a Check Condition. Thisdicates “Logical Unit Not
Present” and is returned kthis Drive for alllogical unit numbersexcept 0.

Page 32 of 308 — Release 33X S| Specification



The target returns Qualifier of Oh and aPeripheralDevice Type of 00h when the
logical unit is 0. ThePeripheralQualifier field of zero (0) indicateshat theperiph-
eral device iscurrently connected to thigical unit. A PeripheralDevice Type

field of zero (0) indicateshat this device is a Direct AccesStorage Devicd DASD).

The RMB (removable media bifjeld of O indicatesthat noremoval medigaexists.
The DeviceType Maodifier field is notused and is set to 0.

The ISO field of Oindicatesthat this productdoes not claim compliance to the
International Organization for Standards (1S@rsion of SCSI (ISO DIS 9316).

The ECMA field of 0 indicatesthat this productdoes not claim compliance to the
European ComputeManufacturers Association (ECMAJersion of SCSI
(ECMA-111).

The ANSIfield of 2 indicates the targedupports American National Standards
Institute (ANSI) SCSlversion 2.

The TrmIOP field of Oindicates theTarget does nosupport the Terminate |/O
Process Message.

A ResponseéData Formatvalue of 2 indicateshat the data is in théormat speci-
fied in ANSI X3.133-199X (SCSI-2).

Additional Lengthspecifies thdength in bytes of the parametetisat follow the
additional lengthfield. If the Allocation Length of thecommanddescriptor block is
too small to transfer all of the parameters, thdditional Length parameter is not
adjusted toreflect thetruncation.

The RelAdrfield of 0 indicates theTarget does nosupport theRelative Addressing
Mode.

The WBus32field of 0 indicates theTarget does nosupport32-bit wide datatrans-
fers.

The WBusl6field of O indicates theTarget does nosupportl6-bit wide datatrans-
fers. Avalue of 1 indicates th&arget supportd6-bit wide data tranfers.

Sync set to 1 indicates thBarget supports synchronous ddtansfer.

Linked set to lindicates theTarget supportsinked commands fothis logical unit.
A transfer disablgTranDis) bit of lindicatesthat thedevicesupports theCON-
TINUE I/O PROCESS an@ARGET TRANSFERDISABLE messages fothis
logical unit.

The CmdQudfield of 1 indicatesthat theTarget supportsaggedcommandqueuing.

The SftRefield of 0 indicates theTarget does notespond to the Reset condition
with the softResetalternative.

The Vendor ID is IBMOEM.’ Or in hex(49424D204F454D20h). Thield is left

aligned and theinusedbytes ardfilled with space characters (20h)his field can be
customized to meet the requirements afiser.
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The Product Type is d-charactetASCII field, eitherDFHS orDFMS.

The ModelNumberfield contains anASCII 3-charactemodelnumber for the
device. Formodel information See product Functiongpecification.

The ROM Code Region Level field indicates thdevel of theROM-basedmicro-
code. This is anASCII 2-charactefield. The field is leftaligned and thainused
bytes ardfilled with space characters (20h).

The RAM Code Reision Level field indicates thdevel of theRAM-basedmicro-
code. This is anASCII 2-charactefield. The field is leftaligned and thainused
bytes ardfilled with space characters (20h).

The Unit SerialNumberfield contains the Driveserialnumber. Thefield is
numeric,right aligned and theinusedbytes areASCII zero (30h). Themostsignif-
icant byte, byte 36will always be amASCII zero.

The RAM uCode Load P/Nield contains the IBM parhumber of the RAM
microcode loaded on the media. THheld is left aligned and thainusedbytes are
filled with space characters (20h).

The reservedytes56-97 contain 00h.

The Plant of Manufacturéeld indicates thdocation of the manufacturinacility
that made thérive. A code of '0983' is for San Jos€alifornia,'0987' is for
Mainz, Germany.

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

The FRU Counffield indicates thenumber ofField Replaceabl&nits (FRU) iden-
tification fields in inquiry.

The FRU Field Lengthindicates thenumber offollowing bytesused toidentify
eachFRU.

The Assembly P/Nield is a12-byte ASCII field that contains the parbumber for
the entire Drive assembly. Thieeld is left aligned and theinusedbytes arefilled
with space characters (20h).

The Assembly EQ evel field is a 10-byte ASCII field that contains theEngineering
Changelevel of theDrive assembly. Thdield is left aligned and theinusedbytes
are filled with space characters (20h).

The CardAssembly P/Nfield is a 12-byte ASCII field that contains the part
number of theelectronics package for the Drive. Tliield is left aligned and the
unusedbytes ardfilled with space characters (20h).

The CardAssembly ECfield is a 10-byte ASCII field that contains theEngineering

Changelevel of theelectronics package for the Drive. Tliield is left aligned and
the unusedytes arefilled with space characters (20h).

Page 34 of 308 — Release 33X S| Specification



1.3.2 Inquiry Data Format EVPD = 1 - Page Code = 00

Table 10. Inquirydata -EVPD = 1 -Page Code = 00
Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o
0 PeripheralQualifier PeripheralDevice Type
1 Page Code = 00h
2 Reserved = 0
3 PagelLength = 5
4 First Supported Page Code = 01h
5 Second SupporteBage Code = 02h
6 Third Supported Page Code = 03h
7 Fourth Supported Page Code = 80h
8 Fifth Supported Page Code = 82h

Bytes 0-8 are always available.

See 1.3.1, “liquiry Data Format EVPD = 0" onpage 32 for a description of the
fields in byte 0.

The PageCodefield is set to thevalue of the Pag€odefield in the CDB.

The Pagd_engthfield specifies thdength in bytes of the parametetisat follow the
PageLengthfield (byte 3). If the Allocation Length of theommanddescriptor
block is toosmall to transfer all parameters, the Pdgmgthfield is not adjusted to

reflect thetruncation.

The SupportedPageCodefields contain thePageCode supported by thetget or
logical unit. Thelist is in ascending order.

SCSI Commands —Page 35 of 308



1.3.3 Inquiry Data Format - EVPD =1 - Page Code = 01

Table 11. Inquirydata -EVPD = 1 -Page Code = 01

Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o
0 Peripheral Qualifier PeripheralDevice Type
1 Page Code = 01h
2 Reserved = 0
3 PagelLength = 47
4 ASCII Length = 24
5-16 ASCII Assembly P/N
17 0
18 - 27 ASCIl Assembly EC
28 0
29 - 40 EBCDIC Assembly P/N
41 - 50 EBCDIC Assembly EC

If the media is notavailable, bytes 0-4 arealid, the ASCII fields containASCI|I
spaces (20h) and theBCDIC fields containEBCDIC spaces (40h), abbtherfields
are zero (00h).

See 1.3.1, “InquiryData Format EVPD = 0" onpage 32 for a description of the
fields in byte 0.

The PageCodefield is set to thevalue of the Pag€odefield in the CDB and is
associated with the Field Replaceable Unit codturned by theRequestSense
Command.

The Paged.engthfield specifies thdength (in bytes) of the vendarnique VPD
information (bytes 4 to50). If the allocation length of theommand descriptor
block is toosmall to transfer all thelata, the Pageengthfield is not adjusted to
reflect thetruncation.

The ASCII Lengthfield specifies thdength of theASCII VPD information (bytes 5
through28). If the allocation length of theeommand dscriptor block is toosmall
to transfer all of theASCII VPD data, theASCII Lengthfield is not adjusted to
reflect thetruncation.

The ASCII Assembly P/Nfield is atwelve (12)byte ASCII field that contains the
part number for théDrive assembly. Thédield is left aligned and thainusedbytes
are filledwith space characters (20h).

The ASCII Assembly ECfield is a ten (10)oyte ASCII field that contains the Engi-
neeringChangelevel of theDrive assembly. Thdield is left aligned and thainused
bytes ardfilled with space characters (20h).

The EBCDICAssembly P/Nfield is atwelve (12)byte EBCDIC field that contains

the part number for th®rive assembly. Thdield is left aligned and thainused
bytes ardfilled with space characters (40h).
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The EBCDICAssembly ECfield is a ten (10)byte EBCDIC field that contains the
EngineeringChangelevel of theDrive assembly. Thdield is left aligned and the
unusedbytes ardfilled with space characters (40h).

SCSI Commands —Page 37 of 308



1.3.4 Inquiry Data Format - EVPD = 1 - Page Code = 02

Table 12. Inquirydata -EVPD = 1 -Page Code = 02

Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o
0 PeripheralQualifier PeripheralDevice Type
1 Page Code =02h
2 Reserved = 0
3 PagelLength = 47
4 ASCII Length = 24
5-16 ASCII Card P/N
17 0
18 - 27 ASCII Card EC
28 0
29 - 40 EBCDIC Card P/N
41 - 50 EBCDIC Card EC

If the media is notavailable, bytes 0-4 arealid, the ASCII fields containASCI|I
spaces (20h) and theBCDIC fields containEBCDIC spaces (40h), abbtherfields
are zero (00h).

See 1.3.1, “InquiryData Format EVPD = 0" onpage 32 for a description of the
fields in byte 0.

The PageCodefield is set to thevalue of the Pag€odefield in the CDB and is
associated with the Field Replaceable Unit codturned by theRequestSense
Command.

The Paged.engthfield specifies thdength (in bytes) of the vendarnique VPD
information (bytes 4 to50). If the allocation length of theommand descriptor
block is toosmall to transfer all thelata, the Pageengthfield is not adjusted to
reflect thetruncation.

The ASCII Lengthfield specifies thdength of theASCII VPD informationthat
follows (bytes 5through?27). If theallocation length of theeommand descriptor
block is toosmall to transfer all of thASCIlI VPD data, theASCII Lengthfield is
not adjusted taeflect thetruncation.

The ASCII Card P/Nfield is atwelve (12)byte ASCII field that contains the part
number for theDrive card assembly. Théeld is left aligned and thainusedbytes
are filledwith space characters (20h).

The ASCII Card ECfield is a 10-byte ASCII field that contains theEngineering
Changelevel of theelectronics package for the Drive. Tliield is left aligned and
the unusedytes arefilled with space characters (20h).

The EBCDICCard P/Nfield is atwelve (12)byte EBCDIC field that contains the
part number for theéDrive card assembly.
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The EBCDICCard ECfield is a10-byteEBCDIC field that contains the Engi-
neeringChangelevel of theelectronics package for the Drive. Tliield is left
aligned and thainusedbytes ardfilled with space characters (40h).
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1.3.5 Inquiry Data Format - EVPD = 1 - Page Code = 03

Table 13. Inquirydata -EVPD = 1 -Page Code = 03

Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o

0 PeripheralQualifier PeripheralDevice Type
1 Page Code = 03h
2 Reserved = 0
3 PagelLength = 36
4 ASCII Length = 0

5-7 Reserved = 0

8-11 Load ID

12 - 15 Releasdevel/modificationnumber

16 - 19 PTF Number = 0

20 - 23 Patch Number = 0

24 - 35 ASCIl ROM uCodeLoad P/N

36 - 39 ASCII Servo P/N

If the media is notavailable byte©-11 are valid, albtherfields containzeros (00h).

See 1.3.1, “InquiryData Format EVPD = 0" onpage 32 for a description of the
fields in byte 0.

The PageCodefield is set to thevalue of the Pag€odefield in the CDB and is
associated with the Field Replaceable Unit codturned by theRequestSense
Command.

The Pagd_engthfield specifies thdength (in bytes) of the vendarnique VPD
information (bytes 4-20). If theallocation length of theeommanddescriptor block
is too small to transfer all thdata, the Pagkeengthfield is not adjusted toreflect
the truncation.

The Load ID isused as anechanism to determine whether compatibil@yists
between ROM and RAM microcodevels.

The Release level/modificatiomumber is arindication of the generatiotevel
within the Load ID.

Both the PTF Number and thieatchNumber are noused and should besserved
as zero.

Bytes 8-23 ofthis page are used toontrol thelevel of microcodethat isinstalled on
the Drive. Seel.34, “Write Buffer” on page 160.

Bytes 24-35 ofthis page display theart number of the RO Mnicrocode which is
installed on the Drive. Thdéeld is numeric (ASCII),left aligned and thainused
bytes areASCII spaces (20h).

Bytes 36-39 ofthis page display theart number of theServo microcodeénstalled
on the drive. Thidield is hexnumric ASCII.
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1.3.6 Inquiry Data Format - EVPD = 1 - Page Code = 80

Table 14. Inquirydata -EVPD = 1 -Page Code = 80
Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o

0 PeriphQualifier PeripheralDevice Type
1 Page Code = 80h
2 Reserved = 0
3 PagelLength = 16

4-19 ASCII Unit SerialNumber

If the media is notavailable, bytes 0-3 arealid. All otherfields containASCII
spaces (20h).

See 1.3.1, “lquiry Data Format EVPD = 0" onpage 32 for a description of the
fields in byte 0.

The PageCodefield is set to thevalue of the Pag€odefield in the CDB

The Paged.engthfield specifies thdength (in bytes) of the vendarnique VPD
information (bytes 4-20). If theallocation length of theeommanddescriptor block
is too small to transfer all thdata, the Pagéengthfield is not adjusted toreflect

the truncation.

The Unit SerialNumberfield contains the Driveserialnumber. Thefield is
numeric (ASCII),right aligned and theinusedbytes areASCII spaces (20h).
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1.3.7 Inquiry Data Format - EVPD = 1 - Page Code = 82

Table 15. Inquirydata -EVPD = 1 -Page Code = 82

Byte BIT
7 | 6 | s a | 3 | 2 | 1 | o
0 PeripheralQualifier PeripheralDevice Type
1 Page Code = 82h
2 Reserved = 0
3 PagelLength = 48
4 ASCII Length = 25
5-8 ASCII ProductType
9 0
10 - 12 ASCIlI Model Number
13 0
14 - 21 ASCII SerialNumber
22 0
23 -28 ASCII Vendor ID'IBM’
29 0
30-33 EBCDIC ProductType
34 -36 EBCDIC Model Number
37 Reserved = 0
38 -45 EBCDIC SerialNumber
46 - 51 EBCDIC Vendor ID 'IBM'

If the media is notavailable, bytes 0-4 arealid, the ASCII fields contain ASCI|I
spaces (20h) and theBCDIC fields containEBCDIC spaces (40h), abbtherfields
are zero (00h).

See 1.3.1, “InquiryData Format EVPD = 0" onpage 32 for a description of the
fields in byte 0.

The PageCodefield is set to thevalue of the Pag€odefield in the CDB.

The Pagd_engthfield specifies thdength (in bytes) of the vendarnique VPD
information (bytes 4 to51). If theallocation length of theommand descriptor
block is toosmall to transfer all thelata, the Pageengthfield is not adjusted to
reflect thetruncation.

The ASCII Lengthfield specifies thdength of theASCII VPD informationthat
follows (bytes 5through?29). If the allocation length of theommand descriptor
block is toosmall to transfer all of thASCII VPD data, theASCII VPD length
field is not adjusted toreflect thetruncation.

The ASCII Product Type is the four (4haracterASCII field.
The ASCII ModelNumberfield contains a three (3) charactASCIl model

number for thedevice. See 1.3.1, “Inquiripata Format EVPD = 0" onpage 32
for the model numbers.

Page 42 of 308 — Release 33X S| Specification



The ASCII SerialNumberfield contains the uniserialnumber. Thefield is right
aligned and theinusedbytes arefilled with ASCII zeros (30h).

The ASCIIVendor ID field contains the vendor ID (IBM). Théeld is left aligned
and the unusethytes ardfilled with ASCII space characters (20h). THhisld can be
customized to meet the requirements afiser.

The EBCDICProduct Type is the four (4¢haractereBCDIC field.
The EBCDICModel Numberfield contains a three (3) characteBCDIC model
number for thedevice. See 1.3.1, “Inquiripata Format EVPD = 0" onpage 32

for the model numbers.

The EBCDICSerialNumberfield contains the uniserialnumber. Thefield is
right aligned and theinusedbytes arefilled with EBCDIC zeroes(F0h).

The EBCDICVendor ID field contains the vendor ID (IBM). Théeld is left

aligned and theinusedbytes arefilled with EBCDIC space characters (40h). This
field can becustomized to meet the requirements afiser.
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1.4 Log Select

Table 16. LogSelectCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 4Ch
Logical Unit Number | Reserved = 0 | PCR | SP
PC = 11b or Reserved = 0
01b
3 Reserved = 0
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 (MSB) Parametelist Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Log Selectommandprovides ameans for the initiator ta@lear statisticainfor-
mation maintained by the Drive and reported via the L6gnseCommand.

PCR bit

SP bit

PC field

Parameter List Length

The Parameter Code Reg@®@CR) bitdetermines whether
the Log Sensgarametersvill be cleared andunit atten-
tions posted for all othemitiators. A value of 1 indicates
that theparameters should baeared, while a value of 0
(except whenP C=11b)indicatesthat theparameters
should not be clearedParametetlist lengthmust bezero
when PCR is 1.

The SaveParameters (SP) bitalue of zero indicatethat
the pageparameters not besaved. A value of 1 indicates
that thepageparameterghat aresavable be saved after
they have been changed.

The PageControl (PC)field defines the type oparame-
ters to be selectedThis field must be set to one of the
following:

01b
11b  Default cumulativevalues.

The PC field set to 11ljand PCR is alon't care) indi-
catesthat the CurrenCumulativevalues are set toheir
default values of 0. If the P@ield is set to 01b, and PCR
is set to 1, the Current Cumulatiwalues are also set to
their default values.

Currentcumulativevalues.

The Parametekist Lengthindicates theamount of data

to be transferredrom the initiator to the @rget during the
DATA OUT phase. A value of zero is acceptable and is
not considered an error.

Note: A specifiedlength greater the®x00FFwill result
in a checkcondition statuseingreturned. A lengththat
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results in log data beintruncatedwill generate a check
condition status.

If one or morefields in the CDB is notcorrectly set, theeommandshall betermi-

nated with a Check ConditioBtatus. TheSense Key shall be set tdegal
Request, and thadditionalsensecode set to Invalid Field in CDB.
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The following listcontains allindividual pageparameterghat are set taheir default
value of zero by the Logelectcommand(whenP CR=1 andParametelL.ist
Length=0).

Page 01h parameters:

— OverrunCounter

- Underrun Counter

Page 02h parameters:

- Write Error Counter

- Write Total PostedRecoverableError Counter
- Write Total PostedJnrecoverableérror Counter
- Write Total HiddenServoError Counter

- Write Total HiddenWrite Fault Error Counter
Page 03h parameters:

- ECC OTF counter

- Read Error Counter

- Read TotalPostedRecoverableError Counter

- Read TotalPostedUnrecoverableéError Counter
- Read TotalHidden Servo Errors

- Read TotalHidden Media Errors

Page 05h parameters:

- Verify Error Counter

— Verify Total PostedRrecoverableError Counter
- Verify Total PostedJnrecoverableerror Counter
Page 06h parameters:

- Non-MediumError Counter

Page 30h parameters:

- Zero Seekscounter.

- Seeks > = to 2/Zounter.

- Seeks> = 1/3 and < 2/8ounter.

- Seeks > = 1/6 and < 1/8ounter.

- Seeks > 1/12 and < 1/éounter.
- Seeks > 0and < 1/12ounter.

- Overrun Counter.

- Underrun Counter.

- DeviceCacheReadHits

— DeviceCache PartiaReadHits

— DeviceCacheWrite Hits
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— DeviceCacheFastWrites

Page 35h parameters:

— Cumulative Cache Hits on Reads.

— Cumulative Cache Partial Hits on Reads.

— Cumulative Cache misses on Reads.

The target generatesumit attention condition (tondicatethat parameters have
changed) for all initiators except the otleatissued the Log Sele@ommand.

The following tablesshow data format for th®@ ATA OUT phase when th®aram-
eterlist length is not equal to zeroOnly log pages 1, 2, 3, 5, and 6 aaeceptable
pages for log selealata.

1.4.1 Log Select Page 0lh

Table 17. LogSelectPage 01h
Byte BIT
7 | s s | 4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 01h
1 Reserved = 0
2-3 PagelLength
Table 18. LogSelectPage 01h Parameter Co@600h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©£000h
2 DU DS = TSD ETC TMC =0 LBIN LP =
1 =0 =0 =0 0
3 ParametelLength = 02h
4-5 Ignored
Table 19. LogSelectPage 01h Parameter Co@601h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code 9001h
2 DU DS = TSD ETC TMC =0 LBIN LP =
1 =0 =0 =0 0
3 ParameteiLength = 02h
4-5 Ignored
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1.4.2 Log Select Page 02h

Table 20. LogSelectPage 02h

Byte BIT
7 | s s | 4 | 3 | 2 | 1 0
0 Reserved = 0 Page Code = 02h
Reserved = 0
2-3 PagelLength
Table 21. LogSelectPage 02h - Parameter Co@®€02h
Byte BIT
7 | e | s | 4 | 3 | 2 | 1 0
0-1 Parameter Code 9002h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Ignored
Table 22. LogSelectPage 02h - Parameter Co@€03h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 0
0-1 Parameter Code 9003h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Ignored
Table 23. LogSelectPage 02h - Parameter Co@€06h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 0
0-1 Parameter Code ©006h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored
Table 24. LogSelectPage 02h - Parameter Co&@00h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 0
0-1 Parameter Code 8000h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored
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Table 25. LogSelectPage 02h - Parameter Co8601h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code 8001h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored

1.4.3 Log Select Page 03h
Table 26. LogSelectPage 03h
Byte BIT
7 | s s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 03h

Reserved = 0

2-3 PagelLength

Table 27. LogSelectPage 03h - Parameter Co800h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code ©000h
2 DU DS = TSD ETC TMC =0 LBIN LP =
1 =1 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored

Table 28. LogSelectPage 03h - Parameter Co@®@02h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©002h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored

Table 29. LogSelectPage 03h - Parameter Co@®@03h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©003h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4 -7 Ignored
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Table 30. LogSelectPage 03h - Parameter Co8806h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 0
0-1 Parameter Code ©006h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored
Table 31. LogSelectPage 03h - Parameter Co&@00h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 0
0-1 Parameter Code 8000h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored
Table 32. LogSelectPage 03h - Parameter Co8002h
Byte BIT
7 | e | s | 4 | 3 | 2 | 1 0
0-1 Parameter Code 8002h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Ignored
1.4.4 Log Select Page 05h
Table 33. LogSelectPage 05h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 0
0 Reserved = 0 Page Code = 05h
Reserved = 0
2-3 PagelLength
Table 34. LogSensePage 05h - Parameter Co®800h
Byte BIT
7 | e | s | 4 | 3 | 2 | 1 0
0-1 Parameter Code 9000h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4 -7 Ignored
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Table 35. LogSelectPage 05h - Parameter Co8802h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code ©002h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored
Table 36. LogSelectPage 05h - Parameter Co@®@03h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©£003h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Ignored
Table 37. LogSelectPage 05h - Parameter Co@@06h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code 9006h
2 DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Ignored
1.45 Log Select Page 06h
Table 38. LogSelectPage 06h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 06h
Reserved = 0
2-3 PagelLength
4-5 Parameter Code ©000h
DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
7 ParametelLength = 04h
8-11 Ignored
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1.5 Log Sense

Table 39. LogSenseCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 4Dh
Logical Unit Number RSVD = 0 PPC SP
=0
2 PC = 11bor Page Code
01b
3 Reserved = 0
4 Reserved = 0
5 (MSB) ParametefPointer
6 (LSB)
7 (MSB)  Allocation Length
8 (LSB)
9 vu=0 Reserved = 0 | Flag | Link

The Log Sense&eommandallows thelnitiator to retrieve statistical databout the

Drive.
PPC bit

SP bit

PC field

PageCode

The Parameter Pointer Contr@PPC) bitmust be set to
zero. Thisspecifiesthat theDrive starttransferring data
starting from thefield specified in theparameter pointer
field for the number ofbytesspecified by theallocation
length. If PPC bit is set to ICheck ConditionStatus is
returned with a Sense Key difegal Request andddi-
tional sensecode of Invalid Field in CDB.

The SaveParameters (SP) bit set tospecifiesthat the
Drive not save any logparameters. If set to 1, all page
parameterghat aresavable(thosepagesdenoted by a DS
= 0 in the parameter headeontrol byte) aresaved.

Note: VendorUnique pages 30h and 35h aexceptions
to this. They containparametershathave DS = 0, but
are not savable.

The PageControl field defines thetype of parameters to
be selected. Thigeld must be set to 01b tepecify
Current Cumulativeralues or 11b tespecify Default
Cumulativevalues. If the PCfield is set to either 00b or
10b, Check Condition Status ieturned with aSense Key
of lllegal Request anddditionalsensecode of Invalid
Field in CDB.

The PageCodefield identifieswhich page is being
requestedThis field must be set to thealues indicated in
Page 00h. If the Pag€odevalue is invalid, aCheck
Condition Status iseturned with aSense Key ofllegal
Request anddditionalsensecode of Invalid Field in
CDB.
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Parameter Pointer Field The parameter pointdield specifies thebeginningfield

Allocation Length

for the transfer. A value 00x0000indicates allparame-
ters for the select page coaell be returned.

The Allocation Lengthfield specifies themaximum

number ofbytes thelnitiator hasallocated for returned
Log SensdData. Nobytes are transferred if the allocation
length is zero. Thigondition is notconsidered an error.
The Target terminates thieata In phase when all avail-
able Log Sens®ata hasbeentransferred or when the
number ofbytes transferred equals the allocation length,
whichever isless.
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1.5.1 Log Page Parameters
Each logpage beginsvith a four-bytepage header followed by zero arore
variable-length logparameter.

PageHeader The PageCodefield identifieswhich log page is being
transferred.

The Pagd_engthfield specifies thdength in bytes of the
following log parameters.

Log Parameters Each log parameteoegins with afour-byte parameter
header followed by one omore bytes ofparametewalue
data.

The Parameter Codield identifieswhich log parameter
is being transferred fothat logpage.

The Parameter Contrdield, or 3rd byte of eachparam-
eter headergontainsseveral fields.

« The DisableUpdate (DU) bit set to 0 (1)ndicates
that thedrive updates(disableupdates) the log
parametewalue toreflect all eventsthat should be
noted by thafparameter. Although aetting of 1 is
allowed, this value is ignored by thdrive.

. The DisableSave(DS) bit is set to 1 for alhon-
savableparameters and is set to O for akhvable
parameters.

Note: VendorUnique pages 30h and 35h are
exceptions to thisThey containparameterghat have
DS = 0, but are not savable.

« The TargetSaveDisable(TSD) bit is set to Owhich
indicatesthat thedrive provides a target-defined
method forsaving logparameters.

« The Enable Threshold Comparis§BTC) bit is set
to 0 whichindicatesthat thedrive does not perform
comparisons between cumulative and any threshold
values.

- The List Binary(LBIN) bit is set to 1 for theVendor
Unique pageswhose parameters atists which indi-
catesthat thelists are inbinary format, notASCII.
This bit is Reserved and set to O for allherpages.

« The ListParameteLP) bit is set to 0 forparameters
that are dataounters. The LP bit is set to 1 for
parameterghat arelists.

1.5.2 Log Sense Page 00h
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Table 40. LogSensePage 00h

Byte BIT
7 6 s | a4 | 3 | 2 | 1
0 Reserved = 0 Page Code = 0
1 Reserved = 0
2-3 PagelLength = 000Ah(Number ofPages 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 Seventhsupported page code = 30h
11 Eighth supported page code = 32h
12 Ninth supported page code = 33h
13 Tenth supported page code = 35h

Page 00h indicates theupported logsense pagesThis page is used to determine
which additionalpages can beequested by the Initiator.

Requesting thipage with Pag&€ode=00h and P@ield = 11b will result in a
Check Condition Status returnevith a Sense Key ofllegal Request anadditional

sense ofinvalid Field in CDB.
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1.5.3 Log Sense Page 01h

Table 41. LogSensePage 01h

Byte BIT
7 | s s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 01h
Reserved = 0
2-3 PagelLength (<= 000Ch)

Table 42. LogSensePage 01h Parameter Co®600h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©000h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
1 =0 =0 =0 0
3 ParameteiLength = 02h
4-5 Buffer Under-RunCounter

Table 43. LogSensePage 01h Parameter Co@601h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code ©001h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
1 =0 =0 = 0
3 ParameteiLength = 02h
4-5 Buffer Over-Run Counter

A buffer overrun or underrun conditionccurs when the Initiator does ntransfer
data to or from the Target datauffer fastenough tokeep up with reading or
writing the media. Thebuffer overrun counter is incrementaturing operations
thatrequire aData Inphase when &uffer full condition prevents thecontinued
transfer ofdata from the media to the dabauffer. The bufferunderrun counter is
incremented during operatioritbat require aData Outphase when &uffer empty
condition prevents the start @ontinuation of a dataransferfrom the databuffer
to the media (or a data transfélom the media for &/erify commandwith
BytChk=1).

Buffer Overrun conditions aredetected during théollowing SCSI commands opair
of linked commands:

Read (6)
Read(10)

Buffer Underrun conditions are detected during ti@lowing SCSI commands or
pair of linkedcommands:

Verify with BytChk=1
Write (6)

Write (10)

Write andVerify
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- Write Same

The statistics reported bthis page are lost when the Drive pewered off or aself-
initiated resebccurs.

The statistics reported bthis page are NOT lost on &CSlreset or Bus Device
Resetmessage.

154 Log Sense Page 02h

Table 44. LogSensePage 02h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 02h
Reserved = 0
2-3 PagelLength < = 0028h
Table 45. LogSensePage 02h - Parameter Co0802h
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code 9©002h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Write Error Counter
Table 46. LogSensePage 02h - Parameter Co@603h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code 9003h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Write Total Posted Recoverablerrors
Table 47. LogSensePage 02h - Parameter Co@606h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code ©£006h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Write Total Posted Unrecoverablerrors
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Table 48. LogSensePage 02h - Parameter Co@&600h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code 8000h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 = 0
3 ParametelLength = 04h
4-7 Write Total HiddenServoErrors

Table 49. LogSensePage 02h - Parameter Co@601h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code 8001h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Write Total HiddenFault Errors

This parameter counter is incrementedring failed writeoperations.

The statistics reprted by thispage are not lost when the Drive pewered off or a
self-initiated resebccurs, on éSCSlreset or Bus Devic&Resetmessage.

155 Log Sense Page 03h

Table 50. LogSensePage 03h

Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 03h
1 Reserved = 0
2-3 PagelLength < =0030h

Table 51. LogSensePage 03h - Parameter Co®800h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©000h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
1 =1 =0 =0 0
3 ParameteiLength = 04h
4 -7 ECC OTF Counter
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Table 52. LogSensePage 03h - Parameter Co@802h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code ©002h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Read ErrorCounter

Table 53. LogSensePage 03h - Parameter Co®803h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©003h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 ReadTotal Posted RecoverabErrors

Table 54. LogSensePage 03h - Parameter Co@806h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©006h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4 -7 ReadTotal Posted UnrecoverabEerrors

Table 55. LogSensePage 03h - Parameter Co@6800h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code 8000h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 ReadTotal HiddenServoErrors
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Table 56. LogSensePage 03h - Parameter Co@&602h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 0
0-1 Parameter Code 8002h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 = 0
3 ParametelLength = 04h
4-7 ReadTotal HiddenMedia Errors

The Read Error Counter iscremented duringdiled readoperations.

The ECC OTF Counter immcremented each time ECC on-the-fly hardware cor-

rection is used. Thenaximumvaluethat it will reach before wrapping to zero is
O0X0000FFFF. Theounterresets tozerowhen theDrive is powered on.

The statistics reprted by thispage are not lost (except ECC OTF which is lost)

when the Drive is powered off or self-initiated resebccurs, on &SCSlreset or Bus

Device Resetmessage.

1.5.6 Log Sense Page 05h

Table 57. LogSensePage 05h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 0
0 Reserved = 0 Page Code = 05h
Reserved = 0
2-3 PagelLength < = 0020h
Table 58. LogSensePage 05h - Parameter Co®800h
Byte BIT
7 | e | s | 4 | 3 | 2 | 1 0
0-1 Parameter Code 9000h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParameteiLength = 04h
4-7 Verify With No DelayError Counter
Table 59. LogSensePage 05h - Parameter Co@802h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 0
0-1 Parameter Code 9002h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 = 0
3 ParameteiLength = 04h
4-7 Verify Error Counter
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Table 60. LogSensePage 05h - Parameter Co@803h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-1 Parameter Code ©003h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 = 0
3 ParametelLength = 04h
4-7 Verify Total Posted Recoverabrrors

Table 61. LogSensePage 05h - Parameter Co@806h

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-1 Parameter Code ©006h
2 DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
3 ParametelLength = 04h
4-7 Verify Total Posted Unrecoverablerrors

This parameter counter is incrementedring failedverify operations.

The statistics reported bthis page are not lost when the Drivegswered off or a
self-initiated resebccurs, on éSCSlreset or Bus Devic&Resetmessage.

1.5.7 Log Sense Page 06h

Table 62. LogSensePage 06h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 06h
Reserved = 0
2-3 PagelLength = 0008h
4-5 Parameter Code ©000h
DU DS = TSD ETC TMC =0 RSVD | LP =
0 =0 =0 =0 0
7 ParametelLength = 04h
8-11 Non-Medium ErrorCounter

This parameter counter is incrementedery time anon-mediumerror is detected.

The statistics reported bthis page are not lost when the Drivegswered off or a
self-initiated resebccurs, on éSCSlreset or Bus Devic&Resetmessage.
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1.5.8 Log Sense Page 30h

Table 63. LogSensePage 30h

Byte BIT

7 | s s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 30h
Reserved = 0
2-3 PagelLength = 0030h
4-5 Parameter Code = 0
DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
7 ParametelLength = 2Ch

8-9 Zero Seeks
10-11 Seeks > = to 2/3 disk
12 -13 Seeks > = 1/3 and < 2/3
14 - 15 Seeks > = 1/6 and < 1/3
16 - 17 Seeks > =1/12 and < 1/6
18 - 19 Seeks > 0 and <1/12
20 - 23 Reserved = 0
24 - 25 Overrun Counter
26 - 27 UnderrunCounter
28 -31 Device CacheReadHits
32-35 Device Cache PartiaReadHits
36 -39 Device CacheWrite Hits = 0
40 - 43 Device CacheFastWrites = 0
44 - 51 Reserved = 0

Page 30h returns performanceunter information. Thisncludes seelcounters and
buffer overrun/underrun counters.

The appropriateseekcounter is incremented onairing the execution of each of
the following SCSI commands opair of linkedcommands:

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

Write (6)

Write (10)
Write andVerify
Write Same
Seek (6)

Seek (10)

Only oneseekcounter is incremented farach of theseommands and the counter
is incremented only once peommand. Thdength of the initialseekthat is
required toaccess the firstogical Block specified for theSCSIcommanddeter-
mines whichseekcounter isincremented. Th&ero Seekcounter is incremented if
a seek is notequired or if only a headwitch is required taccess the firstogical
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Block. After theinitial seek, nofurther counterincrementing is performed fathat
command.

Implementer's Note - The length of aseek as&ported inpage 30 maydiffer from
expected results. Theeason for this ighat thedrive executes Idldime Functions
(as explained in th@roduct FunctionaBpecification) between operations of the
drive. The seeloperations which occur ifdle Time Functions are nodirectly
enteredinto page 30seekcounters but they change the length of fbowing seek.
This isbecause after the Idl€ime Function iscompleted, the headsill not neces-
sarily be in thesame position as thewere at thecompletion of theprevious
command.

A buffer overrun or underrun conditioaccurswhen the Initiatordoes not transfer
data to or from the Target datauffer fastenough tokeep up with reading or
writing the media. Thebuffer overrun counter is incrementaturing operations
that require aData Inphase when duffer full condition pevents thecontinued
transfer of datdrom the media to the datauffer. The bufferunderrun counter is
incremented during operatioribat require aData Outphase when d&uffer empty
condition prevents the start @ontinuation of a dataransferfrom the databuffer
to the media (or a data transféiom the media for a/erify command with
BytChk=1).

Buffer Overrun conditions ardetected during théollowing SCSI commands:

Read (6)
Read (10)

Buffer Underrunconditions are detected during ti@lowing SCSI commands:

« Verify with BytChk=1
« Write (6)

« Write (10)

« Write andVerify

« Write Same

ZERO SEEKS The number otimes noseek wagequired. Theoperation may
have resulted in deadswitch.

SEEKS > = 2/3 DISKThe number okeeksequal to orgreater than 2/3 of the
disk.

SEEKS > = 1/3 AND < 2/3 DISKThe number okeeksequal to orgreater than
1/3 and less than 2/3 of thdisk.

SEEKS > = 1/6 AND < 1/3 DISKThe number okeeksequal to orgreater than
1/6 and less than 1/3 of thaisk.

SEEKS > = 1/12 AND < 1/6 DISKThe number ofseeksequal to orgreater than
1/12 and less than 1/6 of thdisk.

SEEKS > 0 AND < 1/12 DISKThe number ofkeeksless than 1/12 of thdisk.

OVERRUN COUNTER The number otimesthat data wasvailable to berans-
ferredfrom the arm but thalevice bufferstill contained datahat had
not beenretrieved by thdnitiator. Consequently, thdisk had totake
additional revolutions until théuffer was available t@accept data.
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UNDERRUN COUNTER The number otimesthat the DASD waseady to
transfer data to its disk (on a write), but its buffer wampty (ie. had
not beenfilled by the Initiator) thus thedisk was forced taake extra
revolutions.

DEVICE CACHE READ HITS The number otimesthat all of thedata requested
by the readoperation was obtained from thdeviceread or write cache.
This is aduplicate of theCumulative Cache Hits on Reads counter on
page 35.

DEVICE CACHE PARTIAL READ HITS The number otimesthat a portion,
but not all, of the data requested by the regzbration was obtained
from the deviceread or write cache. A physicalperation to thelevice
media was required tobtain theremaining data.This is aduplicate of
the Cumulative Cache Partial Hits ddeads counter opage 35.

DEVICE CACHE WRITE HITS The number otimesthat the dataassociated
with a write operationreplaces, or i€ombinedwith, existing data in the
devicewrite cachethereby eliminating avrite operation. This counter
will always be zero.

DEVICE CACHE FAST WRITES The number otimesthat space was available
in the devicewrite cache for the data associated with a wofgeration
and a response was returned immediatenhhis counterwill always be
zero.

The statistics reprted by thispage are lost on aelf-initiated reset or when the
Drive is poweredoff.

The statistics reprted by thispage are NOT lost on 8CSlreset or Bus Device
Resetmessage.

Even though the DSield equals zero, the parameters on thage are not saveable.
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1.5.9 Log Sense Page 32h

Table 64. LogSensePage 32h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 32h
1 Reserved = 0
2 (MSB)
3 PageLength=In_0+ ...+ In_n (LSB)
Log Parameter(s)
4 Log Parameter O
In_0 + (LengthIn_0)
3
X -In_n Log Parameter n
X (Length In_n)
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1.5.9.1 Log Parameter Format - Page 32h

Table 65. LogParameter Format - Page 32h
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 (MSB)
1 Parameter Code = 0, 1,,n-1, or n (LSB)
DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =1 1
3 ParameteiLength = 8(m+1)
4 (MSB)
5 Cylinder Number ofSite 0
6 (LsSB)
7 Head Number ofSite 0
8 (MSB)
9 SectorNumber ofSite 0
10
11 (LSB)
8m + 4 (MSB)
8m+ 5 Cylinder Number ofSite m
8m+ 6 (LSB)
8m + 7 Head Number ofSite m
8m + 8 (MSB)
8m+ 9 SectorNumber ofSite m
8m +
10 (LSB)
8m +
11

Page 32h is disting of physicalerror sitesthat stould bereallocated. (See 4.7,
“Automatic Rewite/Reallocate Recommendrewrite/Reassign” ompage 228 for
more information.) When anerror site isreallocated, it isemoved from thidist.
When aformat is performedthis list is cleared. If no sitesequire reallocation, 8
bytes are returned, thgage length is 4 and thgarameteidength is 0.

The statistics reprted to the Initiator by thipage arepart of error log information
maintained by the Target. Thiegs are periodically saved to the disk and are
restoredfrom thedisk after apowercycle orself-initiated reset.

Implementer's Note - The Initiator may request thigage andeturn the 8 bytesite
descriptions to the Target as a Dlist whissuing a Formatommandwith Dlist
option.

Even though the DSield equals zero, the parameters on thage are not saveable.
Requesting thipage with Pag&€ode=00h and P@ield = 11b will result in a

Check ConditionStatus returned with a Sense Keyldégal Request anadditional
sense ofinvalid Field in CDB.
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1.5.10 Log Sense

Page 33h

Table 66. LogSensePage 33h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 33h
1 Reserved = 0
2 (MSB)
3 PagelLength =In_0+ ...+ In_n (LsSB)
Log Parameter(s)
4 Log Parameter O
In_0 + (LengthIn_0)
3
X -In_n Log Parameter n
X (Length In_n)

1.5.10.1 Log Parameter Format - Page 33h

Table 67. LogParameter Format - Page 33h

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 (MSB)
1 Parameter Code = 0, 1,,n-1, or n (LSB)
DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =1 1
3 ParameteiLength = 4(m+1)
4 (MSB)
5 Logical Block Address 0
6
7 (LsB)
dm + 4 (MSB)
dm + 5 Logical Block Address m
4m + 6
dm + 7 (LsB)

Page 33h is disting of LBAs that should beeallocated. (See 4.7;'Automatic
Rewrite/Reallocate Recommendrewrite/Reassign” ompage 228 formore nfor-
mation.) The data returned by the Targestdsted in descending LBA order.
When anerror site isreallocated, it igemoved from thidist. When aformat is
performed, thidist is cleared. If no sitesequire reallocation, 8 bytes are returned,
the page length is 4 and thparameteidength is 0.

The statistics reported bthis page argart of error log information maintained by
the Target. Thdogs are periodically saved to the disk and aestoredfrom the
disk after apowercycle orself-initiated reset.

Implementer's Note - The Initiator may request thisagewhenready toreassign

LBAs that theTarget has recommended fogallocation. The Initiator shoulsue
a reassigrcommand foreach LBA in the ordereceived. This assurdbat thereas-
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signsoccur in the correct descdimg order. (Otherwise, incorretiBAs may be
reassigned.)

Even though the DSield equals zero, the parameters on thege are not saveable.
Requesting thipage with Pag&€€ode=00h and PGield = 11b will result in a

Check ConditionStatus returned with a Sense Keylbégal Request anadditional
sense ofinvalid Field in CDB.
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1.5.11 Log Sense Page 35h

Table 68. LogSensePage 35h
Byte BIT
7 | 6 s | a4 | 3 | 2 | 1 | o
0 Reserved = 0 Page Code = 35h
Reserved = 0
2-3 PagelLength = 0028h(40)
4-5 Parameter Code = 0
DU DS = TSD ETC TMC =0 LBIN LP =
0 =0 =0 =0 0
7 ParametelLength = 24h(36)
8-11 CumulativeCacheHits on Reads.
12 - 15 CumulativeCache PartiaHits on Reads.
16 - 19 CumulativeCachemisses orReads.
20 - 43 Reserved = 0

Page 35h contains informaticaboutcache utilization.

The Cache Hit parameter is incremented when all of Regjuestedata is in the
cache. TheCache Miss parameter is incremented when the start oRibhguested
Data is not in thecache. TheCache Partial Hit parameter is incremented when the
start of theRequestedata is in thecache and the end isot.

Implementer's Note - The Initiator may use thisgnformation to"fine tune" the
cachingparameters for the particular application itusing. (See 4.9,Segmented
Caching” onpage 231 fomore information.)

The statistics reported bthis page are lost when the Drive pewered off or aself-
initiated reseccurs.

The statistics reported bthis page are NOT lost on &CSlreset or Bus Device
Resetmessage.

Even though the DSield equals zero, the parameters on thege are not saveable.
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1.6 Mode Select (6)

Table 69. Mode SelectCommandDescriptorBlock
Byte BIT
| 6 | 5 | a4 | 3 | 2 | 1 | o
0 Operation Code = 15h
1 LUN | PF | Reserved = 0 | sp
2 Reserved = 0
3 Reserved = 0
4 ParametelList Length
5 vu=20 Reserved = 0 | Flag | Link

The ModeSelectcommandprovides ameans for the Initiator tepecify LUN or
deviceparameters to the Target. &lso allows annitiator to specifyoptions the
Targetuses inerrorrecovery andormatting.

There is asingle set ofMode Page parameters shared by all initiators.

A PF (PageFormat) bitvalue of 1 indicates the datgent by the Initiatomfter the

Mode SelectHeader and the Block Descriptor, if any, complies to the Plgamat.

The Targetignores thisfield since itonly acceptanode parameters in the Page

Format.

The SP (Savé’arameter) bit set to dicatesthat theTarget does nosave the

saveable pagesent during theData Outphase todisk. The SP bit value of 1, indi-
catesthat theTargetsaves the saveable pages to Bweserved Area. Saveable Pages

are Pages for which a precediipde Sensecommandreturned the PS bit of the
Page Header set to 1 (s&€7,“Mode Sense (6)" on page 109).

The Parametekist Lengthfield specifies thenumber ofbytes of data thenitiator

has available to send to tHdJN. A parametelist length of zero suppresses data

transfer and is not considered an error.

The ModeSelectparametelist contains a 4-byte headeigllowed by zero or one
Block Descriptorfollowed by zero ormore pages, ashown in Table 70 on

page 72.

The Initiator shouldssue aMode Sensecommandrequesting all changeable values

(see PC field in byte two of the CDB fdt.7,“Mode Sense (6)” on page 10®yior
to issuing aMode Selectcommand. This isiecessary to find outvhich pages are

implemented by the Target and thength ofthosepages. TheTarget returns in the

pages of theMode Sensecommand the number dfytessupported foreach page.
The Paged.ength set by the Initiator in th#ode Selectcommand must be the
same value athat returned by th@arget inMode Sense page length. this is not
true, the TargesetsCheckCondition Statuswith the sense key of lllegaRequest
and additionakensecode ofParametetist Length Error.

If any of the parameters sent byMode Selectcommand arenvalid, Check Condi-

tion Statusis returned with a Sense Key @ifegal Request and\dditional Sense

Code oflnvalid Field in Parametetist. The SKSV bit is on and thenvalid byte is

indicated in the FieldPointerfield. The BPV bit is on and thénvalid bit is indi-
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cated in the BitPointerfield (see Appendix A;SCSI SenseData Format” on
page 247).

Each time the Initiatoreceives a UnitAttention (see4.1.5,“Unit Attention
Condition” onpage 202) sense kdyom the Target, the Initiatomustassume the
Target's mode of operation has besglmanged. The Initiator may need teconfigure
the Target to its requirements. Ské&,“Mode Sense (6)” on page 109 tietermine
the Target's parameters.

A Mode Selectcommandalso causes 8nit Attention condition (see 4.1.5;Unit
Attention Condition” onpage 202) for alinitiators except the onéhatissued the
Mode Selectcommand.

Mode pageparameter Curremtalues areequal to the Defaulvalues before the
Saved values are redtbm the Reserved Area of the media. Then-zeroMode
pageparameter Defaulvalues are always:

PAGE 00h
. ASDPEDit is set to 1.
PAGE 01h

Read RetryCountfield is set toO1h.
« Correction Spanfield is set to 30hDecimal 48).
« Write RetryCountfield is set toO1h.

PAGE 03h

Data Bytes pelPhysicalSectoris set to the current formatted block
size.

« Tracks perZoneis based on the Devicklodel Number.

« The Interleavefield is set to0001h(Decimal 1),

« TheHSECHDhit is set to 1.

« The exactDefault values of the followingparameters arodel
Numberdependant and amefined in theproductFunctional Specifi-
cation Use the currentogical Block Lengthalong with the default
"Active Notch = 0000h"when calculatingthem.

— Sectors pefTrack
- Track SkewFactor

- Cylinder SkewFactor

PAGE 04h

Number ofCylindersis based on the Devicklodel Number. Refer
to the product Functionabpecification for thenumber ofcylinders.
Number of Headss based on the Devicklodel Number. Refer to
the product FunctionaBpecification for thenumber ofheads.
LandingZoneis based on the Devicklodel Number. Thd.anding
Zone can becalculated by adding 200 to thrmaximumcylinder for
the device. Refer to theproduct FunctionaBpecification for the
maximumcylinder value.

MediumRotationRateis based on the Devicklodel Number.Refer
to the product Functiona$pecification for therotationrate.
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1.6.1.1 Header

PAGE 07h
- Verify RetryCountis set to 01h.
PAGE 08h

Disable Pre-fetch Transfer Lengtls set to FFFFh,
MaximumPre-fetchis set to FFFFh,
MaximumPre-fetchCeiling is set to FFFFh.
Number ofCacheSegmentdield is set to 8.

Not all of the ModeSelectoptions on allpages are both changeable and saveable
(also see 1.75Mode Sense (6)” on page 109).

All Saved valueghat arechangeable, are stored on tHisk and can be initialized
with a Mode Selectcommand of theéSsavedparameters. Thisllows customers to
individualize the value of th€urrentparametersafter astart-upsequenceavithout
having toissue aMode Selectcommand tochange theCurrentparametergvery
time the Drive isspun up.

Table 70.Mode SelectParametelList - Header
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Reserved = 0
1 Medium Type = 0
2 WP | Reserved = 0 | DPOFUA| Reserved = 0
3 Block Descriptor Length = 0 or 8

The onlyportion of theMode SelectHeaderthat thelnitiator canspecify is the
Block DescriptorLengthfield. A maximum of oneblock Descriptor may bespeci-
fied. Therefore, the Block Descriptdrengthfield may onlyhavevalues of O or 8.

A Medium Typevalue of 00h indicateshat theDrive is using its only recording
density.

The WP (WriteProtect) bit ofzero indicates the target is write enabled. A WP bit
of one indicates the target is wrifgotected. The Target enters WriBrotect mode
via a pin on the Option BlockWrite Protect can not bentered via theMlode
Selectcommand. Refer to4.15,“Options JumpemBlock” on page 241 forinforma-
tion regarding theOptions JumpeBlock.

When inWrite Protect mode, théollowing commandscause theTarget to set
CheckCondition Statuswith sense indicatingVrite Protected:

Format Unit
Synchronize Cache
Write

Write Extended
Write andVerify
Write Same

Write Long
Reassign Blocks
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In addition, automaticewrites and reallocates apzohibited. Recommend
Rewrite/Reallocate is nadffected by theWrite Protect mode.

The DPOFUA bit, isconsidered reserved on tiMode SelectCommand by
SCSI-2. The Targeignores the value in th®POFUA field on aMode Select

command.
Table 71.Mode SelectParametelList - Block Descriptor
Byte BIT
7|6|5|4|3|2|1|0
0 Reserved = 0
1 (MSB)
2 Number ofBlocks
3 (LSB)
4 Reserved = 0
5 (MSB)
6 Block Length
7 (LSB)

1.6.1.2 Block Descriptor
The Block Descriptoispecifies theNumber ofBlocks (user addressable) format
at the specifieBlock Length. It can baised tospecify thedefaultnumber ofblocks
or can specify asmallernumber forlnitiators whowish to limit thenumber of
blocks on the Drive. The defauNumber ofBlocks is themostblocks which can
fit on the Drive at thespecifiedBlock Length.

The Initiator specifies theNumber ofBlocks in one of threavays:

« A value of 000000h indicatethat the number oblockswill not changefrom
the currentvalue if theblock descriptor block length remains the same as the
current block length, If the block descriptor block lengtidierent than the
current block length, theefaultmaximum number oblocks is used.

+ A value of FFFFFFhindicatesthat thedefaultmaximum number oblocks will
be used.

« A value other than 0 oFFFFFFhspecifies thenumber ofblocks. This value
must belessthan orequal to thedefaultnumber ofblocks. If anillegal value is
specified for theNumber ofBlocks field, the commandfails with Check Condi-
tion Statuswith sense key of lllegaRequest anadditionalSenseCode of
Invalid Field in Parametetist. For higher capacity models whosefault
number ofblocks isgreater tharOXFFFFFE there is no provision to set the
number ofblocks tovaluesbetweenOXFFFFFE and theefaultnumber of
blocks.

A Format Unit command isequired to cause thegmrameters to become current
only if the block lengthparameter iglifferent than thecurrent block length. If the
Number ofBlocks is set to a reduced value and arf@t Unit command idssued,
the Format Unit willformat the entireDrive but thenumber ofblocksvisible to the
Initiator will be limited to thespecifiednumber.

The BlockLength isspecified in bytes.

Note: Refer to theproduct FunctionaBpecification forinformationregarding sup-
ported blocklengths for thisproduct.
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There is animplicit association betweeparameterslefined in the Format Device
Page (03h) and the Block Descriptor. If thralues in theBlock Descriptor aredif-
ferent than theCurrentvalues,then the Current an&aved values o§ome or all of
the Format Device pagearameters may change. Ské.5,“Page 3 - Format
Device Parameters” ompage 94 for details othosevalues.

Table 72.Mode SelectParametelist - PageDescriptor(s)
Byte BIT
7 6 s | 4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code
=0 =0
1 PagelLength (inbytes)
2-n Refer to each page

1.6.1.3 Page Descriptor
Byte zero contains the code of tliesired page. Bits 7 and 6 &yte zero are
reserved andnust be set to 0. ThPagelLengthfield must be seequal to the sup-
portedlength of the entire pagminus 2 bytes. Theemaining bytesontain the
page parameters.

If an Initiator sends multiple copies of a page to the Target, ldst one received is
used. This is not considered an error.
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1.6.2 Page 0 - Vendor Unique Parameters

Table 73.Mode SelectData FormatPage 0

Byte BIT

7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 00h

=0 =0
1 PagelLength = OEh
2 QPE ignored DWD Reserved = 0
3 ASDPE DPW | CMDAC| RPFAE | DOTF | ignored | RRNDE | CPE
4 Ignored
5 ignored TCC | DSN | FRDD| DPSDP Ignored CAEN| LITF
6 ignored
7 ignored
8 ignored ADC | QEMC| DRD | LED Mode
9 ignored
10 CommandAging Time Limit (HI)
11 CommandAging Time Limit (LO)
12 QPE readthreshold
13 QPE-2write threshold
14 DRRT| DNR | DUASS | RARRED ignored
15 RTP RRC | FCERT | RCPF ignored

Following are parameter options f®age 0 ofMode Select. Refer toTable 73.

Byte 2 contains thefollowing fields -

QPE

The QPE (Qualify Posteflrrors) bitallows thelnitiator to inhibit the
reporting ofrecovered data errors which are recovered below a set DRP
step. A QPE bit of O causes thiearget to report altecovered data

errors. A QPE bit of 1 causes thiearget to report only thoseecov-

ered data errorgrhich exceed the QP Ehreshold. All error reporting is
governed byMode Page 1 parameters. For example, QPE is ignored
when PER is 0.

The bit applies to data errors while reading ([$ectorFound, ID and
DataSyncErrors, ID CRC Errors and ECC Errors) and d&taors
while writing (No SectorFound, ID Sync and ID CRC errors). The
QPE bit has no effect onon-dataerrors or errors detected during
verify operations.

Note: See 1.6.7;/Page 7h - ErrolRecovery Parameters faferify” on
page 100 forinformation on control of reportingerify errors
via the Verify PER bit.

The user can accept the default reporting thresholds (DRP step 25 for
reads,step 1 forwrites), or canspecify thethresholds by using bytes 12
and 13 of this page(DRP levels aredescribed in the Apendix section
B.1, “Data Recovery Procedure fdbataField Errors” onpage 273.)
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The QPE bit setting is used by thiearget when reportingrrors associ-
ated with the transfer of thinitiator's data for theollowing com-
mands:

Read(6)
« Read(10)
« Write(6)
« Write(10)
+ Write Same
« Write portion of Write andVerify

For all other commands the QPE lsietting isunused andreated as 0.

DWD The DWD (disable write disconnect) batlows thelnitiator to control
whether the Target iallowed to disconnedollowing the receipt of a
Write (6), Write (10), Write andVerify or Write Samecommand
(opcodes 0Ah, 2Ah, 2Eh andllh). A DWD bit of 0 allows theTarget
to disconnect from th&CSI Busafter receiving aWrite command and
prior to starting theData Outphase. (The previous Identifymessage
mustalso grant theTarget theprivilege of disconnection or the Target
does not disconnect.) A DWD bit of 1 indicatésat theTarget is not
allowed to disconnecirom the SCSI busfter receiving aW'rite
command angrior to starting theData Outphaseunless the write
command must bgueued. The Target remains connected to $iIGSI
bus until theData Outphase is startedAfter the Data Outphase is
started, the Target may disconnectftee theSCSI bus for use by
otherdevices. Thisoccurs if the Target's internalontrol algorithms
and other disconnect/reconnect control parameitedatethat this is
appropriate angbermissible.

Byte 3 contains thefollowing fields -

ASDPE The ASDPHAdditional SaveData Pointer Enable) bidetermines
whether or not thé&saveData Pointermessage isent to the Initiator prior
to disconnection. This bit is onlysed by the Targeafter theDefault
Mode parametewalues areoverridden with the Savedalueswhich are
readfrom the Reserved Area of the media apart of themotor start-up
sequence. Before the Saved values are feamh the Reserved Area of the
media, theSaveData Pointermessage is alwaysent to the Initiator prior
to disconnection.

When ASDPE is set to 1, th&aveDataPointermessage isent prior to
everydisconnect. When ASDPE is set to 0, th&aveDataPointer
message ienly sent prior to disconnection if thillowing conditions are
true:

- A Dataphase has occurregsince theconnection for the current
command wa®stablished, and
« Another Dataphase is required teuccessfullycomplete thecommand.

Note: A SaveDataPointermessage is nosent prior to the Disconnect
message of the TTD data readgquenceegardless of th& SDPE bit.

See 3.1.16;Target Transfer Disable (13h)” opage 172 formoreinforma-
tion.

DPW  The DPW (Disable Physical Writes) bit determines if Physical Writédls
be done in thdast step ofError Recovery. IfDP W =0 then Physical
Writes are enabled for thkast step of WriteError Recovery. fIDPW=1
then Physical Writes are disabled for the lastp of WriteError Recovery.
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CMDAC The CMDAC bitcontrols how the Targedefines a signal on the LED
pin thatindicates when the Drive iactive". See thgroduct Functional
Specificationfor details on the electricggarameters of this LED Pisignal.

The signal isprovided on the LED pin only when the LED pin isitially
detected to be at a TTL higlevel (HIGH) when theDrive is powered on.
If the LED Pin is detected to bEIIGH at thattime, then

- When theCMDAC bit= 1

— The LED pin goesto a TTL lowevel (LOW) for a "Command
Active" condition when -

1. A CDB (other than RequeSense olnquiry) isreceived by
the Target.

2. An "Active LUN" condition is ineffect.

— The LED pin goesHIGH for a"Commandinactive" condition
when a -

1. LUN becomesdnactive following the successfwompletion of
a hostinitiated command ortermination due to an error or
exception condition

2. LUN becomesdnactive following thecompletion ofActive
LUN condition or termination due to an error or exception
condition

3. SCSI Bus Reset or a SCSI Bus Reb#dssage iseceived
4. Self-Initiated reset iperformed

5. previouslyreceivedcommand igerminated via amAbort
message

Note: In the case ofmmediate commandsuch as Format and
StartUnit, the LED pindoes notbecomeHIGH until the
correspondingActive Lun condition forthis command has
been completed.

Note: The LED pin does nobecome LOWAduring idle activity
such as DiskSweep.

- When theCMDAC bit= 0

— The LED pin goes LOW for @Motor Active" condition which
means that th&pindleMotor is spinning.

— The LED pin goeHIGH for a"Motor Inactive" condition which
means that th&pindleMotor is notspinning.

RPFAE The RPFAHKReportPredictiveFailure AnalysisError) bit allows certain
recovered errors to beeported at the completion of thmommand that
handled the data wheRER=0. (P ER=0normally inhibits the reporting
of all recovered errors. See 1.6:BRage 1 - ErrorRecovery Parameters” on
page 83 formore details onreportingrecovered errors.)

An RPFAE bit of lindicatesthat recovered errorshat areassociated with
the drive's Predictivé-ailure Analysis (PFA) functions are reportedVhen
RPFAE is set to Owhether or notrecovered errors are reported is based
upon thestate of the PER bit. The PFA functions include the
Auto/Recommendrewrite/Reassign (ARRE) functions. Sé&, “Auto-
matic Rewrite/Reallocate RecommendRewrite/Reassign” opage 228
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The reporting ofrecovered errors are controlled by the setting of BEER,
QPE,RPFAE, andRARRED bits asfollows:

Table 74.
PER | QPE | RPFAE | RARRED Reporting of RecoveredErrors

0 X 0 X Recovered errors are not reported.

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

0 X 1 1 Only recovered errors associatedth the
PFA functions are reporteeixceptthat
recovered errors associated with the
Automatic/Recommend
Rewrite/Reallocate (ARREfunction are
not reported.

1 0 X X All recovered errors areeported.

1 1 X X Recovered errorghat areabove the
thresholddefined by the QPE bit are
reported, plugecovered errorshat are
associated with the PFA functions.

Note: See 4.8,'Predictive FailureAnalysis” on page 230 for detailsoncerning
PFA.
DOTF The DOTF (Disable ECC On THely) bit determines if ECC On The Fly

will be enabled. fDOTF is not sethen ECC On The Florrection is
enabled. IDOTF is setthen ECC On The Florrection isdisabled and
Software ECC correctiowill be used in place of ECC On the Fly cor-
rection.

RRNDE The RRNDE(ReportRecovered NorDataErrors) bit controls the

CPE

reporting ofrecovered NorDataErrors when the PER bit iset. If
RRNDE is sethenrecovered NorData Errors argeported. If the
RRNDE bit is not sethenrecovered NorData Errors are noteported.

The CPE (concurremtrocessing enable) bitontrols whether or not I/O
process are allowed to executencurrently. Concurrentprocessing is
when multiple I/Oprocesses are acti@ot queued). Thigmplies the
Dataphase of I/Oprocesses are allowed to overlap. Thargetutilizes
concurrentprocessing terform back to backvrites. (See 4.4.1Back to
Back Writes” on page225.)

When concurrentprocessing is disabled, only omen-priority 1/0O process
will be active at atime. Prioritycommands ar@everqueued and are
always allowed to executeoncurrently. (See 4.2,'Priority Commands”
on page 220.)

ConcurrentProcessing is enabled if CPE

1.
ConcurrentProcessing is disabled if CPE 0.

Byte 4 is Ignored which is treated the same as a Reserfieldl exceptthat it is
allowed to be set to any value.

Byte 5 contains thefollowing fields:
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TCC

DSN

FRDD

The Track Compensation Control lwauses certain Idl@ime Functions
(such as Servo Run OuBias MeasurementsPredictiveFailure Analysis
and error log updates) texecute durinqRezero Unit commands. A TCC
bit of 1 causes th&®ezero UnitCommand toexecute IdleTime Functions
while a TCC bit of 0 indicateshat the Rezero UniCommandwill NOT
force Idle Time Functions.

Whenldle Time Functions arexecuted internal timers areset,thus
allowing a timespanduring which the Drive response tinvéll not be
degraded by thesactivities. This may beusefulwhen the Initiator wants
to insure predictable response time.

Note: This bit cannot baused todelay periodicinternal eventgast their
regularly scheduled intervals.

The Disable Target InitiateBynchronous Negotiation bihdicates
whether the Drivewill perform Target Initiatedsynchronous Negotiation
and Target Initiated Transfaidth Negotiation. A bit of lindicates the
Drive does not perform Target Initiateéslynchronous andransferwWidth
Negotiation,while a bit of 0 indicateghat theDrive does.

Note: The DSN bit is an indicator bit only. Changing this bit does not
have any functionaéffect on theDrive. The actual function is controlled
by an Option Jumper adescribed in thgroductFunctional Specification

A FRDD (Format andReassign Degraded Disable) bit of 1 prevents the
Drive from reporting ermat orReassign degraded on a Test URi¢ady
Command, anc¢ausegnediaaccescommandg(ie. read, write) toreport a
media error ifdegraded. AFRDD bit of Oindicatesthat Format or Reas-
signdegraded is reported on Tednit Ready commands.

DPSDP TheDataPhaseSaveDataPointer bit controls whether thBrive sends a

CAEN

SaveDataPointermessage at the end of the dgtlhase. ADPSDP bit of
0 indicatesthat theDrive sends é&aveDataPointermessagerior to dis-
connection only if thefollowing conditions are true:

A data phase has occurresthce theconnection for the current
command wagstablished.

Another dataphase is required tsuccessfullycomplete thecommand.

A DPSDP bit of lindicatesthat theDrive will send aSaveData Pointer
messagerior to everydisconnection once a data phase has occurred for
the currentcommand. If theASDPE bit is set to 1, th&aveDataPointer
message isent prior toeverydisconnectegardless of thealue of the
DPSDP bit.

Note: A SaveDataPointermessage is nosent prior to the Disconnect
message of the TTD data readgquenceegardless of thdSDPE and
DPSDPbits. See3.1.16,“Target Transfer Disable (13h)” opage 172 for
more information.

The Commandiging Enable bitused inconjunction with theCommand
Aging Time Limit bytes,allows thelnitiator to limit the amount of time a
command can bgueued. The CAEN bit set to tauses the target to
reorder acommand to thesarliestpossible execution timafter the
command ha®een in the queue for the time duratigpecified in the
CommandAging Time Limit bytes. Restrictions on the reorderinggo-
rithm asspecified by theQueue AlgorithmModifier (see 1.6.9;Page 0Ah
- Control ModeParameters” ompage 105}kstill apply in thiscase. Data
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integrity ismaintained when Restricted Reordering iseiifect. A CAEN
bit equal to Oindicatesthat CommandAging is notenabled and the
CommandAging Time Limit bytes are ignored.

LITF  The Limit Idle Time Functions bitcontrols whethePredictiveFailure
Analysis (PFA) isperformed durinddle Time. For an explanation dfidle
Time Functions'refer to theproduct FunctionaBpecification. A bit of 1
indicates PFAfunctionswill not be performed duringdle periods. This
may help preventelays agnentioned in the product Function&8pecifica-
tion. A bit of O indicatesthat theDrive will perform PFA duringdle
Time.

Byte 6 and Byte 7are ignored.

Byte 8 contains theADC, QEMC bit, DRD bit, and the LED Pinndicator Modes
for the LED.

ADC The ADC (Adaptive Cachingaffects theTarget'scaching algrithm.
If the ADC bit is set to one, the Targstill set the Number ofCache
Segments equal to 8, and maiter thisnumber tooptimize perform-
ance. When theinitiator clears ADC aftethaving ADC set, tharive
will default thenumber ofcache segments to 8. This can be modified
by changing theNumber ofCacheSegments in Page 8, Byte 13 to the
numberdesired.With ADC set, theTarget mayalso alter the prefetch
based orperceivedrandom orsequential operations. If the ADC bit is
zero the Targewill use thecache as defined blage 8h, Caching
parameters.

QEMC The QEMC (Queu&rror Management ControBffects theTarget's
operation wherQErr is set to aone. QEMC has noeffect if QErr =
0. See QErr orl.6.9,“Page 0Ah -Control ModeParameters” on
page 105 for a description on the hd@EMC effectsQErr.

DRD The DRD (disable read disconnect) bit when set to 1 prevents the
target fromdisconnectingrom the SCSI Budollowing the receipt of a
Read (6) or a Read (10) commaumdtil it has determinedhat the
requested data is navailable in the data buffer. If thdata is awil-
able, the targewill not disconnect prior to starting the dati@nsfer
unless the readommand must bgueued. If the data is natvailable,
the targetwill disconnect untienough data has beeaadfrom the disk
to satisfy thereconnection cteria asdetermined by thé&keadBuffer
Full Ratio. A DRD bit of Oallows the target talisconnecimme-
diately after the receipt of a reabmmand withoutetermining if the
requested data igvailable.

LED Mode = Oh(Compatibility) TheCMDAC bit controls the LEDmode.
CMDAC = 1 (CommandActive)
CMDAC = 0 (Motor Active)
LED Mode = 1h (MotorActive). When the motor ispinning, the LED is high.
LED Mode

2h (Commandictive). Whenthere is acommandactive or in the
queue, the LED ihigh.

3h(Degraded)When theTarget is in anydegradednode, the LED
is high.

LED Mode
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LED Mode = 4h (Commandictive | Degraded)Whenthere is acommand
active/queued OR when the Target is is in aiggradednode, the
LED is high.

LED Mode = 5h-Fh(Reserved for future use).
Byte 9is reserved andanust bezero.

Byte 10 and Byte 1lare used as a timer for the Drive20ommandAging Feature
when enabled by the CAEN bit in byte 5. Ti@ommandAging Time Limit Timer
is in 50 ms increments.

Byte 12 specifies theerror reporting threshold for reamberations when the QPE
bit is set. A value of 0 or Offh indicatethat theDrive default valueshall be used.

Any othervalue is interpreted as thtareshold. Arecovered error which requires
more steps of recoveryhan thethresholdwill be reported.

Byte 13 specifies theerror reporting threshold fowrite operations when the QPE
bit is set. A value of 0 or Offh indicatethat theDrive default valueshall be used.
Any othervalue is interpreted as thtareshold. Arecovered error which requires
more steps of recoveryhan thethresholdwill be reported.

Byte 14 contains theDRRT,DNR,DUASS andRARRED bits.

DRRT The DRRT (DisabldReadReassign Target) bit Disables theading
and restoration of the target LBA duringraassign. If theDRRT bit is
zero, thereassigncommandattempts torestore the targetBA's data.
If the data cannot beestored, the sector i®assigned andritten with
a data pattern of alFF's. If theDRRT bit is one, noattempt is made
to restore the target LBA.

DNR The DNR (Disable Nested Reassign) Hisablesnestedreassigns. If
the DNR bit is zero, nesterkassigns are performed. If the DNR bit is
one, Nestedeassigns are natone and only the target LBA ieas-
signed.

DUASS The DUASS (Disable UniAttention onSpindle Synchronization)
controls the reporting of the Unittention(UA) conditionassociated
with Spindle Synchronization. If thBUASS bit is setthen no UAwill
be generated due to changes in Spirsj@chronization. If thdDUASS
bit is not set then a UAwill be generated due to changes in Spindle
Synchronization.

RARRED The RARRED(Report Automatic/Recommend Rewrited&locate
Disabled) bit controls reportin§enseData forrecovered errors associ-
ated with this function when the PER aRPFAE bits are set. If the
RARRED bit is sethenrecovered errors associatedth the ARRE
function are not reported. If thRARRED bit is not sethenrecov-
ered errors associatedth the ARRE function are reported.

Byte 15is reserved ananust bezero.

RTP The RTP (Reassign Targeadd) bitdetermines whether theeassign
target sector ipadded with 00h oFFh. If the RTP bit is set to 0 then
the target sector ipadded withOOh. If the RTP bit is set to then the
target sector ipadded withFFh.
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RRC

FCERT

RCPF

The RRC (Read Retr@ount) bitdetermines how the retrgount on

page lbyte 3 is used. If thepage 0 RRC bit is 0 and page 1 read retry

count is 0 then Naecovery is perfamed. If the page 0 RRC bitis 0
and page 1 read retgount is 1 therMaximum recovery is performed.
If the page 0 RRC bit is then thepage 1 read retrgount is the
maximumlevel of recovery performed.

When the Format Unit command issuedwith NO data out phase,
the FCERT(FormatCertification) bit determines whether troertif-
ication stepwill be performed during thd&ormatcommand. An
FCERT bit set to Qlisables certification. AlFCERT bit setto 1
enables the certification step/Vhen FormatUnit is issuedwith a data
out phase th& CERT bit isover ridden by theDCRT bit in the
Format Defect List Header.

The RCPKReport ComponenPFAGEM Failures) bit determines
whethercomponentP FAGEM failures will bereported. An RCPF bit
set to O disableseporting ofcomponentPFAGEM failures. An RCPF
bit set to 1 enables the reporting @mponentP FAGEM failures.
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1.6.3 Page 1 - Error Recovery Parameters
Table 75.Mode SelectData FormatPage 1
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 01h
=0 =0
PagelLength = 0Ah
AWRE| ARRE TB RC EER PER DTE DCR

ReadRetry Count

CorrectionSpan = 30h (or 0)
Head OffsetCount = 0
Data StrobeOffsetCount = 0

Reserved = 0

Write Retry Count

O|lo|N|OO|O|M~|W

Reserved = 0

(MSB) Recovery TimeLimit = 0
(LSB)

e
[ENYS)

Sincebytes4-11 are notchangeable, th&ode SelectCommandaccepts only the
values indicated imable 75 forbytes 4 - 11, with the exception &@orrection Span
which isnotedbelow.

Following are parameter options f®age 1 ofMode Select. Refer toTable 75.

Byte 2 contains thefollowing fields -

AWRE (Automatic Write Reallocation Enable) bit of @nablesautomaticreallo-
cation to be performed duringrite operations. The automatieallocation
is performed only if the Target has thvalid data (e.g., original data in the
buffer or recoveredrom the medium). Thevalid data isplaced in the real-
located block. All errorrecoveryactions required by the erroecovery bits
(TB, EER, PER, DTE andCR) areexecutedError reporting as
required by the errorecovery bitstEER, PER, DTE, and DCR) iper-
formed onlyaftercompletion of thereallocation. Therefore anfailures
that occur during the reallocation are reported. geg “Automatic
Rewrite/Reallocate RecommendRewrite/Reassign” opage 228 forexe-
cution details anderror procedures.

Note: Only write errors detected while reading an ID can causéiato-
matic Write Reallocation to occur.

When AWRE bit = 0, theTarget does not perforrautomaticreallocation
of defective datablocks during writeoperations. TheAWRE bit setting is
used by the Target when an error occurs duringtraasfer of the Initi-
ator's data for thdollowing commands:

« Write(6)

« Write(10)

- Write Same

« Write portion of Write and Verify

For all other commands, theWRE bit setting isunused andreated as 0.
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ARRE (AutomaticReadReallocation Enable) = ZJenablesautomaticreallo-
cation ofdefectiveblocksfound during readoperations. The automatic
reallocation is performed only if the Targsticcessfully recovers thaata.
All error recoveryactions required by the errgecovery bits(TB, EER,
PER, DTE and DCR) arexecutedError reporting as required by the
errorrecovery bitstEER, PER, DTE, and DCR) iperformed onlyafter
completion of thereallocation. Therefore anfailuresthat occur during the
reallocation are reported. Sde7, “Automatic Rewrite/Reallocate -
RecommendRewrite/Reassign” ompage 228 for executiodetails and
error procedures.

WhenARRE = 0, theTarget does not perforrautomaticreallocation of
defectiveblocksfound during readoperations. TheARRE bit setting is
used by the Target when an error occurs duringtraasfer of the Initi-
ator's data for thdollowing commands:

Read(6)
Read(10)

For all other commands, th&RRE bit setting isunused andreated as 0.

B (Transfer Block) Bit set to 1 indicatethat thefailing block betransferred
to the Initiator.

TB set to 0 requestthat afailing block not betransferred to thénitiator.

If an unrecoverable error occurs and TB is set to a value of 1,Tdrget
transfers thefailing block of uncorrected data if the unrecoverable error is a
data error(that is,there is dataavailable to transfer). Annitiator may

make this distinction byssuing aRequestSensecommand andxamining

the AdditionalSense code. Amdditional Sensecode of 11h indicates an
unrecoverable read error in the data block. Thaiing block istransferred
only for thiscase. The TB bit setting issed by the Targewhen reporting
errors associated with the transfer of thmétiator's data for theollowing
commands:

Read(6)
Read(10)

For all other commands, the TB bsetting isunused andreated as 0.

RC (Read Continuous) bit set toréquests the Target twansfer the entire
requested length of dataithout addingdelayswhich wouldincrease or
ensure data integrityThis impliesthat theTarget may send erroneous
data. This bit has priority over atithererror controlbits (PER, DTE,
DCR, TB).

Note: The Target implementation of the R@ption is todisableerror
detection of the datéields butcontinue normakrror detection and
recovery for errors occurring in the Iield. If an ID cannot be
found, then normal DRRouldresult in considerable recovery
action,including proceedinghrough alllevels of DRP.

RC set to O indicatesormalinterpretation ofPER, DTE, DCR, and TB
values. The RC bit setting is used by tilarget when reporting errors
associated with the transfer of theitiator's data for thefollowing com-
mands:

Read(6)
Read(10)
Prefetch
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For all other commands, the RC ksetting isunused andreated as O.

EER (EnableEarly Recovery) The EER binust be 0. TheTarget does not
supportearly recovery.

PER (Post Error) Bit set to flequestghat theTarget reportCheckCondition
Statusfor all recovered data andon-dataerrors, with theappropriate
Sense key. Th€heckCondition Statusoccurs during data transfer
depending either on the DTE setting or occurrence of an unrecoverable
error. If multiple errors occur, thRequesiSense dataeports the block
address of either the lablock on which therecovered error occurred or of
the firstunrecoverable error.

PER set to 0 requestbat theTarget notcreateCheckCondition Status
for recovered errors. The PER bit setting is used by Theget when
reporting errors associatedith the transfer of thelnitiator's data for the
following commands:

Read(6)
« Read(10)
« Write(6)
« Write(10)
« Write Same
« Write andVerify - the write portion of the commandanly.

Note: (See thedescription of theRPFAE bit in thesection describing
1.6.2,“Page 0 - VendoilUnique Parameters” ompage 75 for infor-
mationregarding thereporting ofsoft errors associatedith Predic-
tive Failure Analysisfunctions.)

For all other commands, the PER [si¢tting isunused andreated as 0.

DTE (Disable Transfer oiferror) Bit set to lindicatesthat theTargetcreates
the CheckCondition Statusand terminates the data transfer to tin@iator
upontransferring the lasbyte of therecoveredblock when a data error is
recovered. The Transferength may not beexhausted. DTE may only be
setto 1if PER is also set to 1. THeargetcreatesCheckCondition Status
with Illegal Requestsense key ithis is not so. DTE set to 1 inhibits
Automatic/RecommendRewrite/Reallocate.

DTE set to 0 continues dataansferthroughrecovered errors. The DTE
bit setting is used by th&arget when reportingrrors associated with the
transfer of thelnitiator's data for theollowing commands:

Read(6)
+ Read(10)
« Write(6)
« Write(10)
« Write Same
« Write andVerify - the write portion of the commandanly.

For all other commands, the DTE Isetting isunused andreated as 0.

DCR (Disable Correction) set to ihdicatesthat ECC(error correction codes)
are not applied in the course of ern@covery. DTE set to 1 inhibits
Automatic/RecommendRewrite/Reallocate.

DCR set to 0 enables error correction. The DCR bit setting is used by the
Target when reporting erromssociated with the transfer of theitiator's
data for the followingcommands:
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Read(6)
Read(10)

For all other commands, the DCR tdetting isunused andreated as 0.

The following summarizes/alid modes of operation.

PER| DTE| DCR| TB

Description

Retries and error correction asgtempted. Recov-
eredand/orcorrected data (if any) igansferred
with no CheckCondition Satusat the end of the
transfer.

soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.

harderror | Datatransferstops when the unrecov
erable error iencountered. The
unrecoverable block is ndtansferred
to the Initiator.

Retries and error correction asgtempted. Recov-
eredand/orcorrected data (if any) igansferred
with no CheckCondition Satusat the end of the
transfer.

soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.

harderror | Datatransferstops when the unrecov
erable error incountered. The
unrecoverable block igansferred to
the Initiator (if data error).

Retries araattempted but nerror correction(ECC)
is applied. Recovered data (if any)timnsferred
with no CheckCondition Satusat the end of the
transfer.

soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.

harderror | Datatransferstops when the unrecov
erable error iencountered. The
unrecoverable block is ndtansferred
to the Initiator.

PER DTE DCR TB

Description
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PER| DTE| DCR TB Description
Retries areattempted but ne@rror correction(ECC)
is applied. Recovered data (if any)tmnsferred
with no CheckCondition Statusat the end of the
transfer.
soft error The transfer length is exhausted.
0 0 1 1 Transferred data includes blocksn-
taining recovered errors.
harderror | Datatransferstops when the unrecov
erable error incountered. The
unrecoverable block igansferred to
the Initiator (if data error).
0 1 0 0 Illegal request - DTEcannot be 1 when PER is 0.
0 1 0 1 Illegal request - DTEcannot be 1 when PER is 0.
0 1 1 0 Illegal request - DTEcannot be 1 when PER is 0.
0 1 1 1 Illegal request - DTEcannot be 1 when PER is 0.
The highest errotevel is reported at the end of
transfer (see B.3'Priority of Error Reporting” on
page 278).Retries and error correction are
attempted. Recovereand/orcorrected data (if any)
is transferred withCheckCondition Statusand
RecoverecError sense key set at the end of the
transfer.
1 0 0 0 .
soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.
harderror | Datatransferstops when the unrecov
erable error incountered. The
unrecoverable block is ndtansferred
to the Initiator.
The highest errotevel is reported at the end of
transfer (see B.3'Priority of Error Reporting” on
page 278).Retries and error correction are
attempted. Recovereand/orcorrected data (if any)
is transferred withCheckCondition Statusand
RecoverecError sense key set at the end of the
transfer.
1 0 0 1 )
soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.
harderror | Datatransferstops when the unrecov
erable error incountered. The
unrecoverable block igansferred to
the Initiator (if data error).
PER DTE| DCR TB | Description
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PER| DTE| DCR| TB Description
The highest errotevel isreported at the end of
transfer (see B.3Priority of Error Reporting” on
page 278).Retries areattempted but ECC is not
applied. Recovered data (if any)tisnsferred with
CheckCondition Statusand Recoverederror sense
key set at the end of the transfer.

1 0 1 0 soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.

harderror | Datatransferstops when the unrecov
erable error incountered. The
unrecoverable block is ndtansferred
to the Initiator.
The highest errotevel isreported at the end of
transfer (see B.3Priority of Error Reporting” on
page 278).Retries areattempted but ECC is not
applied. Recovered data (if any)tiemnsferred with
CheckCondition Statusand Recoveredtrror sense
key set at the end of the transfer.

1 0 1 1 soft error The transfer length is exhausted.
Transferred data includes blocksn-
taining recovered errors.

harderror | Datatransferstops when the unrecov
erable error incountered. The
unrecoverable block igansferred to
the Initiator (if data error).
The highest errotevel isreported at the end of
transfer (see B.3Priority of Error Reporting” on
page 278).Retries and error correction are
attempted. Recovereand/orcorrected data (if any)
is transferredvith CheckCondition Satusand
RecoverecError sense key set at the end of the
1 1 0 0 transfer.
soft error Datatransferstops on thdirst soft
error detected. The recovered error
block is returned to the Initiator.
harderror | Datatransferstops on the unre-
covered error. The errdslock is not
returned to the Initiator.
PER DTE| DCR TB | Description
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PER| DTE| DCR TB Description
The highest errotevel is reported at the end of
transfer (see B.3'Priority of Error Reporting” on
page 278).Retries and error correction are
attempted. Recovereand/orcorrected data (if any)
is transferred withCheckCondition Statusand
RecoverecError sense key set at the end of the
transfer.

1 1 0 1 .

soft error Datatransferstops on thdirst soft
error detected. The recovered error
block is returned to the Initiator.
harderror | Datatransferstops on the unre-
covered error. The unrecovered erro
block is returned to the Initiator (if
data error).
The highest errotevel is reported at the end of
transfer (see B.3'Priority of Error Reporting” on
page 278).Retries areattempted but ECC is not
applied. Recovered data (if any)tiensferred with
CheckCondition Statusand Recoveredtrror sense
key set at the end of the transfer.

1 1 1 0 soft error Datatransferstops on thdirst soft
error detected. The recovered error
block is returned to the Initiator.

harderror | Datatransferstops on the unre-
covered error. The errdslock is not
returned to the Initiator.
The highest errotevel is reported at the end of
transfer (see B.3'Priority of Error Reporting” on
page 2780. Retries areattempted but ECC is not
applied. Recovered data (if any)tiensferred with
CheckCondition Statusand Recoveredrror sense
key set at the end of the transfer.

1 1 1 1 soft error Datatransferstops on thdirst soft
error detected. The recovered error
block is returned to the Initiator.

harderror | Datatransferstops on the unre-
covered error. The unrecovered erro
block is returned to the Initiator (if
data error).
PER DTE| DCR TB | Description
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The Read Retry Countsets a limit on theamount of dataecoveryprocedure
(DRP) passes th& arget attempts wherecovering read errors. One pa$sough
DRP involves executing all steps 6fRP. (SeeB.1, “Data Recovery Procedure for
DataField Errors” onpage 273 for a description of one DRP pass.)RAad Retry
Count of OOhdisables all recovery.Read RetryCount set to Anhibits
Automatic/Recommendewrite/Reallocate. A nonzenmlue forRead Retry
Countcauses th&arget toattempt up to one DRP pass when a medieror
occurs during a readperation. TheRead RetryCount isused by the Target for
errors associatewith the transfer of thelnitiator's data for theollowing com-
mands:

Read(6)
Read(10)

For all other commands, thRead RetryCount isunused andreated as 1. This
description ofRead RetryCountdepends on the RRC bit (pagelyte 15, bit 6)
being set to 0. If the page 0 RRC bit is set tahtn the Read RetrZount is the
maximumlevel of recovery grformed.(See 1.6.2/Page 0 - VendoiUnique
Parameters” opage 75).

The Correction Spanis the size, inbits, of thelargest dataerror burst forwhich data
error correction may battempted. Avalue of 00h indicates th&argetuses the
default value.

Note: The ModeSelectcommandaccepts a value of 30h or 00h in tHisld.

The Head Offset Count specifies intwo's-compliment notation aimcremental offset
position from the traclkcenter the heads araoved. Apositive value indicates
moving in the direction ofncreasing logicablock addresses. A negative value indi-
catesmoving in the direction oflecreasing logicablock addresses. The Head Offset
Count of OOhindicates no fiset issupported.

The Data Strobe Offset Count specifies intwo's-compliment notation amcre-
mental offset position to which theecovered datatrobe is adjusted. Thealue of
00h indicates nmffset issupported.

The Write Retry Count sets a limit on theamount of dataecoveryprocedure
(DRP) passes th&arget attempts wherecovering write errors. One pa#srough
DRP involves executing all steps 6fRP. (SeeB.1, “Data Recovery Procedure for
DataField Errors” onpage 273 for a description of one DRP pass.) A WRtetry
Count of 0O0Ohdisables all recovery Write Retry Count set to Gnhibits
Automatic/Recommendewrite/Reallocate. A nonzenmlue for WriteRetry
Countcauses th@arget toattempt up to one DRP pass when a medieror
occurs during a writ@peration. TheWrite Retry Count isused by the Target for
errors associatewith the transfer of thelnitiator's data for theollowing com-
mands:

« Write(6)

« Write(10)

- Write Same

« Write andVerify

For all other commands, the@/rite Retry Count isunused andreated as 1
The Recovery Time Limit specifies inincrements of one millisecond thmaximum

time duration the Target uses for degeror recoveryprocedures. Arecoverytime
limit of 0000h specifies theTargetuses the default value of ntime limit.
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1.6.4 Page 2 - Disconnect/Reconnect Parameters

Table 76.Mode SelectData FormatPage 2
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 02h
=0 =0

1 PagelLength = OEh

2 ReadBuffer Full Ratio

3 Write Buffer Empty Ratio

4 (MSB) Bus Inactivity Limit = 0

5 (LSB)

6 (MSB) Disconnect Timd.imit = 0

7 (LSB)

8 (MSB)  Connect TimeLimit = 0

9 (LSB)

10 (MSB)  Maximum Burst Size

11 (LSB)

12 Reserved = 0 DIMM| RSVD DTDC
13 Reserved = 0

14 Reserved = 0

15 Reserved = 0

Following are parameter options f®age 2 ofMode Select. Refer toTable 76.

An Initiator may use thddentify message tgrant the Target thgeneral privilege
of disconnecting. (Disconnect reque$tem the target via Disconnechessages
may still be selectivelyejected by thdnitiator by issuing Messag&eject).

The Target useMode SelectPage 2 parameters tmontrol reconnectiomuring
Read andWrite operations.

Read Buffer Full Ratio and Write Buffer Empty Ratio are the numerators of a frac-
tion whosedenominator is 256. Thifraction indicates howull (or empty) the Tar-
get's data buffesegment should be prior to attempting to reconnect toSE&SI
bus. Whenapplying these ratios, the Targeiunds down to avhole buffer block.

If the ratio is set to Oh (thelefault), theTargetwill calculate and use aoptimal
ratio based on the negotiatéihnsfer ratgqwidth and period), and the formatted
block size. If theratio is set to FFh, the Target does nattempt toreconnect until
the buffersegment is completelfull (or empty). Both the Readuffer Full Ratio
and the WriteBuffer Empty Ratiopertain to the currenactivenotch. Foreach
activenotch, asdefined in pageCh, there are separateeadBuffer Full Ratios and
Write Buffer Empty Ratios. When thectivenotch iszero, the values arapplied
across allnotches.

Reconnecting to #eadCommand For &ead command, theeconnect islelayed
relative to the availability of the firsblock in
the Target's dathuffer segment by the fraction
of the Target's datauffer segmensize or the
data transfer length, whicheverlisss.
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Example: IfReadBuffer Full Ratio is COh
(decimal 192) for aratio of 0.75, thereconnect
is delayeduntil the Target's datauffer
segment is 3/4ull or until approximately 3/4
of the remaining transfer length is in théar-
get's data buffesegment (whichever is
smaller).

Reconnecting to Writ€ommand For aVrite command, theNrite Buffer
Empty Ratio issignificantonly if the total data
transfer length is greater than tiseze of the
Target's datduffer segment. The fraction
determines hovwempty the Target's datauffer
segment should be before reconnecting to
beginfilling the buffer segment again.

Example: If WriteBuffer Empty Ratio is COh
(decimal 192) for aratio of 0.75, thereconnect
is delayeduntil the Target's datauffer
segment is 3/&mpty oruntil approximately
3/4 of the remaining transfer length émpty in
the Target's dathuffer segment (whichever is
smaller).

ChoosingBuffer Ratios Forsingle Initiator/single Targesystems, the
Initiator should set théuffer ratios tomatch
the SCSI bus instantaneous datansfer rate
to the Target's internal datector transfer rate.
(See theproduct Functional Specificatiorfor
the data rate values.)

Buffer Ratio = 256 x(Instantaneous SCSI
Data TransferRate - DataSector Transfer
Rate) / Instantaneous SC8Blata Transfer
Rate

For systems wittSCSI configurationsother
than singlelnitiator/single Target, aifferent
ratio may provide better performance.

The Bus Inactivity Limit is the maximum time in 100 usicrementshat theTarget
is permitted toassert the BSY signalithout aREQ/ACK handshake. Thealue of
00h indicateghat there is no limit.

The Disconnect TimeLimit is the minimum time in 100 ughcrementghat the
Targetwaits after releasing th8CSI busbeforeattemptingreselection. The value of
00h indicateghatthere is no limit.

The Connect Time Limit is the maximuntime in 100 us incrementthat theTarget
is allowed to use th&CSI busbefore disconnecting, if th&nitiator has granted the
disconnectprivilege and it is notrestricted byDTDC. Thevalue of 00h indicates
thatthere is no limit.

The Maximum Burst Sizeis the maximum amount of dathat theTargettransfers
during a data phaskeefore disconnecting if thénitiator has granted the disconnect
privilege. Thisvalue is expressed imcrements of 512 bytege.g., avalue of 0001h

means 512 bytef)002hmeansl1024 bytesgetc.). Disconnections attempted by the
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Target are on block boundaries only. Therefore, ldrgestnumber ofblocks of
data that therargettransfers before disconnecting is the integertion of thevalue
of the (MaximumBurst Size x 512)/(Block Lengthg¢quation. For thease when
(Maximum Burst Size x512) islessthan theBlock Length, the Targewill transfer
1 block of databeforeattempting to disconnect.

A value of 0000h indicatethere is no limit on theamount of dataransferred per
connection.

When a nonzerdlaximum Burst Size is ineffect, theMaximum Burst Size is the
basis of the buffefull/empty ratios. For example, if thBlaximum Burst Sizefield
is set to 0010h (15 blocks, if Blockength = 520bytes) and theReadBuffer Full
Ratio is set to COKratio of .75) then thereconnect iglelayeduntil approximately
3/4 of the maximunburst (11blocks) or approximately 3/4 of the remaining
transfer length is in th@arget's datduffer segment (whichever is smaller).

Regardless of the value iMaximum Burst Size, theTarget disconnects prior to
completion of the data phase if theternal databuffer segment becomesmpty
during aRead command ofull during a Writecommand.

The Data Transfer Disconnect Control (DTDC) field definesfurther restrictions on
when a disconnect is permitted.

A value of 00b indicateshatDTDC is notused by the Target and the discon-
nect is controlled by the othdields in this page.

A value of 01b indicateshat the targetshall notattempt todisconnect once the
data transfer of zommand hastarted until all data theommand is taransfer
has beenransferred. Theonnect timdimit and bus inactivity limit are ignored
during the data transfer.

The value 10b is reserved.

A value of 11b indicateshat the targeshall notattempt todisconnect once the
data transfer of @ommand hastarted until thecommand iscomplete. The
connect timeimit and bus inactivity limit are ignorednce dataransfer has
started.

Note: If DTDC is nonzero and the maximuinurstsize isnonzero, aCHECK
CONDITION statuswill be returned. Thesense key shall be set tbLEGA
REQUEST and thedditionalsensecode set tdLLEGAL FIELD IN PARAM-
ETERLIST.

The Disconnectimmediate (DIMM) bit determines how the DWD and DRD bits
from page 0 bytes 2 and &ill be used. If theDIMM bit is set to 0then DWD and
DRD are used adefined for page 0. If th®IMM bit is set to 1then the DWD
and DRD bits are ignored and the target disconnects immediaftdy receipt of
command.
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1.6.5 Page 3 - Format Device Parameters

Table 77.Mode SelectData FormatPage 3
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 03h
=0 =0
1 PagelLength = 16h(22)
2 (MSB)  Tracks per Zone
3 (LSB)
4 (MSB)  Alternate Sectors pezone
5 (LSB)
6 (MSB)  AlternateTracks per Zone = 0
7 (LSB)
8 (MSB)  AlternateTracks perLogical Unit = 0
9 (LSB)
10 (MSB) Sectors peffrack
11 (LSB)
12 (MSB) DataBytes perPhysical 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 | HSEC | RMB SURF Reserved = 0
=0 =1 =0 =0
21 Reserved = 0
22 Reserved = 0
23 Reserved = 0

The formatdevicepagecontains parameters whidpecify themedium format.

This pagecontains no changeable parameters. If thége is sent during Mode
Selectcommand withparametewaluesotherthanthose equal to the Defaultalues
for the fieldsthat are notBlock Length dependant or Currertlues offields that
are dependant oBlock Length,then theTarget reports &heckCondition Status
with a Sense Key ofllegal Request and aadditionalSenseCode oflnvalid Field
in ParametelList. Exceptions to this are for thBectors pefrack, DataBytes per
Physical Sector, Interleav@rack SkewFactor andCylinder skew Factorfields
which may havevalues of zero irthem toindicatethat thevalues used ardefined
by the Target.

This pagecontainssavedparameters buhone of thefields aresaveable by aMode
Selectcommand with the SP bit setto 1. (The PS bitRdge 3 is setto a 0 on a
Mode Sensecommand.) Even though the datatims page is not saveable, itvalid
to send this page on Mode Selectcommand with SP set to 1.

The Tracks per Zone value is thenumber oftracks in a cylinder. Thidield is a
function of thedeviceModel Number.
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The Alternate Sectors perZone a value of 0000h or the value returned by tlede
Sensecommand may beised. (This is really theaveragenumber ofalternate
sectors perone of theactive notch).

The Alternate Tracks per Zone value of 0000h indicatethat this is Targetspecific.
(Different zones carontaindifferentamounts ofalternate tracks.)

The Alternate Tracks per Logical Unit value of 0000h indicatethat this is Target
specific.

Sectors perTrack specifies thenumber ofphysical sectors includedithin each
track. Thisnumberincludes any alternate sectafsat mayhave beerallocated and
any defectivesectorsthat mayhave beerfound and marked defective. Thiild is a
function of the current Blockength andactivenotch. For mordnformations see
the productFunctional Specification A value of zero is also accepted in tHisld.

Data Bytes per Physical Sectorspecifies thenumber of user dathytes per physical
sector. The value dependgon thecurrent formatted Block Length. For further
information onallowed sectosizes see th@roduct Functional Specification A
value of zero is also be accepted in tfield.

Interleave values of 1 or 0 are valid. Notherinterleave isprovided.

Track Skew Factor indicates thenumber ofphysical sectorbetween thdast logical
block of one track and thérst logical block on the next sequential track of the
samecylinder. Thisfield is afunction of the current Blockength andactive notch.
A value of zero is also accepted in tHisld.

Cylinder Skew Factor indicates thenumber ofphysical sectorbetween thdast
logical block of onecylinder and thédirst logical block on the nextylinder. The
value is afunction of the current Block ength andactivenotch.

Note: Actual cylinder skew values are not treame across the entitisk. The
value retirned is for theoutermostcylinders of the activenotch. Avalue of zero is
also accepted in thifield. The value forunsynchronizeagpindlemotors isalways
returned. Fomore informationabout theactual formattectylinder skew see 4.5,
“Motor Synchronization” orpage 225 since thdefinition of cylinder skewdepends
uponwhich of two skewingmethods waselected via thélode ParametePage 4h
RPL field when thdast FormatUnit command wagxecuted. Cylinder Skew
Factor can be calculated using tHfermula for "cylinder skew@ OD" asdefined in
the product Functional SpecificationThe value is gunction of current Block
Length andactive notch.

Note: Actual cylinder skew values are not tteame across entirdisk. The value
returned is for outermogtylinders of the activenotch. Avalue of zero is also
accepted in thidield. Thevalue forunsynchronizegpindlemotors isalways
returned. Fomore informationabout theactual formattectylinder skew see 4.5,
“Motor Synchronization” orpage 225 since thdefinition of cylinder skewdepends
uponwhich of two skewingmethods waselected via thélode ParametePage 4h
RPL field when theast FormatUnit command wagxecuted.

Byte 20 contains thefollowing fields -

SSEC The SSEC bit is set toifdicatingthat theTarget does nosupportsoft
sector formatting.
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HSEC The HSEC bit is set to ihdicatingthat theTarget uses hardector for-
matting.

The RMB (Removable Medi8it) is set to 0 indicatinghat theTarget
does notsupportremovable media.

The SURHKSurface) bit set to 0 indicatabat theTargetallocates progres-
sive addresses to all sectovdgthin a cylinder prior to allocating sector
addresses to theext cylinder.

RMB

SURF
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1.6.6 Page 4h - Rigid Disk Drive Geometry Parameters

Table 78.Mode SelectData FormatPage 4h
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 04h
=0 =0

1 PagelLength = 16h

2 (MSB)

3 Number ofCylinders

4 (LSB)

5 Number of Heads

6 (MSB)

7 Starting Cylinder-WritePrecompensation = 0
8 (LSB)

9 (MSB)

10 Starting Cylinder-Reduced Writ€urrent = 0
11 (LSB)

12 (MSB) Drive StepRate = 0

13 (LSB)

14 (MSB)

15 Landing Zone Cylader

16 (LSB)

17 Reserved = 0 RPL
18 RotationalOffset

19 Reserved = 0

20 (MSB) Medium Rotation Rate

21 (LSB)

22 Reserved = 0

23 Reserved = 0

This page describesomephysicalattributes of the Drive. The RPEeld in byte 17
and Rotational Offsefield in byte 18 arechangeable.

Number of Cylinders defines thenumber ofphysical cylinderaised forcustomer
data storage.This field is afunction of thedeviceModel Number. See thproduct
Functional Specificatiofor more information on theumber ofcylinders.

A value of zero is also accepted in tHisld.

Number of Headsdefines thenumber ofphysical heads used faustomer data
storage. Thidield is afunction of thedeviceModel Number. Thesxact values are
defined in theproductFunctional Specification A value of zero is also accepted in
this field.

Starting Cylinder-Write Precompensation indicates the physical cylinder athich
write precompensatiobegins. The value is set to 000000h indicatthgt thefield is
vendorspecific.

Starting Cylinder-Reduced Write Current indicates theouter-mostphysical cylinder

to be written with reducedvrite current. Thevalue is set to 000000h indicatirtfat
the field isvendorspecific.
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Drive Step Rateis set to 0000h to indicatthere is no steppemnotor.

The Landing Zone Cylinder is based on the Devicklodel Number TheLanding
Zone can becalculated by adding 200 to thmaximumecylinder for the device.
Refer to theproduct FunctionaBpecification for thenaximumecylinder value.

The RPL (Rotational Position Locking) bits are used to select spindle synchroniza-

tion modes aslefined inTable 79.

Table 79. SCSI/ESDSBynchronized Spindl&odes for 50 and 68 piconnectors
Mode RPL Bits Drive/Release| Drive/Receive | I|s Rotational
(bit1/bit0) Master Sync | Slave Sync Offset
allowed ?
No Sync 00 release (see note 1) | no
SlaveSync 01 release receive yes
MasterSync 10 Drive Drive no
MasterSync 11 Drive receive no
Control

Following aredefinitions of the variousnodes.

Mode - Indicates -
No Sync Spindle synchronization idisabled.
Slave Sync Spindle synchronization iattempted byreceiving the Slave

Syncsignal as thesourcesignaldriven by anotherdevice.
The MasterSyncsignal is notdriven.

Master Sync Spindle synchronization is nattempted bythis device. This
device drives the SlavBync andMaster Syncsignalswith a

pulseonce per revolution (Indepulse).

Master Sync Control Spindle synchronization iattempted byeceiving the Slave
Syncsignal as thesourcesignaldriven by anotherdevice.
The MasterSyncsignal isdrivenwith a pulseonce pemrevo-

lution (Clock generated pulse, NOT thadex pulse).

See theproductFunctional Specificatiorior descriptions of the etdrical and
mechanical aspects of tlmntrol sigrals, SlaveSync andMasterSync, and theon-
nectors used to performpindlesynchronization.

When the RP Lfield is modified as a result of Mode Selectcommand, thephysical
spindlesynchronization state may change depending on its prior stabat is, per-
forming a modeselect ofpage 4will immediately change the physical spindle syn-
chronization state if thepindlesynchronization mode has beerodified. The new
RPL value can also takaffect (change spindlsynchronization state) atart-up
sequence initiated via Start/Stop Unit SCStommand or AutdStart pinbeing
groundedmust beexecuted. See theommanddescription ofl.27,“Start/Stop

Unit” on page 150 and section describidd, “Motor Synchronization” on

page 225 fomore details of how andvhenspindlesynchronizatiorstates are
altered.
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The Rotational Offset value is theamount ofrotationalskewthat theTargetuses
when synchronized. The rotationskew isapplied in the retarded directidifagging
the synchronized spindimaster control). Thealue in thefield is the numerator of
a fractional multiplierthat has 256 as its denominat@.g., avalue of 128 indicates
a one-half revolutiorskew). A value of 00h indicatethat rotational offset is not
used. Therotational dfset is onlyused when the Drive isunning in theSlave Sync
RPL mode.

The Medium Rotation Rate indicates the spindle speed iavolutions per minute.
A value of zero is also accepted in tHisld.

SCSI Commands —Page 99 of 308



1.6.7 Page 7h - Error Recovery Parameters for Verify

Table 80.Mode SelectData FormatPage 7h
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 07h
=0 =0
1 PagelLength = 0Ah
2 Reserved = 0 | EER=0 | PER | DTE=0 | DCR
3 Verify Retry Count
4 Verify CorrectionSpan = 00h
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0
9 Reserved = 0
10 (MSB)  Verify Recovery TimeLimit = 0
11 (LSB)

Following are parameter options f®age 7 oMode Select. Refer toTable 80.

Page 7 parameters are used by the Target wieeaveringfrom and reporting
errors associatedith the verification of thelnitiator's Data for thefollowing com-
mands:

Verify
« Write andVerify - the verify portion of the commananly.

Sincebytes3-11 are notchangeable, th&ode SelectCommandaccepts only the
values indicated for bytes 3 - 11.

Byte 2 contains thefollowing fields -

EER This bit is 0 since th&arget does nosupportearly recovery.

PER See below for description of bialues.

DTE This bit is 0 since th&argetalwayscontinues orrecoveredverify opera-
tion errors.

DCR See below for description of bualues.
PER, DTE, and DCR bitettings in page 7 overridthose ofpage 1 duringverify
and the Verifyportion of Write andVerify. There are only fouwalid conditions for

the PER, DTE, and DChits. All other combinations retur@heckCondition
Status

PER DTE DCR  Description

0 0 0 Soft errors are nateported. DCR is ignored.
1 0 0 Soft errors areeported. DCR is ignored.
0 0 1 Soft errors are nateported. DCR is ignored.
1 0 1 Soft errors areeported. DCR is ignored.
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Soft errorsoccur when the data isuccessfullyread by one of theppropriateretry
steps described in B.1.2yerify Commands” onpage 275. Also see the description
of 1.30, “Verify” on page 154 and 1.33Write and Verify” on page 158 formore
details on how soft anthard errors are defined for th¥erify and Write andVerify
commands.

Verify Retry Count sets a limit on theamount ofverify recoveryprocedure(VRP)
passes th@arget attempts wherecoveringverify errors. One pasthrough VRP
involves executing all steps &RP. (See B.1.2, “VerifyCommands” ormpage 275
for a description of one VRP pass.) hon-zeroVerify Retry Countcauses the
Target toattempt up to one VRP pass when a mediamor occurs during aerify
operation.

Verify Correction Span specifies the size, ibits, of thelargest dataerrorburst for
which data error correction may tetempted. Avalue of 00h indicates th&arget
does notattempterror correction fowerify operations.

Verify Recovery Time Limit specifies inincrements of one millisecond thmaximum
time duration the Target uses for degeror recoveryprocedures taecover data for
an individual block. Arecoverytime limit of 0000h specifiesthat theTargetuses its
default value.
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1.6.8 Page 8h - Caching Parameters

Table 81.Mode SelectData FormatPage 8h

Byte BIT
7 6 s | 4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 08h
= =0
1 PagelLength = 12h
2 Reserved = 0 | wce | mMF | RCD
3 Demand Readretention Priority | Write Retention Priority
4 (MSB) DisablePre-fetchTransfer Length
5 (LSB)
6 (MSB)  Minimum Pre-fetch
7 (LSB)
8 (MSB)  Maximum Pre-fetch
9 (LSB)
10 (MSB)  Maximum Pre-fetchCeiling
11 (LSB)
12 RSVD| RSVD | RSVD Reserved = 0
=0 =0 =0
13 Number ofCacheSegments
14 (MSB) Reserved = 0
15 (LSB)
16 Reserved = 0
17 (MSB)
18 Reserved = 0
19 (LSB)

Page 8 parameters are used @i@fining the use of the cache. See 43egmented
Caching” onpage 231 for anore detailed description of cach&upport.Sincebytes

6 and 7 are not changeable, tMode SelectCommandaccepts only the values indi-

cated inTable 81 forbytes 6 and 7.

The use of the cache is also altered by the settiniylotle SelectPage 0, ADC

(Adaptive Caching) bit.

Byte 2 contains thefollowing fields -

WCE The WCE (WriteCache Enable) bit of @8pecifiesthat theTarget returns

Good Statudor a Write commandonly after successfully writing all of the

data to the medium. The WCE bit ofspecifiesthat theTarget may
return Good Statudor a Write commandafter successfully receiving the
data butbefore writing the data to thenedium. (Also see4.4.1,“Back to

Back Writes” on page 225 andl.9.4, “Write Cache” onpage 235 fomore

information.)

Note: WhenWrite Cache is enable@WCE =

1), aSynchronize Cache

command must beone toassume data is written to the media

before powering down the Target.
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MF The MF (Multiplication Factor) bitdetermines how th&aximum Pre-
fetch parameter is interpreted. If this bit is equal to 0, the parameter is used
as is. If the bit is equal to 1, the parameter is multiplied by thenber of
blocks requested in thRead Command.

RCD An RCD (read cache disable) bit of O indicatbat theTarget may return
some or all of the dataequested by &ead (6) or Read (10) command by
accessing the data buffer, not theedia (seet.9,“Segmented Caching” on
page 231). An RCD bit of 1 indicatahat theTarget does noteturn any
of the data requested byRead (6) or Read (10) command hgcessing
the data bufferRather, all of the dataequested is reaffom the media.

Demand Read Retention Priority sets theRetention Prority of data requested on a
Read Command. It may be set to Oh, 1h, or OFdeBnedbelow.

Value Definition

Oh Do not distinguish betweeRequestedata and Other Data.
1h Replace RequestedatabeforeOther Data.

OFh ReplaceOther DatabeforeRequested Data.

Where the Value is th®emand Read Retention Priority d¥rite RetentionPri-
ority. Requestedata is theblocks specified in theRead orWrite Command.Other
Data is data in theachefrom any othersource (Pre-fetchRead-Ahead,..).

If the Read Retention Priority is not set to Fh or if the DPO bit on the Read
command is 1, th&kequestedata isoverwritten byRead-Ahead data.

If the DPO bit is 0 and the Read Retention dtity is set to Fh, the Requested
Data is notoverwritten withRead-Ahead Data. If theequested transfer iarger
than the segment, thRequestedata isoverwritten withmore Requeste®ata and
there is noRead-Ahead.

Write Retention Priority sets theRetention Piority of data provided on a Write
Command. It may be set to Oh, 1h, or OFh. Seéinition of Demand Read
Retention Priorityabove for moredetails.

Disable Pre-fetchTransfer Length is used to prevenRead-AheadfterRead Com-
mands that aréongerthan thespecifiednumber ofblocks. If this parameter is set to
0, a Read-Ahead is not performed.

Minimum Pre-fetchis used to set a lower limit on theumber ofblocks toRead-
Aheadafter aRead Command. Thealue of 0000h indicatethat pre-fetching is ter-
minatedwheneveranothercommand igeady for executing. A value in the range
0001h-FFFEh is the number bfocks prefetchedollowing a readoperation that
will not be pre-empted by a subsequesdmmand. Theactualnumber ofblocks
prefetchedwithout interruption may belecreased byptherreasons such aspace in
the cache segmentlaximum Prefetch, and the end of the media. The value of
FFFFhindicatesthat thedrive self-adapts theninimum piefetch value. Theadap-
tive minimum prefetchalgorithm uses the detectebrkload seen by the drive to
optimizethroughput andesponse time fothat workload.

Maximum Pre-fetch is used to set ampperlimit on the number ofblocks toRead-
Aheadafter aRead Command.Otherfactors,such as segmersize,Drive size,
retentionpriorities, commands in thejueue, thevalue of Page 0, ADC (Adaptive
Caching) bit, and newommands mawlso limit theRead-Ahead.
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Maximum Pre-fetch Ceiling limits the product of theMaximum Pre-fetch and the
number ofblocks requested in thRead Command.

The Number of Cache Segmentdield is used to skect thenumber of datauffer
cache segments. The value entered in flall is rounded down to th@earest value
of cach segmentsupported bythis Drive. Thenumber ofcach segmentsupported
by this Drive are 1, 2, 4, 8, 16, and 32.

All segments are of equaiize. Thebuffer space is dividedamong thesegments(See
the product Functional Specificatiorior a description of theotal buffer and indi-
vidual buffersegmentizes.)

If Mode Select,Page Oh, ADC bit is on, the Targatill default to using 8 cache
segments, and may alter timember ofsegments to optimizdrive performance.

Note: Mode Selectcommands thatransfer Page 8h cause the entire cache to be
emptied (se&.9,“Segmented Caching” opage 231).
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1.6.9 Page OAh - Control Mode Parameters

Table 82.Mode SelectData FormatPage 0Ah
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 0Ah
=0 =0
PagelLength = 06h
2 Reserved = 0 RLEC
Queue AlgorithmModifier Reserved = 0 QErr DQue
EECA Reserved = 0 RAENP | UAAENP| EAENP
=0 -0 -0 -0
Reserved = 0
6 (MSB) Ready AENHoldoff Period = 0
7 (LSB)

The Control Modepage(Table 82)provides controls oveseveralfeatures. The fea-
tures aretaggedqueuing (seel.3.2,“TaggedQueuing” onpage 222)gextendedcon-
tingentallegianceasynchronougvent notification, and errdogging (see 4.6,Error
Logs” on page 228).

Sincebytes?2,4-7 are notthangeable, th&lode SelectCommandaccepts only the
values indicated imMable 82 forbytes2,4-7.

RLEC (Report Log Exception Condition) bit of 0 specifiesthat theTarget does not
report logexception conditions.

Queue Algorithm Modifier specifiesrestrictions on the algorithm used for re-
ordering commands that atagged with theSIMPLE QUEUE TAG message. The
value of zero in thidield indicatesthat theDrive will reorder the execution sequence
of queued commandom each initiator suchthat dataintegrity is maintained for
thatinitiator. Thismeans that if théransmission of newwommands wasalted at
any time, thefinal value of all data observable on tmeediumshall haveexactly the
same value as ivould have if thecommands hadheenexecuted in the same
receivedsequenceavithout taggedqueuing. Therestricted reordering value is the
default value.

A value of one in theQueue AlgorithmModifier field specifiesthat the arget may
reorder the actual execution sequence of gn@ue in any manner it selects. Any
data integrity exposures related tommandsequence order amxplicitly handled
by the initiatorthrough theselection ofappropriate commands and queue tags-
sages.

A value of eight (8)specifiesthat noreordering bedone.

A value ofnine (9)specifiesthat thenumericvalue of theQueue Tageceivedwith
a SimpleQueue Tagnessagaletermines the order of execution. Tlegger thevalue
of the queueag, the earlier theommandwill be scheduled for execution. The
Head of Queue Tag an@rderedQueue Tagmessages are stilonored. Any data
integrity exposures related ttommandsequence order amxplicitly handled by the
initiator through theselection ofappropriate commands and queue tagssages.
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QErr (Queue Error management)bit of 0 specifiesthat theTarget suspendexe-
cution of queued andctivecommanddrom any Initiator whichreceives aCheck
Condition Statuauntil the pendingsense data is clearedilhose commandstill
gueued or suspendedter theTarget has returne@heckCondition Statuscontinue
execution in anormal manner when thpendingsense data is cleared.

A QErr bit of 1 specifiesthat theTarget aborts queued arattivecommands when
the Target return€heckCondition Status An activeStartUnit command or an
active Format Unitommand are noaborted and continue texecute when aini-
tiator returnsCheckCondition StatusThe setting of theQEMC bit (see 1.6.2,
“Page 0 - VendoiUnique Parameters” ompage 75) determines if theommands
from all Initiators or just the Initiatoreceiving theCheckCondition Satusare
aborted.

When the QErr bit is 1 and th@ EMC bit is 0, allactivecommands and all queued
commanddrom the Initiatorreceiving theCheckCondition Satusare aborted.
Commanddrom other Initiator araunaffected.

When the QErr bit is 1 and th@ EMC bit is 1, allactivecommandgexcept Start
Unit and Format Unit) and all gueued commarfdem all Initiators are aborted
when the Target return€heckCondition Status Whenthis conditionoccurs aUnit
Attention will be generated for eachitiator that had an I/Oprocessabortedexcept
for the Initiatorthat received theCheckCondition Status The sense kewill be set
to Unit Attention and the additionasensecodewill be set to CommandsCleared by
Another Initiator.

DQue (Disable Queuing)bit of 0 specifiesthat taggedqueuing is enabled. AQue
bit of 1 specifiesthat taggedqueuing isdisabled. Anyqueued commands for that
|_T_L nexus are aborted. No status is sentdborted commands. Angubse-
guent queue tagnessage received are rejecteilh a MESSAGEREJECTmessage
and the I/O process is executed as an untaggedmand.

EECA (Enable Extended Contingent Allegiance)bit of O specifiesthat extended
contingentallegiance idisabled.

The RAENP, UAAENP, andEAENP bits enablespecificevents to be ngorted via
the asynchronousvent notificationprotocol. Since theTarget does notreate asyn-
chronousevent notifications, all three bits asdways 0.

Ready AEN Holdoff Period specifies theminimum time in milliseconds after the
Target starts its initialization sequenteat it delays beforeattempting toissue an
asynchronougvent notification. The value of 0000h indicatdmat this field is not
supported(becauseasynchronougvent notification is nosupported).
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1.6.10 Page OCh - Notch Parameters

Table 83.Mode SelectData FormatPage 0Ch
Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 RSVD | RSVD Page Code = 0Ch
=0 =0
PagelLength = 16h
ND LPN Reserved = 00h
=1 =0
3 Reserved = 0
4 (MSB) Maximum number ohotches
5 (LSB)
6 (MSB)  Active notch
7 (LSB)
8 (MSB)  StartingBoundary
11 (LSB)
12 (MSB) EndingBoundary
15 (LSB)
16 (MSB) PagesNotched = 000000000000100Ch
23 (LSB)

The notchpagecontains parameters falirect-access deviceghich implement a
variablenumber ofblocks percylinder. Eachsection of thelogical unit with a dif-
ferentnumber ofblocks percylinder is referred to as aotch. Theonly field that is
changeable is th#Active notch" field.

“"ND" = 1 meaningthat this drive is anotcheddrive.

"LPN" = 0 meaningthat thenotches are baseadpon physicalparameters of the
drive (cylinder #), not logicaparameters.

"Maximum Number of Notches" is the number ohotches thealrive cansupport.
The value returned immodel dependent.

"Active Notch" indicateswhich notch subsequertode Select/Senseommand
parameters pertain to. #alue of 0 is used foparametewalueswhich apply to all
notches. Values greater than zewpecify thenotch numberwherenotch 1 is the
outer most notch.

The following modeparameters are based on the curractive notch:

Page 02h

- ReadBuffer Empty Ratio.
—  Write Buffer Full Ratio.

Page 03h

Alternate Sectors Pefone.
Sectors Peifrack.

Track Skew Factor.
Cylinder SkewFactor.
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"Starting Boundary" contains thédfirst physicallocation of theactivenotch. Thefirst
three bytes is theylindernumber and théast byte is the head. Thealue sent in
this field is ignored.

"Ending Boundary" contains thdast physicallocation of theactive notch. Thefirst
three bytes is theylindernumber and théast byte is the head. Thealue sent in
this field is ignored.

"Pages Notched" is a bit map of the mode page codiésmt indicateswhich pages
contain parameterthat may bedifferent for differentnotches. Themost significant
bit of this field corresponds t@page code 3Fh and tHeast significant bitcorre-
sponds topage code 00h. If a bit is onéhen thecorresponding mode pag®ntains
parameterghat may bedifferent for differentnotches. If the bit izero,then the
corresponding mode pag®ntain parameterthat are constant for altotches.
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1.7 Mode Sense (6)

Table 84.Mode SenseCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 1Ah
1 LUN RSVD | DBD Reserved = 0
=0
2 PC | Page Code
3 Reserved = 0
4 Allocation Length
5 vu=20 | Reserved = 0 | Flag | Link

The ModeSensecommandprovides ameans for the Target to repovariousdevice
parameters to Initiators. It is theomplement to thévlode Selectcommand.

If the DBD (Disable Block Descriptor) bit is zero, the targeil return theBlock
Descriptor. If the DBD bit is set to 1, the target wil not return tBkck
Descriptor.

PC (PageControl) defines thetype of PageParametewralues to bereturned.
PageCodeindicateswhich page(s) toreturn.

PageCode of 3Fh is aequest for the Target to return alipportedpages. Other-
wise, a singlepage may be selected. If amsupportedage is selected, the
command igerminated with aCheckCondition Statusand available sense dfegal
Requestinvalid Field in CDB.

If a PageCode of 3Fh isused,Mode Sensereturns thepages in ascendingrder
with one exception. Page 0 @waysreturnedlast inresponse to &ode Sense
command.

The Allocation LengtHfield indicates themaximum number obytes thelnitiator

has set aside for thBata Inphase. A value of zero is not considered an error. If
the allocation length ismallerthan the number dbytes of data the target has avail-
able to send to the initiatothen that portion of the data up to tladlocation length
is sent. This may result in only portion of amultiple bytefield being sent.

Note: An Initiator mayissue theMode Sensecommand todetermineMode Select
parameterghat are:

Currentvalues
Changeablevalues
Defaultvalues
Saved values

Fields not supported by the Targleavevalues set to zero.

The types of parameters returned for tthiéferent setting of the PQits are as
follows:
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PC Meaning
0 0 Reportcurrentvalues.

The definition ofcurrentvalues changes as thgrive progressegrom
power-up througlcommandexecution. Thédollowing list defines thevarious
sources of currentalues:

Initially following power-up butbefore the media iaccessed, the default
valuesbecome current.

- Once the media can baccessed, the saved values eradfrom the
Reserved Area andecome current.

Note: The Target does not process tMode Selectcommanduntil the
completion of start-upequence. Therefore, an Initiatoannot
modify the currentvaluesprior to thesaved values being redcom
the Reserved Area, unlesgpaoblem prohibited thesavedparame-
tersfrom being readsuccessfully.

Following the completion of start-upgxecution of theMode Select
command can maify the currentvalues.

Note: Thoseparametersassociatedvith format are notconsidered
current and are nogaveduntil the successfutompletion of a
"Format Unit Command".

In addition, the currenvalues take on the saved values after a reset if the
parametersvere saved.

If the PageCode is 3Fh, then alpagesimplemented by the Target are
returned to the Initiator witHields and bitvalues set tacurrentvalues.

If the PageCode is not 3Fh, th@age defined by th®ageCode, if supported
by the Target, is returned witfields andbits set to currentalues.

01 ReportChangeablé/alues.

Reportingchangeable values presents atiask forMode parametebytes
(i.e. bytes following the page lengttield) indicating whichfields arechange-
able. For a valudield such as théuffer ratios in page 2, the bifield does
not indicate the range cfupportedvalues butratherthat thefield is simply
supported.

If the PageCode is 3Fh, alpagesimplemented by the Target are returned
with bits andfields that may bechanged by the Initiator set to one.

If the PageCode is not 3Fh, th@age defined byageCode, if supported, is
returned with bits andields that may bechanged by the Initiator set to one.

Note: No field in Page 3 is changeable, but certdiglds implicitly have
varying valuesdepending on the current formatted Block Length.

10 ReportDefaultValues

The default values do not requirenaediaaccess. See 1.6Mode Select (6)”
on page 70 for th& arget'sdefault values.

If the PageCode is 3Fh, alpagesimplemented by the Target are returned
with bits andfields set todefault values.

If the PageCode is not 3Fh, th@age defined byageCode (if supported) is
returned with bits andields set todefault values.
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11 ReportSaved Values
The saved values reside in tlieserved Area of the Drive.

Returnedvalues can varylependinguponwhether or not those parameters
can be successfullseadfrom the Reserved Area or if they haeserbeen
saved. The possible saved valuesurned are either

+ Values saved in th®eserved Area during thlast Mode Selectcommand
that had the SP bit on, or

- Values identical to the default values if @nror prohibits thesavedparam-
etersfrom being readrom the Reserved Area of thdisk during astart-up
sequence, or

« Values identical to the default values if never saved.

If the PageCode is 3Fh, alpagesimplemented by the Target are returned
with bits andfields set totheir saved values.

If the PageCode is not 3Fh, th@age defined byageCode, if supported, is
returned with bits andields set totheir saved values.

Note: WhenPage 3saved values areequested, the Targetill return param-
eter valuesquivalent to the currentalues.

1.7.1 Mode Sense Data Format (of Header & Block Descriptor)
The following diagram depicts théormat of theMode Sensedataavailablefrom the
Target.

Table 85.Mode SenseData Format Header

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0 SenseDataLength
Medium Type = 0
2 WP Reserved = 0 DPOEUA Reserved = 0
3 Block Descriptor Length = 08h

Table 86.Mode SenseData Format Block Descriptor

Byte BIT

7 | e | s | a4 | 3 | 2 | 1 | o
DensityCode = 0

(MSB)
Number ofBlocks
(LSB)

Reserved = 0

(MSB)
Block Length
(LSB)

~No (b~ |j]wWNEF|O

See the textescribing 1.6.1.1'Header” onpage 72 for a description of the
Medium Type and WHields.
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The DPOFUA bitvalue of 1 indicateshat theTarget supports the FUA and DPO
bits in theRead andWrite Commands. Sed.9,“Segmented Caching” opage 231
for detailedinformation onthis support.

The Block Descriptoiengthfield value of 8 indicateshat only asingle block
descriptor follows.

The Number ofBlocks field specifies thenumber ofblocks currently available to the
Initiator. It is a function of theNumber ofBlocks specified by theMode Sense
command and theurrent block length. Refer to theroduct FunctionaBpecifica-
tion for more informatiomaboutcapacity.

If the Number ofBlocks isFFFFFFhthen the number oblocks isgreater than
FFFFFEh. Inthis case theReadCapacitycommand may beised to determine the
actualnumber ofblocks for thedevice.

The BlockLengthfield is dependant on how themedia is currently formatted.
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1.7.2 Mode Sense Data Format (of All Pages)

Table 87.Mode SenseDataPage 00h

Byte

765|4|3|2|1|0

RSVD
=0

Page Code = 0

PagelLength = OEh

QPE

UQE

DWD

Reserved = 0

ASDPE

DPW

CMDAC

RPFAE| DOTF | ignored| RRNDE| CPE

Ignored

ignoreo|

TcC | DSN | FRDD]| DPSDP | ignored CAEN] LITF

ignored

ignored

ignoreo|

ADC | QEMC| DRD | LED Mode

Ol | Nl |[W[N]|PF

ignored

=
o

CommandAging Time Limit (HI)

BN
[EEY

CommandAging Time Limit (LO)

I
N

QPE-2 for readbperations

[y
w

QPE-2 forwrite operations

[EEY
iy

DRRT

DNR

DUASS

RARRED

ignored

=
a1

RTP

RRC

FCERT

RCPF

ignored

Table 88.

Mode SenseData Page 01h

Byte

BIT

6

‘|

3

| 2 | 1

RSVD

Page Code = 01h

=0

PagelLength = 0Ah

AWRE

ARRE B RC EER PER DTE DCR

ReadRetry Count

CorrectionSpan = 30h

Head OffsetCount = 0

Data StrobeOffsetCount = 0

Reserved = 0

Write Retry Count

O|lo|N|loo|lO|hA~|wW

Reserved = 0

(MSB)

e
[ENYS)

Recovery TimeLimit = 0
(LSB)
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Table 89.Mode SenseDataPage 02h
Byte BIT
7 6 s | a4 | 3 | 2 | |
0 PS RSVD Page Code = 02h
=1 =0

1 PagelLength = OEh

2 ReadBuffer Full Ratio

3 Write Buffer Empty Ratio

4 (MSB) Bus Inactivity Limit = 0

5 (LSB)

6 (MSB) Disconnect Timd.imit = 0

7 (LSB)

8 (MSB)  Connect TimeLimit= 0

9 (LSB)

10 (MSB) Maximum Burst Size

11 (LSB)

12 ignored DIMM| RSVD DTDC

=0

13 Reserved = 0

14 Reserved = 0

15 Reserved = 0
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Table 90.Mode SenseDataPage 03h

Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 PS RSVD Page Code = 03h
=0 =0
1 PagelLength = 16h
2 (MSB)  Tracks per Zone
3 (LSB)
4 (MSB)  Alternate Sectors pezone
5 (LSB)
6 (MSB)  AlternateTracks per Zone = 0
7 (LSB)
8 (MSB)  AlternateTracks perLogical Unit = 0
9 (LSB)
10 (MSB) Sectors peffrack
11 (LSB)
12 (MSB) DataBytes perPhysical 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 | HSEC | RMB SURF Reserved = 0
=0 =1 =0 =
21 Reserved = 0
22 Reserved = 0
23 Reserved = 0
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Table 91. Mode SenseData Page 04h

Byte BIT
7 6 s | a4 | 3 | 2 | |
0 PS RSVD Page Code = 04h
=1 =0
1 PagelLength = 16h
2 (MSB)
3 Number ofCylinders
4 (LSB)
5 Number of Heads
6 (MSB)
7 Starting Cylinder-WritePrecompensation = 0
8 (LSB)
9 (MSB)
10 Starting Cylinder-Reduced Writ€urrent = 0
11 (LSB)
12 (MSB) Drive StepRate = 0
13 (LSB)
14 (MSB)
15 Landing Zone Cylader
16 (LSB)
17 Reserved = 0 RPL
18 Rotational Offset
19 Reserved = 0
20 (MSB) Medium Rotation Rate
21 (LSB)
22 Reserved = 0
23 Reserved = 0
Table 92. Mode SenseDataPage 07h
Byte BIT
7 6 5 | a4 | 3 | 2 | |
0 PS RSVD Page Code = 07h
=1 =0
1 PagelLength = 0Ah
2 Reserved = 0 | EER=0 | PER | DTE=0 | DCR
3 Verify Retry Count = 0lh
4 Verify CorrectionSpan = 0
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0
9 Reserved = 0
10 (MSB)  Verify Recovery TimeLimit = 0
11 (LSB)
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Table 93.Mode SenseData Page 08h

Byte BIT
7 6 s | a4 | 3 | 2 | 1 | o
0 PS RSVD Page Code = 08h
=1 =0
1 PagelLength = 12h
2 Reserved = 0 | wce | mMF | RCD
3 Demand Readetention Priority | Write Retention Priority
4 (MSB) DisablePre-fetchTransfer Length
5 (LSB)
6 (MSB)  Minimum Pre-fetch
7 (LSB)
8 (MSB)  Maximum Pre-fetch
9 (LSB)
10 (MSB)  Maximum Pre-fetchCeiling
11 (LSB)
12 RSVD | RSVD | RSVD Reserved = 0
=0 =0 =0
13 Number ofCacheSegments
14 (MSB) Reserved = 0
15 (LSB)
16 Reserved = 0
17 (MSB)
18 Reserved = 0
19 (LSB)

Table 94.Mode SenseDataPage OAh

Byte BIT

7 6 s | a4 | 3 | 2 | 1 | o

0 PS RSVD Page Code = 0Ah
=1 =0

1 PagelLength = 06h

2 Reserved = 0 RLEC

Queue AlgorithmModifier Reserved = 0 QErr DQue

4 EECA Reserved = 0 RAEI(\)IP UAA%NP EAEIBIP

=0 - — —

Reserved = 0

(o]

(MSB) Ready AENHoldoff Period = 0
7 (LSB)
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Table 95.Mode SenseData FormatPage OCh
Byte BIT
7 6 s | a4 | 3 | 2 |
0 PS RSVD Page Code = 0Ch
=1 =0
PagelLength = 16h
ND LPN Reserved = 00h
=1 =0
3 Reserved = 0
4 (MSB)  Maximum number ohotches
5 (LSB)
6 (MSB)  Active notch
7 (LSB)
8 (MSB)  StartingBoundary
11 (LSB)
12 (MSB) EndingBoundary
15 (LSB)
16 (MSB) PagesNotched = 000000000000100Ch
23 (LSB)

The ParameterSaveablgPS) bit is set to 1 fopages 0, 1,2, 4, 7, &Ah, and 0Ch
to indicatethat some of thgparameters of thospages can be saved.

The ParameterSaveablgPS) bit is set to 0 fopage 3 to indicatéhat none of the
parameters ofhat page can be saved withMode Selectcommand. Theycan,

however, change as a result of affmatcommand.

The Page.ength bytevalue of each pageeturned by the Targehdicates the
number of Modeparameteibytes returned.Bytes 1 and 0 are not included.

The bit descriptions for all of théields of all of thepages are described in tihdéode

Selectsection (sed..6,“Mode Select (6)” on page 70).
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1.8 Pre-Fetch

Table 96. Pre-Fetc€ommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 34h
1 LUN Reserved = 0 Immed| RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Transfer Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Pre-Fetch commanmquests the target to transfer thgecified logicablocks
to the cache. No data is transferred to the initiator.

The transfer lengtliield specifies thenumber of contiguoudlocks of datathat are
to be transferrednto thecache. A transfer length of zero indicatéesat blocks are
to be transferrednto the cache until the segment fdled or there are nanore
blocks on the media.

If the Immediate (Immed) bit of the CDB ero:

If an error occurswhile reading,error recoveryprocedures arattempted. The
Drive returnsGood Statusor CheckCondition Statusdased on the setting of the
MODE SELECT Page 1 parameters.

If there isenoughroom in thesegment for all of thdRequestedata or if the
TransferLength iszero and no error occumshile reading, theDrive returns
Condition Met Statusvhen the command compkes.

If there is notenoughroom in thesegment, the Transfdrength is notzero, and
no error occurredvhile reading, theDrive returnsGood Statusvhen the
commandcompletes.

If the Immediate (Immed) bit of the CDB isne:

If there isenoughroom in thesegment for all of theRequestedata or if the
TransferLength iszero, the Drive return€ondition Met Statuss soon as the
CDB is verified.

If there is notenoughroom in thesegment and the Transfeength is notzero,
the Drive returngGood Statusas soon as the CDB igerified.

The reading of data ieandled the same d&&ead-Ahead operation. Thimplies
the prefetch may béerminateduponreceipt ofanother command, (sek9.3,
“Read-Ahead” onpage 231) fomore details.

If an error is encountered:

1. The Target terminates tHere-Fetch operation andbes notattempt to
recover thedata.
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2. The error is not reported to the Initiator for the curreoimmand. (The
error will be reportedduring the nextommand if thenextcommand is a
Read command thatquests the block which encountered the error.)

3. The blocks whichwere successfullyead prior to the block in error are
retained in the cache.

The RelAdr(relative address) bitnust bezero. The Drive does natupportrelative

addressing. IRelAdr is set to 1CheckCondition Statuds returned with &ense
Key of lllegal Request anédditionalsensecode of Invalid Field in CDB.

Page 120 of 308 — Release I S| Specification



1.9 Read (6)

Table 97.Read (6) CommandescriptorBlock

Byte

BIT

6 | 5 | 4 | 3 | 2 | 1 | 0

Operation Code = 08h

LUN | (vsB) LBA

Logical Block Address

Logical Block Address(LSB)

Transfer Length

a|ldh|W|IN|F]|O

Vvu=20

Reserved = 0 | Flag | Link

The Read (6) commanrequestghat theTargettransfer thespecifiednumber of
blocks of data to the Initiator sting at thespecified logicalblock address.

The logicalblock addressspecifieswhere the readperation is tobegin.

Transfer length may be a valdeom 0 to 255where 0 implies a length of 256

blocks.

Errors are handled by ERP (errogcoveryprocedures) (see B.XData Recovery
Procedure foiDataField Errors” onpage 273).ERPs are camolled by the error
recoveryparameters (sek.6.3,“Page 1 - ErrorRecovery Parameters” opage 83).

Note: The 6 bytecommand ha®nly 21 bits foraddress fol.BAs. The 21bits
allows for 2 x 10(21) lbas (2,097,152). The b§te command should based to
readLBAs which requiremore bits. At 512 byte blocks, this onlgllows access to
1.048Gigabytes. The 10 byteommand must besed to read Ibas which require

more bits.
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1.10 Read (10)

Table 98.Read(10) CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 28h
1 LUN DPO FUA Reserved = 0 | RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Transfer Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Read(10) commandrequestghat theTargettransfer thespecifiednumber of
blocks of data to the Initiator atting at the specified logicdllock address.

The logicalblock addressspecifieswhere the readperation is tobegin.

A DPO (Disable Pag®ut) bit of 1indicatesthat the dataaccessed byhis
command is to bassigned the lowegtriority for being writteninto or retained by
the cache. A DPO bit of 1 overrides amgtention priorityspecified in theMode
SelectPage 8 Caching Parameters. A DPO bit dh@icates the priority is deter-
mined by the retentiopriority. Seel.6.8,“Page 8h - Caching Parameters” on
page 102 and 4.9Segmented Caching” opage 231.

The initiator should set the DPO bit when the blocks read by tleisimand are not
likely to beread again in theear future.

A FUA (Force UnitAccess) bit of 1 indicatethat the data iseadfrom the media
and not from thecache. A FUA bit of 0 allows the data to be readm either the
media or the cache.

The RelAdr(Relative Address) bimust be 0. Relative addressing is n@tupported.
If RelAdr is set to 1, Check Condition &tus is returned with &ense Key otllegal
Request anddditionalsensecode of Invalid Field in CDB.

If the transfer length is zero, theeekoccurs, but no data is transferred. Tltiendi-

tion is notconsidered an error. If rea@mhead is enabled, @adahead is startedfter
the seelkcompletes (sed.9.3, “Read-Ahead” ompage 231).
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1.11 Read Buffer

Table 99. ReadBuffer CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 3Ch
1 LUN | Reserved = 0 | Mode
2 Buffer ID = 0
3 (MSB)
4 Buffer Offset
5 (LSB)
6 (MSB)
7 Allocation Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The ReadBuffer command isused inconjunction with theWrite Buffer command
to test theSCSI bus and target memory. The ondglid Modesare:

000b Read combinedheader and data
010b Data mode
011b DescriptorMode

If any modes other than shown above apecified, therCheckCondition Statuss
returned with a Sense Key difegal Requestand additionakensecode oflnvalid
Field in CDB.

Mode = 000bRead combinedheader and data

In this modeReadBuffer transfers dour-byte header and thepecifiedamount
of data from the datduffer.

Byte 0 of the header iseserved. Bytes through 3 contain théuffer capacity.

The Buffer ID and Buffer Offsefields must bezero. Receipt of a non-zero
Buffer ID or anon-zeroBuffer Offset results inCheckCondition Satuswith
sense key ofllegal Requestand additionalSenseCode ofInvalid Field in CDB.

The Allocation Lengthincludes the length of the header. The targgminates
the Data-lnphase when theumber ofbytesspecified in theAllocation Length
(header plus the data) have beteansferred or when the header andalhilable
data have beetransferred to theénitiator, whichever isless.

Mode = 010bData mode

In this modeReadBuffer transfers thespecifiedamount of datdrom the data
buffer.

The Buffer ID field must bezero. Receipt of a non-zer8uffer ID results in
CheckCondition Statuswith sense key ofllegal Requestand additionalSense
Code oflnvalid Field in CDB.

The Buffer Offsetfield specifies thebyte offset within thebuffer from which the
data will betransferred. The Buffer Offset iequired to bdess than théuffer
capacity. An dfset greater than oequal to thebuffer capacity results i€heck
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Condition Statuswith Sense key ofllegal Requestand additionalSenseCode of
Invalid Field in CDB.

Note: The buffer capacity can be deteimad usingReadBuffer mode 000b or
mode 011b.

The target terminates thBata-In phase when theumber ofbytesspecified in
the Allocation Lengthhave beenransferred omwhen allavailable datgfrom the
specified offset to the end of the buffdrave beenransferred to theénitiator,
whichever isless.

Mode = 0llbDescriptor mode

In this mode, Readuffer transfers dour-byte header. Headénformation is
returned for the buffer specified by the buffer ID. tHere is nobuffer associ-
ated with the specified buffer IDReadBuffer transfers all zeros in thieeader.

Byte 0 of the header iseserved. Bytes through 3 contain théuffer capacity.

The Buffer Offsetfields must bezero. Receipt of a non-zer8uffer Offset
results inCheck Condition Statuwith a sense key ofLLEGAL REQUEST
and an additionasensecode ofINVALID FIELD IN CDB.

The allocation length should be set to four gneater. Anallocation length of
less than foulndicates no data is transfered.
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1.12 Read Capacity

Table 100. ReadCapacityCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 25h
1 LUN | Reserved = 0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0 PMI
9 vu=0 Reserved = 0 Flag Link

The ReadCapacitycommandreturns information to the Initiatoregarding the
capacity of theLUN.

A Partial Medium Indicator (PMI) bit of 0 indicatesthat theinformation returned is
the logicalblock addresgLBA) and block length (in bytes) of théast logicalblock
on the LUN. The LBAbytes of thecommanddescriptor blockmust be set t@ero
for this option.

A PMI bit of 1 indicatesthat theinformation returned is the LBA and blodkngth
(in bytes) of the lastogical block on the sameylinder as the LBA specified in the
command dexiptor block. This option provides an indication of thamount of

contiguousspacebeyond or equal to the LBApecifiedwithout theneed for aseek.

Following is the format of the data returned to the Initiator in thata Inphase.

Table 101. Format ofReadCapacityData Returned
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 (MSB)
1 Logical Block Address
2
3 (LSB)
4 (MSB)
5 Block Length
6
7 (LSB)
* the 12 byte version of theommand.
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1.13 Read Defect Data (10)

Table 102. ReadDefectData CommandescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 37h
LUN Reserved = 0
2 Reserved = 0 PList | GList | Defect List Format
3-6 Reserved = 0
7 (MSB)  Allocation Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The ReadDefectData commandequestghat theTargettransfer themedium
defect data to thénitiator. The Target does natturndefectsthat exist in the

Reserved area.

A PList bit of onerequestghat theTarget return the Primargefect list. APList
bit of zero requestshat theTarget not return the Primargefect list.

A GList bit of onerequestgh

at theTarget return theGrown defect list. AGList

bit of zero requestshat theTarget not return th&rown defect list.

A PList bit of one and a GList bit of oneequestghat theTarget returnboth the
Primary andGrown defect lists. TheTarget returns the Primanyst first with

defects inascendingprder The Target returns th@rown list second withdefects in
the orderthat theReassign Blockcommand, theAuto-Reassign function, and the

Format Unitcommand(with

The Defect List Formatfield i
returned to the Initiator.

Defect List) addedhem to thelist.

ndicates the preferretbrmat of defect data to be

Preferred Defect List
Format

Returned Defect List Format

Block (000b)
Bytesfrom Index
(100b)
Physical Sector (101b)
VendorUnique (110b)
Reserved (001b)
Reserved (010b)
Reserved (011b)
Reserved (111Db)

Physical Sector
Bytesfrom Index

Physical Sector
Physical Sector
Physical Sector
Physical Sector
Physical Sector
Physical Sector

If the Preferred Defect List Format is not tiReturnedDefect ListFormat, the

Targettransfers the defect dathenterminates theommand withCheck Condition
tRecoverederror and theadditionalsensecode is set

status. Thesense key is set
to Defect List NotFound.
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The Allocation Lengthfield specifies themaximum number obytesthat thelniti-
ator hasallocated forreceiving the defecatlata. An Allocation length ofero is not
an error and in thizase no defect dataill be transferred.

The ReadDefectDatadefect listcontains a four byte headefigllowed by zero or
more defect descriptors.

Table 103. ReadDefectData -Header

Byte BIT

7 | e | 5 | a4 | 3 | 2 | 1 | o
0 Reserved = 0
1 Reserved = 0 | PList | GList | Defect List Format
2 (MSB) Defect ListLength
3 (LSB)

Table 104. ReadDefectData -Defect Descriptor(s)

Byte BIT
7 | e | 5 | a4 | 3 | 2 | 1 | o
0-7 DefectDescriptor 0
8n - DefectDescriptor n
8n+7

If a Requested.ist is empty then theTargetwill return Good status. ARList bit of
one indicateghat the data returnedontains the primarylefect list. APList bit of
zero indicateghat the dataeturned does notontain the primarydefect list.

A GList bit of oneindicatesthat the dataeturned contains th&rown defect list.
A GList bit of zero indicateghat the data returnedoes notcontain theGrown
defect list.

Defect List Format indicates thirmat of thedefectdescriptors returned to the Ini-
tiator.

Defectlist length specifies thdength in bytes of thelefectdescriptorghat follow.
The defect listength is equal teeight times thenumber ofdefect desriptors.

If the allocation length isnsufficient to transfer thdéour byte header and all of the
defect desdptors, thedefect listlength is not adjusted teeflect thetruncation. The
Target does notreateCheck Conditionstatus. The Initiator should compare the
defect listlength with the allocation length to determine if a partiat was received.

Note: An Initiator can determine théength of thedefect list by issuing th&ead
DefectData command with amallocation length of four. The Target returns
the defect listheader which contains the length of tbefect list.

Normally the targewill set the defect listlengthfield to theamount ofspace needed
to contain theentire defect list. However , the Target is capable bfiilding adefect
list with a length suchhat the entirdist cannot betransferred using thenaximum
allocation length. If thedefect listgrows beyond8191entries the defect dateannot
be transferred with an allocation length BFFFh. TheTargetwill transfer a partial
defect list andreturn Check Conditiorstatus with thesense key set tRecovered
Error and theAdditional SenseCode is set tgartial defect listtransferred. The
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defect listlengthwill be set toFFF8h,indicating themaximum number otlefect
descriptors which can be transferreBefectsbeyondthis number can not beead
by an initiator.

The formats for thedefect ascriptor areshown in thefollowing tables.

Table 105. DefectDescriptor -BytesFrom Index Format
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o

0 (MSB)

1 Cylinder Number ofDefect

2 (LSB)

3 Head Number oDefect

4 (MSB)

5 DefectBytesFrom Index

6

7 (LSB)

Eachdefect desriptor for the BytesFrom Index formatspecifies themiddle of a
sector-sized defedbcation on the medium Eachdefectdescriptor is comprised of
the cylindernumber ofdefect, theheadnumber ofdefect, and the defedtytesfrom
index.

The middle byte of ghysical sector is calculated &sllows:
(sectornumber *user bytes/sector) + (1/2 * user bytes/sector)

Table 106. DefectDescriptor -Physical Sector Format
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o

0 (MSB)

1 Cylinder Number ofDefect

2 (LSB)

3 Head Number oDefect

4 (MSB)

5 DefectiveSectorNumber

6

7 (LSB)

Eachdefect desriptor for the Physical Sectdormat specifies asector-size defect
location comprised of theylinder number ofdefect, theheadnumber ofdefect, and
the defectsectornumber.
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1.14 Read Defect Data (12)

Table 107. ReadDefectData CommandescriptorBlock

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = B7h
1 LUN PList GList Defect List Format
2 Reserved = 0
3 Reserved = 0
4 Reserved = 0
5 Reserved = 0
6- (MSB)  Allocation Length
9 (LSB)
10 Reserved = 0
11 vu=20 Reserved = 0 | Flag | Link

The ReadDefectData commandequestghat theTargettransfer themedium
defect data to thénitiator. The Target does natturndefectsthat exist in the
Reserved area.

A PList bit of onerequestghat theTarget return the Primargefect list. APList
bit of zero requestshat theTarget not return the Primargefect list.

A GList bit of onerequestghat theTarget return the&Grown defect list. AGList
bit of zero requestshat theTarget not return th&rown defect list.

A PList bit of one and a GList bit of oneequestghat theTarget returrboth the
Primary andGrown defect lists. TheTarget returns the Primanyst first and defects
in ascendingorder The Target returns th@rown list second andlefects in theorder
that theReassign Bloclcommand, theAuto-Reassign function, and the Format
Unit command(with Defect List) addedhem to thelist.

The Defect List Formafield indicates the preferretbrmat of defect data to be
returned to the Initiator.
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Preferred Defect List
Format

Returned Defect List Format

Block (000b)
Bytesfrom Index
(100b)
Physical Sector (101b)
VendorUnique (110b)
Reserved (001b)
Reserved (010b)
Reserved (011b)
Reserved (111b)

Physical Sector
Bytesfrom Index

Physical Sector
Physical Sector
Physical Sector
Physical Sector
Physical Sector
Physical Sector

If the Preferred Defect List Format is not tlirketurnedDefect ListFormat, the
Targettransfers the defect dathenterminates theommand withCheck Condition
status. Thesense key is set tRecoverederror and theadditionalsensecode is set
to Defect List NotFound.

The Allocation Lengthfield specifies themaximum number obytesthat thelniti-
ator hasallocated forreceiving the defectlata. An Allocation length ofero is not
an error and in thizase no defect dataill be transferred.

The ReadDefectDatadefect listcontains areightbyte headerfollowed by zero or
more defect descriptors.

Table 108. ReadDefectData -Header
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Reserved = 0
1 Reserved = 0 PList GlList Defect List Format
Reserved = 0
Reserved = 0
4- (MSB) Defect ListLength
7 (LSB)
Table 109. ReadDefectData -Defect Descriptor(s)
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0-7 DefectDescriptor 0
8n - DefectDescriptor n
8n+7

If a Requested.ist is empty then theTargetwill return Good status. AList bit of
one indicateghat the data returnedontains the primarylefect list. APList bit of
zero indicateghat the data returnedoes notcontain the primarydefect list.

A GList bit of oneindicatesthat the dataeturned contains th&rown defect list.
A GList bit of zero indicateghat the dataeturned does notontain theGrown
defect list.
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Defect List Format indicates thiwrmat of thedefectdescriptors returned to the Ini-
tiator.

Defectlist length specifies thdength in bytes of thelefectdescriptorshat follow.
The defect listength is equal teeight times thenumber ofdefect desriptors.

If the allocation length isnsufficient to transfer the eighiyte header and all of the
defect desdptors, thedefect listlength is not adjusted teeflect thetruncation. The
Target does notreateCheck Conditionstatus. The Initiator should compare the
defect listlength with the allocation length to determine if a partiat was received.

Note: An Initiator can determine thé&ength of thedefect list by issuing th&kead
DefectData command with aallocation length okight. TheTarget returns
the defect listheader which contains the length of tHefect list.

The formats for thedefect desdptor areshown in thefollowing tables.

Table 110. DefectDescriptor -BytesFrom Index Format
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o

0 (MSB)

1 Cylinder Number ofDefect

2 (LSB)

3 Head Number oDefect

4 (MSB)

5 DefectBytesFrom Index

6

7 (LSB)

Eachdefect ascriptor for the Byte$rom Index formatspecifies themiddle of a
sector-sized defedbcation on the medium.Eachdefect ascriptor is comprised of
the cylindernumber ofdefect, theheadnumber ofdefect, and the defedtytesfrom
index.

The middle byte of ghysical sector is calculated &sllows:
(sectornumber * usetytes/sector) + (1/2 * user bytes/sector)

Table 111. DefectDescriptor -Physical Sector Format
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o

0 (MSB)

1 Cylinder Number ofDefect

2 (LSB)

3 Head Number oDefect

4 (MSB)

5 DefectiveSectorNumber

6

7 (LSB)

Eachdefect aéscriptor for the Physical Sectéormat specifies asector-size defect
location comprised of theylinder number ofdefect, theheadnumber ofdefect, and
the defectsectornumber.
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1.15 Read Long

Page 132 of 308 — R

Table 112. ReadLong CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 3Eh
1 LUN Reserved = 0 CORRCT| RelAdr
-0 =0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Byte Transfer Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Read Long commanikquestghat the targetransfer data to thénitiator. The
data returned by th®ead Long commandonsists of the data bytes followed by
the LRC and ECC bytes recorded on tmedium.

The CORRCT(corrected) bitmust bezero. IfCORRCT is set to 1Check Condi-
tion Status is returned with 8ense Key olllegal Request ancdditionalsensecode
of Invalid Field in CDB. The Drive does nadttempt datecorrection. The Drive

will however,attempt toretry thecommand arinternally specifiednumber oftimes.

The RelAdr(relative address) bitnust bezero. The Drive does natupportrelative
addressing. IRelAdr is set to 1, Check Condition &us is returned with &ense
Key of lllegal Request anddditionalsensecode of Invalid Field in CDB.

The logicalblock addresdield specifies the logicablock at which the readperation
occurs.

The byte transfer lengtfield mustexactly specify thenumber ofbytes of datahat
are available for transfer. If the value does rextactlymatch theavailable data
length, thecommandterminates with CheckCondition status, asense key set to
lllegal Request, and aadditionalsensecode set to Invalid Field in CDB. Thealid
and ILI bits are set to one and theformationfield is set to the differencé&esidue)
of the requested lengtminus theactual length in bytes. Negatiwealues are indi-
cated bytwo's complement notation.

The transfer length is calculated &dlows:
transfer length = logical block size + (20 * n),
where n is thenumber ofphysical sectors per LBA.

If the bytetransfer length is zero, theeekoccurs, but no data is transferred. This
condition is notconsidered an error.

The data read by thisommand is noteadfrom norretained in the cache.
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1.16 Reassign Blocks

Table 113. Reassign Block€ommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 07h
1 LUN | Reserved = 0
2 Reserved = 0
3 Reserved = 0
4 Reserved = 0
5 vu=20 Reserved = 0 | Flag | Link

The Reassign Blockeommandrequests the Target teeassign LogicaBlocks to
available spardocations. The Logical BloclAddresses are transferred to tharget
during theData Outphase.

A physical sector of the LBA in the Reassign BlodRsita Descriptor isreassigned.
Additional physical sectors residing in treffected dataarea may also be reassigned.

All spare physical sectors on each cylinder are located on therasit of that cyl-
inder. As new spares are needed, the next spare in order is used. If all spatfeston
cylinder arefilled, the first available spare of thaextcylinder is used. Thigon-
tinues for amaximum ofthreecylindersbeyond the location of th®efective

Logical Block Address in the Reassign Blocksata Descriptor. If there are not
enoughavailable sparewithin threecylinders to reassign the initial and addi-

tional physical sectors, the Driveeturns CheckCondition andbuilds sense data for
No Defect Spard.ocation Available.

Execution of thiscommandcauseanovement of datadjacent to the LBAspecified
in the Reassign BlocbataDescriptor. The data movetbnsists of sectorthat
reside on thdrack containing the LBAreassigned and all sectors sabsequent
tracks required tgerform thereassign, anaximum ofthree consecutiveylinders of
data is allowed to benoved. The sequential order of &tlgical blocks ismain-
tained during thisnovement.

During thereading of theaffected dataarea, an internal reallocate log is used to
determine if additionaphysical sectors need reassignment. If the DNR bitvode
page O is set to zerthenadditionalphysical sectors detmined to needeassign-
ment arealso reassigned. If the DNR bit oviode page 0 is set to onthen no
LBAs other than the target LBA aneassigned.

Upon successfutompletion ofthis command, thdocation of allphysical sectors
reassignediuring thecommand isadded to the Glist.

If the command isnterrupted by aeset orpower outage, theommand automat-
ically resumes the reassignmemhen the Drive's Bring-usequence is executed or
restarted. Refer td4.18,“Bring-Up Sequence” orpage 243 fomore information.

If the reassignmenfiails to completesuccessfully, théfarget enters a@egraded mode
of operation. Writing to the data areaffected isprohibited. For more information
on the degraded mode and when reassigarations can geaestarted sed.1.9,
“DegradedMode” on page 208.
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All data during areassigncommand ipreserved except for the datesiding at the
Defective LogicalBlock Address described in the Reassign Blo€ksta Descriptor.
The Initiator shouldread andsave the data of theequested LBA before thReas-
sign Blocks command idssued and restore the data after Reassign Blocks
commandcompletessuccessfully.

The ID of sectors reassignedriswritten toflag the physical sectodefective and
cannot beaccessed.

Following is the format of the data sent by the Initiaturing theData Outphase.
SCSI bus data phagetries are nosupported.

Table 114. Format ofReassign Block®ata -Header

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Reserved = 0
1 Reserved = 0
2 (MSB) Defect List length
3 (LSB)

Table 115. Format ofReassign Block®ata -Descriptor(s)

Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0-3 Reassign Block®ata Descriptor 0
4n - Reassign Block®ata Descriptor n
4n+3

Table 116. Format ofReassign Block®ata -Descriptor

Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0 (MSB)
1 DefectiveLogical Block Address
2
3 (LSB)

The Reassign Blockdefect listcontains a 4-byte headéollowed by the Reassign
Blocks Data Descriptors. The header Defect Lisength is a multiple of 4where 16
is its maximumvalue. The Reassign Blockommandrequests the reassignment of
up to four logicalblocks percommand. Thdength of eachdefectdescriptor is 4
bytes. The descriptors may be sent in any ordéthen more than on®escriptor

is used, multipledefective logicablock addressesvill be reassigned individually in
descendingrder (and may not be in the ordgiven).
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1.17 Receive Diagnostic Results

Table 117. ReceiveDiagnostic Result€ommandDescriptorBlock

Byte

BIT

7]

| 3 [ 2 |+ ] o

Operation Code = 1Ch

LUN

Reserved = 0

Reserved = 0

(MSB)  Allocation Length

a|lbhwW(N|[F|O

vu=20 Reserved = 0 | Flag | Link

The Receive DiagnostiResultscommandrequestshat analysisdata requested by a
Send Diagnosticeommand besent to the initiator.

Allocation Lengthspecifies theamount of data to beeturned to the initiator. No

bytes are transferred if the allocation length is zefichis condition is notconsidered
an error. The target terminates tBata Inphase when alhvailable diagnostic data
has beenransferred or when theumber ofbytes transferred equals the allocation

length.

1.17.1 Supported Diagnostic Pages - Receive Diagnostics

Table 118. Supported Diagnostic Pagedfkeceive Diagnostics
Byte BIT
7| | 3 | 2 | 1 | o
0 Page Code = 00h
1 Reserved =
2 (MSB)
3 PagelLength =
4 First Supported Page Code = 00h
5 Second SupporteBage Code = 40h

The supportedliagnostic pageeturns alist of supportedpages in ascendingrder.

1.17.2 Translate Address Page - Receive Diagnostics
The translate address paghbows theinitiator to translate dogical block address or
physical sector address to tlo¢her format. Theaddress to be translated is passed
to the target with the Send Diagnostommand and theesults are returned to the
initiator by the Receive Diagnosticommandstranslate address page.
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Table 119. Translate Address PageReceive Diagnostics
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Page Code = 40h
1 Reserved = 0
2 (MSB)
3 PagelLength (LSB)
4 Reserved = 0 Supplied Format
5 Rarea| Altsec | Alttrk | Reserved =0 Translated Format
6-13 Translated Address 1
n-n+7 Translated Address n (ifequired)

The page begins with our-byte page header whicdpecifies thepage code and
length, followed by two bytesvhich describe the translatedidress followed by zero
or moretranslatedaddresses.

The PageCodefield is equal to 40h.
The Pagd.engthfield specifies thdength of theparametebytes whichfollow.

The Supplied formafield contains thevaluefrom the Send Diagnhostiosommand
suppliedformatfield. ThetargetsupportsO00b (BlockFormat) andl01b (Physical
Sector Format).

The Translated formdfield contains thevaluefrom the Send Diagnosticsommand
translate formatfield. Valid values are 000KBlock Format) andl01b (Physical
Sector Format).

A reserved areéRarea) bit of onéndicatesthat all or part of thetranslated address
falls within a reserved area of thmedium. If the Rarea bit is onetsanslated
addresswill not be returned. AnRarea bit ofzero indicategshat no part of the
translated addredslls within a reserved area of thmedium.

An alternate sectofAltsec) bit of one indicateshat thetranslated address hys-
ically located in an alternate sector of theedium. AnAltsec bit of zero indicates
that no part of theéranslated address is located in an alternate sector ofmtadium.

An alternate track (Alttrk) bit of onéndicatesthat all or part of theranslated
address is located on an alternatack of themedium. An Alttrk bit of zero indi-
catesthat no of thetranslated address is on an alternatek of themedium.

The translated addredield contains theresult the targebbtained bytranslating the
address supplied by the initiator in the previous Send Diagnastomand. This
field shall be in theformat specified in thetranslate formatfield. The Physical
Sectorformat isdescribed inTable 7 onpage 28. If the Logical Blockormat is
specified theblock address shall be in thiirst four bytes of thefield and the
remaining bytesshall be zero.

If the address to be translatedversmore than oneaddress aftetranslation (mul-

tiple physical sectors pdogical block) the targetill return allpossible addresses
which are contained for thaddress to be translated.
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1.18 Release (6)

Table 120. ReleasecCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 17h
1 LUN 3rdPty 3rd Party ID Ext
2 Reservatioridentification
3 Reserved = 0
4 Reserved = 0
5 vu=20 Reserved = 0 | Flag | Link

The Releaseommand isused torelease a LUNpreviously reserved. It is not an
error for an Initiator toattempt torelease aeservatiorthat is notcurrently active.
In this case, theDrive returns Good statuwithout altering the reservation.

Extents are not supported by tigive. The Ext(Extent) bitmust bezero and the
Reservation ldentificatiofield is ignored. If the Ext bit is not zeraCheckCondition
Statusis returned with a Sense Key tifegal Requestand additionakensecode of
Invalid Field in CDB

If the 3rdPty bit is zerothen thethird-partyreleaseoption is notrequested. If the
3rdPty bit is one, then th@argetreleases th& UN, but only if the reservation was
made using thehird-party reservatiomption and the 3rd Party ID is the ID of the
initiator that made theeservation. (se&.21,“Reserve (6)” on pagel4l) (see
4.1.10,“CommandProcessing While Reserved” on pagéa9)
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1.19 Release (10)

Table 121. ReleasecCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 0
Operation Code = 57h
1 LUN 3rdPty Reserved Ext
2 Reservatioridentification
3 Third PartyDevice ID
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0
9 vu=20 Reserved = 0 | Flag | Link

The Releaseommand isused torelease a LUNpreviously reserved. It is not an
error for an Initiator toattempt torelease aeservatiorthat is notcurrently active.

In this case, theDrive returnsGood statuswithout altering the reservation.

Extents are not supported by tigive. The Ext(Extent) bitmust bezero and the

Reservation ldentificatiofield is ignored. If the Ext bit is not zeraCheckCondition

Statusis returned with a Sense Key tifegal Requestand additionakensecode of

Invalid Field in CDB

If the 3rdPty bit is zerothen thethird-partyreleaseoption is notrequested. If the

3rdPty bit is one, then the Targetleases th& UN, but only if the reservation was
made using thehird-party reservatiomption and the 3rd Party ID is the ID of the

initiator that made theeservation. (se&.21,“Reserve (6)” on pagel4l) (see

4.1.10,“CommandProcessing While Reserved” on pagéa9)
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1.20 Request Sense

Table 122. RequestSenseCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 03h
1 LUN | Reserved = 0
2 Reserved = 0
3 Reserved = 0
4 Allocation Length
5 vu=20 Reserved = 0 | Flag | Link

The RequesBensecommandrequestshat theTargettransfer sense data to thei-
tiator.

Sensedata isvalid for aCheck Conditionstatus returned on the primommand and
for mostunexpected bus free conditions. Thense data is preserved by tharget
for the Initiator untilretrieved by theRequestSensecommand orntil any other
command igeceived for thesame LUN from the same Initiatdhatissued the
commandresulting in theCheck Conditionstatus. In thecase of the singlénitiator
option, theTarget assumethat the Reques$ensecommand isfrom the same Initi-
ator.

If a RequestSensecommand igeceived and UnifAttention isactive, theDrive
reports any pendingense data and preserves theit Attention Condition(see
4.1.5,"Unit Attention Condition” onpage 202). Ifthere is no pendingense data
for conditions other than a Unit Attention, tleense data for the Unittention is
returned and the Unit Attention condition d¢eared.

The Targettransfers all of the sense data up to thember ofbytes allocated by the
Initiator. No bytes ardransferred if the allocation length is 0; this is not an error
condition.

Note: For support of theDrive, aminimum allocation length of 32 bytes is
required. However, for generalizedSCSI Initiatordesign,only anallo-
cation of 255 bytegFFh) ensureghat sense data is not lost.

For a description of theense dataeturned, see Appendix ASCSI SenseData
Format” onpage 247.

Separatesense data imaintained for each Initiator.

If a RequestSensecommand idssuedwith aninvalid LUN, sense data is terned
indicating anillegal request due to thevalid LUN.

The RequesBensecommandreturns the Checkonditionstatus only to report
fatal errors for theRequestSensecommand. Possiblefatal errors include:
Nonzeroreserved bit in theommand descriptoblock
Unrecovered SCSI bugarity error

Incorrect InitiatorConnection
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Note: The RequesBenseCommand is notjueued. For more information, see
4.3,"CommandQueuing” onpage 221.
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1.21 Reserve (6)

Table 123. ReserveCommandDescriptorBlock
Byte BIT

7 | e | 5 | 4 | 3 | 2 | 1 | o

Operation Code = 16h
1 LUN 3rdPty 3rd Party ID Ext

2 Reservatioridentification

3 (MSB) ExtentList Length = 0
4 (LSB)

5 vu=20 Reserved = 0 | Flag | Link

The Reserve&éommand isused toreserve a LUN for arnitiator. This reservation
can be either for the Initiatosending thecommand or for ahird party asspecified
by the Initiator.

Extents are not supported by tibxive. The Ext bitmust be 0. If Ext bit is set to
1, CheckCondition Statuds returned with a Sense Key difegal Requestand addi-
tional sensecode oflnvalid Field in CDB The Reservation Identification arixtent
List Lengthfields areignored.

The Reserveommandrequestghat the entire Lun beeserved for thénitiator
until;

The reservation is superseded dyothervalid Reservecommandfrom the Initi-
ator that made theeservation.
The reservation is rehsed by &Releasecommandfrom the same Initiator.

- A hard Reset conditiomccurs.

« A Bus DeviceResetmessage is receivéfdom any Initiator.

- A power off/oncycle occurs.

The 3rdPty bit of 0 indicatethat thelnitiator thatissued the th&Reservecommand
is the Initiator for which the LUN igeserved.

The 3rdPty bit of 1 indicatethat this is a third-party reservation . The 3Rhrty
ID field specifies the 1D of thehird party for which the LUN igeserved. A reser-
vation made with the 3rdPty bit of 1 and the 3rd Party fiBld set to thelnitiator
that issuedthis Reserveeommand isconsidered equivalent to a reservation made
with the 3rdPty bit set to 0.

Only the Initiatorthatissued theReservecommand for a LUN mayelease the
LUN, regardless of the 3rdPtgption. This Initiator mayalsorelease the LUN by
issuinganotherReservecommand. This superseding Reservaommandreleases the
previous reservation when the new reservation is granted44e¢0,“Command
Processing While Reserved” on pag49).

Reservation queuing is not supported by theve. If a LUN isreserved and a

Reservecommand idgssuedfrom adifferentinitiator, the Target responds with a
reservation Conflict.
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1.22 Reserve (10)

Table 124. ReserveCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 56h
1 LUN 3rdPty Reserved Ext
2 Reservatioridentification
3 Third PartyDevice ID
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 (MSB) ExtentList Length = 0
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Reserve&ommand isused toreserve a LUN for arnitiator. This reservation
can be either for thénitiator sending thecommand or for ahird party asspecified
by the Initiator.

Extents are not supported by tibxive. The Ext bitmust be 0. If Ext bit is set to
1, CheckCondition Statuds returned with a Sense Key difegal Requestand addi-
tional sensecode oflnvalid Field in CDB The Reservation Identification arixtent
List Lengthfields areignored.

The Reserveommandrequestghat the entire Lun beeserved for thénitiator
until;

The reservation is superseded #dyothervalid Reservecommandfrom the Initi-
ator that made theeservation.
The reservation is released by a Releasenmandfrom the same Initiator.

- A hard Reset conditiomccurs.

« A Bus DeviceResetmessage is receivefdom any Initiator.

- A power off/oncycle occurs.

The 3rdPty bit of 0 indicatethat thelnitiator thatissued the th&Reservecommand
is the Initiator for which the LUN igeserved.

The 3rdPty bit of 1 indicatethat this is a third-party reservation . The 3Rhrty
ID byte specifies the ID of thehird party for which the LUN igeserved. A reser-
vation made with the 3rdPty bit of 1 and the 3rd Party bipte set to the Initiator
that issuedthis Reserveeommand isconsidered equivalent to a reservation made
with the 3rdPty bit set to 0.

Only the Initiatorthatissued theReservecommand for a LUN mayelease the
LUN, regardless of the 3rdPtgption. This Initiator mayalsorelease the LUN by
issuinganotherReservecommand. This superseding Reservaommandreleases the
previous reservation when the new reservation is granted44e¢0,“Command
Processing While Reserved” on pag49).
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Reservation queuing is not supported by theve. If a LUN isreserved and a
Reservecommand idssuedfrom adifferentinitiator, the Target responds with a
reservation Conflict.
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1.23 Rezero Unit

Table 125. Rezero UnitCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 01h
1 LUN | Reserved = 0
2 Reserved = 0
3 Reserved = 0
4 Reserved = 0
5 vu=20 Reserved = 0 | Flag | Link

The Rezero Unitommandcauses the Drive toeposition heads to theylinder
containingLogical Block Address 0 andptionally force execution of certain
internal periodicactivities.

If the TCC bit is set (see 1.6.2Page 0 - VendoitUnique Parameters” ompage 75)
then periodic internalactiviteswill be executed apart of the RezerdJnit
command. oferrorlogs. By forcingtheseactivities and resetting the associated
timers thelnitiator can prevent unpredictable response time duth&se internal
activities. Theperiodicactivitieswill resume when thé&mers expirethus thelniti-
ator mustreissuethis commandperiodically as needed.
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1.24 Seek (6)

Table 126. Seek (6)CommandDescriptorBlock

Byte BIT

7 | 6 | 5 | 4 | 3

Operation Code = 0Bh

LUN | (vsB) LBA.

Logical Block Address

Logical Block Address(LSB)

Reserved = 0

a|ldh|W|IN|F]|O

Vu=0 Reserved = 0

| Flag | Link

The SeekCommandcauses the Drive tgeek to therackthat contains thespecified

LBA. If the LBA is greater than the valueeturned by theReadCapacity

command, theDrive returns aCheck Conditionstatus
Request and aadditionalsensecode of Invalid Field i

with asense key of lllegal
nCDB.

1.25 Seek (10)

Table 127. Seel{10) CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o

0 Operation Code = 2Bh

1 LUN | Reserved = 0

2 (MSB)

3 Logical Block Address

4

5 (LSB)

6-8 Reserved = 0

9 vu=0 Reserved = 0 | Flag | Link

The SeekCommandcauses the Drive tgeek to therackthat contains thespecified

LBA. If the LBA is greater than the valuesturned by
command, théDrive returns aCheck Conditionstatus
Request and aadditionalsensecode of Invalid Field i
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1.26 Send Diagnostic

Table 128. Send DiagnostiCommandDescriptorBlock

Byte BIT

7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 1Dh
1 LUN PF RSVD Self Dev Unit
= Test Ofl Ofl
2 Reserved = 0
3 (MSB) Parametelist Length
4 (LSB)

5 vu=20 Reserved = 0 | Flag | Link

The Send Diagnosticommandrequestshat theTarget performself diagnostic
tests.

The PF (Pagd-ormat) Bit set to onepecifiesthat theSend Diagnostic parameters
conform to thepagestructure aspecified in theANS| SCSI Standard.

If the SelfTest bit is set to one the tliarametet.ist Lengthmust bezero.

If the SelfTest bit is one the following self-testdll be performed if the spindle
motor isrunning and up tcspeed.

RAM checksum Test
ROM checksum Test
DataBuffer Test
Seek Test
Head Offset Test
- ReadTest(all heads)
« Write Test(all heads)
Cyclic Redundancy Cod¢éCRC) Test
Error Correction Cod¢ECC) Test
LongitudinalRedundancy CodéLRC) Test

In addition to the abovéests theTargetwill resume an interrupted Reassign Blocks

command or AutoReallocate.

All of the abovemustcompletesuccessfully for thélarget to return Good status. If
a testfails, thecommandterminates, an interrupted Reassign Blocksnmand or
Auto Reallocate is not resumed, Che€Clondition statuswill be returned and the
Targetwill be in Degradedviode (see4.1.9,“DegradedMode” on page 208).

If the SelfTest bit is zero the targetill perform thediagnosticoperationspecified in
the passegharametetlist.

If the SelfTest bit is zero, thparametelist length specifies thdength in bytes of
the parametelist to betransferredrom the initiator to thetarget. If the length is
zero, no datawill be transferred. This is not an error. If thespecifiedlength results
in trucation of the supportegage, the targewill return CheckCondition Status
with a Sense Key olllegal Requestinvalid Field in CDB. The target supports the
TranslateAddress Page, Pageode40h.

Page 146 of 308 — Release I S| Specification



The PF bit may be 0 or 1 if the SelfTest bit is zero.

The DevOfl and UnitOfl bits arégnored because they are not applicable for this
device.
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1.26.1 Send Diagnostics Page 00h

Table 129. SupportedDiagnostics Pages - Send Diagnostics
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0 Page Code = 00h
1 Reserved = 0
2 (MSB)
3 PagelLength = 00h (LSB)

The supportedliagnostics page allows thaitiator to requesthat alist of sup-
porteddiagnostic pages be returned on thext Receive Diagnosti®Results
command.

The page coddield is 00h.

The page lengtliield is 00h. If thepage lengtHfield is not 0, thecommandwill
terminate withCheckCondition Status The sense key shall be setlioLEGAL
REQUEST and thedditionalsensecode set tdLLEGAL FIELD IN PARAM-
ETERLIST.

1.26.2 Send Diagnostics Page 40h

The translate address paghows theinitiator to translate dogical block address or
physical sector address to tlo¢her format. Theaddress to be translated is passed
to the target with the Send Diagnosttommand and theesults are returned to the
initiator by the Receive Diagnostid®esultscommand.

The target willread theparametetist from the initiator, and if ncerrors are
detected in thgparametelist, Good Statuswill be returned. The data translation
will be performeduponreceipt of the Receive DiagnostResultsCommand.

Table 130. Translate Address PageSend Diagnostics

Byte BIT

7 | e | s | a4 | 3 | 2 | 1 | o
Page Code = 40h

Reserved = 0

0
1
2 (MSB)

3 PagelLength = 000Ah (LSB)
4

5

Reserved = 0 Supplied Format

Reserved = 0 Translate Format
6-13 Address to Translate

The page begins with our-byte page header whicdpecifies thepage code and
length, followed by two bytesvhich describe the translatedidress followed by the
address to be translated.

The PageCodefield is 40h.

The Pagd.engthfield specifies thdength of theparametebytes whichfollow,
equal to ten.
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The Supplied formafield specifies theformat of theaddress to be translated. The
target support®00b (BlockFormat) andl01lb (Physical Sector Format).

The Translated formdfield specifieswhich format the initiator wouldike the
address to be translated td/alid values are thesame as for the Supplied format.

If an invalid Supplied or Translated formdield is passed, or if the Suppliebrmat
is the same as the Translated fornfiatd, the target willterminate thecommand
with CheckCondition Status The sense key shall be setlioLEGAL REQUEST
and the additionasensecode set tdLLEGAL FIELD IN PARAMETER LIST.

The address to translafield contains asingleaddress for the target to translate.
The format ofthis field depends on the value in the supplitBxdmat field. The
Physical Sectoformat isdescribed inTable 7 onpage 28. If thdogical block
format is thesupplied format, the blockddresamust be in thefirst four bytes of
this field with the remaining bytes set to zero.
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1.27 Start/Stop Unit

Table 131. Start/Stop UnitCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 1Bh
1 LUN | Reserved = 0 | Immed
2 Reserved = 0
3 Reserved = 0
4 Reserved = 0 LOEj Start
=0
5 vu=20 Reserved = 0 Flag Link

The Start/Stop Unitommandrequestghat theTarget enable/disable the LUN for
further mediaaccesperations. Specifically, theStart/Stop Unitcommandspins
up/stops thespindlemotor.

RequestiSense may be used tietermine when the LUN is readifter thestart-up
sequence has completed.

See 4.1.6;CommandProcessinguring Start-up and Format Operations” on
page 205 for a description of how tH&argetreacts while thanotor isper-
forming thestart-upsequence.

Once the start-up hasuccessfullicompleted,RequestSensereturnssense data
with a Sense key oNo Sense

When Immed is set to 1:
Status is returned immediately.
The Link bit mustequal zero.

Good Statuss returnedunless a higher prioritgtatus is pendingsee 4.1.1,
“Priority of SCSI StatusBByte Reporting” onpage 197).

If there is an error during start-up, tmmandissued after therror occurred
returns aCheckCondition Status The RequesBensecommand themeturns a
deferrederror sense dat@ombination (sed.1.8,“Deferred Error Condition” on
page 207).

When Immed is set to O:
Status is returned at the end of the operatfafier start-up is complete).

If an error occurs, Start Unit returns@heckCondition Satus The Request
Sensecommand therreturns aMedium Error or Hardware Error sense key (see
Appendix A, “SCSISenseData Format” onpage 247).

A Start bit of 1 requests the LUN bmadeready for use. Beingnade ‘ready for
use'involvesmaking surethat all steps of thestart-upsequence are performédee
4.18,“Bring-Up Sequence” orpage 243). After the spindlmotor reachesnominal
operatingspeed, thelarget performs the remainder of the startagmuence iheces-
sary. The individual elements of thetart-upsequence are onlgxecuted ifthey
have not beemxecuted previously.
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Note: WhenStart = 1 the Targewill check themotor synchronizatiormode in
the RPL field inPage 4 - Rigid Disk DriveGeometryPage and change the
spindle state obperation if any RPLbits are set. Se4.5,“Motor
Synchronization” orpage 225 for details oerror reporting and UniAtten-
tion conditiongeneration.

Start set to 0 requesthat thelogical unit be stoppedmediacannot beaccessed by
the Initiator). The Target performs an implicit Synchronize Cacbenmand for
the entire medigrior to executing theStart/Stop Unit command.

The LoEj(Load orEject) bitmust bezero. Removablemedia is notsupported. If

LoEj is set to 1,CheckCondition Satusis returned with éSense Key ofllegal
Requestand additionakensecode oflnvalid Field in CDB
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1.28 Synchronize Cache

Table 132. Synchroniz&€acheCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 35h
1 LUN Reserved = 0 Immed| RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Number ofBlocks
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Synchronize Cacheommandensureghat logical blocks in the cache, have
their mostrecent data value recorded on the mediambrerecent data in the spec-
ified logical block rangeexists in thecachethan on themedia, then the data from
the cache is written to the media.

The Logical Block Addresspecifieswhere theoperation is tobegin.

The number oblocksfield specifies theotal number of contiguousogical blocks
within therange. Anumber ofblocks of zero indicatethat allremaininglogical
blocks on theogical unit shall bewithin the range.

The RelAdr(relative address) bitnust bezero. The target does nsupportrelative
addressing. IRelAdr is set to 1CheckCondition Statuds returned with &Sense
Key of llegal Requestand additionakensecode oflnvalid Field in CDB

An Immed (Immediate) bit of Gindicatesthat theTarget completes theperation

before returningGood Status An Immed bit of lindicatesthat theTarget return
status asoon as the command descriptdock has beerverified.
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1.29 Test Unit Ready

Table 133. TestUnit ReadyCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 00h
1 LUN | Reserved = 0
2 Reserved = 0
3 Reserved = 0
4 Reserved = 0
5 vu=20 Reserved = 0 | Flag | Link

The Test Unit Readgommandallows thelnitiator to check if thelogical unit is
ready.

If the logical unit canaccept anysupportedmedium-accessommand without
returning CheckCondition status with aSense key of NoReady(provided the
LUN is not Busy or Reservedhenthis commandreturns Good status. If a
Degradedvode condition currently exists for the logicalnit, thenthis command
returns CheckConditionstatus with asense key of Not Rady,unless a higher pri-
ority response is required. (see B ®Briority of Error Reporting” onpage 278).

The Test Unit Readgommand is notntended as aliagnostic. Noself-analysis is
performed by thdogical unit as aresult of thiscommand.
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1.30 Verify

Table 134. Verify CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 2Fh
1 LUN DPO Reserved = 0 | BytChkl RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Verification Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Verify commandrequestghat theTargetverify the datawritten on the
medium. With averification length of 0, theseekoccurs but no data igerified.
This condition is notconsidered an error.

The Logical Block Addresspecifieswhere theoperation is tobegin.

A BytChk bit of zero causes the Drive to do an ECC check on gpecifiedrange.

If an ECC check is detected on all re-reads and the data was not corrected (either
because it was uncorrectable or the correction wasat@mpted), a Check Condi-
tion status is returned with Bedium Errorsense key.

A BytChk bit of onecauses the Drive to do layte-by-byte compare of data on the
Drive to data sent by the initiator during tlata-outphase. If an ECC check per-
siststhen Check Conditiorstatus is returned witiMedium Errorsense key. Ithere
is no ECC check and aompareerror is detectedhen Check Conditiorstatus is
returned with a Miscompare sense key.

DRP actions for thixommand are contlled by Mode parameters irl.6.7,“Page

7h - ErrorRecovery Parameters faferify” on page 100. Theactual DRP steps are
defined in B.1.2, “VerifyCommands” onpage 275. M$compareerrors are not
retried.

If caching is enabled, theommandperforms an implied-orce UnitAccess(FUA)
and an implied Synchroniz€achebefore starting theverify. This insuresthat the
medium, not thecache, is beingerified.

The commandstops on ChecliCondition andreports the LBA in error. The
command must beeissued, startingvith the next LBA, toverify the remainder of
the Drive.

The VerificationLength is thenumber ofblocks to check.

The data (if any) from thelata-outphase and the data from the media are not

retained in the cache. Therefore, the DPO bit haseffect onthis command and is
ignored.
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The RelAdr(Relative Address) bimust be 0. Relative addressing is n&tupported.
If RelAdr is set to 1, Check Condition Statusrsturned with aSense Key otllegal
Request anddditionalsensecode of Invalid Field in CDB.
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1.31 Write (6)

Table 135. Write (6)CommandDescriptorBlock

Byte BIT

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

Operation Code = 0Ah

LUN | (vsB) LBA

Logical Block Address

Logical Block Address(LSB)

Transfer Length

a|lh|W|IN|F]|O

vu=20 Reserved = 0 | Flag | Link

The Write (6)commandrequestghat theTargetwrite the specifiednumber of
blocks of data from the Initiator to the LUN starting at thpecified logicalblock
address.

Transfer length may be a valdeom 0 to 255where 0 implies a length of 256
blocks.

Errors are handled by ERP (errogcoveryprocedures) (see B.XData Recovery
Procedure foDataField Errors” onpage 273).ERPs are ontrolled by the error
recoveryparameters (see.6.3,“Page 1 - ErrorRecovery Parameters” opage 83).

Note: The 6 bytecommand has only 2hits of address fo.BAs. The 21bits
allows for 2 x 10(21)LBAs. (2,097,152) The 1®yte command should be
used to writeLBAs which requiremore bits.
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1.32 Write (10)

Table 136. Write (10) CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 2Ah
1 LUN DPO FUA Reserved = 0 | RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Transfer Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Write (10)commandrequestghat theTargetwrite the specifiednumber of
blocks of data from the Initiator to the LUN starting at thpecified logicalblock
address.

A FUA (Force UnitAccess) bit of 1 indicates th&argetmustwrite the logical
blocks of data to media before returnidpod Status A FUA bit of O indicates the
Target may returrGood Statugrior to writing the logicalblocks of data to the
media.

A DPO (Disable Pag®ut) bit of 1indicatesthat the dataaccessed byhis
command is to bassigned the lowegtriority for being writteninto or retained by
the cache. A DPO bit of 1 overrides amgtention priorityspecified in theMode
SelectPage 8 Caching Parameters. A DPO bit dh@icates the priority is deter-
mined by the retentiopriority. Seel.6.8,“Page 8h - Caching Parameters” on
page 102 and 4.9Segmented Caching” opage 231.

The initiator should set the DPO bit when the blocks written by tosnmand are
not likely to beread in the near future.

The RelAdr(Relative Address) bimust be 0. Relative addressing is n@tupported.
If RelAdr is set to 1,CheckCondition Statuds returned with a&Sense Key ofllegal
Requestand additionakensecode oflnvalid Field in CDB.

If the transfer length is 0, theeekoccurs, but no data is transferredtafus is
returned after the seek cqetes. This condition is notconsidered an error.
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1.33 Write and Verify

Table 137. Write andVerify CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 2Eh
1 LUN DPO Reserved = 0 | BytChkl RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Transfer Length
8 (LSB)
9 vu=20 | Reserved = 0 | Flag | Link

The Write andVerify commandrequestghat theTargetwrite the datatransferred
from the Initiator to the medium anthenverify that the data igorrectly written.
A transfer length of zero indicatdbat no data igransferred.

The Logical Block Addresspecifieswhere theoperation is tobegin.

A BytChk bit of zero causes the Drive to do an ECC check on gpecifiedrange

after the writecompletessuccessfully. If an EC&heck is detected on all re-reads

and the data was not corrected (either because it was uncorrectable or the correction
was not attempted), a Check Conditietatus is returned andMedium Errorsense

key is built.

A BytChk bit of onecauses the Drive to do layte-by-byte compare of datafter it
is written to the Drive. The Drive uses the data sent for Wrée as thecompare
data,thusthere is no extralata-outphase orextrasavepointermessages.During
the verify step if an ECC check is detected on aliremds therCheck Condition
status is returned witMedium Errorsense key. Ithere is no ECC check and a
compareerror is detectedhen Check Conditiorstatus is returned with Miscom-
paresense key.When acompare or mediunerror occurs, the write may not have
completed.

DRP actions for theverify portion ofthis command areontrolled byMode param-
eters in 1.6.7/Page 7h - ErrorRecovery Parameters f&ferify” on page 100. The
actual DRP steps amefined in B.1.2, “VerifyCommands” orpage 275.Normal
write command DRP isised for the Writgportion of the command. A Miscom-
pare error is notetried.

If caching is enabled, theommandperforms an implied-orce UnitAccess(FUA)
and an implied Synchroniz€achebefore starting th@peration. Thisnsuresthat
the medium, not theache, is beingerified.

A DPO (Disable Pag®ut) bit of lindicatesthat the datawritten by thiscommand
is to be assigned the lowegtiority for being writteninto or retained by the cache.
A DPO bit of 1 overrides anyetention priorityspecified in theMode SelectPage 8
Caching parameters. A DPO bit ofifdicates the priority is determined by the
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retention priority. Sed.6.8,“Page 8h - Caching Parameters” page 102 and 4.9,
“Segmented Caching” opage 231.

The initiator should set the DPO bit when the blocks written by tosnmand are
not likely to beread again in theear future.

The RelAdr(Relative Address) bimust be 0. Relative addressing is n@tupported.

If RelAdr is set to 1, Check Condition Statusristurned with aSense Key ofllegal
Request anddditionalsensecode of Invalid Field in CDB.
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1.34 Write Buffer

Table 138. Write Buffer CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
0 Operation Code = 3Bh
1 LUN | Reserved = 0 | Mode
2 Buffer ID
3 (MSB)
4 Buffer Offset
5 (LSB)
6 (MSB)
7 ParametelList Length
8 (LSB)
9 vu=20 Reserved = 0 | Flag | Link

The Write Buffer command isused to test the Targéuffer anddownload micro-
code to the Target. Thealues allowed in theMode field are:

000b -CombinedHeader andata Mode
010b - WriteData

100b -DownloadMicrocode

101b -Download andSave

If any modes other than shown above apecified,then CheckCondition Statuss
returned with a Sense Key difegal Requestand additionakensecode oflnvalid
Field in CDB.

Mode = 000b(Combined Header anBata)
In this mode, the datapecified iswritten to thebuffer in sequence.

The Buffer ID must bezero. Receipt of an non-zer8uffer ID results inCheck
Condition Statuswith Sense Key ofllegal Requestand additionalSenseCode
of Invalid Field in CDB.

The Buffer Offsetmust bezero. Receipt of an non-zerBuffer Offset results in
CheckCondition Statuswith Sense Key ofllegal Requestand additionalSense
Code oflnvalid Field in CDB.

The four-byte header consists of aflserved bytesReceipt of a non-zero byte
in the header results i@heckCondition Statuswith Sense Key otllegal
Requestand additionalSenseCode oflnvalid Field in Parameter List

The Parametekist Lengthincludes the length of the header. Therefore, the
data written is 4 bytetess than thd?arametet.ist Length. AParametetist
Length ofzero indicates no data is transferred. TR@rameteList Length
must not begreater than the buffer capacipfus four bytes. Receipt of an
invalid ParametelList Lengthresults inCheckCondition Statuswith Sense Key
of a lllegal Requestand additionalSenseCode ofParameter ListLength Error.

Note: The BufferCapacity can be determinagsing ReadBuffer mode 000b.
Mode = 010b (WriteData)
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In this mode, the datapecified iswritten to thebuffer in sequence starting at
the specified offset.

The Buffer ID field must be 0. Receipt of an non-zer8uffer ID results in
CheckCondition Statuswith Sense Key ofllegal Requestand additionalSense
Code oflnvalid Field in CDB.

The Buffer Offsetfield contains the starting byte offset within the ddwaffer to
which the data is transferred. An offsgteaterthan orequal to thebuffer
capacity results irCheckCondition Statuswith Sense key ofllegal Requestand
additionalSenseCode ofinvalid Field in CDB.

The Parametekist Length specifies thenumber ofbytes to transfer. AParam-
eter ListLength ofzero indicates no data is transferred. If the sum of Budfer
Offset and the Parametéist Lengthexceeds the buffecapacity,then the
Target returnsCheckCondition Statuswvith Sense Key ofllegal Requestand
additionalSenseCode ofParameter ListLength Error.

Note: The BufferCapacity can be determinagsing ReadBuffer mode 000b.

Mode = 100b(Download Microcode) andMode = 101b(Download and
Save)

The microcode is downloaded to the contstbrage of the Target.

When the mode =100b(DownloadMicrocode), the downloaded microcode is
stored involatile memory. Allcode downloaded with thieption islost with the
next powercycle.

When the mode =101b(Download andSave), thedownloaded microcode is
saved in volatile anahon-volatilememory. Theoriginal microcode is lostNon-
volatile memory mayinclude the reserved area of tfie and electrically pro-
grammable memory.

The microcode to be downloaded is supplied to tiséng system in &ingle
data set whose length dvisible by 8000h. The using system can dolsad the
entire microcode with @&ingle Write Buffer command or withmultiple Write
Buffer commands.

When multiple Write Buffer commands areised, the systermustdivide the
microcodeinto 8000hbyte peces and sendsachpiecewith consecutive Write
Buffer commands. Thdéuffer ID of the first piecemust be set tero and the
Buffer ID must beincremented by one for eadubsequenWrite Buffer
commanduntil the download is complete.

The Buffer ID isused to determine whicportion of themicrocode is being
downloaded. Whendownloading the entire microcode, tiBuffer ID must be
zero. Whendownloading the microcode f@geces, the Buffer ID igero for the
first piece, and the Buffer IDnust beincremented by one for eadtubsequent
Write Buffer commanduntil the download is completeWhen downloading the
microcode, if a value of th8uffer ID is skipped(i.e. the Buffer IDincremented
by two or more), the Target returrdheckCondition Statuswith Sense Key of
lllegal Requestand additionalSenseCode oflnvalid Field in CDB.

Buffer Offset isignored.

When theBuffer ID is zero,valid values for theParameteList Length arezero,
8000h and &arametetist Length equal to the microcodength. When the
Buffer ID is non-zero, the Parametéist Length must beequal to8000h.
Receipt of aninvalid Parametet.ist Lengthresults inCheckCondition Status
with Sense Key of dllegal Request and additionalSenseCode ofParameter
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List Length Error. A Parametelist Length ofzero indicates no data tsans-
ferred.

Link must bezero when theBuffer ID is the maximumallowed value.

The command maslter thecontents of electrical memorgepending on the
contents of the microcode daset. TheTargetmust beallowed to discon-
nectionbefore the actrical memory isaltered. If thedisconnectiorfails or is
not allowed, theTarget return<CheckCondition Statuswith Sense Key of
Aborted Commandand additionalSenseCode ofMessage Error It is imper-
ative that theTarget not be interrupted during this electricaémoryaltering
operation. The Targedoes notrespond to SCSteset and selectioduring this
operation. The Initiator should takdeps to prevenpower cycleduring exe-
cution ofthis command and shouldllow for acommand timeout fothis
command asecommended in the product Functior@pecification.

The entire microcode ibuffered on themedia before ammttempt is made to
alter the electricamemory.

When ekctricalmemory isaltered, an internally generated reseturs agpart of
the command. Th&argetgenerates a Unifttention condition for alliniti-
atorsexcept the on¢hatissued theWrite Buffer command (sed.1.5,“Unit
Attention Condition” onpage 202). Theédditional SenseCodePower On
Reset is reported in thesensedata. All queuedccommands areleared. Mode
Selectconditions are restored to thdast saved values. ThEargetpreserves
Wide DataTransfer andSynchronoud®Data Transfer agreements only for the
Initiator thatissued théWrite Buffer command.

With Buffer ID is zero and if theLoad ID (LID) does notmatch the LID in
the ROM code, the Target retur@heckCondition Statuswith Sense Key of
lllegal Requestand additionalSenseCode oflnvalid Field in Parameter List
The Load ID is notchecked when the Buffer ID ison-zero.

The downloaded microcode issted via a checksum. If thehecksumfails, the
Target returnsCheckCondition Statusvith Sense Key oHardware Error and
additionalSenseCode ofDiagnostic Failure. The microcode is nosaved.

On successfutompletion, the Targegenerates a Unifttention condition for
all Initiators except the onthatissued thewrite Buffer command (sed.1.5,
“Unit Attention Condition” onpage 202). Theédditional SenseCode
Microcode hasbeen changedis reported in the sensiata.

The first 19bytes of the microcode data setntain thefollowing:
Bytes 0 to 2 =Microcode Length
Bytes 3to 6 =Load ID
Bytes 7 and 10 =Modification Level
Bytes 11 to 14 = PTHNumber
Bytes 15 to 18 =PatchNumber
This commandwill cause the entire cache to be emptied. &8“Segmented
Caching” onpage 231.

Note: Idle time functions anddtherinitiators may alter theeontents of theuffer.
The data read by thReadBuffer command may not match thaata written by the
Write Buffer mode 000lcommand. Toensure thébuffer is not altered, link the two
commanddogether bysetting theLink bit when issuingWrite Buffer mode 000b
command.
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1.35 Write Long

Table 139. WriteLong CommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 3Fh
1 LUN Reserved = 0 RelAdr
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB)  Byte Transfer Length
8 (LSB)
9 vu=20 | Reserved = 0 | Flag | Link

The WriteLong commandequestghat the taget write the data transferred by the
Initiator to the medium. The datpassed during the Writtong commandconsists
of the data bytes followed by the LRC and ECC bytes. The Ef@ld depends
solely on the data and LR®ytes and is unaffected by sync, ID, or VCi@lds.

The RelAdr(relative address) bitnust bezero. The Drive does natupportrelative
addressing. IRelAdr is set to 1CheckCondition Statuds returned with &ense
Key of lllegal Requestand additionakensecode oflnvalid Field in CDB in CDB.

The logicalblock addresdield specifies the logicablock at which thewrite opera-
tion starts.

The byte transfer lengtfield mustspecify thenumber ofbytes of datahat are
returned for the Read Long command. |han-zero bytdransfer length does not
exactlymatch a datdengththat is returned for the Read Long command, the
commandterminates withCheckCondition Statusa sense key set thlegal Request
and an additionasensecode set tdnvalid Field in CDB. The ILI and validbits are
set to one and the informatidield is set to the differencéresidue) of the requested
lengthminus theactual length in bytes. Negatiwalues are indicated btwo's
complement notation.

The transfer length is calculated &dlows:
transfer length =logical blocksize + (20 * n),
where n is thenumber ofphysical sectors per LBA.

If the bytetransfer length is zero, theeekoccurs, but no data is transferred. This
condition is notconsidered an error.

The data for thizxommand is notetained in the cache.

Note: The Drivewill attempt alimited amout oferrorrecovery. This consists of a
number of commandetries, ofwhich thenumber ofretries is internallyspecified.
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1.36 Write Same

Table 140. Write SameCommandDescriptorBlock
Byte BIT
7 | e | 5 | 4 | 3 | 2 | 1 | o
Operation Code = 41h
1 Logical Unit Number Reserved = 0 | PBdatg LBdatal RelAdr
=0 =0 =0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved
7 Number ofBlocks
8
9 vu=20 Reserved = 0 | Flag | Link

The Write Sameommandinstructs the Target tavrite a singleblock of data, trans-
ferred to theTarget from the Initiator, to aumber ofsequentialogical blocks.

This command isuseful to writelarge dataareaswithout sending all of the data over
the SCSI bus.

The Logical Block Addresspecifies theaddress atvhich thewrite begins.

The Number ofBlocks specifies thenumber of contiguouslocks to be written. If
the number is 0, all of theemaining blocks on thepecifiedLogical Unit are
written.

The PBdataPhysical BlockData) option is not supported and must be 0.

The LBdata(Logical Block Data) option is not supported and must be 0.

The RelAdroption is not supported and must be 0.

If RelAdr, PBdata or LBdata is set to LheckCondition Statusds returned with a
Sense Key ofllegal Requestand additionakensecode ofinvalid Field in CDB.

The data for thizxommand is notetained in the cache.
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2.0 SCSI Status Byte

A SCSI StatusByte is sent to the Initiator during the Status phase at the termi-
nation ofeachSCSIcommandunless thecommand iscleared by ambort message,
any type of Target Reset, or an unexpected Bus Fereer condition. TheSCSI
Status Byte idefined inTable 141.

Table 141. SCSI StatuByte

Byte BIT

765|4|3|2|10

Status Reserved = 0 StatusCode Rsvd

Table 142. StatugCode BitDefinitions

Bits of Status Code

Status 7 6 5 4 3 2 1 0
Good R R 0 0 0 0 0 R
Check Condition R R 0 0 0 0 1 R
Condition Met R R 0 0 0 1 0 R
Busy R R 0 0 1 0 0 R
Intermediate/ Good R R 0 1 0 0 0 R
Intermediate/ Condition R R 0 1 0 1 0 R
Met

Reservation Conflict R R 0 1 1 0 0 R
Queue Full R R 1 0 1 0 0 R

Note: All Reservedfields (R) are set taero.

A description of the status represented by each Status Bygeés below:

00h

02h

04h

08h

Good status

This statusindicatesthat theTarget hassuccessfullicompleted the SCSI
command. Fothis statussense is not valid and the Sense key and the Sense
code are set to zero.

Check Conditionstatus

This statusindicatesthat anerror, exception, oabnormal condition has
caused sense data to be set. Thitiator shouldissue aRequestSense
command to obtain theense data andetermine the cause of tHéheckCon-

dition status.
Condition Metstatus

This statusindicatesthat therequestedperation issatisfied. (See 1.8Pre-
Fetch” onpage 119) Fothis statussense is not valid and the Sense key and
the Sense&ode are set to zero.

Busy status

This statusindicatesthat theDrive is busy performinganother operation for a
different Initiator and is unable t@xecute thecommandreceivedfrom the
currently connected Initiator. The Initiator shld issue thecommandagain
at a later time. Also seé.1.4,“CommandProcessingduring Execution of
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Active I/O Process” orpage 200 for a discussion sbmmands that may
return the Busy status. Fdhis statussense is not valid and the Sense key
and the Senseode are set to zero.

10h Intermediate/Goodtatus

This statusindicatesthat theTarget hassuccessfullicompleted dinked
command. Thisstatus is returned foeverycommand in a series dinked
commandgexcept the lastommand)unless an error, exception, abnormal
conditioncauses &heck ConditionBusy, or Reservation Conflict status to
be returned. If this status is not returned, the chaitirdded commands is
broken. Forthis statussense is not valid and the Sense key and the Sense
code are set to zero.

14h Intermediate/Condition Met

This status is theombination of Condition Met and Intermediate/Good. For
this statussense is not valid and the Sense key and the Seode are set to
zero.

18h Reservation Conflict status

This statusindicatesthat the LUN isreserved (refer to 1.2XReserve (6)" on
page 141 and 1.18Release (6)" on pagel37) for a differentinitiator and is
unable toexecute thecommandreceivedfrom the currently connected Initi-
ator. The Initiator shouldssue thecommandagain at a later time. Also see
4.1.10,“"CommandProcessing While Reserved” on page 219 for a discussion
of commands that may return tleservation Conflict status. For this status,
sense is not valid and the Sense key and the Sende are set to zero.

28h Queue Fullstatus

This statusindicatesthat thetargetscommandqueue isfull. This status is
returned when a Queue Tagessage is received anldere is noroom on the
commandqueue for an I/Oprocessfrom theissuinginitiator. See4.3.2,
“TaggedQueuing” onpage 222 fomore informationconcerningtagged
queuing. For this statusense is not valid and the Sense key and the Sense
code are set to zero.
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3.0 SCSI Message System

This chapterdetails how the messaggstem ismplemented on the Drive. Included
is a functional description of theupportedmessages, messagming, messagghase
error handling and anessagestate table.

3.1 Supported Messages

The following single-byte messages aepported.

Table 143. SupportedOne-Byte Messages

Negate ATN

Before Last
Code Message Direction ACK
00h CommandComplete In N/A
02h SaveDataPointer In N/A
03h Restore Pointers In N/A
04h Disconnect In N/A
05h Initiator Detected Error Out Yes
06h Abort Out Yes
07h Messag&eject In N/A
07h Messag&eject Out Yes
08h No Operation Out Yes
09h Messagéarity Error Out Yes
0Ah Linked CommandComplete In N/A

Linked CommandComplete with
0Bh Flag In N/A
0Ch Bus DeviceReset Out Yes
0Dh Abort Tag Out Yes
OEh ClearQueue Out Yes
12h Continue I/OProcess Out Yes
13h Target Transfer Disable Out Yes
80h-FFh Identify In N/A
80h-FFh Identify Out No
In: Target to Initiator. Out: Initiator tdarget.
The following two-byte messages argupported:

Table 144. SupportedTwo-Byte Messages

Negate ATN

Before Last
Code Message Direction ACK
20h SimpleQueue Tag In N/A
20h SimpleQueue Tag Out No
21h Head of Queue Tag Out No
22h OrderedQueue Tag Out No
23h Ignore Wide Residue In N/A
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The following multiple-byte extendednessages argupported:

Table 145. SupportedMultiple-Byte Messages

Negate ATN
Extended Before Last
Code Message Direction ACK
01h Synchronou®ata TransferRequest In N/A
01h Synchronou®ata TransferRequest Out Yes
03h Wide DataTransferRequest In N/A
03h Wide DataTransferRequest Out Yes

3.1.1 Command Complete (00h)

The TargetsendsCommandCompletemessage to thanitiator to indicatethat the
execution of acommand (or series dinked commands) haserminated andhat
valid status has been sent to the Initiatokfter successfullysending thisnessage,
the Targetgoes to the busree phase. The Targebnsiders the message trans-
mission to besuccessful when itletects thenegation of ACK for theMessage In
byte with the ATNsignal false.

3.1.2 Save Data Pointer (02h)

The SaveData Pointermessage isent from the Target to déct thelnitiator to save
a copy of the preserdctive datapointer. Thevalue of thecurrent (oractive) data
pointer should be moved into therrespondingsaved datgointer for thecurrently
attached logicaunit. The Targesends the SavPataPointermessage to théniti-
ator prior tosending aDisconnectmessage to thénitiator if a Dataphase has
occurredsince the physical path was established, andtherDataphase is required
to successfullycomplete thecommand. If theDPSDP bit isset, (see 1.6.2,Page 0
- VendorUnique Parameters” opage 75) the SavBataPointermessagevill be
sent prior toeverydisconnection once Bataphase has occurred for the current
command. If theASDPE bit(same page) iset, the Sav®ataPointermessagevill
precede every Dismnectmessage regardless of thialue of theDPSDPbit. See
also 3.1.4,'Disconnect (04h)” onpage 169.

3.1.3 Restore Pointers (03h)

The Restore Pointenmessage isent from the Target to tBct thelnitiator to
restore themostrecently savegointers(for the currently atichedlogical unit) to
the activestate. The saved values for titemmand,data, and status pointers for
the currently attachetbgical unit should be moved inttheir corresponding current
(or active)pointer. The currentommand andstatus pointers should bestored to
the beginning of the preseesbmmand andtatusareas. Thecurrent data pointer
should berestored to the beginning of the data area in the absenceSavaData
Pointermessage, or to the value at tpeint atwhich thelast SaveData Pointer
messag®ccurred. This message isentwhen attempting taetry aCommand,
Data, or Statuphase torecoverfrom a SCSI bugelated error (see als®.6, “SCSI
Bus Related Error Handlingrotocol” onpage 192).
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3.1.4 Disconnect (04h)

The Disconnectessage isent from the Target to inform the Initiatéhat the
presentphysical path is going to bbroken. Alaterreconnecwill be required in
order to complete the curreebmmand. Thelargetsends the Disonnect message
before disconnectinfrom the SCSI bus. The disconnection isftee theSCSI bus
while the Target performs aelatively longoperation thadoes not require thbus.
After successfullysending thismessage to thanitiator, the Targegoes to the Bus
Free phase. The Targebnsiders the messagensmission to bsuccessful when it
detects thenegation of ACK for theMessage Irbyte with the ATN signal false.
The Target onlysends thisnessage if thénitiator previously granted th&arget the
privilege of disconnecting via the ldentify message (8e#.19,“ldentify (80h or
COh)” onpage 174).

3.1.5 Initiator Detected Error (05h)
The Initiator Detected Erromessage isent from an Initiator to inform the Target
that anerror has beenletectedhat does not preclude the Targlgbm retrying the
previousCommand or Statuphase. The source of the error either may be related
to previousactivities on theSCSI bus or may bénternal to the Initiator and unre-
lated to any previouSCSI busactivity.

If the Initiator intends to send thimessage, thénitiator must assert the AT Nignal
prior to itsrelease of ACK for the ladbyte transferred in thdnformation phasehat
is to be retried (see also 3.3Attention Condition” onpage 182). Thigprovides an
interlock so the Target can determine whilctformation phase taetry.

After receivingthis message, th&arget mayretry the previougphase bysending a
Restore Pointermessage to thénitiator and therrepeating the previouommand
or Status phase. Sedso 3.2, “Supported Messaginctions” onpage 181 and
3.6,“SCSI Bus Related Error HandlinBrotocol” onpage 192.

3.1.6 Abort (06h)

The Abortmessagespecifiesthat thecurrent 1/O process beerminated immediately
regardless of itstate of execution. Additionally, abither I/O processe$rom the
same initiator on thedentified LUN are likewisgerminated. Queued |/@rocesses
are deletedrom thecommandqueue andactive 1/O processes aaborted. If the
current I/O process ialso an active 1/O processwill be aborted and the next
gueued I/Oprocess on theommandqueuewill become aractive 1/O process. If
the logicalunit is identified, then allpending data and status for thesuinglnitiator
and the identified logicalinit arecleared and th&argetgoes to the Busree phase.
Pending data and status fotherinitiators andotherlogical units are notcleared.
I/O processes associated widhher Initiators ardikewise not affected. If a logical
unit has not beeidentified, theTargetgoes to the Busree phase withouaffecting
an operation on anipogical unit for theissuinglnitiator or any other Initiator. No
status ormessage isent for any of the I/Qprocesseserminated. It is not an error
to send theAbort message to a logicainit that is notcurrently performing aroper-
ation for the Initiator. Thetargetgoes to BUSFREE following receipt ofthis
message.Pendingsense data is preserved for alitiators.

Note: It is permissible for arnitiator to select thelevice after theTarget hadis-
connected from the Initiator, for the purposes&nding an ldentify message
followed by anAbort message.This aborts all I/Oprocesses associatedth
the issuinglnitiator.
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3.1.7 Message Reject (07h)
The Messag®kejectmessage isent from either the Initiator or the Target todi-
cate that thdast message received wamppropriate or has not been implemented.

If the Initiator intends to send thimessage, thénitiator must assert the AT Nsignal
prior to itsrelease of ACK for th(REQ/ACK handshake of thenessagéhat is to
be rejectedseealso 3.3,“Attention Condition” onpage 182).This provides an
interlock so the Target can determine whiclessage is rejected.

If the Target intends to send thisessage, th&argetchanges to the Message In
phase andends the Messadeejectmessage to thénitiator prior to transferring
any additionalmessage bytes (or amther Information phasbkytes)from the Initi-
ator. Thisimpliesthat theTarget may changéom the Message Ouphase to the
Message Imphasebefore all messages areceived and ATN is negated. Thpgo-
vides aninterlock so the Initiator can determine whiohessage is rejected.

See also 3.2, “Suppted MessageFunctions” onpage 181 and 3.6SCSI Bus
Related Error HandlingProtocol” onpage 192 fomore information on the use of
the Messagd&kejectmessage.

3.1.8 No Operation (08h)
The No Operatiormessage isent from the Initiator to the Target when the Initi-
ator does not currently have amthervalid message teend. Sed.5,“Message
State/Action Table” ompage 186 for the target's response to tiisssage.

3.1.9 Message Parity Error (09h)

The Messagé®arity Errormessage isent from the Initiator to inform the Target
that one or moréytes in the last messageréceived had garity error.

If the Initiator intends to send thimessage, thénitiator must assert the AT Nignal
prior to itsrelease of ACK for th(REQ/ACK handshake of thenessagehat has
the parity error. See als8.3, “Attention Condition” onpage 182. Thigprovides
an interlock so the Target can determine whinbssage has thgarity error.

If the target receiveshis messageinder any othecircumstance, the Targsignals a
catastrophic error condition breleasing the BSY signalithout anyfurther infor-
mationtransferattempted.

After receivingthis message, th&arget mayretry sending the previoumessage to
the Initiator (see3.5, “MessageState/Action Table” ormpage 186, 3.2, “Spported
Messagd-unctions” onpage 181, and 3.6SCSI Bus Related Error Handling
Protocol” onpage 192).

3.1.10 Linked Command Complete (OAh)
The Targetsends thd_inked CommandCompletemessage to thaitiator to indi-
cate thatexecution of a Linkeccommand(with flag bit equal to zero) hasom-
pleted andthat valid status has been sent to the Initiatokfter successfullysending
this message, th@argetchanges to th€ommandphase toreceive thenext
command.
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3.1.11 Linked Command Complete with  Flag (0OBh)
The Targetsends thd.inked CommandComplete with Flagnessage to thniti-
ator toindicatethat execution of a Linkeccommand(with flag bit equal to one) has
completed andhat valid status has been sent to the Initiatokfter successfully
sending thismessage, th@argetchanges to th€ommandphase toreceive thenext
command.

3.1.12 Bus Device Reset (0Ch)
The Bus DeviceResetmessage isent from the Initiator to dect theTarget toclear
all I/0 processes for all initiators. This messdgeces ahardresetcondition which
resets the Target to ainitial state with no |/Oprocessepending for any Initiator.
A Unit Attention condition iscreated for all initiators. Aftereceivingthis message,
the Targetgoes to the Bu$ree phase.

3.1.13 Abort Tag (0Dh)
The Abort Tagmessagepecifiesthat thecurrent 1/O process beerminated imme-
diately regardless of itstate of execution. No status aressage isent for the 1/0
process terminated. l/@rocesse®ther than the current I/@rocess shall not be
affectedeven ifthey are from the same initiator. If the current IffPocess is also
an active 1/O procesthen itwill be aborted and the next queued Iff@ocess in the
commandqueuewill become aractive 1/O process. If theurrent I/O process is
also aqueued I/Oprocessthen the queued I/@rocesswill be removed from the
commandqueue and the queusill be adjustedaccordingly to preserve therder of
execution of the remainingueued I/Oprocesses. It is not aarror to establish an
I _T_L_Q nexus and send th&bort Tagmessage to a logicainit thatdoes not
currently have an I/O process associated whht | T L Q nexus. The tgetgoes
to BUS FREEfollowing receipt ofthis message.Pendingsense data is preserved
for all initiators.

Note: It is permissible for arnitiator to select thedevice after theTarget hadis-
connected from the Initiator, for the purposes®nding an ldentify message
followed by aQueue Tagnessage followed by aAbort Tagmessage. This
aborts thetagged 1/O process, if any, associated with the established
I_ T _L_Q nexus.

3.1.14 Clear Queue (OEh)
The ClearQueuemessagespecifiesthat all 1/0 processe$rom all initiators for the
identified LUN beterminated immediatelyegardless ofheir state of execution.
This message igquivalent toreceiving anAbort messagdrom each initiator. All
active 1/O processes for the identified LUN aaborted, all queued I/@rocesses for
the identified LUN are deletettom thecommandqueue, and the current 1/O
process is ended bgoing to BUSFREE. All pending status and data for the iden-
tified LUN shall be cleared for alinitiators. No status omessage isent for any of
the 1/0 processegerminated. UnitAttention conditionwill be generated for all
otherinitiators that had 1/Oprocesseshat were either active orqueued The addi-
tional sensecodewill be set to COMMANDSCLEARED BYANOTHER INITI-
ATOR See 4.1.5/Unit Attention Condition” onpage 202 The targajoes to
BUS FREEfollowing receipt of aClear Queuemessage.Pendingsense data ipre-
served for allinitiators.
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3.1.15 Continue 1/0 Process (12h)
The Continue I/OProcesamessage isent from the initiator to the target to recon-
nect to an 1/O processThis message shall bgent in the same Message Opltase
as the ldentify messagerhus, if theinitiator intends to send th€ontinue 1/0
Procesanessage, the Message Optiasefollowing the Selectiorphasemustconsist
of the Identify, Queue Tag (ifany), andContinue |/OProcesanessages.

The purpose of the Continue I/Brocesamessage is to distinguish a valiitiator
reconnection from amncorrect initiatorconnection.

The initiator may reconnect to an I/O procdssfore the target indicatabat it is
ready to transfer datésee 3.1.16 Target Transfer Disable (13h)” for a description
of how the target informs the initiator of this condition). In tldase, if the target is
not ready tocontinueprocessing the reconnected 1/O proceswilt attempt todis-
connect. If the disconnectioattempt issuccessful and the I/@rocess is not
already active, the targetill move the 1/O process to the front of theommand
gueue. If the initiatorejects thedisconnection or does not grant disconnpavi-
lege in theldentify message, the targeitill end the connection with acheck condi-
tion, terminate the I/Cprocess, and generate sense for ithiéiator/LUN
combination. Thesense keycode, andqualifier will be set toABORTED
COMMAND, MessageError.

It is an error for the initiator to send thimessage on an initiadlonnection(i.e.,
there is no I/O process for the nexus) and the tamg#tgo to Bus Free phasgsee
3.6.1,“Unexpected Bus Free Phase Error Condition” page 192).

3.1.16 Target Transfer Disable (13h)
The Target Transfer Disablgf TD) message isent from an initiator to the target to
requestthat subsequemnmeconnections for dataansfer on the I/O process lwone
by the initiator instead of the target. The target may reconnecotioer purposes,
but will not enter a data phase ontargetreconnection.

This message shall beent as thdast message of thiérst Message Ouphase of an
initial connection. The targetill continue the 1/Oprocess, including anipata Out
phases on thaitial connection, until the target would normally disconnect, but the
target will notreconnect taransferdata. The targewill not enter aData In phase

on the initialconnection(unless disconnection permission is not granted), and the
target will notenter any data phase on any subsequent target reconnection for the
I/O process.

When the target iseady to transfer data for a disconnected I/O process for which a
TTD message halseen sent, the targetill reconnect to the initiator for the I/0
process (via @&eselection phase, an ldentifiyessage, and amptional Queue Tag
message), send a Disenectmessage, and, if thimitiator does notrespond with a
MessageRejectmessage, go to BuBree phase. If thanitiator rejects theDiscon-
nectmessage, the targetill enter a data phase; otherwise, the initiator may recon-
nect to the 1/0O process akescribed in 3.1.15,Continue 1/O Process (12h)” to do

the data transfer.
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3.1.17 Queue Tag Messages (20h, 21h, 22h)

Table 146. Queue TagMessages
Byte Value Description
0 20h Queue Tagnessage
21h
22h
1 XXh Queue Tag

Queue Tagnessagesonsist of:

Simple Queue TagMessage
OrderedQueue TagMessage
Head of Queue Tadlessage

Queue Tagnessages aresed tospecify an identifier, called Queue Tagfor an I/O
process whictestablishes thé T_L_Q nexus. Thequeue tadield is an 8-bit
unsignedinteger assigned by thiaitiator during aninitial connection. The Queue
Tag for every I/Oprocess for each T_L nexusmust beunique. If the target
receives aQueue Tag that isurrently in use for thd_T_L nexus itwill respond as
outlined in4.1.3,“Incorrect InitiatorConnection” onpage 199. AQueue Tag
becomesavailable for re-assignment when the I/O process ends.

Whenever an initiator connects to the target, gppropriate Queue Tagessage
must besent immediatelyfollowing the ldentify message amgithin the same
MESSAGE OUTphase toestablish thd_T_L_Q nexus for the 1/O processOnly
one |_T_L_Qnexus may be established duringannection. If a Queue Tag
message is nogent,then only an |_T_Lnexus is established for the I/O process
(untaggedcommand).

Whenever the target reconnects to an initiatoctmtinue atagged /O process, the
Simple Queue Tagmessage isent immediatelyollowing the Identify andwithin the
sameMESSAGE IN phase torevive thel _T_L_Q nexus for the I/O processOnly
one |_T_L_Qnexus may beevivedduring a reconnection. If the SimplQueue
Tag message is natent,then only a |_T_Lnexus isrevived for the 1/Oprocess
(untaggedcommand).

3.1.17.1 Simple Queue Tag (20h)
The SimpleQueue TagMessagespecifiesthat thecurrent I/O process bplaced in
the commandjueue. The order of execution, witespect toother I/O processes
received withSimple Queue TagMessages, is up to the discretion of the target. The
target will send a Simpl®Queue TagViessage after reselection for 1/O procesHwest
were received witkeither Simple, Ordered, or Head Queue Tagnessages.

3.1.17.2 Head of Queue Tag (21h)
The Head of Queue Tamessagespecifiesthat thecurrent I/O process bplaced
first in the commandqueue. Active I/O processes (iany) will not be preempted by
an I/O processeceived with a Head oQueueTag. An I/O processeceivedwith a
Head of Queue Tawiill be executed before abther queued |/Qprocesses regard-
less of thel T_L_Qnexus Successive |/O processes received with Hea@Qoéue
Tag messagewill be executed inLIFO order.
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3.1.17.3 Ordered Queue Tag (22h)
The OrderedQueue TagVessagespecifiesthat thecurrent I/O process bplaced in
the commandjueue forexecution in the ordereceived. Allqueued I/Oprocesses
for the logicalunit receivedprior to the current I/O process aexecuted before the
current 1/0O process isxecuted. Allqueued I/Oprocesses received after tharrent
I/O process are executed after tberrent I/O process iexecuted, except for I/0
processes received withthEAD OF QUEUE tagmessage.

Note: In multi-initiator environmentsvhere both Tagged andntagged 1/O proc-
esses ar@resent together in theommandqueue,untagged 1/O processes are treated
as thoughthey were received with &imple Queue tag for purposes ekecution
scheduling.

3.1.18 Ignore Wide Residue (23h)

Table 147. Ignore Wide Residue Message Format
Byte BIT

7 | e | s | 4 | 3 | 2 | 1 | o
0 MessageCode = 23h

Ignore = 01h

The Ignore Wide Residublessage is serfrom the target tandicatethat the
number ofvalid bytes sent during thtast REQ/ACK handshake of ®ATA IN
phase idess than thenegotiated transfer width. The ignofield (always = 01h)
indicatesthat onebyte (data bits8-15) should be ignoredThis message isent
immediatelyfollowing the DATA IN phase and prior to any othemessagesEven
though abyte isinvalid, it's corresponding parity bit igalid for the valuetrans-
ferred.

3.1.19 Identify (80h or COh)

The ldentify message sent by either thénitiator or the Target teestablish the
physicalpath connection between the Initiator and the Target for a particlagical
unit.

The ldentify message is defined aslows:

Bit 7 This bit isalways set to one to distinguish the Identify messtgen
othermessages.
Bit 6 This bit is only set to one by the Initiator to grant the Target phiei-

lege of disconnecting. If this bit is O, the Target does not disconnect.
This bit is set to 0 when the Targsends an ldentify message to the
Initiator during reconnection.

Bit 5 This bit isreserved ananust bezero for an Identify message.

Bits 4-0  These bitsspecify theLUN. A valueotherthanzeroidentifies an
invalid LUN. For adescription of the response to amvalid LUN see
4.1.2,“Invalid LUN Processing” on page 198.

If an Identify message iseceived with bit 5 notequal to zero, the Target responds

with the MessageRejectmessage and goes to the Bliee phase taignal acat-
astrophic error condition (se&5, “MessageState/Action Table” orpage 186).
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Only one LUN may bddentified for any one selectiogequence. If the Target
receives arldentify message with a nelgical unit numberafter the LUN hagre-
viously beenidentified, theTargetgoes to the Bu$ree phase tsignal acat-
astrophic error. The Initiator may semdore than onddentify messageluring a
selection sequence iorder totoggledisconnect/reconnect permission if thpecified
LUN remains the same. (sé&e2,“SupportedMessagd-unctions” onpage 181).

When theldentify message isent from the Target to the Initiator during recon-
nection, an impliedRestore Pointermessagenust beperformed by the Initiator.

3.1.20 Extended Messages (01h,xxh)

A value of one in thdirst byte of amessage indicates the beginning ofaltiple-
byte extendednessage. Theninimum number obytes sent for an extended
message ishree. The extendemhessagdormat is shownbelow.

Table 148. Extended Message Format
Byte Value  Description
0 01h Extendedmessage
1 n Extendedmessage length
2 y Extendedmessageode
3-(n+1) X Extendedmessagearguments

The extendednessage lengthpecifies thdength in bytes of the extendedessage
code plus the extendedessagarguments tdollow. The total length of the
message igqual to the extendedhessage lengtplus two. A value of zero for the
extendedmessage length indicates 256 bytes to follow.

The Drivesupports twoextendedmessagesSynchronoudata TransferRequest
(01h,01h) and Widdata TransferRequest01h,03h). The only extendedessage
lengthssupported by the Target are 02h and 03h. Ifiarsupportednessageode
or message length i®ceived, theTargetgoes toMESSAGE IN phase immediately
after thebyte in error andsends a Messageejectmessage to thanitiator.

If attention isnegated before all bytes of a multiple-byte extendesssage are
received, thdile will go to BUS FREE tosignal acatastrophic error.

3.1.21 Synchronous Data Transfer Request (01h,01h)
A pair of Synchronoudata TransferRequestmessages are exchangeetween an
Initiator and a Target t@stablish thesynchronous dat&ransfer mode between the
two devices. The messagxchange establishes the permissible trangéiod and
REQ/ACK offset for asynchronous dat&ransfer between the twdevices. The
Initiator may initiate asynchronous dattransfernegotiation at any timafter the
LUN has beendentified. TheTargetinitiates asynchronoudransfernegotiation if
the Target has not negotiated with the Initiagince the last time th&arget was
Reset (Power-on Reset, SCSI Btimrd” Reset, BudDevice Resetmessage, oSelf
Initiated Reset).

Target-initiatedsynchronous negotiation normalbccurs immediatelyollowing the
wide data transfenegotiation. If a dataransferwidth agreemenexists, thetarget-
initiated synchronous negotiatiooccurs either immediatelfollowing the Command
phase or immediatelfollowing the firstreconnection.
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The impliedsynchronousagreement remains ieffectuntil the Target is Reset
(Power-on Reset, SCSI Bubsard” Reset, BudDevice Resetmessage, oBelf Initi-
ated Reset), a new synchronoagreement is negotiated, or the Targeteives a
Wide DataTransferRequestmessage. If &®Resetoccurs, the Targegoes toasyn-
chronous mode.

3.1.21.1 Synchronous Data Transfer Request Message Definition

Table 149. Synchronoudata Transfer Request Messagefinition

Byte Value Description

0 01h Extendedmessage

1 03h Extendedmessage length

2 01h Synchronoudata TransferRequestcode
3 M Transfer period (M times 4anoseconds)
4 X REQ/ACK offset.

The transfemperiod (M above) is theninimum time betweeneadingedges of suc-
cessive REQulses and obuccessive ACKpulse tomeet thedevicerequirements

for successfuleception of datavhile usingsynchronous dat&ransfers. The Drive
supportstransfer periods in the range 100 nSec to 450 nSec in 25 nSec increments.
The Targetwill use the "fastSCSI datatransfer" timings if asynchronousagreement
results in a target transfereriod ofless than 20hSec.

The REQ/ACKoffset (X alove) is themaximum number of REQulsesthat can
be outstandindefore its corresponding ACK pulserisceived at theTarget. A
REQ/ACK offsetvalue of zero indicateasynchronous mode. TH®rive supports
REQ/ACK offset values in theange Othrough 15 for 16 bit daté&ransfers and
offset values in the range thirough 30 for 8 bit dataransfers.

3.1.21.2 Synchronous Negotiation Started by the Initiator
If the Initiator recognizeghat negotiation is required ansends a&Synchronoudata
TransferRequestmessageut, theTarget responds bghanging to the Message In
phase andending aSynchronoudata TransferRequestmessage in to thinitiator
prior to transferring anyadditionalmessage bytes (or arpther Information phase
bytes)from the Initiator. Thisprovides an interlock during theynchronousegoti-
ation.

The Drive responds to each Initiator requesteghsferperiod asshown in thefol-

lowing table:
Table 150 (Page 1 of 2). Initiator Request/Target Response
Target Maximum

Initiator Target Transfer Burst

Request Response Period Rate
0<=Mi<=25 Mt = 25 100 nSec 10.00MT/s
26<=Mi< =31 Mt = Mi 125 nSec 8.00 MT/s
32<=Mi< =37 Mt = Mi 150 nSec 6.67 MT/s
38< = Mi< =43 Mt = Mi 175 nSec 5.71 MT/s
44 < = Mi< = 50 Mt = Mi 200 nSec 5.00 MT/s
1< = Mi< = 56 Mt = Mi 225 nSec 4.44 MT/s
57 <= Mi< = 62 Mt = Mi 250 nSec 4.00 MT/s
63 < = Mi< = 68 Mt = Mi 275 nSec 3.64 MT/s
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Table 150 (Page 2 of 2). Initiator Request/Target Response

Target Maximum

Initiator Target Transfer Burst

Request Response Period Rate
69<=Mi<=175 Mt = Mi 300 nSec 3.33MT/s
76 < = Mi< =381 Mt = Mi 325 nSec 3.08MT/s
82< = Mi< =87 Mt = Mi 350 nSec 2.86MT/s
88 < = Mi< = 93 Mt = Mi 375 nSec 2.67MT/s
94 < = Mi< = 100 Mt = Mi 400 nSec 2.50MT/s
101 < = Mi< = 106 Mt = Mi 425 nsec 2.35MT/s
107 < = Mi < = 112 Mt = Mi 450 nSec 2.22MT/s

113 < = Mi< = 255 Mt = Mi (Asynchronous mode) N/A

Note: MT/s meansMega-Transfers per second. If the established data transfer
width is 8 bits, theMB/s rate is the same as tHédT/s rate. If the estab-
lished data transfewidth is 16 bits, theMB/s is two times theMT/s rate.
For example 10.00MT/s on a 16 bittransferwidth is aneffectivetransfer
rate of20.00MB/s.

The Drive responds to each Initiator requesRRHQ/ACK offset as follows:

If the Initiator requests &ransferperiodthat isgreater than 448 nSec (M >
112), theTargetwill respond with the same peridtdat theinitiator requested
but with a REQ/ACKoffset of 0.

If the Initiator requests @ransferperiod in the acceptable range and requests a
REQ/ACK offsetvaluethat isgreater than 15vith an established 16 bit transfer
width or greaterthan 30 with anestablished 8 bit transfer width, thearget
responds with REQ/ACK offsetvalue of 15 or 30 respectively.

If the Initiator requests &ransferperiod and an offsetalue in the acceptable
range, the response éxjual to the Initiator's requestedlue.

Note: If the REQ/ACK offsetvalue is 0, this indicateasynchronous mode.

If following the Target's response above the Initiatmserts the ATN signal and the
first message received &ther a MessagParity Error or aMessageRejectmessage,
the Targetegates thesynchronousagreement angoes toasynchronous mode.

For the Messag®arity Errorcase, themplied synchronousagreement is reinstated
if the Targetsuccessfullyretransmits theSynchronoudData TransferRequest
message to thénitiator (see3.6.3,“Message InPhase Retry” orpage 194). For
any othermessage, th&arget completes negotiation agdes tosynchronous

mode.

3.1.21.3 Synchronous Negotiation Started by the Target

If the Targetrecognizeghat negotiation is required, the Targsénds aSynchronous
Data TransferRequestmessage to thénitiator with thetransferperiod equal to 100
nSec (M = 25) and th&@EQ/ACK offsetequal to 15 (X = 15) for arestablished 16
bit transferwidth or 30 (X = 30) for anestablished 8 bit transfer width. The Initi-
ator mustrespond byasserting the ATN signgirior to itsrelease of ACK for the
REQ/ACK handshake of théastbyte of the SynchronouBata TransferRequest
message. (see 3.3Attention Condition” onpage 182).This provides an interlock
during thesynchronous negotiation. If the Initiataloes not assert the AT Nignal,
the Targetgoes toasynchronous mode. If the Initiataloes assert the ATMNignal,
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the Targetchanges to the Message Ophase andeceives amessagdrom the Initi-
ator.

If the first message received isSynchronoudData TransferRequestmessage, the
Targetestablishes the new data transfieode. TheDrive interprets the Initiator
corresponding transfgreriod asshown in thefollowing table:

Table 151. Target Response to Initiator's Transfeeriod
Target Maximum
Initiator's Transfer Burst
Response Period Rate
0<=Mi<=24 Send MessagReject (Asynchronous mode) N/A
25<=Mi< =25 100 nSec 10.00MT/s
26<=Mi< =31 125 nSec 8.00MT/s
32<=Mi< =37 150 nSec 6.67MT/s
38< = Mi< =43 175 nSec 5.71MT/s
44 < = Mi< = 50 200 nSec 5.00MT/s
1< = Mi< = 56 225 nSec 4.44MT/s
57 < = Mi< = 62 250 nSec 4.00MT/s
63 < = Mi< = 68 275 nSec 3.64MT/s
69<=Mi<=175 300 nSec 3.33MT/s
76 < = Mi< =81 325 nSec 3.08MT/s
82< = Mi< = 87 350 nSec 2.86MT/s
88 < = Mi< = 93 375 nSec 2.67MT/s
94 < = Mi < = 100 400 nSec 2.50MT/s
101 < = Mi< =106 425 nsec 2.35MT/s
107 < = Mi< = 112 450 nSec 2.22MT/s
113 < = Mi< = 255 Send Messadreject (Asynchronous mode) N/A

Note: If the corresponding transfgreriod receivedfrom the Initiatorindicates a
transferperiodthat islessthan 100nSec (M < 25) or greatethan 448nSec
(M > 112), theTargetsends a Messageejectmessage to thanitiator to
indicateasynchronous mode.

The Drive interprets each Initiator requestedE Q/ACK offset as follows:

If the Initiator requests & EQ/ACK offsetvaluethat isgreater than 15 with an
established 16 bit data transfeidth or 30 with anestablished 8 bit data

transfer width, theTargetchanges to the Message In phase, sends a Message
Rejectmessage to thaitiator, andgoes toasynchronous mode.

If the value is 0, theTargetgoes toasynchronous mode. For all othealues,
the Target interprets thREQ/ACK offset to beequal to the Initiator requested
value.

If the first message receivddom the Initiator is either aMessageParity Error or a
MessageRejectmessage, th@argetgoes toasynchronous mode. For thdessage
Parity Errorcase, thesynchronous negotiation restarted if the Targetuccessfully
retransmits theSynchronoudData TransferRequestmessage to thitiator. (see
3.6.3,“Message InPhase Retry” orpage 194).

If the first message receivddom the Initiator is any othemessage, th@argetgoes
to asynchronous mode. THearget assumethat thelnitiator does notsupport
synchronous mode andbes notattempt torenegotiate with this Initiator. (se®5,
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“MessageState/Action Table” ompage 186 formore informationregarding theTar-
get's response to eachessage receivefdlom the Initiator duringsynchronousego-
tiation).

The implied agreement fagynchronous operation is nabnsidered teexist by the
Target until the Target leaves tiMessage Out phase, implyirthat noparity error
was detected. If the Targeletects a parity errawhile attempting toreceive the
messagdrom the Initiator, the Targegoes toasynchronous mode. Theargetwill
attempt toresume synchronous negotiation tBtrying the Message Ouythase(see
also 3.6.2,'Message OutPhase Retry” orpage 193).

Note: If during the Message Iphase of negotiations, either Target or Initiator
started, ATN is assertegrior to transmission of thé&astbyte of themessage
and the message is not Messd@grity or MessageReject, the Targegoes to
asynchronous modeMessageReject andMessageParity Errors are handled
as described in 3.1.21.2Synchronous Negotiatio®tarted by the Initiator”
on page 176 and 3.1.21.35ynchronous Negotiatiostarted by the Target”
on page 177.

Note: Target initiatedsynchronous negotiation gelectable via the DSNit. See
1.6.2,“Page 0 - VendolUnique Parameters” orpage 75 formoreinforma-
tion.

3.1.22 Wide Data Transfer Request (01h,03h)
A pair of Wide Data TransferRequestmessages are exchangeetween an Initiator
and a Target t@stablish a data transfaridth agreement between the tvdevices.
The Initiator mayinitiate a wide data transfaregotiation at any timafter the LUN
has beendentified. TheTargetinitiates a wide data transferegotiation if the
Target has not negotiated with the Initiateince the last time th&@arget was Reset
(Power-on Reset, SCSI Bubtard” Reset, BudDevice Resetmessage, o&elf Initi-
ated Reset).

Target-initiated negotiation occurs either immediatifowing the Command
phase or immediatelfollowing the firstreconnection. The Targetill negotiate the
data transfewidth agreement prior to negotiating tisgynchronous dat&ransfer
agreement. If aynchronous dat&ransfer agreement is ieffectwhen a WideData
TransferRequestmessage is received, tHargetwill reset thesynchronousagree-
ment toasynchronous mode.

The implied data transfewidth agreement remains ieffectuntil the Target is Reset
(Power-on Reset, SCSI Bubtard” Reset, BudDevice Resetmessage, o&elf Initi-
ated Reset) or a new dateansferwidth agreement is negotiated. IfResetoccurs,
the Targetgoes to eight bimode.

3.1.22.1 Wide Data Transfer Request Message Definition

Table 152. Wide Data Transfer Request Messad@eefinition
Byte Value Description
0 01h Extendedmessage
1 02h Extendedmessage length
2 03h Wide Data TransferRequestcode
3 E TransferwWidth Exponent
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The data transfewidth is two to thetransferwidth exponentytes wide. Valid data
transfer widths are 8 bits (E = 00h) and 16 bits (E = 01h). Value afr&ter than
01h are reserved.

3.1.22.2 Transfer Width Negotiation Started by the Initiator
If the Initiator recognizeghat negotiation is required ansends a Widdata
TransferRequestmessageut, theTarget responds bghanging to the Message In
phase andending a WiddData TransferRequestmessage in to thénitiator prior
to transferring anyadditionalmessage bytes (or arother Information phasbytes)
from the Initiator. Thisprovides an interlock during the data transvedth negoti-
ation.

The Drive responds to each Initiator requestezhsferwidth exponent ashown in
the following table:

Table 153. Initiator Request/Target Response
Target
Initiator Target Data Transfer
Request Response Width
Ei=0 Et=0 8 Bit Data Transfers
Ei> 0 Et=1 16 Bit DataTransfers

If following the Target's response above the Initiatmserts the ATN signal and the
first message received &ther a MessagParity Error or aMessageRejectmessage,
the Targetegates the data transfeidth agreement andoes to 8 bitmode. For
the Messagdarity Errorcase, thamplied data transfewidth agreement isein-
stated if the Targesuccessfullyretransmits the Wid®ata TransferRequestmessage
to the Initiator (see8.6.3,“Message InPhase Retry” orpage 194). For angther
message, th&arget completes negotiation agdes to thenegotiated data transfer
width.

3.1.22.3 Transfer Width Negotiation Started by the Target
If the Targetrecognizeghat negotiation is required, the Targeénds a Widdata
TransferRequestmessage to thnitiator with thetransferwidth exponent equal to
1 (E = 1). The Initiatormustrespond byasserting the ATN signgirior to its
release of ACK for theREQ/ACK handshake of théastbyte of the WideData
TransferRequestmessage. (see 3.3Attention Condition” onpage 182). This
provides an interlock during theide data transfenegotiation. If the Initiator does
not assert the ATN signal, thEargetgoes to 8 bitmode. If the Initiatordoes assert
the ATN signal, theTargetchanges to the Message Opltase andeceives a
messagdrom the Initiator.

If the first message received is a Wibmta TransferRequestmessage, th&arget

establishes the new data transfeode. TheDrive interprets the Initiatocorre-
spondingtransferwidth exponent ashown in thefollowing table:
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Table 154. Target Response to Initiator's Transfeeriod
Target
Initiator's Data Transfer
Response Width
Ei=0 8 Bit Data Transfers
Ei=1 16 Bit DataTransfers
Ei> 1 Send MessagReject (8 BitData Transfers)

Note: If the corresponding transfavidth exponenteceivedfrom the Initiatorindi-
cates a data transferidth that isgreater than 1tits (E > 1) the Target
sends a Messageejectmessage to thaitiator to indicate 8 bit data transfer
mode.

If the first message receivddom the Initiator is either aessageParity Error or a
MessageRejectmessage, thd@argetgoes to 8 bit data transfenode. For the
MessageParity Errorcase, the wide data transfeegotiation is restarted if the
Targetsuccessfullyretransmits the Wid®ata TransferRequestmessage to thniti-
ator. (see€3.6.3,“Message InPhase Retry” orpage 194).

If the first message receivddom the Initiator is any othemessage, th@argetgoes
to 8 bit data transfemode. TheTarget assumethat thelnitiator does notsupport
wide data transfers andloes notattempt torenegotiate with this Initiator.(see 3.5,
“MessageState/Action Table” ompage 186 formore informationregarding theTar-
get's response to eachessage receivefdlom the Initiator duringwide data transfer
negotiation).

The implied agreement favide data transfeoperation is nottonsidered tcexist by
the Target until the Target leaves tMessage Out phase, implyirthat noparity
error was detected. If the Targdéetects a parity errowhile attempting toreceive
the messagérom the Initiator, the Targegoes to 8 bit data transfenode. The
Targetwill attempt toresume thewide data transfenegotiation byretrying the
Message Ouphase (sealso 3.6.2,'Message OutPhase Retry” orpage 193).

Note: If during the Message Iphase of negotiations, either Target or Initiator
started, ATN is assertegrior to transmission of thé&astbyte of themessage
and the message is not Messd@grity or MessageReject, the Targegoes to
8 bit data transfemode. MessageReject andMessageParity Errors are
handled aglescribed in 3.1.22.2Transfer Width NegotiationStarted by the
Initiator” on page 180 and 3.1.22.3Transfer Width NegotiationStarted by
the Target” onpage 180.

Note: Target initiated negotiation ofide transfers is selectable by the DSN bit.
See 1.6.2YPage 0 - VendolUnique Parameters” ompage 75 formore infor-
mation.

3.2 Supported Message Functions

The implementation of the supportedessages also includes the followifighc-
tions:

Retry SCSICommand or &tus phase
The retry is caused by one of the followimgror conditions:

— Target detecte®CSI busparity error(Commandphase)
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— Targetreceivesinitiator Detected Erromessagealuring or at the conclusion
of an informationtransferphase(Command or Sttus phase)

Note: The Initiator may send the Initiator Detect&dror message as a
result of anlnitiator detectedSCSI busparity error or an internal
error.

Retry Message Ouphase

The retry is caused by @arget detecte®CSI busparity error during the
Message Out phase.

Retry Message Imphase

The retry is caused by the receipt of a Mess®geity Errormessagemme-
diately following a Message Iphase.

Note: The Initiator may send th&lessageParity Errormessage as a result of
an InitiatordetectedSCSI busparity error during the Message In phase.

Receipt of multipleldentify messages

The Initiator isallowed to send multiple ldentifynessages out inrder totoggle
the disconnect/reconnect permission bit (bit @)his may beused toselectively
enable or disablelisconnect/reconnect permission duripgrtions of a
command.

MessageReject during Target disconnection

If the Initiator rejects the Sav®ata Pointermessage, th&argetdisables
disconnect/reconnect permissioithis isequivalent toreceiving anldentify
messageavith bit 6 (disconnect/reconnect permission bit) equal to zero. This
causes th& arget to inhibit the pending disconnection. If the Initiatejects
the Disconnecinessage, th&arget does not disconnect but mattempt todis-
connect at dater time. Thisfunction may be used tselectivelydisable discon-
nection duringportions of a command.

3.3 Attention Condition

The Attention Conditiorallows anlnitiator to inform the Targethat aMessage
Out phase iglesired. Thdnitiator may create theAttention Condition byasserting
the ATN signal at any timexcept during théArbitration phase or Bus Free phase.

The Initiatormustcreate theAttention Condition byasserting the ATN signal
beforereleasing ACK for the lasbyte transferred in a buphase to guarantedat
the Attention Condition is honorebeforetransition to a new bus phase. This
guarantees a predictable Target responsm¢gsages receivatliring the Message
Out phase for thittention Condition. If the ATNsignal is asserted later, it may
be honored in theurrent bus phase or the next bus phase and then mayesatt
in the expectedction or mayresult in a BusFree condition. See Figure 1 on
page 183 andrigure 2 onpage 184 for an example of thdesired time to assert
ATN during aninformationtransfer phase.
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Figure 1. Attention Condition during Asynchronousformation Transfer phase
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Figure 2. Attention Condition during SynchronobDsta Transfer phase

After the Initiator asserts the ATN signal, thBarget responds with thelessage
Out phase afollows:

If ATN occurs during aCommandphase, the Message Ophase occursfter
part or all of theCommandDescriptor Block has beetransferred to the Target.
The InitiatormustcontinueREQ/ACK handshakes during theommand

phase until the Targegnters the Message Out phase.

If ATN occurs during aData In or Data Ouphase, the Message Ophase
occursafter part or all of the datdbytes havebeentransferred and not neces-
sarily on a logicablock boundary. The InitiatomustcontinueREQ/ACK
handshakes (asynchronotransfer) or ACK pulses to reach an offset of zero
(synchronougransfer) until theTarget enters thdlessage Out phase.

Note: The Drive SCSI hardware and microcode implementatrestricts the
Target response to th&ttention Conditionduring a parameter osense
data phase afllows: The Targetdetects theAttention Conditionwithin
256 bytes after the assertion of tAd N. During a data out phasthat
is not for parameter data, the targidtects theAttention Condition
within 2 bytes. During a data in phaskat is not forparameter osense
data, thetarget detects théttention Conditionwithin 34 bytes. Once
the Targetdetects theAttention Condition, itwill wait until all out-
standingSCSI ACK pulses havébeenreceivedbefore entering the
Message Out phase. Any datf@at isreceived aftemttention isasserted
will not be written to thedisk.

If ATN occurs during a Status phase, the Message phease occurafter the
REQ/ACK handshake of the status byte has been completed.

If ATN occurs during a Message In phase, the targiwll enter Message Out
phasebefore it sendsanothermessage. Thipermits aMessageParity Error
messagdrom the initiator to beassociated with thappropriatemessage.

If ATN occurs during a Selectiophase andefore thelnitiator releases the
BSY signal, theMessage Ouphase occur$ollowing the completion of the
Selectionphase.
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If ATN occurs during a Reselection phase, the Target temporagiigres the
Attention condition anccompletes theeselectiorphase andviessage Irmphase
to send an ldentify message. The Message fhase occurafter theTarget
has sent the Identifynessage to thénitiator. This isindistinguishabldrom an
Attention Conditionduring the ldentify Message In phase.

The Initiatormustkeep the ATNsignal asserted ihore than onenessage byte is
to be transferred during the Message Out phase. Tdrgetprocesses eadamessage
byte (multiple-bytes for an extendedessageprior to receiving thenext message
from the Initiator. The Target continues to handshake pratess byte(s) in the
Message Ouphase until ATNgoes falseunless one of the followingonditions
occurs:

« The Targetreceives an illegal omappropriatemessage and goes to the Message
In phase to send MessageRejectmessage.

« The Targetdetects acatastrophic error condition argbes to the Bu$ree
phase.

Note: If the Targetdetects a parity error during the Message Out phaseTtrget
continues to handshakeyte(s) in this phase until ATNoes false. The
Target does not process amessages received after tparity error is
detected. (see 3.6.2Message OutPhase Retry” orpage 193).

The Initiatormustnegate the ATNsignal while REQ igrue and ACK isfalse

during the lasREQ/ACK handshake of thd&essage Ouphase to ensure a predict-
able Target response. If ATN is negatkder, theTarget may or may not request
an additional Message Out byte. If ATN is negaetlierduring a multiple-byte
Message Out phase, tHarget may or may not request additiorMéssage Out
byte(s). If ATN is negated prior to the Targehtering the Message Out phase, the
Target may or may not enter tidessage Out phase.

3.4 SCSI Bus Parity Error Detection

SCSI busparity errors may be detected by either timtiator or the Target. The
Initiator detects parity errors during tHeata In, Status, orMessage In phases. If a
retry is desired tattempt torecoverfrom one ofthese parity errors, thiitiator
mustassert the ATN signal to create @titention Condition andend either the
Initiator Detected ErromessagdData In or Satus phase) oMessageParity Error
message (Message phase) to the Target. The ATBignalmust beassertedvithin
the phase during which the parity error wéstected to guarantgeoper Target
response. Seg.3, “Attention Condition” onpage 182 for a description of the
proper time to assert the ATNignal and theTarget's response to thtention
Condition. Seed.6.7,“Data In Phase Retry” orpage 195, 3.6.5'Status Phase
Retry” on page 195, and 3.6.3Message InPhase Retry” orpage 194 for a
description of the retry of each of these phases.

The Targetdetects parity errors during theommand, Data Out, ovessage Out
phases. After the parity error is detected, fheerget mayattempt toretry the phase.
The Target parity error detection for each of these phasdsfised as follows:

If a parity error occurs during &ommandphase, the retry occumster part or
all of the Commandescriptor Block has beetransferred to the Target. The
Initiator mustcontinueREQ/ACK handshakes during theommandphase
until the Target attempts theetry. See 3.6.4;CommandPhase Retry” on
page 194 for a description of the retry of this phase.
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If a parity error occurs during ®ata Outphase, the Target responds to the
parity errorafter part or all of the datdytes havebeentransferred and not nec-
essarily on a logicablock boundary. The InitiatomustcontinueREQ/ACK
handshakes (asynchronotransfer) or ACK pulses to reach an offset of zero
(synchronougransfer) until theTarget terminates thBataphase. There is no
guaranteahat the mediunwill or will not be alteredwith the datareceived

prior to the parity error.

Note: The Targetdetects the parity error immediately. Tlbgte with the
parity error and any dateeceived aftethat byte will not be written to
the disk.

If a parity error occurs during a Message Out phase, the retry ocdtesall
remaining Message Out bytes haveenreceivedfrom the Initiator(indicated
by ATN false). TheTarget does not process amessages received after the
parity error is detected. Thhnitiator mustcontinueREQ/ACK handshakes
during the Message Outhase until ATN isfalse and theTarget attempts the
retry. See 3.6.2;Message OutPhase Retry” orpage 193 for a description of
the retry of this phase.

3.5 Message State/Action Table

This sectiondescribes th&arget's action or response toputs thataffect theSCSI
message systenturing variousstages ocommandexecution. The description is in
the form of a state/actiotable,that describes th& arget's Action in response to
various inputs duringommandexecution states.

The inputs are factorthat influence theSCSIMessage System. The inputs include:

Messages receivefdlom the Initiator in response to afittention Condition
Target detecte@®CSI busparity errors

The state represents the curr&€SI| bus phase interrupted by the input. daddi-
tion, some state/input combinations atiwided into two States to represent either
the first orsecond error to be retried during tHCSI bus connection.

The Action shows the Target's response to thput that interrupted the present
State. TheAction also includes th& arget's NexiState in response to thaput.

The NextState may be examined ghow the Target's Action iresponse to the
next input. Thisprocess mayhen berepeated tshow the series of Target actions
in response to aesies ofmessages (cinput) receivedfrom the Initiator. Theinitial
State of the Target (prior to the assertionfofN) and thesucceedingctions
(internal indicators set by actions) determines how the Target prodéadsxample,
continueprevious information phaseetry previousinformation phase, stadiscon-
nection, sendCheck Conditionstatus, and son).

The entries in the Messadttate/Action Table should be interpretedsdwn
below:

Page 186 of 308 — Release 3 S| Specification



Table 155. Action Table Example
SCSI Phase or Statelnterrupted PresentSCSI State
SCSIStateNumber State Number
ACTION 1
Input 1 ACTION 2
(NEXT STATE)
ACTION 1A
ACTION 2A
(NEXT STATE)
Input 2
ACTION 1B
ACTION 2B
(NEXT STATE)

ACTION 1 & ACTION 2 are both done imesponse tdnput 1.

ACTION 1A & ACTION 2A are both done irresponse tdnput 2 if this is the
first error for this connection.

ACTION 1B & ACTION 2B are both done imesponse tdnput 2 if this is the
second error for this connection.

SCSIMessage System — Page 187 of 308



The following Messagéction Legenddefines themeaning of each Targetction
entry in the Messag8tate/Action Table.

compact.

Table 156. Message Action Legend

AT =  Return toAsynchronousTransfer mode

BF = Go to Bus Free phase

CcC = SendCommandCompletemessage

CD = Clear internal indication of disconnect/reconnect permission

CHK = Send CheclConditionstatus

CS = Clear Sense for thénitiator

DATA = Go to DataPhase

DATA1l = Go to DataPhase if a TTDmessage was received ftris
process, otherwise SS and BF. If data transfer is not ready, D
and BF.

DM =  Send Disconnecinessage

DW = Return todefault WideData Transfermode (8bit)

ET =  Establish Synchronou$ransfer mode

EW = Establish WideData Transfer mode

ID =  Send Identifymessage

w = Send Ignhore Wide Residumessage

LCC = Send LinkedCommandCompletemessage

MR = Send MessagRejectmessage

MR1 = Message reject issued foonzeroreservedits but not for adif-
ferent LUN

na = not applicable

ND =  Setinternal indication to suspend pending disconnection

NP = Continue to thenext SCSI phase

PS = Preserve SensRata for alllnitiators

RMO = FlushMessage Out bytesntil ATN=0 andretry Message Out
phase

RP = SendRestore Pointermessage

RST = PerformHard Reset

SDP = SendSaveDataPointermessage

SM = SendSynchronoudData TransferRequestimessage

SQ = Send SimpleQueue Tagnessage

SS = Abort commandexecution for Identifiednitiator/LUN and set
appropriatesense data if the LUN is valid

SS1 = Same as S8nless error ormessagemmediatelyfollowing 1D
message and Tagg&ueuing is enabled. In thisase PS

SVD =  Saveinternal indication of disconnect/reconnect permission

SVL = Save LUNsecond LUNdifferentfrom thefirst

SVQ = EstablishiITLQ Nexus andSave TAG ifimmediately after ID
MSG, elsemessage reject

SVT = Set internal indicatiorthat a TTD message was received fdris
process

SW = Send WideData TransferRequestmessage
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The following pointsfurther desribe theTarget's response to inputisat affect the
SCSImessage systems.

« Acceptablemessages following Selection

The first messagsent from the Initiator to the Targéollowing a Selection
phase with the ATNsignal activemust be thedentify, Abort, or BusDevice
Resetmessage. If anpthermessage is received, tAargetchanges to the Bus
Free phase taignal acatastrophic error condition.

Messages following Identify

The ldentify message establishes th& L nexus. The Identifyfmessage may
be immediately followed bythermessagessuch as a Queue Tagessage, a

Target Transfer Disabl®essage, &ontinue I/OProcess Message, or tliest

message of @air of SynchronoudData TransferRequestmessages.

Queue Tag Messagesith TaggedQueuingdisabled

Any Queue TagMessageeceived whileTaggedQueuing isdisabled is treated
like an unsupportednessage.

- Actions after anlncorrect InitiatorConnection

If an Initiator establishes an incorrecbnnection (sed.1.3,“Incorrect Initiator
Connection” onpage 199), the drivevill attempt to returrcheckcondition
status to indicate thisondition. Thecheckcondition status fothis condition
will have priority overevery BUSFREE action in themessagestate action table
except for the BUSF REE following the Bus DeviceResetMessage.

Messagesvithout properly negated ATN

The Initiator is required to end thessage Ouphase (by negang ATN)

when it sends certaimessages (see 3.1SupportedMessages” on page 167). If
the Initiatorfails to negate the ATNsignal to end theMessage Ouphasefol-
lowing thesemessages, th&argetchanges to the BuBree phase tagignal a
catastrophic error condition.

Retry for unsupporteanessages

If the ATN signalremainsasserted following the receipt of amsupported
message, th&argetwill MessageReject theunsupportednessage. If the ATN
signal is stillasserted, th@argetchanges to the Message Opltase toreceive
the nextmessagdrom the Initiator.

3.6 SCSI Bus Related Error Handling Protocol

3.6.1 Unexpected

This protocol isused to handlerrorsthat threaten thentegrity of aconnection
between the Target and an Initiator.

Bus Free Phase Error Condition

There areseveralerror conditionsthat cause therarget to immediately change to
the Bus Free phaseegardless of thetate of the ATNsignal. TheTarget does not
attempt toreconnect to the Initiator to complete the operattbat was inprogress
when the error condition wadetected. Thénitiator should interpret this as a cat-
astrophic error condition.

If the LUN was identified by theTarget prior to the error conditiorthen theTarget
aborts thecommand andjenerates sense data this Initiator/LUN to describe the
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cause of the catastrophic error. Thdtiator mayretrievethis sense data by issuing
a RequesSensecommand tothis LUN.

Note: The RequesBensecommand mayfail if the catastrophic error condition
persists.

If the LUN was not identified by th&arget prior to the error condition, then the
Target does noaffect thesense data or theperation of anycurrently executing
command forthis Initiator or anyother Initiator.

3.6.2 Message Out Phase Retry
A Message Ouphaseretry may be caused by Barget detected parity error during
the Message Out phase.

When anerror occurs for thdirst time, the Targetetries the Message Ogthase as
follows:

Continue theREQ/ACK handshakes in thbessage Ouphase until the Initi-
ator negates the ATN signal. ThEargetignores all the remaining Message Out
phase byteseceived after theparity error is detected until the ATNignal is
negated.

« Assert the REQsignalprior to changing to anytherphase. After detecting
this condition, the Initiatomustresend all of the previousiessage byte(gent
during thiscontinuousMessage Out phase. THearget assumethat the
message byte(s) asent in the same order as previously sent during this phase.
The Target does not act on amyessagevhich it acted on thdirst time
received. Whenresendingmore than oneanessagédyte, the Initiatormust asert
the ATN signalprior to asserting ACK for thdirst messagdyte andmust
maintain ATN assertedntil the last messagbéyte is sent, aslescribed in 3.3,
“Attention Condition” onpage 182.

Repeat thdransfer of the Message Ophase byte(s). If the Targeeceives all
of the message byte(successfull(without detecting a parity error), it indicates
that it does not wish to retry the Message Cultase bychanging to anyther
informationtransferphase andransferring at least onkbyte. The Target may
also indicatethat it hassuccessfully received afAbort, Abort Tag, ClearQueue
or Bus DeviceResetmessage by changing to the Bhsee phase.

Note: This situation isindistinguishabldrom a secondMessage Ouphase
parity error, detectedvhile attempting toreceive anAbort, Abort Tag,
ClearQueue or BudDevice Resetmessage.

When anerror occurs as a result of a retry and the LUN Ibagnpreviously identi-
fied, the Target terminates the currenbmmand agollows:

Change to the Bus Free phasegardless of thatate of the ATNsignal. This
signals acatastrophic error condition to the Initiator.

- Abort the command and set tlsense data té\borted Command/Interface
Parity Error (OBh/47h).
When anerror occurs as a result of a retry and the LUN has ne¢npreviously
identified, theTarget terminates the currenbommand agollows:

Change to the Bus Free phasegardless of thatate of the ATNsignal. This
signals acatastrophic error condition to the Initiator.
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The Target does nadffect thesense data or theperation of anycurrently exe-
cuting command forthis Initiator or anyother Initiator.

3.6.3 Message In Phase Retry
A Message Inphaseretry may be caused by Bargetreceipt of a MessagPBarity
Error messagemmediatelyfollowing a Message Irphase. The Initiator may send
the Messagéarity Errormessage as a result of amitiator detectedSCSI busparity
error during the Message In phase.

When anerror occurs for thdirst time, the Targetetries the Message Iphase as
follows:

Change to theMessage Irphase and repeat theansfer of the last messagent
to the Initiator. If thelast messagsent to the Initiator was an extended
message, themultiple bytes are sent to repeat the transfer of the entire
extendedmessage.

When anerror occurs as a result of a retry, tiiarget terminates the current
command agollows:

Change to the Bus Free phasegardless of thetate of the ATNsignal. This
signals acatastrophic error condition to the Initiator.

- Abort the command and set tlsense data té\borted Command/Interface
Parity Error (OBh/47h).

3.6.4 Command Phase Retry
A CommandPhase Retry may be caused byarget detecte®CSlI busparity error
during theCommandphase or a Targekceipt of anlnitiator Detected Error
messageémmediatelyfollowing the Commandphase. The Initiator may send the
Initiator Detected Erromessage as a result of amitiator internal errordetected
during theCommandphase.

When anerror occurs for thdirst time and the LUN ha®eenpreviously identified
by an Identify message, thEargetretries theCommandphase agollows:

Change to theMlessage Irmphase and send Restore Pointermessage to the
Initiator.

If the Initiator MessageRejects the Restore Pointersessagethen theTarget
terminates theCommandphaseretry andresponds aslefined for anerror
detected during th€ommandphaseretry. If the Initiator accepts theRestore
Pointersmessagethen theTarget repeats thransfer of theCommandphase
bytes.

When anerror occurs during £ommandphaseretry and the LUN ha®eenprevi-
ously identified by an Identify message, tHarget terminates the curreanbmmand
as follows:

Send CheclkCondition statusfollowed by CommandCompletemessage to the
Initiator.

- Abort the command and set tlsense datdased on the cause of the ertbiat
interrupted thecCommandphase. Thesense data is set tAborted
Command/Interface Parity Error (0Bh/47h) fofTarget detecteCSI bus
parity error orAborted Command/InitiatoDetected Error (0Bh/48h) for an
Initiator Detected Erromessage.
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If this is thefirst error for retry and the LUN has ndieenpreviously identified by
an Identify message, thEarget terminates the currenbommand agollows:

Change to the Bus Free phasedignal acatastrophic error condition to the
Initiator.

The Target does nadffect thesense data or theperation of anycurrently exe-
cutingcommand forthis Initiator or anyother Initiator.

3.6.5 Status Phase Retry
A Status phaseetry may be caused by Bargetreceipt of anlnitiator Detected
Error messagemmediatelyfollowing the Status phase. The Initiator may send the
Initiator Detected Erromessage as a result ofSCSI busparity error or internal
error, detected by thiitiator during the Status phase.

The first time anerror occurs the Targettries the Sdtus phase allows:

Change to theMlessage Irphase and send Restore Pointermessage to the
Initiator.

If the Initiator MessageRejects the Restore Pointersessagethen theTarget
terminates the Status phasstry andresponds aslefined for anerror detected
during the Status phagetry. If the Initiator accepts theRestore Pointers
message, th&arget repeats theansfer of the Sttus phase byte.

When anerror occurs during a Status phasdry, theTarget terminates the current
command agollows:

Change to the Bus Free phasegardless of thetate of the ATNsignal. This
signals acatastrophic error condition to the Initiator.

- Abort the command and set tlsense data té\borted Command/Initiator
Detected Error (0Bh/48h).

3.6.6 Data Out Phase Retry

Data Outphaseretries are nosupported. If arerror occurs during ®ata Out
phase, the Target terminates the curreainmand adollows:

Send CheckCondition statusfollowed by CommandCompletemessage to the
Initiator.

« Abort the command and set tlsense datdased on the cause of the error
which interrupted thédata Outphase. Thesense data is set thborted
Command/Interface Parity Error (0Bh/47h) fofTarget detecteCSI bus
parity error,Hardware Error/Internal Controller Errq04h/44h) for a Target
detected internal error, okborted Command/InitiatoDetected Error
(0Bh/48h) for an Initiator Detected Erranessage.

3.6.7 Data In Phase Retry

Data Inphaseretries are nosupported. If arerror occurs during ®ata Inphase,
the Target terminates the curreedmmand agollows:

Send CheckCondition statusfollowed by CommandCompletemessage to the
Initiator.

- Abort the command and set tlsense datdased on the cause of the error
which interrupted théData Inphase. Theense data is set tdardware
Error/Internal Controller Erro(04h/44h) for a Target detected internal error, or
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Aborted Command/InitiatoDetected Error (0Bh/48h) for an Initiator Detected
Error message.

3.6.8 Identify Message In Phase Retry
An Identify Message In retry may be caused by argetreceipt of the Message
Reject orMessageParity Errormessagemmediatelyfollowing an Identify Message
In phase.

When anerror occurs for thdirst time theTargetretries the Identify Message In
phase agollows:

Change to theMlessage Irphase and repeat theansfer of the Identify message
to the Initiator.

When anerror occurs as a result of a retry, tharget terminates the current
command agollows:

Change to the Bus Free phasegardless of thetate of the ATNsignal. This
signals acatastrophic error condition to the Initiator.

- Abort the command and set tlsense data té\borted Command/Message
Error (OBh/43h) or Aborted command/parigrror (OBh/47h).

3.6.9 Simple Queue Tag Message In Phase Retry
A Simple Queue TagMessage In retry may be caused byrargetreceipt of the
MessageReject orMessageParity Errormessagemmediatelyfollowing a Simple
Queue TagMessage In phase.

When anerror occurs for thdirst time theTargetretries theSimple Queue Tag
message Irphase adollows:
Change to theMessage Irphase and repeat theansfer of the Simpl®Queue
Tag message to thkaitiator.
When anerror occurs as a result of a retry, tii@arget terminates the current
command adollows:

Change to the Bus Free phasegardless of thatate of the ATNsignal. This
signals acatastrophic error condition to the Initiator.

- Abort the command and set tlsense data té\borted Command/Message
Error (OBh/43h) or Aborted command/parigrror (OBh/47h).
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4.0 Additional Information

This chaptemprovides additionalnformation ordescriptions of various functions,
features, omperating modes supported by the Tartedt are notfully described in
previous chapters.

4.1 SCSI Protocol

There arevarious operating conditionthat prevent the Target fromexecuting a
SCSlcommand. Thisectiondescribesach of these operating conditions and their
relative priority.

4.1.1 Priority of SCSI Status Byte Reporting
After establishing thé_T_L nexus orl_T_L_Q nexus, thelargetmustfirst deter-
mine whethercommandexecution is allowed.Execution isdeferreduntil a later
time if the command must badded to theeommandqueue. Execution maglso
be prevented by an internal Target conditibrat requires the reporting of €heck
Condition StatusBusy StatusReservation Conflict &tus or Queue Full Status
There areseveral differeninternal conditionghat maycauseCheckCondition
Statusto be reported an&ense data to be generated. It is possiblenfiore than
one of these conditions texist at thesame time. The order in which the Target
checks for each of thessonditions determines their prioritfhighest priorityfirst) as
follows:

1. CheckCondition Statudor Invalid Logical Unit Number (seet.1.2,"“Invalid
LUN Processing” on pagd98)

2. CheckCondition Statudor Incorrect InitiatorConnection(see 4.1.3Incorrect
Initiator Connection” onpage 199)

3. Busy Statuor Queue Full Satus or add command to commarglieue (see
4.1.4,"CommandProcessinguring Execution ofActive 1/O Process” on
page 200)

4. CheckCondition Statudor Unit Attention condition(see 4.1.5;Unit Attention
Condition” onpage 202)

5. CheckCondition Statugluring start-up or format operationsee 4.1.6,
“CommandProcessinguring Start-up and-ormatOperations” onpage 205)

6. CheckCondition Statudor Internal Error condition (seé.1.7,“Internal Error
Condition” onpage 206)

7. CheckCondition Statudor DeferredError condition (seet.1.8,“Deferred Error
Condition” onpage 207)

8. CheckCondition Statufor DegradedMode condition (see 4.1.9;Degraded
Mode” on page 208)

9. Reservation Conflict Statusee 4.1.10;CommandProcessing While Reserved”
on page 219)

10. CheckCondition Statudor invalid commandopcode
11. CheckCondition Statudor invalid command dscriptor block

The highest priority internatonditionthat greventscommandexecution is reported
by the Target, provided there is no bus error.

For all Check ConditionsSense data ibuilt by the Target provided galid LUN
address iknown. Sense data is cleared by thi@argetuponreceipt of any subse-
guent command to the LUNrom the Initiatorreceiving theCheckCondition
Status
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4.1.2 Invalid LUN Processing

An invalid LUN may be identified by th& argetafter receiving thdirst Identify
message or the CDB if nprevious Identifymessage haleenreceived. If anlden-
tify message is receivaurior to theCommandphase, then the LUNpecified in the
CDB isignored. The Target accepts tfiest Identify message with an invalidUN,
without returning a MessagRejectmessage. Thé&argetalsocontinues to the
Commandphase toreceive the CDBfrom the Initiator.

The Target's response to avalid LUN varies with thecommand, afollows:

Inquiry Execute thecommand return the Inquiry datdahatindicates
unknowndevicetype (byte 0 =7Fh), and returrGood
Status All other bytes arevalid (see 1.3;Inquiry” on
page 30).

RequestSense Execute thecommand return thesense datavith the Sense
Key set tolllegal Requestand the AdditionalSenseCode
and Qualifier set td_ogical Unit Not Supported and return
Good Statugsee also 1.20;RequestSense” on pagel 39).

All Others Do not execute theommand andeturn CheckCondition
Status Since thelnitiator is notaddressing a validUN, no
Sense data ibuilt for the failedcommand.

In all cases, théarget's response to tkmommand for arinvalid LUN does not
affect thecurrent execution of @ommand on avalid LUN for this Initiator or any
other Initiator.

An Identify message with different LUN from the one in thdirst Identify message
may be receivedefore a Bug-ree phase hasccurred. In thisase, thesecond

LUN is considered to be invalid. This causes fharget to go to the Bus Free
phase tosignal acatastrophic error.
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4.1.3 Incorrect Initiator Connection
It is an Incorrect Initiator Connectiorerror if any of thefollowing occurs:

an Initiator attempts testablish arl_T_L nexuswhen an I/Oprocess (either
gueued oractive)with anl_T_L nexus alreadyexistsfrom a previouscon-
nection with the same Initiator

Note: It is not an Incorrect InitiatoConnection toreconnect to aralready
established_T_L nexus if it is in order to send aAbort, Abort Tag
Continue I/0 Proces<Clear Queue or Bus DeviceResetmessagealuring
the sameMESSAGE OUTphase as thédentify message.

an Initiator attempts testablish arl_T_L_Q nexus when an_T_L nexus
already existdfrom a previousconnection with the same Initiator

an Initiator attempts testablish arl_T_L nexuswhen an |_T_L_Qnexus
already existfrom a previousconnection with the same Initiator

Note: It is not an Incorrect InitiatoConnection tosend aRequestSense
command without a Queue Tagessage when sensepisnding on the
logical unit for the Initiatorthatissues theRequestSensecommand.

an Initiator attempts testablish arl_T_L_Q nexus when an 1/O process
(eitherqueued oractive) with thesamel_T_L_Q nexus alreadyexistsfrom a
previousconnection

Note: It is not an Incorrect InitiatoConnection toreconnect to aralready
established_T_L_Q nexus if it is in order to send aAbort, Abort Tag
Continue 1/0 Proces<Clear Queue or Bus DeviceResetmessagealuring
the sameMESSAGE OUTphase as thédentify message.

If any of the aboveerrors occur, alqueued I/Oprocesses and active 1/O processes
associated with the issuirigitiator on thespecified logicalunit are terminated. The
current I/0O process is ended withGheckCondition Satus the sense key is set to
Aborted Commandand the additionasensecode is set tdOverlapped Commands
Attempted Status is only returned for the current |focess.
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4.1.4 Command Processing During Execution of Active 1/0 Process
When theTarget is notexecuting any active I/O processes, a new I/O process is
permitted toexecute (unless execution is preventeddmptherinternal Targetton-
dition listed in 4.1.1,*Priority of SCSI StatusByte Reporting” onpage 197).

If an active I/O processloesexist when theTargetreceives a newommand, then
the Target determines if:

CheckCondition Statuwith Sense Key = Aborted Commandis returned for an
Overlapped Commandattemptederror

the command igpermitted toexecute
the command isdded to thecommandqueue
Queue Full Statuss returned
Busy Statuss returned
If an active 1/O processloesexist when theTargetreceives a newcommand, then

the Target determines how the n@esmmandshould be handletased on thédol-
lowing rules:

CheckCondition Statuss returned with Sense Key set #horted Commandfor
an Overlapped CommandAttemptederror if:

- See 4.1.3fIncorrect InitiatorConnection” onpage 199 for theonditions
which cause this error.

The command ipermitted toexecute if:

- the command is atnquiry or RequesSensecommand. (see 4.2/ Priority
Commands” onpage 220.)

CheckCondition Statuss returned with Sense Key set tmgical Unit Not
Readyif:

— the start-up operation or format operation isaative process. See 4.1.6,
“CommandProcessind@uring Start-up and Format Operations” on
page 205 for the exadonditions whichcause this responce.

Note: If a Unit Attention ispending when thigondition exists, the Sense
Key is set toUnit Attention rather thanLogical Unit Not Ready
since UnitAttention has ahigher reporting priority(See 4.1.1}Pri-
ority of SCSI StatuByte Reporting” onpage 197).

The command ipermitted toexecute if:

— the conditions teexecuteconcurrently are met(See 4.4,'Concurrent
CommandProcessing” on page24).

The command isdded to thecommandqueue for an |_T_Lnexus if:

- no Queue Tagnessage was receivelliring theconnection which estab-
lished the 1/O process, and

— disconnection isllowed for thecurrent 1/O process, and

— there is noqueued I/Oprocess or active I/O proces®rresponding to the
|_T_L nexus for the current I/Qrocess, and

- the command is nolinked to a previouxommand.

The command isdded to thecommandqueue for an I_T_L_Qexus if:
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a Queue Tagnessage was receiveliring theconnection whichestablished
the 1/O process, and

TaggedQueuing is enabledDQue = 0), and
an I/O process (either active gueued)exists at theTarget, and
disconnection iallowed for thecurrent 1/O process, and

there is noqueued I/Oprocess or active I/O proces®rresponding to the
|_T_L_Q nexus for the current I/Qrocess, and

the command is nolinked to a previouszommand.

Queue Full Statuss returned if:

the commandvould otherwise bequeued(according to the rules described
above) but the commangueue isfull and all slots are utilized, or

the commandwvould otherwise bequeued(according to the rules described
above) but all of the availableommandqueueslots not reserved for use by
another Initiator araitilized, or

TaggedQueuing is enableDQue = 0) and a Format Unitommand was
previouslyqueued but has not yet begexecution, or

TaggedQueuing is enabledDQue = 0), theTarget is in a DegradeMode
(see 4.1.9/DegradedMode” on page 208), and &tartUnit command was
previouslyqueued but has not yet begemecution.

Busy Statuss returned if:

TaggedQueuing isdisabled(DQue = 1) and a Format Unit command was
previouslyqueued but has not yet begexecution, or

TaggedQueuing isdisabled(DQue = 1), theTarget is in a DegradeMode
(see 4.1.9/DegradedMode” on page 208), and &tartUnit command was
previouslyqueued but has not yet begexecution, or

the commandwvould otherwise bequeued(according to the rules described
above) but disconnection is natlowed for thecurrent I/Oprocess.

If a command isgueued,commandexecution maystill be prevented at a later time
when the command is dequeuedliecome aractive I/O process. Thisccurs if
commandexecution is prevented bgnotherinternal Target conditiotisted in 4.1.1,
“Priority of SCSI StatusByte Reporting” onpage 197 at the time theommand is
dequeued.
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4.1.5 Unit Attention Condition

The Targetgenerates a Unifttention condition when one of thimllowing occurs:
Target has beereset

This includesPower-Onreset,SCSI Busreset, Bus Devic&kesetmessage, or
Self Initiated reset. In all of theseases, a UniAttention condition isgenerated
for each Initiator. The AdditionaBenseCode andAdditional SenseCode
Qualifier reported iPower On, Reset, or BuBeviceResetoccurred

Mode Selectcommand hadeenexecuted

In this case, a UnitAttention condition isgenerated for allnitiators except the
one thatissued theMode Selectcommand. TheAdditional SenseCode and
Additional SenseCode Qualifier repated isMode ParametersChanged The
Unit Attention condition isgenerated if any of theurrentpageparameters are
set by the ModeSelectcommand. TheTarget does not check to séeat the
old parameters ardifferentfrom the new parameters. Fe@xample: If the Ini-
tiator issues aMode Sensecommandwith a page code taeport the current
values followed by aMode Selectcommand with thesame parametdist, a
Unit Attention condition isgenerated despite the fattat thecurrent parame-
ters were nothanged from their previougalue. However, if the Targetletects
an illegalparameter or error condition prior tmodifying thecurrent parame-
ters, a UnitAttention condition is nogenerated since thgarametersvere not
set. The UnitAttention condition isalso not generated if th®lode Select
commandparametetist does not include anpages and only theeader or
header/block descriptor is present.

Format Unit command halseenexecuted

In this case, a UnitAttention condition isgenerated for allnitiators except the
one thatissued the Format Unitcommand. TheAdditional SenseCode and
Additional SenseCode Qualifier repated isNot Ready To Readyransition,
(Medium mayhavechanged) This indicateghat theblock descriptoparame-
tersfrom thelastMode Selectcommandhave been used and are now consid-
eredcurrentvalues.

- Write Buffer command to downloadhicrocode has beeexecuted

In this case, a UnitAttention condition isgenerated for allnitiators except the
one thatissued thewrite Buffer command. TheAdditional SenseCode and
Additional SenseCode Qualifier repated isMicrocode hasbeen changed

Commands Cleared by a CleQueueMessage

This Unit Attention condition iggenerated after amitiator sends a Clear
QueueMessage. The UniAttention condition isgenerated for albther Initi-
ators with 1/Oprocesseshat were either active ogueued for thdogical unit.
The AdditionalSenseCode andAdditional SenseCode Qualifier reported is
CommandsCleared by Another Initiator

Spindles Synchronized

This Unit Attention isgenerated when the Drive enters the spindletor syn-
chronizationstate. In thiscase, a UnitAttention condition isgenerated for all
Initiators. The AdditionalSenseCode andAdditional SenseCode Qualifier
reported isSpindles Synchronized Whenthis Unit Attention isgenerated, the
Unit Attention for Spindles not Synchronized deared(they are mutually
exclusive). See 4.5Motor Synchronization” orpage 225 formore informa-
tion onthis Unit Attention.
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Spindles Not Synchronized

This Unit Attention isgeneratedvhen theDrive could not enteinto or falls
out of the spindlemotor synchronization state. If the Drive could not enter
into the synchronizatiostate, a UnitAttention condition isgenerated for all
Initiators. If the Drivefalls out of thesynchronization state, dnit Attention
condition isgenerated fotnitiators other than thérst Initiator to detect the
synchronization error. The Addition&enseCode andAdditional SenseCode
Qualifier reported isSpindles Not Synchronized Whenthis Unit Attention is
generated, the UniAttention for Spindles Synchronized deared(they are
mutually exclusive). See 4.5Motor Synchronization” orpage 225 formore
information onthis Unit Attention.

The Unit Attention conditiorpersists for eachnitiator until that Initiator clears the
condition from thelogical unit asdescribed below.Severalcommands arédandled
as special caseduring a UnitAttention condition. Theseases aralso discussed

below.

If the Targetreceives aaommandfrom an Initiatorbefore reporting a&heck Condi-
tion Statusfor a pending UnitAttention condition forthat Initiator, the Target's
responsevaries with thecommand agollows:

Inquiry

RequestSense

All Others

Execute thecommand returnGood Statusand preserve the
Unit Attention condition.

Execute thecommand return any pendingensedata, return
Good Statusand preserve the Uniattention condition. If
there is not any pendingensedata, thesense data associated
with the highest priority UnitAttention condition is returned
and the highest priority Unif\ttention condition iscleared

for this Initiator.

Do not execute theommand return aCheckCondition
Status and clear thenighest priorityUnit Attention condi-
tion for this Initiator. If thefollowing commandfrom this
Initiator is Request Sense, then tkensedataassociated
with the highest priority UnitAttention condition is
returned. Otherwise, it is lost.

The Target's response to the nextmmandreceivedfrom an Initiatorafter
reporting aCheckCondition Satusfor a pending UnitAttention condition forthat
Initiator, varies with thecommand agollows:

Inquiry

RequestSense

All Others

Execute thecommand return Good Statusand preserve any
lower priority Unit Attention condition(s) forthat Initiator
(sense data for the highegtiority Unit Attention condition
is lost).

Execute thecommand return aSense key ofJnit Attention
and AdditionalSenseCode andQualifier that corresponds to
the highest priority UnitAttention condition, returrGood
Status and preserve any lowariority Unit Attention
condition(s).

Execute thecommandunless prevented bgnotherhigher
priority status (seé.1.1,“Priority of SCSI StatuByte
Reporting” onpage 197 fomore information) or another
lower priority Unit Attention Condition, and return the
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appropriate status for theommand. (Sense data for the
highest priority UnitAttention condition idost).

More than one Unit Attention condition may lgenerated for amnitiator before
that Initiator clears the UnitAttention condition. EaclJnit Attention condition is
reported one at a time until they all have been reported dedred. The highest
priority Unit Attention condition is reportefirst. The order in which the Target
checks for each UniAAttention conditiondetermines their priority (highest priority
first) as follows:

1.
2.
3.

Reset (Target has beeaset)
Mode SelectParameters Changd#fiode Selectcommand hadeenexecuted.)

Not Ready To Ready Transition (Medium May Ha€banged)Format Unit
command hadeenexecuted.)

. Microcode Has Been Changéd/rite Buffer command to danload microcode

has beerexecuted.)

. Commands Cleared B&notherInitiator (CommandsCleared by a Clear

Queue Mesage)
Spindles Synchronized
Spindles Not Synchronized
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4.1.6 Command Processing During Start-up and Format Operations
If the Targetreceives aaommandfrom an Initiatorwhile the Target isexecuting a
start-up operation and the Target is irDegradedVode (see 4.1.9/Degraded
Mode” on page 208), or is executingfarmat operation, the Target's response
varies with thecommand agollows:

Inquiry Execute thecommand andeturn Good Status

RequestSense Execute thecommand,return aSense key ofNot Readyand
an AdditionalSensecode ofLogical Unit Not Readyand
returnGood Status

The AdditionalSensecode Qualifierthat is returned is
dependent on type of I/@rocesseshat areactive:

For the Start/Stop Unicommand and the Auto-staoipera-
tion, the qualifier returned idogical unit is in the process of
becomingready. For the Format Unit command, thpal-
ifier returned isLogical Unit Not Ready,Format in Progress
and the Sense kegpecificbytes are set toeturn theprogress
indication.

Start/Stop Unit If the start-up operation is aactive process and &tart/Stop
Unit command(either active omqueued)does notexist at the
Target from this Initiator, and disconnectionalowed for
the current I/O procesthen:

The command isdded to thecommandqueue.
Otherwise:

Do not execute theommand andeturnCheck Condi-
tion Status The Sense data generated is described in
RequestSenseabove.

All Others Do not execute theommand andeturn CheckCondition
Status The Sense data generated is describeRequest
Senseabove.
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4.1.7 Internal Error Condition
The Targetgenerates ainternal Error condition for allnitiators when:

an internally initiatedoperationcompletes with an unrecoverable error.
The following is a list ofinternally initiated error conditions:

— During theexecution of the start-upequence foAuto Start (toautomat-
ically start the spindlanotor) after theSCSI bus has beeanabled and prior
to completion of the bring-ugequence.

- Following a SCSI Hardwareeset or aSCSI| BusDevice Resetmessage if
the reset was receivaturing astart-upsequence with théuto Start func-
tion enabled. Thestart-upsequence is executed if it has nlo¢enprevi-
ously executed andompleted.

an unrecoverable error occurs during an internal Taidjettime function

An Internal Error conditiorcauses Sense data to be generated and saved foi-all
tiators. TheError Codefield of the Sense data is set for@urrent Error(70h) and
the Sense Key is set tiARDWARE ERROR. Recovered errors are not reported.
Any outstandingDeferredError condition iscleared for alllnitiators and theassoci-
ated Sense data is los{The Internal Error condition andeferredError condition
are mutually exclusive.)

The Internal Error conditiompersists for eachnitiator until that Initiator clears the
condition from thelogical unit asdescribed below.Severalcommands arédandled
as special caseduring an InternaError condition. Theseases aralso discussed.

If the Targetreceives a&aommandfrom an Initiatorwhile anInternal Errorcondi-
tion exists forthat Initiator, the Target's responsarieswith the command as

follows:

Inquiry Execute thecommand returnGood Statusand do not clear
the Internal Error condition.

RequestSense Execute thecommand return thesense data generated by the
Internal Error condition, returGood Statusand clear the
Internal Error condition fothat Initiator.

All Others Do not execute theommand return CheckCondition

Status and clear thdnternal Error condition. If thdol-
lowing commandfrom this Initiator isRequestSensethen
the sense data associated with theéernal Error condition is
returned. Otherwise, it is lost.
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4.1.8 Deferred Error Condition

The Targetgenerates a Deferrerror condition for alllnitiators when:
an external initiatedperationcompletes in error.
The following is a list ofexternal conditions:

— During theexecution of an immediat8tart/Stop Unitcommandafter Good
Status has been returned and prior to completing the stiait operation.

— During theexecution of an immediate Formé&knit commandafter Good
Statushas been returned and prior to completing the format operation.

— In the case of write cachingluring execution of a Writeommandafter
Good Statusas been returned and prior tariting the data to thenedia.

A DeferredError conditioncauses Sense data to be generated and saved foitall
ators. TheError Codefield (byte 0) of theSense data is set for a Deferredror
(71h) and the Sense Key is set to eittiRECOVERED ERRORMEDIUM
ERROR, or HARDWARE ERROR.Both recoverable and unrecoverable errors
are reported. Any outstanding Intern&atror condition iscleared for allinitiators
and the associated Sense data is Iq§the Internal Error condition andeferred
Error condition are mutuallgxclusive.)

The DeferredError conditionpersists for eachnitiator until that Initiator clears the
condition from thelogical unit asdescribed below.Severalcommands arédandled
as special caseduring a DeferredError condition. Theseases aralso discussed.

If the Targetreceives aacommandfrom an Initiatorwhile DeferredError condition
exists forthat Initiator, the Target's responsarieswith the command agollows:

Inquiry Execute thecommand return Good Statusand do not clear
the DeferredError condition.

RequestSense Execute thecommand return theSense data generated by
the DeferredError condition, returnGood Statusand clear
the DeferredError condition forthat Initiator.

All Others Do not execute theommand return CheckCondition
Status and clear théDeferredError condition. If thefol-
lowing commandfrom this Initiator isRequestSense, then
the DeferredError Sense data ieeturned. Otherwise, it is
lost.
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4.1.9 Degraded Mode

There arecertain errors oconditionsthatimpair the Target'sbility to function
normally. Rather tharfail hard, the Target islesigned to be as responsive as pos-
sible. Also, in mostcasessome action on the part of the Initiator may bsed to
restorenormal operation. This mode dimited operation iscalled Degradedviode.

The following sections address causedDagradedvode, characteristics and limita-
tions the Target has in Degraddtbde, andactionsthat may betaken torestore
normal operation.

4.1.9.1 Reasons for Entering Deg raded Mode
The Target enters Degradédiode for any of thereasonsshownbelow. Not all
reasons are error conditioiffor example, theTarget powers up in Degradédode
and Degradedode does notclearuntil, among otherequirements, the

spindle spinaup).

The spindlemotor is notspinning or is not at itproperspeed. fotor Stop
Degraded

The motor may not bepinning for any ofseveralreasons:

The motor has not spun uyet, either because theoint of Auto Start has
not beenreached (if enabled), or becaus&tart/Stop Unitcommand has
not beenissued tostart themotor.

The motor hadeen stopped by a Start/Stanit command.
A spindlefailure has caused th€arget tostop thespindle.

A Self Initiated Reset has occurred.

The configuration records have nbeenread or are not readable.
(Configuration SectorDegraded

During theexecution of the start-upequence, the Targetads aportion of its
Reserved Area&alled theconfiguration records. Errorgrior to this read, or a
failure of theread, result in entering Degradédiode.

RAM microcode is not loaded. Microcode Degradejl

During theexecution of the start-upequence, the Target loads its microcode
from the Reserved Area. The Targatters Degradedode if this loadcannot
be achieved.DegradedVode isalso enteredfter failures of amicrocodedown-
load operation by way of th&Vrite Buffer command.

Failure of a Send Diagnostiself-test, astart-upsequence, ootherinternal
Targetfailures. Power on Self Test Degradéed

There areseveral differenteasons for entering this Degradbtbde. All of
these reasons are related to ercondition andfailureswithin the Target. The
reasons for entering this degraded mode includeftiiewing:

— The Target doegxtensiveself testing agpart of the start-ugsequence or as
a result of executing the Send Diagnostiemmand with the SIfTst option.
A failure of either of these tests places tharget in this DegradeMode.

- The Targetreadsand/orwrites various data records in the Reserved Area of
the Drive during thestart-upsequencewhile executing certaitsCSI com-
mands, omwhile performing internal IdleTime functions. Anyfailures to
read or write any of these data records at any time, result in entering this
Degradedvode.

Page 208 of 308 — Release I S| Specification



— The Targetperiodicallyadjusts the trackollowing position foreachdata
head to compensate falisk movement. If one otheseadjustmentdails,
the Target enters thidegraded mode tpreventwriting data off-track.

« A Format Unit or Reassign Blocksommand, or an automatieallocation

failed or wasabnormally terminated. Hormat Degraded ReassignDegraded

Format Unit,Reassign Blocks, andutomaticreallocation operationsust
completesuccessfully for thérive to be useable. If one of thesperationdfail
or is terminated by aeset, a Bus Devic®eset orAbort message, &elf Initi-
ated Reset, oss of power, or certairSCSlerrors, the Target enters Degraded
Mode.
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4.1.9.2 Limitations of the Drive While in Degraded Mode
Severalcommands are nogéxecuted by th&argetwhile in DegradedMode. If
Degradedvode does not allow theommand toexecute, theeommand is fded
with a CheckConditionstatus and the appropriaBenseData isgenerated. The
Sense Key is set to Not Ready. Thaditional SenseCode and theAdditional
SenseCodeQualifier isdependent on the type of Degradbtbde assummarized
below.

More than one Degradeldode mayexist at thesame time. Only thdighest pri-
ority Degradedvode that prevents commanexecution is reported to the Initiator.
The order in which the Target checks for each type of Degrddede determines
their priority (highest priorityfirst) as follows:

1. The spindlemotor is notspinning or is not at itproperspeed. fotor Stop
Degraded

The Sense Key idlot Ready with a SenseCode/Qualifier ofLogical Unit Not
Readyinitializing command required

2. The configuration records have nbéenread or are not readable.
(Configuration SectorDegraded

The Sense Key idlot Ready with a SenseCode/Qualifier ofLogical Unit Failed
Self-Configuration

3. RAM microcode is not loaded.Microcode Degradejl

The Sense Key idlot Ready with a SenseCode/Qualifier ofLogical Unit Failed
Self-Configuration

4. Failure of a Send Diagnostgelf-test, astart-upsequenceabnormal termination
of Track Squeeze Recovery IDRP, orotherinternal Targeffailures. Power
on Self Test Degraded

The Sense Key iblot Ready with a SenseCode/Qualifier ofDiagnostic Failure.

5. A Format Unit command failed or waabnormally terminated. Format
Degraded

The Sense Key idlot Ready with a SenseCode/Qualifier ofMedium Format
Corrupted, Format Command Failed

6. Reassign Blocksommand failed or waabnormally terminated. Reassign
Degraded

The Sense Key idlot Ready with a SenseCode/Qualifier ofMedium Format
Corrupted, Reassign Failed

7. An Auto Reassign failed or was abnormally terminatedRedssignDegraded

The Sense Key idlot Ready with a SenseCode/Qualifier ofMedium Format
Corrupted, Reassign Failed
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4.1.9.3 Summary of Target's response to each SCSI Command in Degraded Mode
A summary of the Target'sesponse to eacBCSlcommand that iseceivedduring
DegradedMvode isshown in thefollowing tables:

Inquiry, Read Buffer, RequestSense, Start/Stop Unit, oiWrite Buffer com-

Power on Self
Test Degraded
Format Degraded
Reassign
Degraded

mands

Degraded Mode Description
Motor Stop Executes.
Degr_aded_ Success: Reports Goodstatus.
Configuration
SectorDegraded Failure:| Generates Check&ondition
Microcode
Degraded

Reassign Blockscommand

Degraded Mode

Description

Motor Stop
Degraded
Configuration
SectorDegraded
Microcode
Degraded

Power on Self
Test Degraded
Format Degraded

Does notexecute.Generates Check Condition.

ReassignDegraded

Executes.

Note: The LBA specified by theecommand must
match theoriginal LBA that wasbeing reas-
signed inorder to resume the Reassign Block
operation. Otherwise,Check Condition Status
is returned and theommand is noexecuted.

U7

Success: Reports Goodstatus. ClearfReassign
Degradedmode.

Failure:| Generates Check ConditiorReassign
Degradedmode is not cleared.
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Synchronize Cache, Write, Write Extended, Write Verify, Write Same, orWrite
Long command

Degraded Mode Description

Motor Stop Does notexecute.Generates Check Condition.
Degraded
Configuration
SectorDegraded
Microcode
Degraded

Power on Self
Test Degraded
Format Degraded
Reassign
Degraded

Test Unit Ready command

Degraded Mode Description

Motor Stop Executes. Generatgsheck Condition.
Degraded
Configuration
SectorDegraded
Microcode
Degraded
Power on Self
Test Degraded

Format Degraded Executes. Generatgsheck Condition.
Reassign
Degraded(FRDD
bit set to 0, see
“?" on page ?.)

Format Degraded ExecutesReports Goodstatus or statustherthan

Reassign Degradedvode.

D_egraded(FRDD Success: Reports Goodstatus.

bit set to 1, see

1.6.2,“Page O - Failure:| Generates Check Condition.

VendorUnique
Parameters” on
page 75.)
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Format Unit command

Degraded Mode

Description

Motor Stop
Degraded
Configuration
SectorDegraded
Microcode
Degraded
Power on Self
Test Degraded

Does notexecute.Generates Check Condition.

Format Degraded

Executes.

Success: Reports Goodstatus. Cleargormat
Degraded ClearsReassignDegradedif it
existsinternally.

Failure:| EntersFormat Degradedmode. Generates
Check Condition.

ReassignDegraded

Executes.

Success: Reportsgood status.ClearsReassign
Degradedmode.

Failure:| EntersFormat Degradedmode. Generates
Check Condition.
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SendDiagnosticscommand

Degraded Mode

Description

Motor Stop Does notexecute.Generates Check Condition.
Degraded
Configuration
SectorDegraded
Microcode
Degraded
Power on Self Test Executes.
Degraded Success: Reports Goodstatus. Clear®ower on Self
Test Degradednode.
Failure:| EntersPower on Self Test Degradeshode.
Generates Check Condition.
Format Degraded Executes.
Success: ReportsCheck Condition withFormat
Degradedmode.
Failure:| EntersPower on Self Test Degradecshode.
Generates Check Condition.
ReassignDegraded Executes.
Success: Reports Goodstatus. ClearfReassign
Degradedmode.
Failure:| Generates Check Condition. Depending
on the cause of thé&ilure, Power on Self
Test Degradednode may be entered.
ReassignDegradedmode is not cleared.

mands

Read, Read Extended, Read Capacity witl" M1=1, Read Long, or Verify com-

Degraded Mode

Description

Motor Stop
Degraded
Configuration
SectorDegraded
Microcode
Degraded

Does notexecute.Generates Check Condition.

Power on Self Test
Degraded

Executes.

Success;:

Reports Goodstatus.

Failure:

Generates Check Condition.

Format Degraded

Does notexecute.Generates Check€ondition with
Format Degraded

ReassignDegraded

Executes.

Success:

Reports Goodstatus.

Failure:

Generates Check Condition.
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Mode Selectwith Save Parameters bit= 1

Degraded Mode Description

Motor Stop Does notexecute.Generates Check Condition.
Degraded
Configuration
SectorDegraded
Microcode
Degraded
Power on Self
Test Degraded

Format Degraded Executes.
Reassign
Degraded

Success: Reports Goodstatus.

Failure:| Generates Check Condition.

All Other commands

Degraded Mode Description

Motor Stop Does notexecute.Generates Check Condition.
Degraded
Configuration
SectorDegraded
Microcode
Degraded

Power on Self Executes.
Test Degraded

Format Degraded
Reassign Failure:| Generates Check Condition.
Degraded

Success: Reports Goodstatus.

Degradedviode affects theoperation of the automaticewrite/reassignment function
and various internal Targédle time functions ashown in thefollowing tables:

Automatic Rewrite/Reassignment function

Degraded Mode Description

Motor Stop Does notexecute.
Degraded
Configuration
SectorDegraded
Microcode
Degraded

Power on Self
Test Degraded
Format Degraded
Reassign
Degraded
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tion

Update of Performance CounterData in Reserved Area andError Logging func-

Degraded Mode

Description

Motor Stop
Degraded
Configuration
SectorDegraded
Microcode
Degraded
Power on Self
Test Degraded

Does notexecute.

Format Degraded Executes.
Reassign
Degraded

Disk Sweep function

Degraded Mode Description

Motor Stop Degraded

Does notexecute.

Configuration
SectorDegraded
Microcode
Degraded

Power on Self
Test Degraded
Format Degraded
Reassign
Degraded

Executes.
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4.1.9.4 Exiting Degraded Mode
There are one or moractionsthat cause theTarget toattempt toexit each
Degradedvode. See Appendix C, “Recommendédtiator Error Recovery
Procedures” orpage 279 for a description of thecommended Initiator action for
each Degrade®lode condition.

The following is a list of theactions and conditionthat cause theTarget toattempt
to exitvarious Degraded/lodes:

The Target igeset by aPower-Onreset orSelf Initiated Reset, and the function
to automatically start the spindlmotor isenabled via theAuto Startjumper
(see product Functiona@pecification).

Whenthis occurs, the Targegxecutes thetart-upsequence. (se€.18,
“Bring-Up Sequence” orpage 243). Th&arget attempts telear the following
Degradedviode conditions:

- Motor Stop Degraded

— Configuration SectorDegraded
— Microcode Degraded

— Power on Self Test Degraded
- ReassignDegraded

The Target igeset by aSCSI Busreset or Bus Devic&®kesetmessage, and the
function to automatically start thepindlemotor isenabled via theAuto Start
jumper, and the Target has npteviouslycompleted thenitial attempt to
execute thestart-upsequence.

Whenthis occurs, the Targetxecutes thetart-upsequence. The Target
attempts toclear the followingDegradedviode conditions:

- Motor Stop Degraded

— Configuration SectorDegraded
— Microcode Degraded

— Power on Self Test Degraded
- ReassignDegraded

« A Start Unitcommand isexecuted and th&arget has nopreviouslycompleted
the initial attempt toexecute thestart-upsequence.

Whenthis occurs, the Targetxecutes thetart-upsequence. The Target
attempts toclear the followingDegradedviode conditions:

- Motor Stop Degraded

— Configuration SectorDegraded
— Microcode Degraded

- Power on Self Test Degraded
- ReassignDegraded

« A Start Unitcommand iseexecuted and th&arget hagreviouslycompleted the
initial attempt toexecute thestart-upsequence.

Whenthis occurs, the Target only starts tBpindlemotor anddoes not execute
the complete start-upequence. The Targattempts toclear the following
Degradedviode conditions:

- Motor Stop Degraded

- A Write Buffer commandwith the DownloadMicrocode orDownloadMicro-
code andSaveoption isexecuted.
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If the Write Buffer commandcompletessuccessfully, th&argetclears the fol-
lowing DegradedMode conditions:

— Microcode Degraded
« A Send Diagnosticommand isxecuted.

If the Send Diagnosticommandcompletessuccessfully, thérargetclears the
following Degradedviode conditions:

— Power on Self Test Degraded
- ReassignDegraded

- A Format Unit command igxecuted.

If the Format Unit commanadompletessuccessfully, thélargetclears the fol-
lowing DegradedMode conditions:

- Format Degraded
- ReassignDegraded

« A Reassign Blockgommand iexecuted. The LBAspecified by theReassign
Blocks command must be for theame LBAthat waspreviously reassigned
when the Reassign Degradétbde wasentered. Otherwise, theommand is
not executed and is ended wi@heck ConditionStatus.

If the Reassign Blocksommandcompletessuccessfully, théargetclears the
following Degradedviode conditions:

- ReassignDegraded
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4.1.10 Command Processing While Reserved
A logical unit is reserved after successfekecution of the Reserveommand. Each
time a Reserveommand iexecutedsuccessfully, th&Target records th&CSI ID of
the Initiatorthat made theeservation and th&CSI ID of the Initiatorthat is to
receive thereservation. Thisnformation isneeded to determine whether subse-
guent commands should lpermitted or if theReservation Conflict Statushould be
reported. The Initiatothat made theeservation is theénitiator thatissued the
Reservecommand. Thdnitiator to receive thereservation may be either the same
or a differentinitiator (third-partyreservation).

Note: A third-party reservatior{3rdPty bit equal to one) with th&hird Party
Device ID setequal to the SCSI ID of the Initiatathat issued theReserve
command is notdistinguishabldrom a Reservecommandwith the third
party (3rdPty) bit equal to 0. In eithexase, theTarget interprets both the
SCSI ID of the Initiatorthat made theeservation and thénitiator to
receive thereservation to be th8CSI ID of the Initiatorthatissued the
Reservecommand. Inthis case, a 3Pty release is notequired, but is
allowed.

If the logicalunit is reserved when a nemommand igeceived, theTarget examines
the commandpcode and the SCSI ID of thissuinglnitiator to determine whether
a Reservation Conflict Statushould be returned based on tfadlowing rules:

1. If the issuinglnitiator is the onethat made theeservation and also the one to
receive thereservation then:

All commands argermitted.

2. If the issuinglnitiator is neither the on¢hat made the@eservation nor the one
to receive thereservation then:

A RequestSense ofnquiry command ipermitted.
A Releasecommand igpermitted but isgnored.
Any othercommandresults in aReservation Conflict atus

3. If the issuinglnitiator is the onethat made theeservation but is not the one to
receive thereservation then:

An Inquiry, Request Sese, Reserve, or Releasemmand igpermitted.
Any othercommandresults in aReservation Conflict &tus

4. If the issuinglnitiator is not the onghat made theaeservation but is the one to
receive thereservation then:

A Reservecommandresults in aReservation Conflict tatus
A Releasecommand igpermitted but isgnored.
Any othercommand ipermitted.

If a Reservation Conflict Status not reported and theommand igpermitted, then
the Targetchecks thenext highest priority internatondition to determine whether
execution is allowed. Se€.1.1,“Priority of SCSI StatusByte Reporting” on

page 197 fomore information.
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4.2 Priority Commands

Certain SCSlkcommandsalways executavithout returning aBusy Status
Reservation Conflict tatus or Queue Full Satusin response to theommand.
Thesecommandsare:

Inquiry
RequestiSense

Thesecommands do notlisconnect from thé&CSI bus prior to completiofexcept
if a TTD message is received with ttemmand. Se8.1.16,“Target Transfer
Disable (13h)” onpage 172).They areexecutedprior to attempting to complete
the execution of anptherpendingcommand that hadisconnected from th&CSI
bus. Therefore, a second priorigppmmand cannot beeceivedduring the execution
of a priority command.

Thesecommands ar@everqueued whether or not theommand issent with a

gueuetag. However, therules for anincorrect InitiatorConnectionstill apply to
priority commands. (sed.1.3,“Incorrect Initiator Connection” onpage 199)
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4.3 Command Queuing

The Target supports bothagged andJntagged Queuing. An Initiator can use
either Tagged okJntagged Queuing butannot use both at theame time. Both
tagged 1/O processes amhtagged 1/O processes can coexist in toenmandqueue
at the same time, provided they aaesociatedvith different Initiators.

The commandjueue isallocated on &irst-In First-Out(FIFO) basis. See 4.3.2,
“TaggedQueuing” onpage 222 for exceptions to tHelFO execution order.

CommandQueuing is enabled andisabled using th®Que bit in ModeSelect page
OAh.

The followingcommands ar@everqueued.
Priority Commands(i.e. RequestSense andnquiry).

Commands linked to previousommands. These adefined to bepart of a
single I/O process. (Linked commands aralways executedmmediatelyfol-
lowing the previouscommandfrom the same Initiator. Nather Initiator's
commands arallowed to be executed between two linkedmmands.)

Commands for which disconnection is naltowed.(These mayresult in aBusy
Status)

Commands in which a SCSI busror occurred betweeselection andirst dis-
connectionfollowing the receipt of the CDB.

Commands for an invalid Logical Unitlumber.

Commands which cause &dVERLAPPED COMMANDSATTEMPTED
error. (seed.1.3,“Incorrect InitiatorConnection” onpage 199)

In the abovdisted situations, thecommandqueue isbypassed and theeceived
commandbecomes aractive I/O processmmediately. If one of the above situ-
ations occurs when there ageieued |/Oprocessesthose queued |/Qrocesses are
preserved in theommandqueue in the order thewere received.

At the completion of amactive 1/O process, thqueued 1/Oprocess at théead of
the queue is removed from the queue and becomeactine I/O process.(See
4.3.6,“Termination of I/O processes” on page 224 for the circumstances in which
I/O processes can bemoved from the queuwithout executing.)

4.3.1 Untagged Queuing
The Target supports queuing one Iffbocessfrom eachSCSI Initiator. Untagged
I/O processes are treated by tiarget ashoughthey were received wittSimple
Queue Tagnessages fopurposes of queuing.

Note: There is noguarantedhat /O processes are executed in theder theywere
received in amultiple initiator environment.Reserve and Releas®mmands
must beused to temporarilylock out" other Initiators if anyrestrictions
apply to the order oEommandprocessing in anultiple initiator environ-
ment. The Queue Algorithrivodifier parametewalue of zero (restricted
re-ordering) inMode Select pag®Ah, only applies tocommandsrom the
same Initiatortagged withSimple Queue Tagmessage.
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4.3.2 Tagged Queuing

4.3.3 Queue Full

The Target supports queuingultiple commandsfrom one Initiator ifTagged
Queuing is enable.

Initiators may adccommands to the queue deletecommanddrom the queue.
When a command iadded to the queue, the Initiator magecify thecommand is
to be execute next, in therderreceived, orallow the theTarget to determine the
order of execution. The target reorderingafmmands igontrolled by theMode
SelectPage 0Ah parametepMOD. Seel.6.9,“Page OAh -Control Mode
Parameters” ompage 105 formore information.

Commandseceivedwith Head ofQueuetags are executedast-In First-Out
(LIFO). (See 3.1.17'Queue Tag Meszges (20h, 21h22h)” on page 173 fomore
detailsconcerningHead ofQueuetags.)

When a commanderminates withCheckCondition Statuscommands in the queue
for that Initiator are notexecuted until &ommand igeceived bythat Initiator.
Execution ofcommands in the queufeom other Initiators is noaffected. See
4.3.5, “Effects of errors otCommandQueuing” onpage 223.

The Target can queue up to 32 l/@ocesses. The value of the Disal@&euing
(DQue) bitdetermine how mangommands annitiator may queue.

When TaggedQueuing(DQue = 1) isdisable, eachnitiator may queued one
command. Aninitiator with anactive 1/O process is not allowed ueue any
commands.

When TaggedQueuing(DQue = 0) isenabled, the Target resses 2slots in the
commandqueue foreach Initiator the Target hagceived an I/Cprocess from,
once 2slotsbecomeavailable forthat Initiator. This prevents one Initiator from
locking outother Initiators. Queueslot reservations are losthen the Target
powersdown.

The remainingqueueslots are sharedmong alllnitiators. Theexactnumber of
shared slotglepend on theumber oflnitiators that have sent I/Oprocesses to the
Target. Any of the Initiators may havegueued I/Oprocess in one of these shared
slots. Asinglelnitiator could use all the sharegueueslots, if noother Initiator has
more than 2 queued I/@rocess in theueue. Thenumber of I/Oprocesses aar-
ticular Initiator can queuevariesbetween 2 and 32 I/@rocesses depending on the
number oflnitiators that have sent I/O process to the target.

When TaggedQueuing is enabledDQue = 0), theTarget responds witQueue
Full Statuswhen

The commandjueue isfull and all 32slots are utilized.

The commandjueue is nofull but all of the available slots not reserved for use
by anotherinitiator areutilized.

« A Format Unit command habeen queued but has not yet bemrecuted.

« A Start Unitcommand hadeen queued but has not yet bemrecuted.
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4.3.4 Rules for Queuing commands
For a description of the rules fajueuing commands, séel.4,“CommandProc-
essingDuring Execution ofActive 1/0O Process” onpage 200.

4.3.5 Effects of errors on Command Queuing
When an I/Oprocess ends witiEheckCondition Satus the Target buildsense for
the Initiatorassociated with the I/O process which ended witheckCondition
Status When anlinitiator hassensepending, allqueued I/Oprocesses associated
with that Initiator that were in thecommandqueue prior to the connection in
which the CheckCondition Statusvas sent, are held in thgueue until thesense
data is cleared. Th&CSI operations oactive I/O processes fdhat Initiator are
suspended until theense data is cleared. After tpendingsense data in cleared,
normal execution and dequeuing resumes. This handling of error conditions for
TaggedQueuing, corresponds tQErr = 0 in ModeSelect pag®Ah.

Note: When thequeue operatiomegardingqueued |/Oprocesse$rom otherlniti-
ators is notaffected, I/Oprocesses may be executed imifferentorder than
they were received withespect to multiple Initiators. See3.1,“Untagged
Queuing” onpage 221 fomore information.

When theTarget return€CheckCondition Status

Execution of SCSI operations farctive 1/0 processes of thaffectedlnitiator
are suspended until pendirsgnse data is cleared.

Note: the affected Initiatoris the Initiator whichreceived theCheckCondition
Status

Dequeuing is suspended for tlaffectedInitiator until the pendingsense data is
cleared.

Dequeuing of queued I/@rocesse$rom unaffectedinitiators is not suspended,
unless execution 08CSI operations for aactive 1/O process arsuspended. In
that case,dequeuing of queued I/@rocesses for alnitiators is suspended.

Subsequent commandiom the affectedlinitiator clear sense ancestorenormal
gueue operation for thdnitiator.

- A REQUESTSENSE commandrom the affectedinitiator bypasses the
gueue aslescribed in 4.2Priority Commands” onpage 220, executes
immediately, reports andlears thependingsense. AREQUESTSENSE
commandfrom the affectedlnitiator cannotcause anncorrect Initiator
Connection whersense igpending forthat Initiator.

- A commandother thanREQUESTSENSEfrom the affectedInitiator will
clear thependingsense andhen behandledaccording to theprotocol
described in 4.1SCSI Protocol” onpage 197.

It is possible forqueued I/Oprocesses to not be executed in wreler expected
becausesome Initiatorshave dequeuing suspenduethile others donot.

Relative execution order of atjueued I/Oprocesses for thaffectedlnitiator is
preserved.

Relative execution order of atjueued I/Oprocesses for all unaffectdditiators
is preserved.

Enqueuing operation is naffected bypendingsense.

Additional Information —Page 223 of 308



4.3.6 Termination of /O processes
I/O processes can kerminated in anumber ofways:

« An 1/O process ends normallgither by being executed by tHearget or by
encountering an error.

« The current I/O process for given Initiator is terminated by a\bort Tag
Message

« All 1/O processes for a givemitiator on thespecified logicalunit are terminated
by an Abort Message

- All 1/O processes for a givemitiator on thespecified logicalunit are terminated
by anOverlapped CommandAttemptederror. See 4.1.3jIncorrect Initiator
Connection” onpage 199 for details athis error condition.

« All I/O processedrom all Initiators on thespecified logicalunit are terminated
by a Clear QueueMessage

« All I/O processedrom all Initiators are terminated by 8CS| BUS RESE®r a
BUS DEVICE RESET MESSAGE

4.4 Concurrent Command Processing

Concurrentprocessing is whemultiple 1/0O processes are acti@ot queued) on

the samdogical unit. The Target supportsiultiple active 1/0O processes executing
on the samdogical unit. The Initiator becomeaware an |/O process &ctive

when the Datghase(Data In or Data Out) portion of that I/@rocess has started.
The Initiator becomeaware multiple 1/Oprocesses are active when tiarget has
initiated theDataphase of another I/@rocess on the sanmlegical unit as thefirst
I/O process, before thérst I/O process hasompleted the Status phase.

Two non-priority 1/O processes are allowed to execetencurrently on the same
logical unit. Priority commands aralways allowed to executeoncurrentlyregard-
less of thenumber ofactive 1/O processes.
The following I/O processes are allowed to execatacurrently:

Priority commands(See 4.2/'Priority Commands” onpage 220).

- Inquiry

- RequestSense
The followingcommand isallowed to executeoncurrently when th&€oncurrent

Processing=nable(CPE) bit is 1.(See 1.6.2yPage 0 - VendotUnique Parameters”
on page 75)

Back to Backwrite commands.
When an I/Oprocess ends iheckCondition Status otheractive I/0O processes
from the same initiator to the sandegical unit will not reconnect and complete

execution until thesense data haseencleared. (See 4.3.5, “Effects efrors on
CommandQueuing” onpage 223.)
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4.4.1 Back to Back Writes

Back to backwrites allowsmultiple write commandswhich write sequentialogical
blocks, to be written to the mediaithout losing amotor revolution between the
ending of each writeommand and théeginning of the following writecommand.

The Targetwill write back to back under thiollowing conditions:

Two (or more)write commands (Operation Code 0Ah or Operation Code 2Ah)
execute consecutivelyyithout aninterveningcommand.

The writecommandsaddress consecutivegical block ranges. Thdogical
block specified for thesecond writecommand is thenext logical block following
the last logicablock to be written by thdirst write command.

One logicalblock of data has beereceived in the buffefrom the secondvrite
command in time tallow the media to be written before an additional revo-
lution would berequired.

ConcurrentProcessing is enablgeCPE = 1) orWrite Caching is enabled
(WCE = 1, FUA = 0).

When theTarget is required tavrite the data to thenedia before sending Status
(writes not cached), the writtommandsexecuteconcurrently. Following theom-
pletion of theData Outphase andefore theStatus phase of thirst write
command, the Data Ouythase of the secomndrite commandbegins. When thefirst
write command hagompletedwriting the data to themedia, and the second write
command igdisconnected, thérst write commandreturns Status. The Target con-
tinues withwriting data to themedia for the secondrite command withoutosing

a motorrevolution.

When theTarget iscaching writesGood Statuss returnedbefore writing all the
data to the media(Seedescription of WriteCache Enabl¢ WCE) bit in 1.6.8,
“Page 8h - Caching Parameters” page 102 and 4.9.4, “Writ€ache” on

page 235 formore information.) Execution of theecond writecommandbegins
after thefirst write commandreturns status, bultefore thefirst write command has
completedwriting data to themedia. When theTarget completesvriting data to
the media for thdirst write command, data isritten to the media for the second
write command without losing anotor revolution.

Status for the firsivrite command isalwaysreturnedbefore Status is retned for

the second writeommand. If thefirst write commandreturnsCheckCondition
Statusand the second writeommand ifrom the same initiator, execution &CSI
operations for the secondrite command aresuspended. The secomdite
commandwill resume executiowhen thependingsensedata iscleared. Dequeuing
and execution ofjueued commands for dhitiators on thelogical unit with the
pendingsense data areuspended until the pendiregnse data is cleared. (See 4.3.5,
“Effects of errors onCommandQueuing” onpage 223.)

4.5 Motor Synchronization

Motor synchronization is controlled by thdODE SELECT command. Seé.6.6,
“Page 4h - Rigid Disk DriveGeometry Parameters” opage 97 for a&complete
description of thecommand'sole regardingMotor Synchronization.

If changingfrom an unsynchronized state to a synchronistate, a UnitAttention
condition isgenerated for all Initiators. Theense key is set tddNIT ATTEN-
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TION and theadditionalsense code/qualifier is set ®PINDLES SYNCHRO-
NIZED.

If changingfrom a synchronized state to an unsynchronistate, aUnit Attention
condition isalso generated for all Initiators. Thsense key is set td NIT ATTEN-
TION and theadditionalsense code/qualifier is set ®PINDLES NOTSYN-
CHRONIZED.

If the Targetfails to achievesynchronization, a UnifAttention condition isgener-
ated for all Initiators. Thesense key is set tddNIT ATTENTION and theaddi-
tional sense code/qualifier is set ®PINDLES NOTSYNCHRONIZED.

See 4.1.5/Unit Attention Condition” onpage 202 formore information on Unit
Attentions.

The actual state of synchronization candtered by thredifferenttypes of events -

1. Any eventthat attempts testart the spindlenotor when the RPfield has a
valueother than 00b.

If an Initiator wishes to place th®rive into asynchronized modether than
the one that it icurrently in, itmustensurethat thecurrent RPLfield has the
desired value and theropersignals arepresent on the Spindl8ynchronization
Cable (if required)beforethat attempt isnade. For example, if an Initiator
changes a Drive spindlgynchronization mode from N&ync toMasterSync
Control, it mustensurethat anotheDrive is driving the SlaveSync linewith a
propersignal andthat no otheDrive is driving the MasterSync line beforeghat
attempt ismade.

2. An error conditionthat causes thenotor tofall out of synchronization subse-
guent toachievingsynchronization is reported in twpossible ways.

If the loss ofsynchronization is detected when an I/O process isexat
cuting, the Targetreates aunit attention condition for alinitiators. The
sense key is set tdINIT ATTENTION, theadditionalsense code/qualifier
to SPINDLES NOTSYNCHRONIZED.

If detected by an 1/O process, tliest I/O process to detect the synchroni-
zation errorattempts to completexecution of the 1/O process. THearget
returnsCheckCondition Statudor this I/O process. Theense key is set to
RECOVEREDERROR if theTarget is able tsuccessfulljcomplete the
I/O process. The additionalense code/qualifier is set ®PINDLES NOT
SYNCHRONIZED. TheTargetthengenerates &Jnit Attention condition
for all otherlnitiators. Thesense key is set ttddNIT ATTENTION and
the additionalsense code/qualifier is set ®PINDLES NOT SYNCHRO-
NIZED. If in addition to theloss ofsynchronizationanothererror occurs,
the sensalatawill be for the additional error and th&nit Attention will be
set for all initiators.

3. When thevalue of the RPLfield in Page 4 of theODE SELECT command
has changed, the spindle syncronizatiompslated.

The value of the RPIfield Page 4 of theM ODE SELECT commandalso affects
the way the FORMAT UNITcommandoperates. The Targeiters themethod of
track andcylinder skewingdepending on whether the RPfleld is set tosynchro-
nized orunsynchronized operationWhen the motorsynchronization mode is
changed a FORMATUNIT command should bessued tochange the track and
cylinder skewing. The value of the RPfield in Page 4 of theMODE SELECT
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commandthat ispresent when & ORMAT UNIT isinitiated is the valuethat deter-
mines theskewingmethodused.

Note: If the drive isoperated in a synchronizedode but wagormatted with the
RPL field set tounsynchronized modehe Drive is effectively not synchro-
nizedeventhough thespindles are synchronized.

In summary, changing thmotor synchronization mode is done &sdlows:

Issue aMODE SELECT commandwith the RPLfield in Page 4 - Rigid Disk
Drive GeometryPage set to theesired value.

Reformat theDrive using the FORMATUNIT command.
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4.6 Error Logs

The target maintains errdogs in RAM and in the reservedrea for use in develop-
ment and Automatic/RecommeriReassignmentWhen anerror occurs, it is
enteredinto thelogs maintained in RAM and isnalyzed for
Automatic/RecommendReassignment. The contentstbese RAMIlogs are
copied to thereserved areduringidle time to prevent impacts to performance. If
insufficient idle time isavailable tocopy the log contents to theserved area and
the RAM logs are full, thecopyingwill occurfollowing the completion of the
command orwhich thelasterror occurred.When the logcontents areopied at
the end of the command, the targeil disconnect from th&CSI bus, ifallowed,
and thenreconnectefore ending theommand.

4.7 Automatic Rewrite/Reallocate - Recommend Rewrite/Reassign

The target supportduto and Recommen®eallocate foREAD, WRITE,
WRITE andVERIFY, VERIFY, andWRITE SAME. (See 1.6,'Mode Select
(6)” on page 70 for a description of the bits usedctmntrol automatiaeallocation.)

Automatic andRecommendReallocate operate from within the read/write
command. When an automatieallocation occurs, the read or writemmand
takes longer to completeDuring this time, the target disconnects from tBESI
bus, ifallowed, and reconnects before ending teenmand.

Following is a description of théargetbehavior for eacltsetting ofARRE. ARRE
settings affects all datarrors (No SectoFound, DataSync Byte Errors andata
ECC Errors.)

- ARRE = 1 - Anerrorsite determined tmeed rewriting or reassignment during
a read is automatically rewritten oeallocated at theonclusion of the read and
prior to sending endingtatus. If thesite cannot beautomatically rewritten or
reallocated, then a recomandation forreassignment igiven. The sitewill be
automatically rewritten oreallocatedonly if it can besuccessfullyread.

- ARRE = 0 - Anerrorsite determined tmeed rewriting or reassignment during
a read issecommended forewriting or reassignment at th@nclusion of the
read.

The setting of theARRE bit ischecked and the targetill automatically
rewrite/reallocate orecommendewrite/reassign for the followingommands.

Read(6)
Read(10)

The target willrecommendewrite/reallocate butill not auto rewrite/reallocate for
the following commands.

« Verify

- Verify Portion of Write and Verify

For all other commands th&RRE setting is ignored and the targeill not auto-
matically rewrite/reallocate orecommendewrite/reassign.

Following is a description of théargetbehavior for eaclsetting of AWRE. AWRE
settings affect only NdSectorFounderrors on writes.
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AWRE = 1 - An error site detemined to need reassignment duringvate is
automaticallyreallocated at theonclusion of thewrite andprior to sending
ending status. If theite cannot beautomatically reallocatedhen a recommen-
dation forreassignment igiven. The site iautomaticallyreallocatedonly if the
write recovery succeeded and the site can themelagl.

AWRE = 0 - An error site detemined to need reassignment duringvate will
be recommended fareassignment at the conclusion of theite.

The setting of theAWRE bit is checked and the targetill automaticallyreallocate
or recommendeassign for the followingommands.

Write(6)

Write(10)

Write Same

Write portion of Write andVerify

For all other commands thAWRE setting is ignored and the targeill not auto-
matically rewrite/reallocate orecommendewrite/reassign.

Auto/Recommendreallocate information is communicated via tbense data
returned following acommandduring which asite was determined toneed rewriting
or reassignment. The LBA returned in tsense data is the LBAhat wasdeter-
mined toneed rewriting or reassignment. TIBenseKey/Code/Qualifier combina-
tions listed below is alist of all possiblecombinations that arealid for Auto
Reallocate/Recommenideassign.

It is important to note thafuto Reallocate/Recommenieassign iaffected by
severalMode Parameters. See the desrciption of REFAE bit in thesection
describing 1.6.2;Page 0 - VendoiUnique Parameters” orpage 75 forinformation
regarding theaepoting ofsoft errors associated with Predictitailure Analysis func-
tions.

The sense dataombinationsassociatedvith auto/recommendewrite/reallocate are
listed below.
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Table 160. Auto/RecommendRewrite/Reallocaté&ensedatacombinations.. Sense
datacombinations for automatic arcommendewrite or reallocate.

Key Code| Qual. Description
1 oC 01 Recovered Writeerror - Auto Reallocated.
3 0oC 02 Recovered Writeerror - autoreallocatefailed.

1-3 oC 03 Write Error - RecommendReassign.

3 11 04 Auto reallocate failed due to unrecovereelad error.
3 11 0B Unrecoveredead error - RecommenReassign.
1-3 14 05 Record NotFound -RecommendReassign.

1 14 06 Record NotFound -dataAuto-Reallocated.

1 16 01 Sync ByteError - dataRewritten.

1 16 02 Sync ByteError -recommendRewrite.

1 16 03 Sync ByteError - dataauto-reallocated.

1-3 16 04 Sync ByteError - Recommendreassign.

1 17 06 Recovereddatawithout ECC -Auto Reallocated.

1 17 07 Recovereddatawithout ECC -RecommendReassign.
1 17 08 Recovereddatawithout ECC -RecommendRewrite.
1 17 09 Recovereddatawithout ECC -Data Rewritten.

1 18 02 Recovereddatawith ECC - Auto Reallocated.

1 18 05 Recovereddatawith ECC -RecommendReassign

1 18 06 Recovereddatawith ECC -Recommendrewrite.

1 18 07 Recovereddatawith ECC -DataRewritten.

4.8 Predictive Failure Analysis

PredictiveFailure Analysis (PFA) is aninternal function of the TargetDuring Idle

periods and as part of ErrorRecovery, the Target performsraimber offunctions
designed topredictdrive failureconditionsbeforethey occur. Thepredictiveactions
performed by the Targedre:

« Error Log Analysis

- Datachannel parametric measurement aarhlysis

- Headflyheight analysis
When one of thepredictivefunctions detects amnomaly and reporting of PFA is
enabled by the appropriatdode Selectparameters, the Targatill sendCheck
Condition Satusfollowing a successfuRead orWrite command. Thesensewill

indicate a RecovereBrror and thesenseCode/Qualifierwill be Predictive Failure
Analysis Threshold Reached on RecoverEdror.

The appropriatdMode Selectparameters for enabling PFA reporting afeown in
the RPFAEdescription inl1.6.2,“Page 0 - VendolUnique Parameters” ompage 75.

Page 230 of 308 — Release I S| Specification



4.9 Segmented Caching

4.9.1 Overview
Segmented Cachindivides the data buffeinto several smaller buffesegments.
Eachbuffer segment is used as a separRtead /Write / Read-Ahead / Pre-Fetch
buffer.

At the start of acommand, the targathooses which segment to use and where to
start in the segment. Thselection of the segment is based whether or not the
desiredblocks are currently in the segment, the retention priority, andréfative
age of the data now in theegment.

During theexecution of aRead command, the targdetermines whether ttransfer
all the datadirectly from the cache segment, or taccess thenedia toretrieve all or
part of therequested data. If the mediaascessed, the target alshooses how
much Read-Ahead is to be domdterward.

4.9.2 Options Supported

- Log SensevendorUnique Page 35h: CachHlit/Miss
- Cumulative Cache Hits on Reads
— Cumulative Cache Partial Hits oReads
— Cumulative CacheMisses onReads
Mode SelectPage 0: VendotJnique Parameters
— ADC: Adaptive Caching
Mode SelectPage 8: Caching Parameters
- RCD: ReadCache Disable
- MF: Multiplication Factor
- WCE: Write Cache Enable
- Demand Read Retentioriority
— Write Retention Piority
- DisablePre-FetchTransferLength
- Minimum Pre-Fetch
- Maximum Pre-FetchCeiling
- Number ofCacheSegments
Pre-FetchCommand
Read-Ahead for Read commands

« Write Retention forWrite and WriteVerify commands
DPO: Disable Page Ouiption on Read Commands
FUA: Force UnitAccessoption on Read Commands
DPO: Disable Page Ouiption onWrite and WriteVerify Commands

See 1.5.117Log SensePage 35h” orpage 69, 1.6.8}Page 8h - Caching
Parameters” ompage 102, 1.10;Read (10)” on page 122, and.32, “Write (10)”
on page 157 fomoredetails on the cachingptions.

4.9.3 Read-Ahead
The Read-Ahead functiooonsists of reading datato the Target's dathuffer that
the Initiator has not yet requested. It is a form of anticipateggding. This func-
tion is intended to improve performance for an Initiatbiat frequentlyaccesses
sequential data witlsuccessivdRead commands.
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The Read-Ahead function is controlled by tMode SelectPage 8 Cachingarame-
ters (See 1.6.8/Page 8h - Caching Parameters” page 102). When the Read-
Ahead function isnabled, &Read-Ahead is normallperformedfollowing the
execution ofeveryRead command.However, if all the data requested by tRead
commandalready resides in aache segmenthen a Read-Ahead is n@erformed.
For thiscase, the data is transferred diredtgm the cache segment, and the media
is not accessed. If only portion or none of the dateequested by th®ead
commandresides in acache segmenthen themediawill be accessed and Read-
Aheadwill be performed based on thdode SelectPage 8 Caching parameters and
Page 0, ADC bit adollows:

If the RCD (Read Cache Disable) Hitom Mode SelectPage 8 is on or if the
number ofrequested blocks for thRead command igreaterthan theDisable Pre-
FetchTransferLength fromMode SelectPage 8then a Read-Ahead operation is
not performed. Otherwise theumber of Read-Aheallocks for theRead-Ahead
operation iscalculated based on thdode SelectPage 8 Caching parameters as
follows:

If the MF (Multiplication Factor) bit in theMode SelectPage 8 is on, the
Maximum Pre-Fetch parameter frodMode SelectPage 8 is multiplied by the
number ofrequested blocks from thRead command andsed as theaumber of
Read-Aheadlocks. If the MF bit isoff, the Maximum Pre-Fetch parameter is
used as thenumber of Read-Aheablocks.

Whether or not a newommandreceived whileReadAhead isexecuting causes the
ReadAhead to be abortedependsupon how much data hesdreadybeenread
ahead and thegalue of theMinimum Pre-fetch parameter. If themount of data
prefetched (or readhead) does naneet orexceed theMinimum Pre-Fetch param-
eter value then th&®eadAhead is not aborted. If thamountprefetched does
exceedthat value, then theReadAhead may be aborteqSee 1.6.8Page 8h -
Caching Parameters” opage 102 formore informationabout MinimumPre-fetch.)

If ADC (Adaptive Caching) bit in theMode SelectPage 0 is on, th@umber of
Read-Aheadlocks may be reduced if thérive is receivingnon-sequential com-
mands.

The number of Read-Aheadocks isthenreduced by any or all of théollowing
factors:

« The number of Read-Ahedulocks is reduced sthat it is notlargerthan the
Maximum Pre-FetchCeiling parameter fromMode SelectPage 8.

« The number of Read-Ahedulocks is reduced sthat it is notlargerthan the
size of the dataduffer segment. Thesize of the datduffer segment is deter-
mined by theNumber ofCacheSegmentgparameter fronMode SelectPage 8h
and whether or not the ADC bit is set = 1.

If the Demand Read Retention Brity from Mode SelectPage 8 is set to Fh,
the number of Read-Aheadlocks is reduced sthat Read-Ahead dataill not
overwrite theRequestedatafrom the Read command.This occurs if the sum
of the number of Read-Ahealocks andRequestedatablocks islarger than
the size of the dathuffer segment.

« The number of Read-Ahedaulocks is reduced sthat the targetwill not read
beyond the end of thenedia.

The Read-Ahead functioworks asfollows:
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- At the conclusion of &ead command, th€arget continues toead datanto

its databuffer. TheTargetreads the data which immediateflgllows the data
requested by the Initiator in therecedingRead command withounissing a
revolution of thedisk. TheTarget may or may nooverwrite theRead
command data in the datauffer which hasalreadybeen sent to the Initiator.
This depends on thsize of thenumber of Read-Aheablocks for theRead-
Ahead operation. The Read-Ahead operation continugd the required
number ofblocks have beeneadinto the databuffer segment. The Target per-
forms anynecessary accesses (singldinder seekand/ormultiple headswitches)
in order toobtain moresequential data. As each block of data is stored in the
data bufferduring the reachhead operation, the Target maintains information
thatidentifies theLBAs in the databuffer andtheir location within the data
buffer.

If an error is encountered during theead-Ahead operation:

1. The Target terminates tHeead-Ahead operation ardbes notattempt to
recover thedata.

2. The error is not reported to the Initiator for the curr®gad command.
(The errorwill be reported during the nex@ommand if thenextcommand
is a Read command thaequests the block which encountered the error.)

3. The blocks whichwere successfullyead prior to the block in error are
retained in the cache.

If a command igeceivedfrom an Initiator during aRead-Ahead operation, the
Target's responsearieswith the command, agollows:

— If the command is riority command (sed.2, “Priority Commands” on
page 220), théarget:

1. Continues the current Read-Ahead operation.
2. Executes the prioritgommand.

— If the command is a Read commamdose starting LBA is not in the data
buffer segment for the currerRead-Ahead operation and is not in any
other databuffer segment, or thé&orce UnitAccess(FUA) bit for the Read
command is on, th&arget:

1. Terminates the current Read-Ahead operatassumingMinimum
Pre-fetch requirements are met.

2. Retains the LBAs in the datauffer ssgmenthat hadbeencached
during the precedin@Read-Ahead operation.

3. Selects a new data buffeegment. (See 4.9.6;Segment Selection” on

page 236 fomore information.)

Executes th&kead command.

5. Starts a nevRead-Ahead operation at trewnclusion of theRead
command.

e

- If the command is a Read commaidith FUA off) whose starting LBA is
not in the data buffesegment for the currerRead-Ahead operation, but is
in another dataduffer segment, the Target:

1. Terminates the current Read-Ahead operatassumingMinimum
Pre-fetch requirements are met.

2. Retains the LBAs in the datauffer segmenthat hadbeencached
during the precedingRead-Ahead operation.

3. Selects the data buffsegment which contains theost datarequested
by the currenlRead command(See 4.9.6;Segment Selection” on
page 236 fomore information.)
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4. The target performs thimllowing operations if theselected data buffer
segment contains only gortion or none of theequested data:

a. Starts a neviReadoperation toread the require@amount of data
from thedisk for thecurrentRead command and theext Read-
Ahead operation.

b. Executes th&kead command byransferring theLBAs in the
selected data buffesegmenthat hadbeencached during a previous
Read, Read-Ahead, Pre-FetdNyite, or Write Verify operation.

c. Continues with the new Read-Ahead operation atdateclusion of
the Read command.

5. The target performs thllowing operations if theselected data buffer
segment contains all of the requested data:

a. Transfers the requested ddtam the databuffer segment.

b. Does notaccess thenedia and does not startRead-Ahead opera-
tion.

- If the command is a Read commamdose starting LBA is in the data
buffer segment for the currerRead-Ahead operation and FUA aff, the
Target:

1. Updates the current Read-Ahead operatiometad the requiredmount
of data from thedisk for thecurrentRead command and theext
Read-Ahead operation.

2. Executes th&kead command byransferring theLBAs in the data
buffer segmenthat hadbeencached during the precediRead or
Read-Ahead operation.

3. Continues with the new Read-Ahead operation atdbteclusion of the
Read command.

- If any othercommand igeceived, theTarget:

1. Terminates the current Read-Ahead operatassumingMinimum
Pre-fetch requirements areet.

2. Retains the LBAs in the datauffer sesgmenthat hadbeencached
during the precedin@Read-Ahead operation.

3. Executes theommand.

Note: If the command is anediaaccesscommand thatequires use of
the data buffer, a new data buffeegment iselected. (See 4.9.6,
“Segment Selection” opage 236 fomore information.)

If a command igeceivedfrom an Initiatorafter apreviousRead-Ahead opera-
tion hascompleted, the Target's responsaies with thecommand agollows:

- If the command is griority command sealso 4.2,“Priority Commands”
on page 220 the Target:

1. Preserves theBAs in the databuffer that hadbeencached during the
precedingRead-Ahead operation.
2. Executes the prioritgommand.

— If the command is a Read commamdose starting LBA is not in any data
buffer segment, or thé&orce UnitAccess(FUA) bit for the Read command
is on, the Target:
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1. Retains the LBAs in the datauffer segmenthat hadbeencached
during the precedingRead-Ahead operation.

2. Selects a new data buffeegment. (See 4.9.6,Segment Selection” on
page 236 fomore information.)

3. Executes thé&kead command.

4. Starts a newRead-Ahead operation at tlo®nclusion of theRead
command.

- If the command is a Read commamdose starting LBA is in the data
buffer (any databuffer segment) and FUA isff, the Target:

1. Retains the LBAs in the datauffer segmenthat hadbeencached
during the precedingRead-Ahead operation.

2. Selects the data buffsegment which contains theost datarequested
by the currentRead command(See 4.9.6;Segment Selection” on
page 236 fomore information.)

3. The target performs thillowing operations if theselected data buffer
segment contains only gortion or none of theequested data:

a. Starts a new readperation toread the requiredmount ofdata
from thedisk for thecurrentRead command and theext Read-
Ahead operation.

b. Executes th&kead command byransferring theLBAs in the
selected data buffesegmenthat hadbeencached during a previous
Read, Read-Ahead, Pre-FetdNyite, or Write Verify operation.

c. Continues with the new Read-Ahead operation atdteclusion of
the Read command.

4. The target performs thimllowing operations if theselected data buffer
segment contains all of the requested data:

a. Transfers the requested ddtam the databuffer segment.

b. Does notaccess thenedia and does not startRead-Ahead opera-
tion.

- If any othercommand igeceived, theTarget:

1. Retains the LBAs in the datauffer segmenthat hadbeencached
during the precedingRead-Ahead operation.
2. Executes theommand.

Note: If the command is anediaaccescommand thatequires use of
the data buffer, a new data buffeegment iselected. (See 4.9.6,
“Segment Selection” opage 236 formore information.)

4.9.4 Write Cache
When thedrive'sReadCache is enableRCD = 0) and theMode Parameter
WCE = 0, a write-througltachingalgorithm is employed for dataansfered as a
result of a writecommand. Thismneans that th€ommandCompletemessage is not
returned from the Target to the Initiator until the requested datudsessfully
stored on the magnetic media. And the data is cadb#dwing the completion of
the writecommand. This dateesides in acache segmerduchthat subsequentad
commands thaaccess thsamelLBAs can getcache hits ifthat data is nobver-
written with other LBAs fromintervening requests. See tlfi@lowing sections on
segment selection and datetention/prioritization formore details.
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When thedrive'sReadCache isdisabled(RCD = 1) and theMode Parameter
WCE = 0, writedata is notcached following thecompletion of therequested write
command. As is thease with thewrite-throughcache algorithmgcommand com-
plete is notreturned until the requested datasisccessfullywritten to the magnetic
media.

When WCE = 1, awrite-back cachingalgorithm is employed for dataansfered as
a result of a writecommand.This means thatommandcomplete is returned from
the Target to the Initiatobefore requested data ssiccessfullystored on the mag-
netic media. The data is cachédlowing the completion of thewrite command for
use in possible cache hits feubsequenteadcommands if RCD = 0.

See 4.4.17Back to Back Writes” onpage 225 formore particularusageinforma-
tion.

4.9.5 Synchronize Cache on SCSI Reset
Write data stored in the cache as a result efrite command, when WCE = 1,
that has nobeen written to the media when a SCS| Reseaeizived is
synchronized/destaged part of the ReseprocessingThus coherence between
what asystembelieves the drive hawritten to the magnetic media andhat it actu-
ally haswritten is maintained across SCSI| Resets.

4.9.6 Segment Selection
If the RCD (Read Cache Disable) bit in tihdode SelectPage 8 isoff, a databuffer
segmentmust beselectedbefore anyoperation thatreads or writes thenedia can be
started.

1. If the operation is one of thillowing:

ReadCommand with the FUA bit off
Pre-FetchCommand

The Cache is scanned to see if the start of Regjuestedata isalready in any
of the segments. If the data is more than onesegment, andReadAhead is
enabled, the segment associated with ReadAhead isselected. IfRead
Ahead isdisabled the segmerklectedwill be the segment with thenost avail-
able data after thetart of theRequested Data.

2. If the operation is one of thisllowing:

« Verify Command with theBytChk bit on
« Write Command

« Write andVerify Command

« Write Long

« Write Same

The Cache is scanned to see if tRequestedata isalready in any othem.
All data within the range of th®equestedatalocated in segmentthat are
not selected isnvalidated.

3. If the command is one of thimllowing:

Mode SelectCommand with theSaveParameter bit on
Pre-FetchCommand and th&tart of the RequesteData is not in the
cache

ReadCommand and th&tart of the Requestedata is not in thecache
ReadCommand with the FUA bit on

Read LongCommand
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« Skip Read/WriteCommand

« Verify Command with theBytChk bit on
- Write Command

« Write andVerify Command

« Write Long Command

« Write SameCommand

The following algorithm is used to select the segmentuse:

a. An Emptysegment is chosen.

b. If there are ndEmpty segments, the oldest Low Priority segment is chosen.

c. If there are no Low Priority segments, the oldest Middle Priority segment is
chosen.

d. If there are no Middle Priority segments, the olde$gh Priority segment is
chosen.

Occasionally, the Drive requires a segmentpgrform somddle time function.
Whenthis happens, the@recedingalgorithm is used to select a segment.

4.9.7 Segment Prioritization
Initially, all data buffer segments aempty. When asegment is used, it igiven a
new priority level based on the type afommandbeing executed and thiRetention

Priorities set inMode SelectPage 8 by thdollowing algorithm:

1. If the command is one of thimllowing, the segment is markedmpty after the
commandcompletes:

Mode SelectCommand with theSaveParameter bit on
Skip Read/WriteCommand

+ Read LongCommand

« Verify Command with theBytChk bit on

« Write Long Command

+ Write SameCommand

2. If the command is one of thimllowing, all segments arenarked empty:

Format Unit Command
Mode SelectCommand toPage 8 or Vendobnique Page 0
Reassign BlocikCommand
« Send Diagnostic€ommand
+ Write Buffer Command
ReadDefectData (10) Command
ReadDefectData (12) Command

3. If the command is #re-Fetch, thesegment isassigned MiddlePriority.
4. If the command is &Vrite, or Write andVerify and:

a. The DPO bit is on, the segmentassigned_owest Priority.
b. The DPO bit is off and the WritRetention Priority is:

0 The segment isissigned MiddlePriority.
1 The segment isissigned LowPriority.
Fh The segment isssignedHigh Priority.

5. If the command is a Read amRkad-Aheadwill occur and:

a. The DPO bit is on, the segmentassigned MiddlePriority.

b. The DPO bit is off and the Demand Read Retention Priority is:
0 The segment isissigned MiddlePriority.
1 The segment isissigned MiddlePriority.
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Fh The segment isissignedHigh Priority.
6. If the command is a Read amRkad-Aheadwill not occur and:

a. The DPO bit is on, the segmentassigned_owest Priority.
b. The DPO bit is off and the Demand Read Retention Priority is:

0 The segment iassigned Nddle Priority.
1 The segment isssigned LowPriority.
Fh The segment isissignedHigh Priority.

Segments chosen fadle time functions are marked empty. Aflegments are
marked empty if any of théollowing events occur:

- Automatic Block Reassign
Bus DeviceResetMessage
Power on Reset
Self Initiated Reset
SCSI Bus Reset
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4.10 Reselection Timeout

A reselectiontimeouterror occurswhen the target attempts teselect annitiator

and the initiator does natespond within a&SelectionTimeoutdelay (250 mSec). If
this occurs, the targetleases th&CSl bus to the Bus Free phaffellowing the
reselectiontimeout procedure) andhenretries the reselection omaoretime. If a
second reselectioimeouterror occurs, the targetleases th&CSI bus to the Bus
Free phasdfollowing the reselectionimeoutprocedure) and does nattempt to
reselect thanitiator again. This errocondition causes the target to generate sense
data with a Sense key &bortedCommand and aidditional Sensecode of
Select/Reseleduilure (45h). If the second reselectionssiccessfulcommandexe-
cution is resumed and ngense data is generated.

4.11 Single Initiator Selection

For singleinitiator systems, it is not an error to hawealy the taget ID bit present
during selection.Disconnection is notllowed for Single Initiator Selection with
only one ID bit present duringet¢ection. The initiatomust notsend an Identify
message with thdisconnect permission bit (&et.

4.12 Non-arbitrating Systems

The target cannodletectwhether other SCSdlevices on thesCSI bus usearbi-

tration prior toselection. As aonsequence, the targaflows disconnect permission
to be enabled by the Identifmessagendependent of the initiators use of arbitration
prior to selection. Anon-arbitrating initiatomustensurethat disconnect permis-
sion in the Identifymessage is disablegdhit 6=0) for proper operation.

4.13 Selection without ATN

If the target isselectedwithout the ATN signal active, nddentify message is
receivedfrom the initiator. In thiscase, the LUN is identifiedrom the CDB and
disconnect permission is disabled. The target doespeotorm any phaseetries.

The target stilresponds to a subsequent attention condition. However, the LUN is
not considered to bknown if afatal error is detected during theommandphase.

That is, a Commanghase parity error or gatal messagerror in response to atten-
tion conditionduring Commandphase is handled as a Bus Freor with nosense
data. The targealso allows the use of linkedommands iselectedwithout ATN.

The target does not initiateynchronous owide data transfenegotiation ifselected
without ATN.

Phaseretries and target initiatedegotiations may be allowed if subsequent Iden-
tify message is received.
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4.14 Multiple Initiator Systems

This sectiondescribes how the targsupports Multipleinitiator systems.

4.14.1 Initiator Sense Data
A separate sensgataarea is reserved fagach initiator. Eachinitiator's sense data is
maintained independent aommanddrom otherinitiators. This allows a
commandfrom one initiator to complete with a Chedkondition status andyener-
ated senselata, withoutbeing affected by asubsequentommandfrom a different
initiator. There is no requirement for thirst initiator to send aRequestSense
command toretrieve the sense datmior to target execution of aommandfrom a
differentinitiator.

4.14.2 Initiator Mode Select/Mode Sense Parameters
A single shared copy of thdode Select/ModeSenseparameters is maintained by
the target. This includes both trerrent andsavedparameters. If aMode Select
command isexecuted, whichupdates the current parametersait Attention con-
dition is generated for all initiators except the otteatissued theMode Select
command. Sed.1.5,“Unit Attention Condition” onpage 202 formoreinforma-
tion.

4.14.3 Initiator Data Transfer Mode Parameters
A separate data transfer mogarameters area igserved foreach Initiator. Each
initiator's data transfer mod@ynchronougransfer periodREQ/ACK offset, and
datatransferwidth) is maintained independent of Synchronddata Transfer
Requestmessages and Wideata TransferRequestmessage$rom otherinitiators.
This allows multiple initiators to sendcommands to the targetith different data
transfermodes without theneed to renegotiate th®/nchronous dat&ransfermode
or the wide data transfer modkuring eachcommand.
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4.15 Options Jumper Block

The Drive provides aDptions JumpeBlock which allows the drive to beustom-
ized usingjumpersinstead of software settings. Refer to theduct Functional
Specification for detailednformation on the location and function tfiesejumpers.
Functionslisted below are controlled via theptions jumperblock.

Auto Start

SpindleSynchronization

LED output

Write Protect

Disabling Target Initiatedsynchronous Negotiation
Disabling UnitAttentions

Disabling SCSI Parity

Auto Start Delay

4.16 LED Pin

The Drive provides a LED pin whichllows theintegrator toattach anexternal
LED to the drive, and uskéhis pin output tocontrol the LED. TheMODE
SELECT commandallows a selection of various Driveonditions' to beeflected
at the pin output. Se#.6.2,“Page 0 - VendoUnique Parameters” ompage 75 for
informationregarding theCMDAC and LED Mode fields. The“JumperSettings”
section of theproduct Functional Specificatiorshows the location of the LED pin.
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417 Reset

The Reset condition issed toclear allSCSIdevicesfrom the bus. This condition
takes precedence over altherphases and conditionsAfter a resetcondition is
detected and the resattions completed, the target returns t&5&€ S| busenabled’
statethat allows the target to accel8CSI commands.

This device uses thélard resetoption asdefined in theSCSI-2 standard.

4.17.1 Reset Sources

There are foursources ofresetsdetected by the target:
Reset Name ReseSource

Power-On reset This is thesignalgenerated by the hardware at
initial power-on.

Self-Initiated reset This is asoftware-generated res#tat occurs
when a catastrophic error is detected by the
microcode(for example,microcode sanity
error).

SCSI Busreset This is areset generated when ti8CSI bus
controlline RST goes active.

SCSI BusDevice Reset message This is thereset generated by tH@CSI Bus
Device ResetMessage (0Ch).

4.17.2 Reset Actions

The action taken by th®rive following a reset iddependent on the source of the
reset.

4.17.2.1 Power-On reset and Self-Initiated reset
These tworesetconditionscause the following to beerformed in the order shown.

1. A power-upsequence
2. A start-upsequence isiecessary (see 4.1&8ring-Up Sequence” orpage 243)
to put the Drive in a ready state

4.17.2.2 SCSI Bus reset and SCSI Bus Device Reset message
These tworesetconditionscause the following to be performed.

If reset goes active while theower-upsequence is in progress, tp@wer-up
sequence is started over.

If the Auto Start pin is grounded and a start-spquence has not yebm-
pleted, astart-upsequencewill be re-attempted from théeginning.

Note: The power-upsequence, having alreadympleted, is not rerun.

If resetoccurswhile a physical sector is beingritten, the writeoperation isdis-
abled after thecurrentphysical sector is writtenData is notlost as long as
power stays validuntil the physical sector beingritten is completed.

Page 242 of 308 — Release I S| Specification



4.18 Bring-Up Sequence

Two sequences of eventsustoccurafter power isapplied to the Drivf POR)
before the Drivebecomegeady. (See theommanddescription 0f1.29,“Test Unit
Ready” onpage 153 for the description &feady'.) A power-upequence and a
start-upsequence are required. Tlalowing is achronologicallist of actions taken
by the Targetafter POR inorder to beready.

The power-upsequenceattempts to:
1. Perform BATS1testing (see 4.19.T'BATS1 Tests” onpage 244)
2. Enable SCSI Bus

(The Target can only respond to SC8bmmandsafter thepower-upsequence
is complete. )

Note: Refer to theproductFunctional Specificatiorfor informationrelating to exe-
cution time of thepower-upsequence.

If the autostartmotor is notenabled by théAuto Start pinbeinggrounded, a
Start/Stop Unitcommand igequired tocontinue bring-up beyonthis point. Else
bring-up halts at thipoint until a Start/Stop Unitcommand igeceived.

The start-upsequencattempts to:

1. Start thespindlemotor. SetMotor Stop Degradedif unable to spin up.

2. Read theConfigurationRecord from theReserved Aredsee 4.20;Reserved
Area” on page 245) Se€onfiguration SectorDegradedif the configuration
recordcannot beread.

3. Read the RAMMicrocode from the Reserved Area (Microcodpload)

4. Electronics/Disk Enclosur@DE) Compatibility Test

5. Read theemaining configurationnformation from the Reserved Area

6. Perform BATS2esting (see 4.19.2BATS2 Tests” onpage 244)

7. Set the spindlenotor synchronization state (sek5,“Motor Synchronization”
on page 225)

8. Check for an interrupted Format Unit operation.

9. Resume &heckpointed Reassign Blockemmand orautomaticreallocation
(See 4.1.9.47Exiting DegradedMode” on page 217)
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4.19 Basic Assurance Tests (BATS)

BasicAssurance Test@BATS) are a series dfestsperformed by the target to inter-
nally test thecontroller and Drive hardware. THRATS are brokerinto two func-
tional groups,BATS1 and BATS2. The BATS1ests are run during thpower-up
sequence. Th8ATS2 tests are run during thstart-upsequence.

4.19.1 BATS1 Tests

BATS1 consists of the following tests:

Microprocessorf-unctional Test
Controller Hardware Test
ROM Checksum Test
Microprocessor RAM Test

4.19.2 BATS2 Tests

BATS2 consists of the following tests:
Data Buffer Test
Seek Test
HeadOffset Test
Read Tesfall heads)

« Write Test(all heads)

Cyclic Redundancy Cod¢CRC) Test
Error Correction Cod¢ECC) Test
LongitudinalRedundancy CodéLRC) Test
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4.20 Reserved Area

The target maintains a Reserved Area on tliek. This area is nevarsed for cus-
tomerdata. An initiator has ndalirect access tahis area.
The Reserved Area is used fdlows:

Power-on Self-Test

The Reserved Area is used during tbef-test to verifythat theDrive can read
and write with each of its heads.

Flags

A set of flags isused by the Drive to checkpoimritical operations. For
example, theflags areused to determine whether the Drive Igaiwerduring a
format orrelocate physical sectarperation. Operations such #sesemust be
completedbeforenormal processing can resume.

Manufacturing SAT map (PList)

The map of disk defect sitereated amanufacturing time, SATSurfaceAnal-
ysis Test), is contained in the Reserved Are@his map isused duringformat
operations but imever altered.

Grown defect map(GList)

The Reserved Area alstontains a growrdefectmap. The GList map is empty
at time of manufactureDefect locationdefined by theinitiator with the Reas-
sign Blocks, Format Unittcommand or Automatidkeallocation are maintained
in the GList.

Note: The Format Unitcommand maypurge, replace, preserve or add to the
GList at theinitiator's option.

Error Logs

The ErrorLogs are used to matain information forPredictiveFailure Analysis
functions such ag&utomatic/Recommendlock Rewrite/Reallocation.

RAM Microcode
The Drive's RAM microcode load is contained in the Reserved Area.
Configuration Information

— ConfigurationRecord(Configuration data and Controller data)
- Inquiry (VPD) data
— Mode Select/Sense savgrhrameters

Scratch areas foReassignment

PredictiveFailure Test Areas

Additional Information —Page 245 of 308



Page 246 of 308 — Release I S| Specification



Appendix A. SCSI Sense Data Format

Following is the format of data returned by the Target in response tdRémgpuest

Sensecommand.
Table 161. Format of SensPata
Byte BIT
7 | e | s | a4 | 3 | 2 | 1 | o
0 Valid Error Code(70h or 71h)
Reserved = 0
2 RSVD = 0 ILI RSVD3 Sense Key
0
3 (MSB)
4 Information
5 (LSB)
6
7 Additional SenseLength = 18h
8 (MSB)
9 CommandSpecific
10 Information
11 (LSB)
12 Additional SenseCode
13 Additional SenseCode Qualifier
14 Field Replaceable Unit
15 SKSV Sense-KeySpecific Bits
16 (MSB) Sense-Keyspecific Bytes
17 (LSB)
18 - 19 Reserved = 0
20-21 Unit Error Code
22 -23 Reserved = 0
24 - 29 PhysicalError Record(SeeDescription)
30-31 Reserved = 0
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A.1.1 Sense Data Description
Byte O

Byte 1
Byte 2

Valid

The Valid Bit set to one indicates thHaeformationfield con-
tainsvalid information. TheValid Bit, in conjunction with the
ILI bit (byte 2) indicatewhat is in the Informatiorfield and
the PhysicaError Recordfield. The Valid Bit set to zero indi-
cates thenformationfield does notcontainvalid information.

Error Code

Error Code set to 70indicates an error for theurrent
command. Error Code set to 71idicates a deferred error.
This indicateshat theerror is for a previousctive LUN con-
dition that returned &ood status. Sucltommands ar@associ-
ated with the use of the ImmediaRit. The Format Unit
command is arexample of acommand that magause deferred
error sense data to be set.

Not supported. Set taero.
ILI

Incorrect Length Indicator igalid for the Read Long and
Write Long commandnly. ILI set to one and/alid Bit set
to one indicateshat therequestedogical block length did not
match thelogical block length of the data on theedium for a
Read Long oMrite Long command. The Informatiofield
containsresidueinformationabout theerror ILI set to zero
indicatesthere is no incorrect lengtbondition.

Sense Key

SENSE KEY is theSCSImethod ofclassifyingsenseinforma-
tion for operating system interpretation. Additiondétail may
be obtained from the additionaknse bytes.

0 No Sense

There is nosense keynformation to be reported for
the logicalunit.

1 RecoverecError

The lastcommandcompletedsuccessfullywith

recoveryaction performed by the Target. More
detailedinformation isavailable in theAdditional
SenseCode andAdditional SenseCode Qualifier.

The contents of théhysicalError Recordfield (bytes
24 through 29) arevalid for this sense key.

Exception: For errorassociated with a Predictive
Failure AnalysisThreshold Reached, Addition&ense
Code/Qualifier(5Dh/00h), the contents of the Phys-
ical Error Recordfield may beinvalid.

2 Not Ready

The logicalunit addressed¢annot beaddressed. More
detailedinformation isavailable in theAdditional
SenseCode andAdditional SenseCode Qualifier.
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The contents of théhysicalError Recordfield (bytes
24 through 29) areero for thissense key.

Medium Error

The commanderminated with a non-recoverable
error condition caused by flaw in the media or an
error in the recorded data. Moretailedinformation
is contained in the AdditionabenseCode andAddi-
tional SenseCodeQualifier. Thecontents of the
PhysicalError Recordfield (bytes 24through 29) are
valid for this sense key.

Hardware Error

The Target detected a non-recoverable hardware error
while performing acommand orduring a diagnostic

test. More detailednformation is contained in the
Additional SenseCode andAdditional SenseCode
Qualifier. Thecontents of thePhysicalError Record
field (bytes 24through 29) arevalid for this sense key.

lllegal Request

There was arillegal parameter in th&€ommand
Descriptor Block or additional parameter supplied as
data. If the Targetletects an invaligparameter in the
CDB, then the command ierminated without
altering themedium. If aninvalid parameter is
detected in parameters supplieddega,then the
Target mayalready have altered thmedium. The
contents of thePhysicalError Recordfield (bytes 24
through 29) arezero with thissense key.

Unit Attention

This sense key iseportedafter anattentioncausing
event.

Data Protect

This sense key iseported to a Write typeommand
when the target is in Writ@rotect Mode.

8-A Not Used

Aborted Command

The Target aborted theommand. Theontents of
the PhysicaError Recordfield (bytes 24through 29)
are zero with thissense key.

C-D Not Implemented

Miscompare

The source data did nahatch the dataeadfrom the
medium

Not Implemented
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Byte 3-6 Information

ILI = 1 - Bytes 3through 6 contain thdifference
(residue) of the requested lengthinus theactual length in
bytes. Negative values are indicated two's complement
notation.

ILI = 0 - Bytes 3through 6 contain tha@insigned Logical
Block Address associatadith the sense key. If the Valid
Bit is on, the LBA reportedwill be within the LBA range
of the command adefined in theCommandDescriptor
Block.

Note: An LBA otherthan the command LBA may be
reported on the Reassign Blockemmand.

Byte 7 Additional Senselength

Byte 7 contains the remainingumber ofbytes in thesense
data. Sense data fothis product isalways 32 bytes.

Byte 8 - 11 CommandSpecificInformation

If a Reassign Blocksommandfails, this field contains théfirst
LBA from the defect descptor blockthat was notreassigned.

If an Auto-Reallocatiorfails, this field contains the LBAthat
was not reassigned.

Byte 12 Additional SenseCode
Byte 13 Additional SenseCode Qualifier

Note: In Table 162, the Initiatorecoveryfield is therecom-
mendedinitiator recoveryprocedure for each
Key/Code/Qualifier combination. The table has the
Key/Code/QualifierCombination with theSCSIdescription
and Recommendethhitiator Recovery Proceduréollowed by
a list of targeterror conditions whichwill return that combina-
tion.

Note: In Table 162, the Key, Code, ar@ualifier fields are all
hex values. (i.e.Sense Key E is Eh, Sezale 0C is 0Chetc.)

Table 162 (Page 1 ofil9). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.

Key | Code| Qual Description Intitiator

Recovery
Sense Key =No Sense
0 00 00 No Additional Sense Information NONE
No error.
Sense Key = Recovered Error

1 01 00 No Index/SectorSignal C.4.3,
Fake andExtra Index. Recov-
ereddrive

Write with No Sector Pulses. error” on
page 285
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Table 162 (Page 2 ofl9). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery

1 02 00 No Seek Complete C.4.3,

Servoerror; Seek timeout. Reco.v-
ereddrive

Servoerror; Recalibrate Breakaway Failed error” on

Servoerror; RecalibratéState 2 timeout page 285

Servoerror; RecalibrateState 4 timeout

Too manymissing Servo IDs detected by

Controller/ChanneHardware

Servoerror; Coarseofftrack

Servoerror; RecalibrateState A timeout

Servoerror; 3 BadServolD's

Servoerror; RecalibrateState B timeout

1 03 00 Peripheral DeviceWrite Fault C.4.3,

Arm Electronics NotReady. Reco.v-
ereddrive

Arm Electronicserror. error” on

Sectoroverrun error. page 285

InterfaceProcessomrite inhibit error.

Microjog Write Inhibit

IP RetractError

External Write Inhibit.

1 09 00 Track Following Error C.4.3,
Servoerror; Loss of interrupts from the erzzg(r)i\\//-e
Controller/ChanneHardware. N

error” on
Servoerror; Settletimeout. page 285
Servoerror; Coarseofftrack.
Servoerror; Threeconsecutive missing Servo IDs
detected by Serv®rocessor

1 oC 01 Write Error RecoveredWith Auto Reallocation C.3.3,

Recovered Writeerror, AutoReallocated. g?ct)?
logging”
on
page 283

1 oC 03 Write Error - Recommend Reassignment C.3.2,

Write Error, RecommendReassignment Reasstlgn
a physical
sector” on
page 282

1 14 01 Record NotFound C.3.3,
No sector founderror (ID nosync.found). Data

error
logging”

on
page 283
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Table 162 (Page 3 ofl9). Valid Sens&key, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
1 14 05 Record NotFound - Recommend Reassignment C.3.2,
“Reassign
No sector founderror(ID nosync.found), .
) a physical
RecommendReassignment. R
sector” on
page 282
1 14 06 Record NotFound - Data Auto-Reallocated C.3.3,
No sector founcerror(ID nosync.found), Data Data
error
Auto Reallocated. -
logging
on
page 283
1 15 00 RandomPositioning Error C.4.3,
Servoerror; Unexpectedsuardbanddetected. Reco_v-
ereddrive
Servoerror; Settleovershoot. error” on
Servoerror; Maximum seekvelocity exceeded. page 285
Servoerror; Velocity toohigh atsettlehand off.
1 15 02 Positioning Error Detected by Read of Medium C.4.3,
— . “Recov-
Seek positioningerror (ID miscompare). ereddrive
error” on
page 285
1 16 00 Data SynchronizationMark Error C.3.3,
No Datasync.found. Data
error
Data Syncerror detectedwhile outside of the logging”
write band. on
page 283
1 16 01 Data SynchronizationMark Error - Data C.3.3,
Rewritten “Data
. error
No Datasync.found, Data Rewritten -
logging
on
page 283
1 16 02 Data SynchronizationMark Error - Recommend C.3.1,
Rewrite “Rewrite
. an LBA”
No Datasync.found, RecommendRewrite on
page 281
1 16 03 Data SynchronizationMark Error - Data C.3.3,
Auto-Reallocated “Data
No Datasync.found, Data Auto Reallocated err.or N
logging
on
page 283
1 16 04 Data SynchronizationMark Error - Recommend C.3.2,
Reassignment “Reassign
No Datasync.found, RecommendReassignment a physnlcal
sector” on
page 282
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Table 162 (Page 4 ofl9). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
1 17 01 Recoveredata with Retries C.3.3,
ECC check corrected withoutsing ECC cor- g?ct)?
rection. -
logging
ECC ErrorDetectedwhile outside ofwrite band on
corrected withouECC. page 283
Recoveredverify Error with BytChk Option
without ECC correction.
1 17 02 Recoveredata with Positive HeadOffset C.3.3,
Datarecoveredusing positive sets. Data
error
logging”
on
page 283
1 17 03 Recoveredata with Negative HeadOffset C.3.3,
Datarecoveredusing negative offsets. Data
error
logging”
on
page 283
1 17 05 Recoveredata using previous sector ID C.3.2,
Datarecoveredusing No ID Recovery Reass_lgn
a physical
sector” on
page 282
1 17 06 RecoveredData Without ECC -Data C.3.3,
Auto-Reallocated “Data
Recovereddatawithout ECC, AutoReallocated. error R
logging
on
page 283
1 17 07 Recoveredata Without ECC - Recommend C.3.2,
Reassignment “Reassign
Recoveredatawithout ECC, RecommendReas- a physnlcal
signment sector” on
’ page 282
1 17 08 Recoveredata Without ECC - Recommend C.3.1,
Rewrite “Rewrite
Recovereddatawithout ECC, Recommend an ;EA
Rewrite. page 281
1 17 09 RecoveredData Without ECC - Data Rewritten C.3.3,
Recovereddatawithout ECC, Data Rewritten. Er?ct)?
logging”
on
page 283
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Table 162 (Page 5 ofl9). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
1 18 01 Recoveredata with Error Correction and Retries C.3.3,
Applied “Data
. . . error
Datacorrection applied to Drivelata for aData loaging”
ECC check. ggn 9
ECC ErrorDetectedwhile outside ofwrite band page 283
correctedwith ECC.
1 18 02 RecoveredData - Data Auto-Reallocated C.3.3,
Recovereddatawith ECC, AutoReallocated. Er?ct)?
logging”
on
page 283
1 18 05 RecoveredData - Recommend Reassignment C.3.2,
. “Reassign
Recovereddatawith ECC, RecommendReas- .
- a physical
signment i
sector” on
page 282
1 18 06 Recovereddata With ECC -Recommend Rewrite C.3.1,
Recovereddatawith ECC, RecommendRewrite. Rewrlt?
an LBA
on
page 281
1 18 07 RecoveredData With ECC - DataRewritten C.3.3,
Recovereddatawith ECC, Data Rewritten. g?ct)?
logging”
on
page 283
1 1C 01 Primary Defect List Not Found C.4.13,
Requested R.ist does notmatch returnedist DLeifS(tect
format READ DEFECT DATA only) i
Recovery
on
page 292
1 1C 02 Grown DefectList Not Found C.4.13,
Requested Q.ist does notmatch returnedist DLeifS(tect
format. READ DEFECT DATA only) i
Recovery
on
page 292
1 1F 00 Partial Defect List Transferred C.4.13,
Defectlist longer than 64k, 64k oflatareturned. Dljfsfm
(READ DEFECT DATA only) "
Recovery
on
page 292
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Table 162 (Page 6
the drive.

ofl9). Valid Sens&ey, Code,Qualifier Combinations used by

Key

Code

Qual

Description

Intitiator
Recovery

44

00

Internal Target Failure

ServoError; Invalid Servo Status Received by th

InterfaceProcessor

Invalid SPCommandSequence.

lllegal Head or Cylinderequested.

A servocommand isalreadyactive.
InterfaceProcessor detecteSlervo SanityError

Controller/ChanneHardware detecte&ervo
SanityError

Servoerror; Command notacceptedwvhile NOT
in Retract.

Servoerror; Target Cylnder out ofRange.

Servoerror; Command notacceptedwhile in
Retract.

ServoError; Invalid velocity detected during
seek.

Servoerror; Headnumber out ofrange.
Servoerror; InvalidCommand.
Servoerror; Offset out ofrange.
Servoerror; Loss of interrupts

Interrupt Occuredwith no interruptbits set.
Motor SpeedError.

Channel moduleRegister WriteError
Temporaryloss ofMotor Synchronization.
Channel ModuleéWrite Parity Error
Channel ModuleReadParity Error

Data ManagerWrite Parity Error

Track PersonalizatioMemory(TPM) Error
Servo ID overrunError

Channel ModuleéWrite Unlock Error

Arm Electronics(AE) IdleError
InterfaceProcessoReadyTimeoutError
AddressMark Enable(AMENA) After Sync.

1%

C.4.3,
“Recov-
ereddrive
error” on
page 285

5C

02

Spindles Not Synchronized

Motor Synchronizatiorlost, motor speed main-
tained.

C.4.10.7,
“Spindles
Not
Synchronize
on
page 289

[}
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Table 162 (Page 7 ofl9). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
1 5D 00 PredictiveFailure Analysis Threshold Reached on C.4.16,
Recovered Error “Predictive
Media ProblemRecommendevice Replace- fa|lur§ N
analysis
ment
on
HardwareProblem,RecommendDevice page 294
Replacement
ChannelNoise Problem,RecommendDevice
Replacement
ChannelAssymetryProblem,Recommend
Device Replacement
Channel Precompensation ProbleRecommend
Device Replacement
Channel DCOffset Problem,Recommend
Device Replacement
ChannelTiming Offset Problem,Recommend
Device Replacement
Fly Height Change ProblemRecommendevice
Replacement
Torque Amplification Problem,Recommend
Device Replacement
ECC On The Fly Hardwar®roblem, Recom-
mendDevice Replacement
Sense Key =Not Ready
2 04 00 Logical Unit Not ReadyCause Not Reportable C.4.4,
Motor Start Failed due to Timer #dleing disa- Drlve”not
bled ready” on
' page 285
Motor is Stuck,Cannot bestarted.
Motor timeout error.
Motor ThermalShutdown
2 04 01 logical unit is in the process of becomingeady c.4.1,
Unavailablewhile Start Motor active. D”,\,/e
busy” on
Unavailablewhile Spinupactive. page 284
2 04 02 Logical Unit Not Ready,initializing command C.4.6,
required “Degraded
. Mode” on
DegradedMode/Motor notrunning. page 286
2 04 04 Logical Unit Not Ready,Format in Progress c.4.1,
Unavailablewhile Format active. D”,\,/e
busy” on
page 284
2 31 00 Medium Format Corrupted Reassigrrailed C.4.6,
Degraded Mode/Reassigdlock unsuccessful Degr?ded
Mode” on
after pushdownstarted.
page 286
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Table 162 (Page 8 ofl9). Valid Sense&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery

2 31 01 Format CommandFailed C.4.6,

DegradedMode/Formatunsuccessful. Degr?ded
Mode” on
page 286

2 40 80 Diagnostic Failure C.4.6,

. “Degraded
Degraded Mode/Bringup natuccessful. Mode” on
page 286

2 40 85 Diagnostic Failure C.4.15,

DegradedMode/RAM Microcode not loaded, Micro-
. code
Downloadincomplete. "
error” on
page 293

2 40 BO Diagnostic Failure C.4.12,

. “Self Initi-

Self Init Reset, W/OAuto Motor Start ated
Reset” on
page 291

2 4C 00 Logical Unit Failed Self-Configuration C.4.6,

DegradedMode/Configuration not loaded. Degr?ded

Mode” on

DegradedMode/RAM Microcode not loaded. page 286
Sense Key =Medium Error

3 oC 02 Write Error - Auto-Reallocation Failed C.3.4,

Recovered Writeerror, AutoReallocatefailed. Reassign
Blocks
Recovery”
on
page 284

3 oC 03 Write Error - Recommend Reassignment C.3.2,

Write Error, RecommendReassignment Reasglgn
a physical
sector” on
page 282

3 11 00 UnrecoveredReadError C.3.3,
Data ECCCheck Data

error

Data ECCCheck de¢ectedwhile outside of the logging”

write band. on

UnrecoveredVerify Error with BytChk Option page 283

before ECC check.

3 11 04 UnrecoveredReadError - Auto-Reallocation C.3.4,
Failed “Reassign
RecoveredReadError, Auto reallocatefailed Rgclzc;(\:/ﬁ N
because ofinreadable data. on y

page 284
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Table 162 (Page 9 ofl9). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
3 11 0B UnrecoveredReadError - Recommend C.3.2,
Reassignment “Reassign
Unrecoveredead errorRecommendreassign- a physnlcal
ment sector” on
page 282
3 14 00 RecordedEntity Not Found C.3.4,
Track characterizatiorfailure. Unable todeter- RBelgslf;gn
mine sector LBA due t@adjacent read |fail- N
. . Recovery
ures,with one sectordefective. on
Reassign(pushdown not started) or L8gnse. page 284
3 14 01 Record NotFound C.3.3,
No sector founderror (ID nosync.found). Data
error
logging”
on
page 283
3 14 05 Record NotFound - Recommend Reassignment C.3.2,
“Reassign
No sector founderror(ID nosync.found), .
) a physical
RecommendReassignment. R
sector” on
page 282
3 16 00 Data SynchronizationMark Error C.3.3,
No Datasync.found. Data
error
Data Syncerror detectedwhile outside of the logging”
write band. on
page 283
3 16 04 Data SynchronizationMark Error - Recommend C.3.2,
Reassignment “Reassign
No Datasync.found, RecommendReassignment a physﬁlcal
sector” on
page 282
3 19 02 Defect ListError in Primary List. C.4.7,
Error in Primary Defectlist (READ DEFECT Reserved
AreaHard
DATA only) "
Error” on
page 287
3 19 03 Defect ListError in Grown List. C.4.7,
Error in GrownDefectlist (READ DEFECT Reserved
AreaHard
DATA only) ,,
Error” on
page 287
3 31 00 Medium Format Corrupted Reassigrrailed C.3.4,
. “Reassign
Degraded Mode/Reassigdlock unsuccessful
Blocks
after pushdownstarted. N
Recovery
UnrecoveredRead Error ofCustomerData on
during Reassign aftegpushdownstarted. page 284
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Table 162 (Page 10 019). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery

3 31 01 Format Failed C.4.6,

DegradedMode/Formatunsuccessful. Degr?ded
Mode” on
page 286

Sense Key =Hardware Error

4 01 00 No Index/SectorSignal Cc.4.2,

No sector pulse found. Unre-
covered

Fake andExtra Index. drive

Write with No Sector Pulses. errors on
page 285

4 02 00 No Seek Complete c.4.2,

Servoprocessor did nofinish command intime. Unre-
covered

Servoerror; Seek timeout. drive

Servoerror; Recalibrate Breakaway Failed errort on
page 285

Servoerror; RecalibrateState 2 timeout

Servoerror; Recalibratestate 4 timeout

Too manymissing Servo IDs detected by

Controller/ChanneHardware

Servoerror; Coarseofftrack

Servoerror; RecalibrateState A timeout

Servoerror; 3 BadServolD's

Servoerror; RecalibrateState B timeout

4 03 00 Peripheral DeviceWrite Fault c.4.2,

Arm Electronics NotReady. Unre-

covered

Arm Electronicserror. drive

Sectoroverrun error error® on
’ page 285

InterfaceProcessomrite inhibit error.

Microjog Write Inhibit

IP RetractError

Write/ReadGate not deteted duringoperation.

External Write Inhibit.

4 09 00 Track Following Error Cc.4.2,
Servoerror; Loss of interrupts from the C(L)J\?erfe-d
Controller/ChanneHardware. .

drive
Servoerror; Settletimeout. error” on
Servoerror; Coarseofftrack. page 285
Servoerror; Threeconsecutive missing Servo IDs
detected by Serv®rocessor
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Table 162 (Page 11 019). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
4 11 00 UnrecoveredReadError in Reserved Area c.4.7,
“Reserved
Data ECCCheck(ReservedArea) AreaHard
Error” on
page 287
4 14 00 RecordedEntity Not Found Cc.4.2,
No SectorFound caused bhardwarefault or Unre-
covered
software. .
drive
error” on
page 285
4 14 01 Record NotFound - Reserved Area C.4.7,
“Reserved
No sector founcerror (Reserved Area). AreaHard
Error” on
page 287
4 15 00 RandomPaositioning Error C.4.2,
Servoerror; Unexpectedsuardbanddetected. Unre-
covered
Servoerror; Settleovershoot. drive
. . error” on
Servoerror; Maximum seekvelocity exceeded.
page 285
Servoerror; Velocity toohigh atsettlehand off.
4 15 02 Positioning Error Detected by Read of Medium c.4.2,
— . “Unre-
Seek positioningerror (ID miscompare). covered
drive
error” on
page 285
4 16 00 Data SynchronizationMark Error in Reserved C.4.7,
Area “Reserved
AreaHard
No Datasync.found.(Reservedrea) "
Error” on
page 287
4 19 02 Defect ListError in Primary List. Cc.4.7,
. . . “Reserved
Error in Primary Defectlist. AreaHard
Error” on
page 287
4 19 03 Defect ListError in Grown List. Cc.4.7,
Error in GrownDefectlist (used by Fomat Unit Reserved
. AreaHard
and Reassign Blockommands). ,,
Error” on
page 287
4 31 00 Medium Format Corrupted Reassigrrailed C.3.4,
UnrecoveredHardware orReservedareaData Reassign
) . Blocks
error during reassign aftepushdownstarted. i
Recovery
on
page 284
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Table 162 (Page 12 019). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
4 32 00 No Defect Spare.ocation Available C.4.5, “No
GLIST full. Cannot add morentries. defe’f:t
spare” on
Entire track of defectivesectors. page 285
No sparesectors remaining.
4 32 01 Defect list updatefailure Cc.4.7,
. . “Reserved
Defectlist updatefailure. AreaHard
Error” on
page 287
4 40 80 Diagnostic Failure C.4.6,
Microcode Check Sum erratdetected during Degr?ded
Mode” on
ROS Test.
page 286
Microcode Check Sum erradetected during
RAM Test.
ServoData notpresent inCSR.
Reservedareasector validcheckfailed.
Configuration Sectowalid checkfailed.
Configuration Sectouploaded but Check Sum
error.
Reservedareasector version chectailed.
4 40 85 Diagnostic Failure C.4.15,
Microcode Check Sum erradetected during Micro-
i code
download of Microcode. .
error” on
Microcode Check Sum erradetected during page 293
upload of Microcode.
4 40 90 Diagnostic Failure C.4.6,
BATS#2 Error.Track Personalization Degr?ded
Memory(TPM) Error Mode” on
y ' page 286
ServoData Verify Failure.
BATS#2 Error;Seektest failure.
BATS#2 Error;Head Offset Test failure.
BATS#2 Error.Pallette RAMtest failure.
BATS#2 Error.Digital Filter RAM test failure.
4 40 AO Diagnostic Failure C.4.6,
BATS#2 Error.Readwrite test failure. Degr?ded
Mode” on
BATS#2 Error.ECC/CRCtest failure. page 286
BATS#2 Error. LRCtest failure.
4 40 BO Diagnostic Failure Cc.4.12,
Self Init Reset, WAuto Motor Start Self Init-
ated
Reset” on
page 291
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Table 162 (Page 13 019). Valid Sens&ey, Code,Qualifier Combinations used by

Mismatchbetween the InterfacBrocessor ROS
and the DE.

the drive.
Key | Code| Qual Description Intitiator
Recovery
4 40 Cco Diagnostic Failure C.4.11,
. “Compo-
Mismatchbetween the Serv@rocessor ROS and
nents
InterfaceProcessoRAM. . .
Mismatch
Mismatchbetween the InterfacBrocessor RAM on
and DE. page 290
Mismatchbetween the InterfacBrocessor ROS
and RAM.
4 40 DO Diagnostic Failure C.4.11,
. “Compo-
Mismatchbetween the Serv@rocessor and the
nents
Referencelrack Image. . N
Mismatch
Mismatchbetween the ServBrocessor ROS and on
DE. page 290
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Table 162 (Page 14 o019). Valid Sens&ey, Code,Qualifier Combinations used by

the drive.
Key | Code| Qual Description Intitiator
Recovery
4 44 00 Internal Target Failure c.4.2,
Defect ListError prevented one omore defects Unre-
. | : covered
from beingused in a format Unitcommand or drive
from beingreported in aReadDefectData N
error” on
command.
page 285

Too few valid GEM measurementavailable to
perform a GEM Preittive Failure Analysis.

ROS MicrocodeDownloadFailed.

Mismatchbetween the InterfacBrocessor ROS
and ServoProcessor ROS.

Failure to loadServoMicrocodeinto RAM.
Buffer Controller Chip Channel AError
SCSI Controller Chip internal paritgrror.

SCSI Controller Chip detected an LR&ror
during read.

Reassign could nofind the targetLBA.

ServoError; Invalid Servo Status Received by th
InterfaceProcessor

11

SanityError during ReadCapacity execution.
Targetunexpectedly went BuEree. Bus Free
SCSI interruptinvalid. (Bus Free

SP interrupt on but SP Stati&lid bit is off.

Format Track parameter err¢gnumber of
sectors anchumber ofID's do notmatch).

Invalid SPCommandSequence.

lllegal Head or Cylinderequested.

A servocommand isalreadyactive.
InterfaceProcessor detecteSlervo SanityError

Controller/ChanneHardware detecte&ervo
SanityError

Buffer too small to do a requested function.

Servoerror; Command nofacceptedwvhile NOT
in Retract.

Servoerror; Target Cylnder out ofRange.

Servoerror; Command notacceptedwhile in
Retract.

ServoError; Invalid velocity detected during
seek.

Servoerror; Headnumber out ofrange.

Servoerror; Invalid Command.
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Table 162 (Page 15 019). Valid Sens&ey, Code,Qualifier Combinations used by

the drive.
Key | Code| Qual Description Intitiator
Recovery
4 44 00 Internal Target Failure c.4.2,
Servoerror; Offset out ofrange. Unre-
covered
Servoerror; Loss of interrupts drive
error” on
SP lost. page 285
Interrupt Occuredvith no interruptbits set.
Motor SpeedError.
Channel moduleRegister WriteError
Temporaryloss ofMotor Synchronization.
Servoerror; Loss of interrupts
Servoerror; Servo Nonvolatile Storage RAM
error
Buffer Controller Chip Sequence&rror
Buffer Controller ChipError
Disk ManagerChip detcted an LRCerror
during write.
Channel ModuleWrite Parity Error
Channel ModuleReadParity Error
DataManagerWrite Parity Error
Track PersonalizatioMemory(TPM) Error
Servo ID overrunError
Channel ModuléWrite Unlock Error
Arm Electronics(AE) IdleError
InterfaceProcessoReadyTimeoutError
AddressMark Enable(AMENA) After Sync.
Invalid UEC
4 5C 02 Spindles Not Synchronized C.4.10.7,
- . “Spindles
Motor Synchronizatiorlost, motor speed main- Not
tained. .
Synchronize
on
page 289
Sense Key =lllegal Request
5 1A 00 Parameter ListLength Error C.4.8,
Commandparameteldist lengtherror. Interfac?
Protocol
on
page 287
5 20 00 Invalid Command Operation Code C.4.8,
. “Interface
Invalid Op. code. Protocol”
on
page 287
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Table 162 (Page 16 019). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
5 21 00 Logical Block Address out of Range C.4.8,
Invalid LBA. Interface
Protocol
on
page 287
5 24 00 Invalid Field in CDB C.4.8,
CDB Invalid. Interface
Protocol
Datalengtherror onReadLong or Write Long. on
Invalid Buffer ID in Write Buffer Command. page 287
5 25 00 Logical Unit Not Supported C.4.8,
Invalid LUN. Interface
Protocol
on
page 287
5 26 00 Invalid Field in Parameter List C.4.8,
Commandparameter datanvalid. Interfac?
Protocol
Microcode andLoad ID mismatch during Write on
Buffer Command. page 287
Invalid field in Parameter Data, Sdgeld
PointerValue.
Invalid LBA in ReassignCommandwhen Reas-
signdegraded.
Microcode andServoProcessor ROS mismatch
during Write Buffer Command.
Microcode and DE mismatch duringrite
Buffer Command.
Microcode andinterfaceProcessor RO $nis-
matchduring Write Buffer Command.
Microcode andinterfaceProcessor RAMmis-
matchduring Write Buffer Command.
5 3D 00 Invalid Bits in Identify Message C.4.9,
- . “Aborted
Reservedits in Identify message are non zero. N
Command
(Bus Freg
on
page 288
Sense Key = Unit Attention
6 28 00 Not Ready To Readyransition, (Medium may C.4.10.1,
havechanged) “Not
Unit Attention/NotReady to Ready Ready to
- Ready
Transition(FormatCompleted) T
Transition
on
page 289
6 29 00 Power On, Reset, or BuBeviceResetoccurred C.4.10.2,
Unit Attention/POR. Reset” on
page 289
Unit Attention/Self Initiated Reset.
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Table 162 (Page 17 019). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.

Key | Code

Qual

Description

Intitiator
Recovery

6 2A

01

Mode ParametersChanged

Unit Attention/ModeSelectParameterdave
changed.

C.4.10.3,
“Mode
Parame-
ters
Changed”
on
page 289

02

Log Select Parameter€hanged

Unit Attention/LogParameters Changed

C.4.10.8,
“Log
Select

Parame-

ters
Changed”
on

page 290

00

Commands Cleared by Another Initiator

Unit Attention/Commanctleared byanotherini-
tiator.

C.4.10.5,
“Com-
mands

Cleared by

Another

Initiator”

on

page 289

01

Microcode hasbeen changed
Unit Attention/Write Buffer.

C.4.10.4,
“Micro-
code has
Changed”
on
page 289

01

Spindles Synchronized
Unit Attention/Spindles Synchronized

C.4.10.6,
“Spindles
Synchronize
on
page 289

02

Spindles Not Synchronized
Unit Attention/Spindles not Synchronized.

C.4.10.7,
“Spindles
Not
Synchronize
on
page 289

Sense Key =Data Protect

00

Write Protected

Command notallowedwhile in Write Protect
Mode.

1.6.2,
“Page O -
Vendor
Unique
Parameters
on
page 75

Sense Key = Aborted Command

dn
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Table

162 (Page 18 019). Valid Sens&key, Code,Qualifier Combinations used by

the drive.
Key | Code| Qual Description Intitiator
Recovery
B 1B 00 SynchronousData Transfer Error C.4.9,
“Aborted
Synchronous transfegrror, Extrapulses on syn- N
Command
chronoustransfer. on
page 288

B 25 00 Logical Unit Not Supported C.4.9,

. . “Aborted
Different LUN addressedldentify messagejrom i
- Command

first selected. Bus Free on
page 288

B 43 00 MessageError C.4.9,

Requireddisconnection was not allowed. Aborted i
Command

A CIOP message was received on mitial con- on

nection.Bus Fred page 288

Cannotresume the operatio(Datatransfer).

InnapropriateMessage Reject messageceived.

(Bus Freg

Attention dropped toodate. Bus Freé

Message parityerror receivedwhen no message

sent byTarget. Bus Freé

B 44 00 Internal Target Failure C.4.9,

Commandaborted due to Fatallardwareerror. Aborted i
Command

on
page 288

B 45 00 Select or Reseledtailure C.4.9,

. . “Aborted
Reselection timeoutBus Free Command”
on
page 288

B 47 00 SCSI Parity Error C.4.9,

Unrecovered SCSI paritgrror detected by Aborted i
) Command

Target during acommand or data phase. on

Unrecovered SCSI paritgrror cetected by the page 288

Target during aMESSAGE OUT phase.Bus

Free)

Unrecovered SCSI paritgrror cetected by the

Initiator (Message Parit§rror Message). Bus

Free)

B 48 00 Initiator Detected Error MessageReceived C.4.9,
Initiator DetectedError for other thanSTATUS ng%:t:r?d”
or inked COMMAND COMPLETE phase. on
Initiator DetectedError message foSTATUS or page 288
Linked COMMAND COMPLETE phase.Rus
Free)
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Table 162 (Page 19 o019). Valid Sens&ey, Code,Qualifier Combinations used by
the drive.
Key | Code| Qual Description Intitiator
Recovery
B 49 00 Invalid MessageError C.4.9,
Invalid message or attentiodroppedbefore all Aborted i
Command
bytes of anextended message are transferred. on
(Bus Freg page 288
B 4E 00 Overlapped Commandattempted C.4.9,
Invalid Initiator Connection. Aborted N
Command
on
page 288
Sense Key = Miscompare
E 1D 00 MiscompareDuring Verify Operation C.4.14,
Miscompareduring byte by byteverify. Mlpsgrc;m-
recovery”
on
page 292
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Byte 14

Byte 15 - 17

Field Replaceable Uni€ode

A Field Replaceable Uni€Code ofzero indicateghat no spe-
cific mechanism or unit has beedentified to havefailed or
that the data is noavailable.

A non-zero FieldReplaceabldJnit Codeidentifies the
extended VPD page whictiescribes thepecificmechanism or
unit that hadailed. These extended VP Pages of thdnquiry
commandcontain informationabout thefield replaceablaunit.

Sense KeySpecific

The meaning of the Sense-K&pecificField, bytes 15-17,
depends on whiclsense key is returned andhether the
sense-keyspecific valid(SKSV) bit is one.

If the SKSV bit iszero, then sense-kegpecific field isunused
and is zero.

If the sense key iRecoveredcError or Medium Error or
Hardware Error, and if the SKSV bit is one, then the
Sense-KeySpecificField shall be defined ashown in

Table 163. Thesdéeldsidentify the actualnumber ofretries
used inattempting torecoverfrom the error condition.

Table 163. Actual RetryCountBytes

Byte BIT
7 6 | 5 | 4 | 3 | 2 | 1 | 0
15 SKSV RSVD = 0
=1
16 (MSB) Actual Retry Count
17 (LSB)

The ActualRetry Countfield returns thefinal stepnumber of
the DRP or ERP actiothat wasused toattemptrecovery
from an error.

If the sense key idlot Readyand the SKSV bit is one, then
the Sense-KepecificField shall be defined ashown in
Table 164. Thesdelds define anindication of progress in
completing theFormat Unitcommand.

Table 164. Progres$ndicationBytes

Byte BIT
7 6 | s | a4 | 3 | 2 | 1 | o
15 SKSV RSVD =0
=1
16 (MSB)  Progress Indication
17 (LSB)
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The Progress Indication Field is a fraction complete indication
in which the returned value is theumerator that ha65536 as
its denominator.

Progress indication is onlgiven for theFormat Unitcommand
with the Immed bit set to 1.Therefore, if thesense key ishen
the SKSV bit is only set to 1 if the additionaknsecode is
Format InProgress.

If the sense key ifllegal Requestand the SKSV bit is one,
then theSense-KeySpecificField shall be defined ashown in
Table 165. Thesdelds designate the bytes and bits émror in
the Mode Selectcommandparameter btes.

Table 165. Field PointerBytes

Byte

BIT

7

6 5 4 3 2 | 1 | 0

15

SKSV
=1

C/D RSVD =0 BPV Bit Pointer

16
17

(MSB)

Field Pointer
(LSB)

Bytes 18 - 19
Byte 20 - 21

Bytes 22 - 23

A Command Data (C/D) bit of onendicatesthat theillegal
parameter is in theommand descpitor block. A C/D bit of

zero indicateghat theillegal parameter is in the data parameter
sent by the initiator during th®ATA OUT phase.

A Bit Pointer Value (BPV) bit of zero indicateghat thevalue
in the bit pointerfield is notvalid. A BPV bit of one indicates
that the bit pointeffield specifieswhich bit of the bytedesig-
nated by the FieldPointerField is in error.When a
multiple-bit field is in error, the bitpointerfield shall point to
the mostsignificant (leftmost) bit of thefield. Whenmultiple
fields in abyte are in error , the bit pointdield points to the
mostsignificant (leftmost)field in error.

The FieldPointerField indicateswhich byte of thecommand
descriptor block or the parameter ddteat was inerror. Bytes
are numbered stdng from zero. When amultiple bytefield is
in error, the pointeshall point to the mossignificant (left
most) byte of thefield in error.

Reserved
Unit Error Code

The UEC givedletailedinformationabout theerror. It con-
tains auniquecode whichdescribesvhere the error was
detected and whicpiece ofhardware or microcode detected
the error.

Reserved
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Byte 24 - 29

Bytes 30 - 31

PhysicalError Record

ILI = 1 - This field containszeros.

ILI = 0 - Thesebytescontain thephysicallocation of the
error ascylinder,head andsector. Bytes 24 and 25 are
Cylinder high and Cylinder lowespectively. Byte 26 is the
headnumber. Bytes 28 and 29 are sector high and sector
low respectively.

Byte 27 is retained for compatability with previous
members othis productfamily andwill contain thesector
number forsectors Gthrough 254 andvill be set toOFFh
for sectornumbersgreater than 254 or if the sectaumber
is undetermined.

If the head is undetermined, italue is set t®OFFh. If the
Cylinder value isundeterminedbytes 24 and 25 are set to
OFFFFh. If thesectornumber isundeterminedytes 27,
28, and 29 are all set to OFFh.

This field isvalid with Sense Key 1, 3 and dnly. If Cyl-
inder,Head, andSector have naelevance to thérror,
Bytes 24through 29will all be set toOFFh.

Reserved
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Appendix B. Recovery Procedures

The following sections describe the recovgmpcedures for each of the various types
of errors for whichrecovery isattempted.

B.1 Data Recovery Procedure for Data Field Errors

The following tablelists thestepsthat have beerdefined fordatarecovery. These
recoveryactions are for Sync BytdData ECC and Nd&ectorFounderrors on read
commands.

Definitions for thefollowing tables.

Reread -Read with noparametersltered.

Rewrite - Write with no parameteraltered.

Read Bias - 0 = NormaBias Current in ReadHead, + 1 = Increase Bias
Current in Read Head by dnit, -1 = ReduceBias Current in Read Head by 1
unit.

« TO - Track Ofsetmovement of the Read Headlightly off center. The percent
indicates the fraction of &rack width. Thesignindicates the direction of the
movement with + beingtoward the inner diameter of the dagarface.

ECC Burst -Amount of ECCcorrection applied.Double Burstwill correct a
41 bit error and undecertain conditions can correct up to a 48 bit errdihese
are errors per physical sector.

DA - Double burst ECCcorrection on adjacent error bytes.

DR - Double burst ECCorrection on adjacent aandom

- TB - Triple burst ECCcorrection on adjacent error bytes. Tladows 9 bytes
in error to be corrected.

SAT - Surface Analysis Test EC€orrection on adjacent error bytes. This
allows certain 1dyte errors to be corrected wherntleermalasperity is involved.
EQ - Equalizer Adjust, th&€hannel Hardware is set tofexed mode with the
equalizeradjusted based on themountshown.

« TA Mode - Set thechannel to thermahsperity recovery modesgardless of
whether a thermahsperity was detected aot.

NSF - No SectofFound error.

NO ID Mode - Datarecovery using tangentiallgdjacent sector IDs to deter-
mine thephysicallocation of the NSF ID. Aphysicaloperation is performed to
read or write thedata.

HSC - HeadState Change, Ahortwrite isdone in the non-customer dasaea
to change the residu&lead stateharacteristics.

« VCO Calibrate - Calibrates the VoltageontrolledOscillator in theChannel
Hardware.

- A/D Calibrate - Calibrates th&nolog to Digital Convertor in the Channel
Hardware.

Scrub -Movement of thehead in anattempt torecoveryfrom an errorpossibly
caused by a Therma\sperity. Scrub is done in garticular direction, either
toward the Inner Diameter(ID) or toward the Outer Diameter(OBEperity
off the disk. Several diskevolutions are taken omach step which employs this
type of recovery.

Read Gate Aplist Recovery - AdjustvhereData Sync is read in amttempt to
avoid aThermalAsperity in theData Sync Field. Theamount ofadjust is
fixed. Thepolarity of the adjust can bearly or late.
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B.1.1 Read Commands

Table 166 (Page 1 of 2)ReadRecoverySteps
DRP Action Read ECC Miscellaneous
Steps Bias| Burst
0 Initial Read 0 CountNSF.
1-3 Reread 0 CountNSF.
4 Reread +1 HSC prior tostep 4.
5 +9% TO 0
6 -9% TO 0
7 +15% TO 0
8 -15% TO 0
9 +1 EQ 0 Enable TA mode prior testep 9 for
remainder oDRP.
10 -1 EQ 0
11-13 Reread Recalculatecylinder andhead and
reseekprior to step 11 if NSFcount
is greater than 1, then zero NSF
count. HSC prior tostep 13.Count
NSF.CountData SyncErrors.
14 Reread +1 HSC prior tostep 14. CountNSF.
15-16 Reread 0 Enable No IDMode prior to step
15 if NSF count is greater than 0.
CountData SyncError.
17 Reread +1 HSC prior tostep 17. CountData
SyncError.
18 +6% TO 0 If the DataSyncError Count is
greater than 0 then enabRead
GateAdjust Recovery prior tstep
18 and alternatgolarity(late or
early) of theadjusteveryotherstep
up to and including step 47. If the
DataSyncError isrecovered but
an ECC erroroccurs then maintain
the Read Gatédjust polarity for
the remainingsteps.
19 -6% TO 0
20 +12% TO 0
21 -12% TO 0
22 +18% TO 0
23 -18% TO 0
24 +1 EQ 0
25 -1 EQ 0
26 Reread 0 DA Recalculatecylinder andhead and
reseekprior to step 26.
27 Reread +1 DA
28 Reread -1 DA HSC prior tostep 28.
29 +6% TO 0 DA
30 -6% TO 0 DA
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Table 166 (Page 2 of 2)ReadRecoverySteps

DRP Action Read ECC Miscellaneous

Steps Bias| Burst
31 +12% TO 0 DA
32 -12% TO 0 DA
33 +1 EQ 0 DR
34 -1EQ 0 DR
35 Reread 0 DR
36 Reread +1 DR OD Scrub prior tostep 36.
37 Reread -1 DR HSC prior tostep 37.
38 Reread 0 DR VCO Calibrate prior tostep 42.
39 Reread 0 B A/D Calibrate prior tostep 39.
40 +6% TO 0 B ID Scrub prior tostep 40.
41 -6% TO 0 B
42 +12% TO 0 B OD Scrub prior tostep 42.
43 -12% TO 0 B
44 +18% TO 0 B ID Scrub prior tostep 44.
45 -18% TO 0 B
46 +1 EQ 0 B OD Scrub prior tostep 46.
47 -1EQ 0 B
48 -6% TO 0 SAT
49 +6% TO 0 SAT
50 Reread 0 SAT

B.1.2 Verify Commands

The recoveryprocedures foWrite andVerify (2Eh) and Verify (2Fh) commands
are as follows. It igmportant to understand twidtemsrelative toverify.

1. A failed command thatloesverifies isconsidered darderror if the byte by
byte option is ineffect and amiscompare, error confirmed to en-ECC
detected, occurs. Theense key reported fdhis error is Eh(Miscompare Error
during Verify byte by byte Operation).

2. In all othercases, a failedommand thatdoesverifies in notconsidered @ard
error. Although theDrive will return asense key of 3tfMedium Error) the
error is not unrecoverablgince Verifyrecovery is not nearly as extensive as
normalread recovery. Asubsequentead withfull recoveryshouldsuccessfully
read thedata.

Note: "On the Fly ECC"correction is notdone when théyte-by-byteoption is in
effect.

B.1.2.1 Write and Verify
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Table 167. Write andVerify RecoverySteps
DRP Action Read ECC Miscellaneous
Steps Bias Burst
0 Initial Read 0 Count NSF.
1-3 Reread 0 Count NSF.
4 Reread +1 HSC prior tostep 4.
5-7 Reread 0 Recalculate cylinder anbead and reseek
prior to step 5 if NSFcount is greater
than 1. HSC prior tostep 7.
8 Reread +1 HSC prior tostep 8.
9 Reread 0
B.1.2.2 Verify
Table 168. Verify RecoverySteps
DRP Action Read ECC Miscellaneous
Steps Bias Burst
0 Initial Read 0 Count NSF.
1-3 Reread 0 Count NSF.
4 Reread +1 HSC prior tostep 4.
5-7 Reread 0 Recalculate cylinder andead and reseek
proir to step 5 if NSFcount is greater
than 1. HSC prior tostep 7.
8 Reread +1 HSC prior tostep 8.
+9% TO 0
10 -9% TO 0
11 +15% TO 0
12 -15% TO 0
13 +1 EQ 0
14 -1 EQ 0
15 Reread 0 VCO Calibrateprior to step 15.
16 Reread 0 A/D Calibrateprior to step 16.
17 +6% TO 0
18 -6% TO 0
19 +12% TO 0
20 -12% TO 0
21 +18% TO 0
22 -18% TO 0
23 +1 EQ 0
24 -1 EQ 0
25 Reread 0
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B.1.3 Write Commands (No Sector Found)

Table 169. Write RecoverySteps

Step Action Read | Miscellaneous
Bias
0 Initial Write 0
1-3 Rewrite 0 HSC prior tostep 3.
4 Rewrite +1 HSC prior tostep 4.
5-7 Rewrite 0 Recalculate cylinder anbead and reseefrior to step
5. HSC prior tostep 7.
Rewrite +1 HSC prior tostep 8.
Rewrite -1
10 Rewrite 0 OD Scrub prior tostep 10.
11 Rewrite 0 ID Scrub prior tostep 11.
12 Rewrite 0 No ID Mode.

B.2 Error Recovery for Non-Data Errors

Errors other than datarrors as describeabove invokeError Recovery Procedures
calledERP. ERPerrorsfall into 4 classes:

« Drive Fault

- Position(Servo)

« SpindleMotor

« SpindleSynchronization Errors.

B.2.1 Position Error (Servo Error Recovery)

Table 170. ServoError RecoverySteps
Step Action Read | Miscellaneous
Bias
0 Initial ServoOpera- 0
tion
1-3 Retry Servo Opera- 0 Recalibrate Seek to lasgoodlocation, prior to step
tion 1-3.

B.2.2 Drive Fault

Table 171. Drive Fault RecoverySteps
Step Action Read | Miscellaneous
Bias
0 Initial Read/Write 0
1-9 Reread/Rewrite 0 Recalibrate Seek to lasgoodlocationprior to step 9.
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B.2.3 Spindle Motor Error

A spindlemotor error is generated whemotor speed can not bmaintained. The
motor will be stopped and a Not Readense key iseturned. There is negelf
initiated recoverytaken by theDrive for this error.

B.2.4 Spindle Synchronization Error
A spindlesynchronization error occurs when the targptndlelosessynchronization
with the master. For information on hothis condition is reported, se.5,
“Motor Synchronization” orpage 225.Whenthis conditionoccurs, the target
reverts tounsynchronized operationRead andwrite operations are noaffected by
the synchronizationoss.

B.3 Priority of Error Reporting

Multiple errors canoccur during the execution of @mmand. Sinceonly one error
is reported in thesensedata, a priority scheme for determining which errorregport
is used. Following are theules forreportingsensedata:

Hard Errors

— An unrecovered (hard) erravill always be eported inplace of any soft
errorthat mayhave occurred during the sano@eration.

— If multiple harderror conditions exist, théirst hard error detectedvill be
reported.

Soft Erors

- WhenPER=0 (Mode Selectdata format Page 1)yecovered data andon-
data errors are not reported.

- WhenPER=1 Mode Selectdata format Page 1), thiasterror detected
will be reported.

If an unrecoverable error occurs duriije time, it is reported by the next
commandprocessed evethough theerror may seeninappropriate forthat
command.
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Appendix C. Recommended Initiator Error Recovery
Procedures

The Drive'sdesign points folerror reporting to the system assumes certain system
action for the erroreturncodes. These assumptionsre:

1. SCSI-2protocolwill be the first priority in reporting errors.
2. The systenwill maintain a log of allreportederrors.

3. System architecture should include all error handliagpmmendations made in
this appendix. Deviations should haweutual agreement between Drive devel-
opment andsystem integration.

This section of the appendix directedtoward documenting the assumptions made
by the Drivethat thesystem is expected timplement. The two erroclasseshat
the system should be concerned with &@ATA and NON-DATA errors.

Dataerrors arethoseerrorsthat deal with the handling adata to and from the
MEDIA and areidentified by theadditionalsensecode contained in theensedata.
The additionalsense codes for data errors are

0C - Write error
11 - Unrecovered read error
14 - No recordfound
16 - DataSynchronization marlerror
17 - Recovered read errovithout ECC correction
18 - Recovered read error with ECC correction
Typically, data errors do not include positioning of the heads or the data path

through theelectronics.

Non-dataerrors arethoseerrorsthat do nothave a direct relatinship with trans-
ferring data to and from the mediaNon-dataerrors can include data handling if the
media is not associated with the err@.e. interfaceerrors).

The system action assumed for eaxtass oferror is outlined here. System
integrators should be awatbat deviatingfrom theserecommendations caaffect
drive performance and the systeservicestrategy.

C.1 Drive service strategy

The Drive servicestrategy is defined so theustomerwill be able to use theystem
as soonafter a failure isdetected as possible. THiest priority is to replace the
entire drive to make theystemoperational with minimakervicetime. Theservice
representative should:

1. Back up all the customer data dhis drive if possible
2. Replace the completdrive

3. Restore the customer data

4

. Return thedrive to customerservice
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Drive developmentecognizes theneed to preserveustomer data. Therefore, there
is a procedureghat will allow the servicerepresentative to replace the electronics
portion of thedrive at thecustomer location. This procedure should only be
attempted when customer datacistical. If customer data is nadritical, then com-
plete drivereplacement is recommended. Teplace the electronics assembly, the
servicerepresentative should:

1. Since datacannot bebacked upreplace the electronics assembly per the
instructions

2. Restore thalrive to service

3. If drive performance is questionabbdter replacing the electronics assembly,
back up customer data jfossible, then replace thmompletedrive. Question-
able performance can be a higlumber ofrecovered errors or reduced data
throughput.

The serviceaepresentative shoulNEVER attempt toreplaceonly the head/disk
assembly(HDA).

C.2 Recommendations for System Error Log

The system error loghould contain informatiorabout theDrive errorthat will
allow recovery actions. The systeenrorlogs should contain all therror informa-
tion returned in thesensedata. At aminimum thefollowing informationabout
each error occurrence should lgged.

- Valid bit anderror code(Sensebyte 0)
Sense Key (Sendayte 2)
Informationbytes (Sense bytestBru 6)
Commandspecificinformation (Sense bytes &ru 11)
- Additional Sensecode (sensebyte 12)
« Additional Sensecodequalifier (sensebyte 13)
Field Replaceable Uni{Sensebyte 14)
Sense KeySpecific(sense bytes 15, 16, and 17)
UEC (Sense bytes 20 & 21)
Error Record -Physical Block Addres¢Sense bytes 2thru 27)

C.3 Data Recovery Procedure

Statistically,most dataerror activity is noise related and hasthing to do with
defects in themedia. It is wrong for the system to assumat everydata error
reported occurred because oflafect in themedia. It is alsowvrong for the system
to assumehat every dataerrorthat occurred because of a mediafectrendered the
Drive unusable.

Recurring data erroactivity at thesamephysicallocation is an indication of a
problem. The problem can be due torediadefect ormagnetic damage. A media
defect is physicatlamage to the recording capability of the mediaile magnetic
damage is alefect in the bitpatternwritten to the media.
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The system recovergction to correcthese types oflefects differs. Inboth cases,

the error can be correctedithout replacing theunit. For mediadefects, thephys-

ical sector may require relocation. For magneadifects, a rewrite of théailing

LBA may be all that isrequired. The Drive determines the need to either rewrite or
reassign asector. TheMode Select page bption bits, 1.6, “Mode Select (6)” on

page 70AWRE/ARRE active allows theDrive to rewrite or relocate recovered

data errors.Non-recovered datarrors andAWRE/ARRE inactivewill have addi-
tional sense codeeeturned to recommencewrite or reassignment of sectors.

For the caseswhere a rewrite is recommended, thenitiator should write the data
using the Write andVerify (2E) command The verifyportion of theWrite and
Verify (2E) command usefmited errorrecovery,which isdesirable in thiscase.
The initiator mayelect to verify thewrite with byte check {Write andVerify (2E)
command CDB byte 1, bit 1¢nabled or disabled.

The need taeassign asector should be infrequentSites notmeeting error rate
criteria are removed from use during SABurface AnalysisTest) in Drive manufac-
turing. With the exception ofsomeearly life SAT escapes (siteshat were mar-
ginally missed duringSAT), reassigning defectiveectors shuld berare.

Frequentsector reassignment may be an (eaihgication ofanothertype offailure.
Sector reassignments ameonitored as part of thpredictive failure analysisWhen
a threshold isxceeded, th®rive will notify the initiatorthat ascheduledservice
action is required.

Drive soft error rates are based entraneousandomfaultsthat are notpredictable.
Media defects discovered after tHarive completes manufacturinfjnal test need to
be relocated sthat soft error rates are not influenced by predictabfeown error
sites. Failure of the system to properhelocatedefectivemediasites carhave a
direct influence on systerthroughput andrive error rates.

C.3.1 Rewrite an LBA
The Drive determines the need to rewritéogical block addresqLBA) based on
error activity. Once a LBA requires rewriting, the Drivaill either rewrite the LBA,
or recommend to thénitiator that the LBA berewritten.

When thefollowing sense keyadditionalsensecode, and additionadensecode
gualifier combinations are returned, theitiator shouldrewrite the LBAreported in
the sense at theext opportunity.

NOTE: In Table 172 the Key, Code, an@ualifier fields are all hexvalues. (i.e.
Sense key 1 is 1h, sensede 17 is 17h, etc)

Table 172. RecommendRewrite errors. Sensedatacombinations forecommend
rewrite of anLBA.

Key Code{a Qual. Description

1 16 02 | DataSynchronization Byté&rror - recommendrewrite.

1 17 08 Recovered dataithout ECC -RecommendRewrite.

1 18 06 Recovered data with ECCRecommendRewrite.
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To rewrite a LBAthat hassense dataecommending aewrite, theinitiator should
rewrite the data using th&/RITE and VERIFY (2Egommand. If theWRITE
and VERIFY (2E)ommandcompletes:

Successfullf GOOD status) or checkondition status forecovereddata error,
log the error in the system errdog.

UnsuccessfullCheck Conditionstatus) for anediumerror, reassign the LBA
using theReassign Block§07) command.

UnsuccessfullCheck Conditionstatus) for any errootherthanrecovered data
error ormediumerror, follow therecommendations for therror codes reported.

C.3.2 Reassign a physical sector
The Drive determines the need teassign physical sectobased on erroactivity.
Once a physical sector requires reassignment, the Dwiltesither reassign thehys-
ical sector, orrecommend to thénitiator that the LBA associatedvith the physical
sector be reassigned.

When thefollowing sense keyadditionalsensecode, and additionadensecode
qgualifier combinations are returned, theitiator shouldreassign the LBA reprted
at the nextopportunity.

NOTE: In Table 173 the Key, Code, an@ualifier fields are all hexvalues. (i.e.
Sense key 1 is 1h, sensede 17 is 17h, etc)

Table 173. Recommend?eassign errors.Sensedatacombinations forecommend
reassignment.

Key Code{a Qual. Description

1 0C | 03 | Write Error - RecommendRreassignment.

1 14 05 | Record NotFound -RecommendReassignment.

1 16 04 | Sync ByteError - RecommendReassignment.

1 17 05 | Recovered datasing previous ID

1 17 07 | Recovered dataithout ECC -RecommendReassignment.

1 18 05 | Recovered data with ECCRecommendReassignment.

3 0C | 03 | Write Error - RecommendRreassignment.

3 11 | 0B | Unrecovered read errorRecommendRreassignment.

3 14 05 | Record NotFound -RecommendReassignment.

3 16 04 | Sync ByteError - RecommendReassignment.

To reassign an LBAhat hassense dataecommending a reassignment, the initiator
should:

1. Attempt torecover the datérom the sector being reassigned withRead (08)
or Read(28) command.

2. Reassign the LBA using thReassign Blocks (07Qommand. If thereassign-
mentcompletes:

Successfull( GOOD status), log the error in the system ertog.
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UnsuccessfullCheck Conditionstatus),follow the C.3.4,“Reassign
Blocks Recovery” onpage 284procedure.

3. Write the LBAthat wasreassigned.

When a LBA isreassigned, the physichdcation of allLBAs from the LBA being

reassigned to théocation of the nextvailable spare changesnitiators wanting to

reassignmore than one LBA shouldeassign the largest LBA first and the following

LBAs in descending order. All candidates for reassignmentliated in page 32 of

log sensedata. Refer tal.5,“Log Sense” on page 52.

C.3.3 Data error logging

The Drivewill report dataerrors to the initiatothat do notrequire immediate

action (successfubhutoreallocation,successful auto rewrite, or naction needed on

this occurrence). The initiator should log these errors in the system kgorNo
other action igequired.

NOTE: In Table 174 the Key, Code, an@ualifier fields are all hexvalues. (i.e.
Sense key 1 is 1h, sensede 17 is 17h, etc)

Table 174. Log Onlyerrors. Sensedatacombinations for automaticewrite or reallo-
cate or that requires nsystemaction exceptog.

Key | Code Qual. Description

1 0C | 01 | Recovered Write error Auto Reallocated.

1 14 | 01 | Record not found

1 14 | 06 | Record NotFound - datsAuto-Reallocated.

1 16 00 | Datasynchronizatiormark error

1 16 01 | Sync ByteError - data Rewritten.

1 16 03 | Sync ByteError - dataauto-reallocated.

1 17 01 | Recovered data withetries

1 17 02 | Recovered data with positiveffset

1 17 03 | Recovered data withegative offset

1 17 06 | Recovered datavithout ECC -Auto Reallocated.

1 17 09 | Recovered dataithout ECC -DataRewritten.

1 18 01 | Recovered data with error correction aretriesapplied

1 18 02 | Recovered data with ECCAuto Reallocated.

1 18 07 | Recovered data with ECCDataRewritten.

3 11 00 | Unrecovered read error - Limited DRP set by initiator

3 14 | 01 | Record not found

3 16 00 | Datasynchronizatiormark error
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C.3.4 Reassign Blocks Recovery

The Drive provides the capability to remove mediefectswithout reducing
capacity. If the modearameter bitARRE/AWRE areactive, theDrive will auto-
matically reallocatd BAs determined to be defective. For those LB#kere the
error is unrecoverable or the initiatefects to nothave the Drive automaticallyeal-
locateLBAs, the Drive will recommendeassignment of the LBA.

Recovery from dailed reassignment is to:

Retry theReassign Blocks (07Qommand to thesame LBA as the faileReas-
sign Blocks (07)command Note: the LBA of the faileReassign Blocks (07)
command is in the commangpecificbytes of thesensedata.

If the retriedReassign Blocké607) commandcompletessuccessfullyyeturn to
normal processing.

If the retriedReassign Block607) commandfails, service thedrive using the
service guidelinesecommended in the C.1, “Driveervicestrategy” on
page 279.

C.4 Non-Data Error Recovery Procedure

C.4.1 Drive busy

The Drivewill follow a logicalrecoveryprocedure fomon-dataerrors. The initiator
options for non-datarrors are limited tdogging the eror, retrying thefailing
command, oreplacing the drive.

Theserecoveryprocedures assume the initiatoractices datdack-up andogs
errors at the systenevel for interrogation byservicepersonnel.

The Drive is busy performing aoperation. Refer to theproduct Functional Specifi-
cation for time-outlimits. This is not an error condition. The initiator can test for
completion of the operation bigsuing aTestUnit Ready (00)(mediaaccess)
command.

If the TestUnit Ready(00) (or mediaaccesstommandcompletes withCheck
Condition status therissue aRequest Sense (0&pmmand.

— If the specifiedrecoveryprocedure for thesense data is for aondition other
than drivebusy, follow the recoveryprocedure for the condition reported.

— If the specifiedrecoveryprocedure for thesense data is for a driieusy con-
dition, and

— If the drive is notbusy forlonger than the timepecified in theproduct
Functional Specificationtest for busyagain. This is not anerror condi-
tion.

— If the drive hasbeen busy fotongerthan thelimit specified in the
product Functional Specificationthenservice the drivaising theservice
guidelinesrecommended in C.1, “Driveervicestrategy” on page 279.

If the TestUnit Ready(00) (or mediaaccessommandcompletes withGood
status then return taormalprocessing.
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C.4.2 Unrecovered drive error
The initiator should:

1. Retry thefailing command.
2. If the retry of thefailing commandcompletes with

a. Good status orecovered sense key, follow the recovempcedure in C.4.3,
“Recovereddrive error.”

b. Hardware errosenseyerify there is no outside cauge.g.power supply)
for the failure,then

1) Retry thefailing command.
2) If the retry of thefailing commandcompletes with

a) Goodstatus,follow the recoveryprocedure in C.4.3,Recovered
drive error.”

b) Recoveredsense oHardware erroisensethenservice the drive
using theservice guidelineecommended in C.1, “Driveervice
strategy” on page?279.

C.4.3 Recovered drive error
The initiator should log the error as soft with thecoverylevel.

C.4.4 Drive not ready

The initiator should
1. Issue aStart/Stop Unit(1B) command.

2. Verify the drivecomes ready within the timspecified in theproductFunctional
Specification

If the drive fails to comeready within thespecifiedtime, service the drivaising
the service guidelines specified ©.1, “Drive servicestrategy” on page 279.

3. Retry thefailing command.
4. If the failingcommandcompletes with
a. Good status, log the error ascovered.

b. Not Readysenseyerify there is no outside cauge.g.power supply then
service the drivausing theservice guidelines specified i@.1, “Drive service
strategy” on page 279.

C.4.5 No defect spare

Three conditions caexistthat will cause this error. The thremnditionsare:

1. When theReassign Blocks (07Qommand isssued and all the available spares
on the cylinder with the sector iarror and all the spares on the twabsequent
cylinders areused. In thiscase there are no sparesvailable for the Drive to
use for the relocation requested.

2. Whenlast usable physical sector onttack is the sector beingeassigned. This
reassignmentvould make all thesectors on a trackeassigned. Th®rive
requires at least one (ljsable sector on each track.

3. When theGlist is full and thesector to be reassignednnot beadded.
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Service theDrive following the C.1, “Drive servicestrategy” on page 279.

C.4.6 Degraded Mode

Refer t04.1.9,“DegradedMode” on page 208 for the definition of this statélhere
are five (5)causes for entering degradatbde. In allcases the Sense Key Mot
Ready They are:

1. SenseCode/Qualifier ofLogical Unit Not Ready,initializing command required
The spindlemotor notspinning or not at theoroperspeed.

This may not be an error condition. The initiator shoiddue aStart Unit
(1B) command tostart the spindlenotor.

If the Drive fails to comeready in thespecified time (reference thgroduct
Functional Specificatio)) service the drivaising theservice guidelineecom-
mended in C.1, “Driveservicestrategy” on page279.

2. SenseCode/Qualifier ofLogical Unit Failed Self-Configuration File configura-
tion record has not beeread or is not readabl€his condition is theresult of
the configuration data located in threserved area not beimgad because of an
error in the configuration data records or an erpoior to the process stefnat
reads the configuratiodata. Ineither case, recovemequires the Drive to suc-
cessfullyread the configuratiomata. This can be done one of two (Rays.

First, power may beycled. This willinitiate thepower upprocesshat
includes reading in the configuratiadata. If the errothat caused theonfig-
uration data to not beead occurs agairthen theconfiguration datawill not be
loaded.

The secondnethod toload configuration data is texecute aStart Unit (1B)
command.

3. SenseCode/Qualifier ofLogical Unit Failed Self-Configuration RAM micro-
code not loaded. The RAM microcode is loadedpast of thespindle start up.
If an error occurs during the spin up or part of thetest process after the
motor hasreached speedhen the RAMmicrocode may not be loaded.

Recovery for this step is the same as for the configuration data not being
loaded. Either gpowercycle or the successfulompletion of aStart Unit (1B)
commandwill cause the Drive t@attempt toload the RAM microcode.

In addition to the powecycle or Start Unit (1B) command, thenitiator may
attempt toload microcodgreference 1.347Write Buffer” on page 160).

4. SenseCode/Qualifier ofDiagnostic Failure. Failure of a Send Diagnostielf
test, a start up sequence, otherinternal targefailures

Failure of a sendliagnosticselftest or a start up sequencéhis failure is

the result of the diagnostidhat areexecuted duringpower on or when the
Send Dignostic(1D) command isexecuted detecting failure. Aswith the
RAM code not loaded and the configuration data not loaded, the recovery
is either a powerycle orissuing theSend Dignostic (1d)command with

the selftest bit setactive.

— Recovery for a failedsend Dagnostic(1D) command isither:
a. Execute th&end Diagostic (1D) command, or
b. Powercycle thedrive.

— If the failure repeatsservice the drivaising theservice guidelineecom-
mended in C.1, “Driveservicestrategy” on page 279.
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- Recovery for a failed power upequence is either:
a. Issue &tart Unit(1B) command, or
b. Powercycle thedrive.

If the failure repeatsservice the drivaising theservice guidelingecom-
mended in C.1, “Driveservicestrategy” on page279.

5. SenseCode/Qualifier ofFormat Command FailedFormat Unit (04), Sense
Code/Qualifier ofMedium Format Corrupted Reassign FailedReassign Blocks
(07) command, or an automatieallocation failed or was abnormally termi-

nated.

Recovery from aeassign degradecbndition is toretry the failedReassign
Blocks(07) command (se€.3.4, “Reassign BlockRecovery” onpage 284).
The sense data returned for a reassign degradedition contains the LBAhat
was being reassigned in tttmmmandspecific bytes.

Recovery from a failedcFormat Unit (04)command is taetry thecommand. |If
the commandails a second timeservice the drive following th@rocedure
defined inC.1, “Drive servicestrategy” on page 279.

If the abovedefined recoveryproceduredail to clear the degraded modmndition,
the the Drive should be replacedrollow the procedure C.1, “Driveservice
strategy” on page 279 when replacing the drive.

C.4.7 Reserved Area Hard Error

Sectorsfound defective in the reservedrea of the dislcannot bereassigned after the
Drive leaves thefactory. The data in the reserved area is not direatlgessible by
the initiator. For this reason, theeserved area has all data except Remassign
Blocks (07)commandwork area duplicated. A data erronustoccur in both
copies of the data record before the Drive considereserved areaead error.
Whenthis happens, théntegrity of the drive isquestionable.

Service theDrive using the C.1, “Dive servicestrategy” on page 27procedure.

C.4.8 Interface Protocol
For all interfaceprotocolerrors, the initiator should:

1. Correct the parametehat caised theillegal request

2. Retry thefailing command.

3. If the firstretry of thefailing commandcompletes with
a. Good status, log the error ascovered

b. Check condition status witkense data for aitlegal request,erify there is
no outside causée.g.power supply) for theailure

c. Other,follow the recommendations for therror condition reported.
1) Retry thefailing command.
2) If this retry of thefailing commandcompletes with
a) Goodstatus, log the error agcovered

b) Check condition status withense data for ailegal request,service
the drive using theservice guidelineecommended in C.1, “Drive

servicestrategy” on page 279.
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c) Other,follow the recommendations for therror condition reported.

Note: - During a microcode download, th@rive verifies the level ofmicrocode
being loaded with thdevel resident inROS. If the twomicrocodelevels areincom-
patible, thecommandterminates with checkondition status andense foiillegal
request and the additionaknsecode forinvalid field in parametedist.

If all the commandparameters are correct, ttemmand is aVNrite Buffer (3B)
command with a download or download ardvemicrocodemodeselected, and the
additionalsensecode is 26, the cause of théegal request may be an incompatible
LID. To verify the LID iscorrect, the initiator should:

1. Issue arinquiry (12) command with theeVPD option set to 1 and thalenti-
fier set to 03.

2. Determine thecorrectlevel of microcode from the inquiry data. Refer fio3,
“Inquiry” on page 30 for thdocation of theLID.

3. Load thecorrectlevel of microcode to thalrive using theWrite Buffer (3B)
command with thecorrectmode.

4. If the error repeats or th@/rite Buffer (3B) commandfails to complete suc-
cessfully, service the drivasing theservice guidelineecommended in C.1,
“Drive servicestrategy” on page 279.

C.4.9 Aborted Command

The initiator should determine the causem the additionakensecode (byte 12)

Sense key = BAborted Command)with additionalsense codes of 1B, 25, 43,
45, 49, and 4E and and sense key = 5 (llleBalquest) withadditional addi-
tional sensecode of 3D are initiator causeabortconditions. The initiator
should correct theonditionthat caused the abort andtry thefailing
command.

Sense key = HAborted Command)with additionalsensecode of 44 or 48 are
Drive causedabortconditions The initiator should:

1. Retry thefailing command.
2. If the retry of thefailing commandcompletes with
a. Good status, log the error ascovered

b. Abort commandsenseyerify there is no outside cauge.g.power
supply) for thefailure.

3. Retry thefailing command.
4. If the retry of thefailing commandcompletes with
a. Good status, log the error ascovered

b. Abort commandensethenservice the drivausing theservice guideline
recommended in C.1, “Driveervicestrategy” on page 279.

Sense key = HAborted Command) and aadditionalsensecode of 47 can be
an initiator or Drive causedbortcondition. The initiator shouldollow the
above procedure for initiatoratisedabort conditions if the Drive detected the
SCSI busparity error. The initiator shouldollow the above procedure for
Drive causedabortconditions if the initiator detected theCSI busparity error.
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C.4.10 Unit Attention

Unit Attention conditions are noerrors. They alert the initiatorthat theDrive had
an actionthat mayhave changed an initiator controlled state in theve. These
conditionsare:

C.4.10.1 Not Ready to Ready Transition
Not ready to ready transitiorynit formatted. This unit attention conditiosill not
be reported to the initiatathat issued the=ormat Unit (04)command.

C.4.10.2 Reset

Reset - This means thdrive was reset by either mower-onreset, Bus reset, a Bus
Device Resetmessage, or amternalreset.

C.4.10.3 Mode Parameters Changed
A Mode Select (15)commandsuccessfullicompleted - This meanthat the mode
parameterghat are thecurrentvalue may have changed. Tlparameters may or
may not have changed but tltemmand tochange the parametessiccessfully
completed. The Drive does natctuallycompare the old current and the new
current parameters to determine if the parameters changed. ufltiattention con-
dition will not be reported to thénitiator thatissued theMode Select (15)
command.

C.4.10.4 Microcode has Changed
Write Buffer (3B) command to denload microcode hasuccessfullycompleted.
This means that thenicrocodethat controls the Drive has been changed. The code
may or may not be the same as the code resident on the media. The Drive does not
compare oldevel code with new code.

C.4.10.5 Commands Cleared by Another Initiator
Taggedcommandscleared by a cleaqueuemessage.This means that the
commandqueue has beecleared. Theunit attention condition is not reported to
the initiatorthatissued the cleaqueuemessage. Uniattention condition is
reported to all initiatorghat had commandactive orqueued.

Reissue any outstandimmgpmmand.

C.4.10.6 Spindles Synchronized
Spindles synchronized Fhis means that thepindle of this Drive achievedynchro-
nization with thespindle ofanotherdevice. This unit attention condition isssued
to all initiators including the initiator requesting spindgnchronization.

NOTE: If the saved modearameters are for a synchronizewde, unit attention
conditionwill not be reported when thepindle comesnto synchronization from a
start up sequence.

C.4.10.7 Spindles Not Synchronized
Spindles not synchronized - Thimeans that th®rive's spindle was synchronized
with anotherdevice andthat synchronization is lost. The two conditionisat will
cause loss of spindlsynchronization are a hardwafault or a Start/StopUnit (1B)
command with the modparameter RPL bits changed to the no synchronization
state(00). If theinitiator requires spindlsynchronizationyecoveryfrom loss of
synchronization is the same for eitheause.

The initiator should:
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1. Issue aMode Select (15)command page 4, with the desired RPL modbéts
and rotationalffset selected.

2. Issue aStart/Stop Unit(1B) command with thestart bitactive.

3. Issue alest Unit Ready{00) commandfollowed by aRequest Sense (03)
command. If theTest Unit Ready (OOfommand or theRequest Sense (03)
commandcomplete withsense for

Not ready,logical unit in process of becomingeady,verify that the attempt
to achievesynchronization istill within the specified timelimit (4.5,

“Motor Synchronization” orpage 225khen return to théeginning of this
step.

Unit attention conditionspindles not synchronized, thess ofsynchroniza-
tion is probably caused by &tart/StopUnit (1B) command with the RPL
mode bitsselected for nasynchronization00). Return tonormal proc-
essing.

Unit attention conditionspindles not synchronized, rlardwarefault is
probably thecause offailure. Locate andtorrect the cause dbss of syn-
chronization.

- Good status with nosensedata, this is an error condition. The Drivdll
reportcheckcondition status withsense data for anit attention condition
beforegood status is reported. If good status is repoftetbre theunit
attention conditionservice the drive following the service guidelinecom-
mendations in C.1, “Driveservicestrategy” on page 279

« Any otherstatus andense combination, follow theecommendations for
the returned sense.

C.4.10.8 Log Select Parameters Changed
A Log Select(4C) commandsuccessfullicompleted - This meantghat the the Log
Selectcommandcleared statisticainformation successfully (See Log Select
command). This unit attention condition risported to all initiatorsexcluding the
initiator thatissued the Log Seledommand.

C.4.11 Components Mismatch
A compatibility test is performed durinBATS-2. The compatibilitytestverifies
that theelectronics assembly isompatible with theHDA. When theDrive detects
a mismatch in the components, thestlikely cause is the result of incorreparts
used during aserviceaction.
If the error reported is

Key/code/qualifier 4/40/CO - Diagnosticfailure, Load IDs do not match on
bring-up

The initiator should determine

1. The propetevel of microcode frompage 3 of theEVPD inquiry
data. Refer tal.3,“Inquiry” on page 30.

2. Load theproperlevel of microcode to the mediasing theWrite
Buffer (3B) command with the danload andsaveoption.

To load new microcode, the initiator should:
a. Issue arnquiry (12) command forEVPD page 3. EVPD page
3 of the inquiry data contains thealid LID.
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b. Issue aWrite Buffer (3B) commandwith the download andave
option. Themicrocode used during the data out phase should
have the same LID as the LID reportedpage 3 of the inquiry
data.

c. If the Write Buffer (3B) commandcompletes with:
GOOD status, continue to nextep.

Check Conditionstatus,service the drivausing theservice
guidelinesrecommended in C.1, “Driveervicestrategy” on
page 279.

3. Execute thesendDiagnostic(1D) command with theself test bit
active.

4. Check thesend diagnostic end status. If tii&atus is
GOOD, Return tonormal processing.

CHECK CONDITION, issue aRequest Seng®3) command
and follow therecommendations for theense data returned
unless the sense data is focamponentmismatch. If thesense
data is for componentismatch,service the drivausing the
service guidelineecommended in C.1, “Drivservicestrategy” on
page 279.

Key/code/qualifier 4/40/D0 - Diagnosticfailure, Electronicsmismatch on bring-up.
The initiator should determine

1. The propetevel of electronicsfrom page 2 of theEVPD inquiry
data. Refer tal.3,“Inquiry” on page 30.

2. Replace theslectronicswith the correctpart numberelectronics.
3. If bring-up complete status is
GOOD, Return tonormal processing.

CHECK CONDITION, issue aRequest Seng®3) command
and follow therecommendations for theense data returned
unless the sense data is focamponentmismatch. If thesense
data is for componentismatch,service the drivausing the
service guidelineecommended in C.1, “Drivservicestrategy” on
page 279.

C.4.12 Self Initiated Reset

The Drivewill initiate aself resetwhen the condition of th®rive cannot bedeter-
mined. The internaftesetwill terminate any outstandingpmmandsyelease any
reservednitiators, executBATS, and stop thespindlemotor. Theinitiator can
recover by:

Sense key = 2,
1. Log the error
2. Issue aStart/Stop Unit(1B) command
3. Retry thefailing command. If thefailing commandcompletes with

— Good status, return toormalprocessing.
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— Selfinitiated reset sensesgrvice the drive following the guidelines
recommended in C.1, “Driveervicestrategy” on page 279.

— Other,follow the recommendations for therror reported.
Sense key = 4,
1. Log the error
2. Retry thefailing command. If thefailing commandcompletes with
— Good status, return toormal processing.

— Selfinitiated reset sensesgrvice the drive following the guidelines
recommended in C.1, “Driveervicestrategy” on page 279.

- Other,follow the recommendations for therror reported.

C.4.13 Defect List Recovery

This is not an error condition.

The initiator either requestedaefect list in aformat (block or vendospecific)that
the Drive does nosupport or therequestediefect list(s) exceed thmaximumlist
lengththat can beeturned. If thesensekey/code/qualifierare:

1/1F/00, therequestedist(s) exceed thenaximumlengththat can be supported.
The initiator should request onist at atime. If asingle list exceeds themaximum
returnable length, this may be an indication ofmarginally operationaldrive.
Service the drivausing following theservice guidelines ifC.1, “Drive service
strategy” on page 279.

1/1C/01 or 1/1C/02, the requestddfect list is not in thdormatthat theDrive sup-
ports. The requestedefect list is returned in thphysical (cylinder, sectohead)
format. This is thedefaultformat. There is nanitiator action required for this
condition.

C.4.14 Miscompare recovery
A miscompare can occur on\erify (2F) command or aNrite andVerify (2E)
command with theébyte check(BytChk) bit active. Recovery for a miscompare
error isdifferent for the twocommands.

Verify command
The initiator should:

1. Verify that the datasent to thedrive is thecorrect data for the byte-
by-byte compare.

2. Read the dat&rom the media with &Read (08)or Read (28)
command anderify that the datdrom the media is thexpected
data for the byte-by-byte compare.

If all data are correct, this is an indicatidhat the data mayave
beenreadfrom the mediaincorrectlywithout anerror detected.
Service the drivaising theprocedurespecified inC.1, “Drive
servicestrategy” on page 279.

If all data are not correct, this is an indicatiomat the data on
the media is not the data the initiator expecteRlewrite the
correct data to the media.

Page 292 of 308 — Release I S| Specification



Write and Verify command

The drive uses theame data in the datauffer to writethenread and
compare. A miscompare error on tNeérite andVerify (2E) command is
an indicationthat thedrive cannotreliability write or read the media.
Service the drivausing the procedurespecified inC.1, “Drive service
strategy” on page 279.

C.4.15 Microcode error
The microcode loaded from the media or from tinéerface is validated before the
device operatessingthat microcode. When thevalidation detects incorrect or
incomplete data, the Driventers degradethode.

If the initiator attempted to load microcodasing theWrite Buffer (3B) command,
retry theWrite Buffer (3B) command. If the commandompletes with

Good status - return taormal processing

Check condition status service the drivaising theservice guidelinesecom-

mended in C.1, “Driveservicestrategy” on page 279.

If the check sum error occurred durimprmal processing, the initiator magttempt
to load microcode to the media befodeciding to service the drivesing theservice
guidelinesrecommended in C.1, “Driveervicestrategy” on page 279.

To load new microcode, the initiator should:

1. Issue arnnquiry (12) command forEVPD page 3. EVPD page 3 of the inquiry
data contains thealid LID.

2. Issue aWrite Buffer (3B) command with the denload andsaveoption. The
microcode used during the data out phase should have the same LID as the
LID reported in page 3 of the inquirglata.

3. If the Write Buffer (3B) commandcompletes with:
GOOD status - return tanormal processing
Retry thefailing command. If the commandomplete with
— Good status €ontinue normaprocessing.

— Check condition status fatheck sum error Service the drivaising the
service guidelinesecommended in C.1, “Driveervicestrategy” on
page 279.

— Check condition for any othegrror -follow the recommendedecovery
procedure for the error reported.

Check Conditionstatus for Check sumarror, service the drivaising the
service guidelinesecommended in C.1, “Driveervicestrategy” on
page 279.

Check condition status for angthererror, follow therecommendations for
the returned sensgata.
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C.4.16 Predictive failure analysis
The Drive performs error lognalysis andwill alert the initiator of gpotential

failure. Theinitiator should determine if thislevice is the only devicwith error
activity.

If this drive is theonly drive attached to th@itiator with erroractivity, service the
drive using theprocedurespecified inC.1, “Drive servicestrategy” on page 279.

Note, service forthis drive can be deferred. The longservice is deferred, themore
probable dailure canoccurthatwill require immediateservice.

If more thanthis drive is experiencingrror activity, the drive isprobably not at
fault. Locate andservice theoutside sourceausing erromctivity on this drive.
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Appendix D. UEC List

Following is thelist of Unit Error Codes andssociated descriptions. The Unit
Error Codes are returned by the targetsense datbytes20-21 inresponse to the
RequestSensecommand.

Note: The list of Unit Error Codes andlescriptions does not have a direct corre-
lation to the error descriptions arBenseKey/Code/Qualifier descriptions in
Appendix A, “SCSISenseData Format” onpage 247.

Table 175 (Page 1 of 8). UnkError Codeswith Descriptions.

Unit Error Code Description

00 00 No error.

0101 DegradedMode/Motor notrunning.

01 02 Unavailablewhile StartMotor active.

0103 Unavailablewhile Spinupactive.

01 04 Unavailablewhile Formatactive.

01 05 Synchronous transfegrror, Extrapulses onsynchronous
transfer.

01 06 Requested R.ist does notmatch returnedist format
(READ DEFECT DATA only)

01 07 Requested Qist does notmatch returnedist format.
(READ DEFECT DATA only)

01 08 Defect ListError prevented one omore defectsfrom being

used in a format Unitommand orfrom beingreported in a
ReadDefectDatacommand.

01 0A Defectlist longer than 64k, 64k oflatareturned. READ
DEFECT DATA only)

01 0B BATS#2 Error.Track PersonalizatiorMemory(TPM)
Error.

01 10 Too few valid GEM measurementavailable toperform a
GEM PredictiveFailure Analysis.

0111 Degraded Mode/Reassidgslock unsuccessful after
pushdownstarted.

0112 DegradedMode/Formatunsuccessful.

0113 DegradedMode/Configuration not loaded.

0114 DegradedMode/RAM Microcode not loaded.

01 15 DegradedMode/RAM Microcode not loadedDownload
incomplete.

01 16 ROS MicrocodeDownloadFailed.

011B Motor Start Failed due to Timer dleing disabled.

011C Command notallowedwhile in Write ProtectMode.

011D Requireddisconnection was not allowed.

01 1E A CIOP message was received on mitial connection.Bus
Free)

01 1F Mismatchbetween the Serv@rocessor and the Reference

Track Image.
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Table 175 (Page 2 of 8). UnError Codeswith Descriptions.
Unit Error Code Description

01 20 Microcode Check Sum error tiected duringdownload of
Microcode.

0121 Mismatchbetween the InterfacBrocessor ROS anflervo
Processor ROS.

01 22 Degraded Mode/Bringup natuccessful.

01 23 Failure to loadServoMicrocodeinto RAM.

01 24 Mismatchbetween the Serv®rocessor ROS and DE.

01 25 Mismatchbetween the ServBrocessor ROS anbhterface
ProcessoRAM.

01 26 Mismatchbetween the InterfacBrocessor RAM and DE.

01 27 Buffer Controller Chip Channel AError - Parity error
during transfer in.

01 28 Buffer Controller Chip Channel AError - Parity error
during transfer out.

01 29 Buffer Controller Chip Channel Arror - Programmed 10
Parity error.

01 2A Buffer Controller Chip Channel Arror - Unexpected
error.

01 2B Commandaborted due to Fatalardwareerror.

01 2C SCSI Controller Chip internal paritgrror.

012D Cannotresume the operatio(Datatransfer).

01 2E Mismatchbetween the InterfacBrocessor ROS anRAM.

01 2F Mismatchbetween the InterfacBrocessor ROS and the
DE.

01 30 Invalid Op. code.

0131 Invalid LBA.

01 32 CDB Invalid.

01 33 Invalid LUN.

01 34 Commandparameter datavalid.

01 35 Commandparametetist lengtherror.

01 36 Microcode andLoad ID mismatch during WriteBuffer
Command.

01 37 Datalengtherror onReadLong or Write Long.

01 38 Invalid field in Parameter Data, Sdgeld PointerValue.

01 39 Invalid LBA in ReassignCommandwhen Reassign
degraded.

01 3A Invalid Buffer ID in Write Buffer Command.

01 3B Microcode andServoProcessor ROS mismatch during
Write Buffer Command.

01 3C Microcode and DE mismatch during/rite Buffer
Command.

01 3D Microcode andinterfaceProcessor ROS mismatch during
Write Buffer Command.
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Table 175 (Page 3 of 8). UnError Codeswith Descriptions.
Unit Error Code Description

01 3E Microcode andinterfaceProcessor RAM mismatch during
Write Buffer Command.

01 3F SCSI Controller Chipdetected an LRQrror during read.

01 40 Unit Attention/NotReady to Ready Transition(Format
Completed)

01 41 Unit Attention/POR.

01 42 Unit Attention/ModeSelectParameterhiave changed.

01 43 Unit Attention/Write Buffer.

01 44 Unit Attention/Commandleared byanotherinitiator.

01 45 Unit Attention/Self Initiated Reset.

01 47 Unit Attention/Spindles not Synchronized.

01 48 Unit Attention/Spindles Synchronized

01 49 Unit Attention/LogParameters Changed

01 50 Microcode Check Sum error tected during RO est.

0151 Microcode Check Sum error tected during RAMTest.

01 52 Microcode Check Sum error tiected duringupload of
Microcode.

0153 Motor Synchronizatiorlost, motor speed maintained.

01 56 GLIST full. Cannot add morentries.

01 57 Entire track of defectivesectors.

01 58 No sector pulse found.

01 59 Defectlist updatefailure.

01 5A Motor is Stuck,Cannot bestarted.

015C Reassign could nofind the targetLBA.

015D No SectorFound caused bhardwarefault or software.

01 5E No sparesectors remaining.

01 5F Error in Primary Defectlist.

01 60 Initiator DetectedError for other thanSTATUS orlinked
COMMAND COMPLETE phase.

0161 Unrecovered SCSI paritgrror detected byTarget during a
command or data phase.

01 62 Invalid Initiator Connection.

0163 Media ProblemRecommendevice Replacement

01 64 HardwareProblem,RecommendDevice Replacement

01 65 Error in Primary Defectlist (READ DEFECT DATA only)

01 66 Error in GrownDefectlist (READ DEFECT DATA only)

01 6A ServoError; Invalid Servo Status Received by the Interface
Processor

01 6B Arm Electronics NotReady.

01 6C SanityError during ReadCapacity execution.

016D Targetunexpectedly went BuBree. Bus Free

01 6E ServoData notpresent inCSR.

Appendix D. UEC List — Page 297 of 308



Table 175 (Page 4 of 8). UnError Codeswith Descriptions.

Unit Error Code

Description

01 6F

ServoData Verify Failure.

0170

Abort Messagereceived; Bus Free

0171

Different LUN addressedldentify messagejrom first
selected. Bus Free

0172

InnapropriateMessage Reject messageceived. Bus Freg

0173

Reselection timeoutBus Freg

0174

Unrecovered SCSI paritgrror detected by th&arget
during aMESSAGE OUT phase.Bus Freée

0175

Initiator DetectedError message foSTATUS orLinked
COMMAND COMPLETE phase. Bus Freg

0176

Invalid message or attentiaroppedbefore allbytes of an
extended message are transferreBuq Freg

0177

Attentiondropped toodate. Bus Free

0178

Message parityerror receivedwhen no messaggent by
Target. Bus Free

0179

Reservedits in Identify message are non zerdus Free

01 7A

Unrecovered SCSI paritgrror detected by the Initiator
(Message Paritferror Message). Bus Freg

017B

SCSI interruptinvalid. (Bus Free

01 80

SP interrupt on but SP Statd&lid bit is off.

0181

Error in GrownDefectlist (used by FormatJnit and Reas-
sign Block commands).

01 82

Format Track parameter errgnumber ofsectors and
number ofID's do notmatch).

01 83

Seek positioningerror (ID miscompare).

01 84

Invalid SPCommandSequence.

01 85

Illegal Head or Cylinderequested.

01 86

A servocommand isalreadyactive.

01 87

InterfaceProcessor detcted Servo Sanit§rror

01 88

Controller/ChanneHardware @tected Servo Sanitirror

01 89

Reservedareasector validcheckfailed.

01 8A

Servoprocessor did nofinish command intime.

01 8B

Motor timeout error.

01 8C

Configuration Sectowalid checkfailed.

018D

Configuration Sectouploaded but Check Sum error.

01 8E

Reservedareasector version checfailed.

01 8F

Buffer too small to do a requested function.

01 90

Self Init Reset, W/OAuto Motor Start - Invalidinput

01 90

Self Init Reset, WAuto Motor Start - Invalidinput

0191

Track characterizatiorfailure. Unable todetermine sector
LBA due to adjacent read |Dailures, with onesector
defective.Reassign(pushdown not started) or L8gnse.

0192

Miscompareduring byte by byteverify.
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Table 175 (Page 5 of 8). UnError Codeswith Descriptions.
Unit Error Code Description

0193 BATS#2 Error.Readwrite test failure.

01 94 BATS#2 Error.ECC/CRCtest failure.

01 95 BATS#2 Error;Seektest failure.

01 96 BATS#2 Error;Head Offset Test failure.

01 97 Self Init Reset, W/OAuto Motor Start - No taskavailable

01 97 Self Init Reset, WAuto Motor Start - No taskavailable.

01 98 Self Init Reset, W/OAuto Motor Start - CauséaJnknown

0198 Self Init Reset, WAuto Motor Start - CausdJnknown

01 99 Self Init Reset, W/OAuto Motor Start - SCSI Controller
Chip Resetunsuccessful

0199 Self Init Reset, WAuto Motor Start - SCSI Controller Chip
Resetunsuccessful

01 9A Self Init Reset, W/OAuto Motor Start -Buffer Controller
Chip Resetunsuccessful

01 9A Self Init Reset, WAuto Motor Start -Buffer Controller
Chip Resetunsuccessful

01 9B Self Init Reset, W/OAuto Motor Start -Zero Divide Error

01 9B Self Init Reset, WAuto Motor Start -Zero Divide Error

01 9C Self Init Reset, W/OAuto Motor Start - ControlStore
AddressFault

01 9C Self Init Reset, WAuto Motor Start - ControlStore
Address Fault.

019D Self Init Reset, W/OAuto Motor Start - Unused OCode

019D Self Init Reset, WAuto Motor Start - Unused ORCode

01 9E Motor ThermalShutdown

01 9F Self Init Reset, W/OAuto Motor Start - InvalidQueue
Operation

01 9F Self Init Reset, WAuto Motor Start - InvalidQueue Opera-
tion

01 AO Servoerror; Command notcceptedvhile NOT in Retract.

01 A1 Servoerror; Loss of interrupts from the Controller/Channe
Hardware.

01 A2 Servoerror; Settletimeout.

01 A3 Servoerror; Coarsefftrack.

01 A4 Servoerror; Threeconsecutive missing Servo IDs detected
by ServoProcessor

01 A5 Servoerror; Unexpectedsuardbanddetected.

01 A6 Servoerror; Settleovershoot.

01 A7 Servoerror; Seek timeout.

01 A8 Servoerror; Target Cyihder out ofRange.

01 A9 Servoerror; Command notacceptedwvhile in Retract.

01 AA ServoError; Invalid velocity deected duringseek.

01 AB Servoerror; Maximum seekvelocity exceeded.
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Table 175 (Page 6 of 8). UnError Codeswith Descriptions.

Unit Error Code

Description

01 AC

Servoerror; Headnumber out ofrange.

01 AE

Servoerror; InvalidCommand.

01 AF

Servoerror; Velocity too high atsettlehand off.

01 BO

Servoerror; Offset out ofrange.

01 B1

Servoerror; Recalibrate Breakaway Failed - IGuarband
seen.

01 B2

Servoerror; Recalibrate Breakaway FailedataBand
seen.

01 B3

Servoerror; Recalibrate Breakaway Failed - ID aixhta
bandseen.

01 B4

Servoerror; Recalibrate Breakaway Failed - ID afxhta
band notseen.

01 B5

Servoerror; RecalibrateéState 2 timeout - Cylinder -8 not
found.

01 B7

Servoerror; RecalibratéState 4 timeout DataBand Cyl-
inder 0 not found.

01 B8

Servoerror; Loss of interrupts motor start bit notactive.

01 B9

Servoerror; Loss of interrupts ServoProcessor Lost.

01 BA

Servoerror; Loss of interrupts - Interfacerocessoinitiated
retract.

01 BB

Servoerror; Loss of interrupts ServoProcessoinitiated
retract.

01 BC

Servoerror; Loss of interrupts - Controller/Channidiard-
warereset.

01 BD

Servoerror; Loss of interrupts - Bad Coherence.

01 BE

Servoerror; Loss of interrupts - Conversion Too Long.

01 CoO

Too manymissing Servo IDs detged by
Controller/ChanneHardware

0o1C1

Arm Electronicserror.

01C2

Fake andExtra Index.

01C3

SP lost.

01 C4

Sectoroverrun error.

01 C5

InterfaceProcessomrite inhibit error.

01 C7

Microjog Write Inhibit

01Cs8

Interrupt Occuredvith no interruptbits set.

01 C9

Write with No Sector Pulses.

01CB

Motor SpeedError.

01cCcC

Channel moduleRegister WriteError

01CD

IP RetractError

01 CE

Temporaryloss ofMotor Synchronization.

01 DO

No sector founderror (ID nosync.found).

01D1

No Datasync.found.

01 D2

Data ECCCheck
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Table 175 (Page 7 of 8). UnError Codeswith Descriptions.

Unit Error Code Description

01 D3 Datacorrection applied to Drivelata for aData ECC
check.

01 D4 ECC check corrected withoutsing ECCcorrection.

01 D5 Data Syncerror detectedvhile outside of thewrite band.

01 D6 Data ECCCheck de¢ctedwhile outside of thewrite band.

01 D7 ECC ErrorDetectedwhile outside ofwrite bandcorrected
with ECC.

01 D8 ECC ErrorDetectedwhile outside ofwrite bandcorrected
without ECC.

01 D9 Datarecoveredusing positive offsets.

01 DA Datarecoveredusing negative offsts.

01 DB Datarecoveredusing No ID Recovery

01 DC UnrecoveredVerify Error with BytChk Optionbefore ECC
check.

01 DE Recoveredverify Error with BytChk Optionwithout ECC
correction.

01 EO Servoerror; Loss of interrupts - No SIBignal.

01 E2 Servoerror; Servo Nonvolatile Storage RAMrror -
Command notllowedwhile NVSRAM not loaded.

01 E3 Servoerror; Coarseofftrack - RecalibrateState 1.

01 E4 Servoerror; Coarseofftrack - RecalibrateState 2.

01 E5 Servoerror; Coarsefftrack - RecalibrateState 3.

01 E6 Servoerror; Coarseofftrack - RecalibrateStep 4.

01 E8 Servoerror; RecalibrateState A timeout - No OD
Guardband.

01 E9 Servoerror; 3 BadServolD's - RecalibrateState 1.

01 EA Servoerror; 3 BadServolD's - RecalibrateState 2.

01 EB Servoerror; 3 BadServolD's - RecalibrateState 3.

01 EC Servoerror; 3 BadServolD's - RecalibrateState 4.

01 ED Servoerror; Recalibratéstate B timeout - No OD
Guardband.

01 FO Buffer Controller Chip Sequencegrror - Check Sum error
when loading

01 F1 Buffer Controller Chip Sequence&rror - Not stopped when
loading.

01 F2 Buffer Controller ChipError - Invalid interrupterror.

01 F3 Buffer Controller ChipError - Invalid read SEQSTOP.

01 F6 Write/ReadGate not dedcted duringoperation.

01 F8 Buffer Controller ChipError - Channelparity error on
read.

01 F9 Buffer Controller ChipError - Channelparity error on
write.

01 FB Buffer Controller ChipError - Channel B wadusy before

the start of adatatransfer.
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Table 175 (Page 8 of 8). UnError Codeswith Descriptions.

Unit Error Code

Description

01 FC

Buffer Controller ChipError - Channel erroduring a
transfer from theData buffer to theControl Store RAM
(CSR)

01 FD

Buffer Controller ChipError - Channel erroduring a
transfer from theControl Store RAM to theData Buffer

02 00

Buffer Controller ChipError - ECC On The Flytimeout

02 01

Buffer Controller ChipError - Pipelinealreadyfull

02 02

Buffer Controller ChipError - FIFO overun/underun

02 03

Disk ManagerChip detected an LRC erraturing write.

02 10

Channel ModuleéWrite Parity Error

0211

Channel ModuleReadParity Error

02 13

DataManagerWrite Parity Error

02 15

Track PersonalizatioMemory(TPM) Error

02 16

Servo ID overrunError

02 17

Channel ModuleéWrite Unlock Error

02 18

Arm Electronics(AE) IdleError

02 19

InterfaceProcessoReadyTimeoutError

02 1A

AddressMark Enable(AMENA) After Sync.

02 1B

External Write Inhibit.

02 20

ChannelNoise Problem,Recommendevice Replacement

02 21

ChannelAssymetryProblem,Recommenddevice Replace-
ment

02 22

Channel Precompensation ProbleRecommendevice
Replacement

02 23

Channel DCOffset Problem,RecommendDevice Replace-
ment

02 24

ChannelTiming Offset Problem,RecommendDevice
Replacement

02 25

Fly Height Change ProblemRecommendevice Replace-
ment

02 26

Torgue Amplification Problem,Recommendevice
Replacement

02 27

ECC On The Fly Hardwar®roblem,Recommendevice
Replacement

02 30

BATS#2 Error. LRCtest failure.

02 31

BATS#2 Error.Pallette RAMtest failure.

02 32

BATS#2 Error.Digital Filter RAM test failure.

4X XX

ThermalAsperity Detected during error.

8X XX

Invalid UEC - x xx is InvalidUEC.
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Glossary

Active 1/O process An I/O process which igxecuting
(not queued).

Active LUN condition. Undercertain Target conditions
a LUN is active to allinitiators without acommand
being in progresgthat is, without statudeing out-
standing for acommand). TheActive LUN condition is
initiated by either an internalarget action(internally
initiated) or acommandthat wasreceivedfrom an Initi-
ator (externally initiated).

Cache A storageareawheredata can beetrieved
from faster thanfrom the mainstoragearea. Thecache
containscopies ofparts of the mairstorage.

Command queue The queue irwhich processes are
queued forexecution in the target. Thieead of the
queuerefers to thenextqueued I/Oprocess to bexe-
cuted. Thetail of the queuerefers to theprocess that
will be the lastprocess to be executed.

Current I/O process The I/O process which is cur-
rently connected to SCSI Bus.

Dequeuing The removal of a queued I/Process from
the commandqyueue. The queued I/Process thus
removed becomes thactive 1/0 process.

DRP. DataRecoveryProcedureor:

- No DataSync Byte
« Data ECCCheck
+ No SectorFounderrors onread commands.

ERP. Error Recovery Procedures. ERP errdadl into
4 classes:

 Drive Fault

- Position(Servo)

+ SpindleMotor

+ Spindle SynchronizatiofErrors.

Enqueuing. The placing, by the target, of thaurrent
1/0 process into theommandqueue.

FRU. Field Replaceable UnitRefers to anypart of
the file that can beseparately replaced in tHeeld.

I1/O process A target process started by an initiator
selecting thearget. A CDB may or may nolhave been
transferred. If a CDB is transferred, the /O process
persists until the CDB execution gomplete or the I/0
process has beembnormally terminated.Multiple

linked commands areonsidered to be aingle I/O
process. If a CDB is not transferred, the I/O process is
considered complete at the next BRREE phase.

I_T_L nexus The combination ofnitiator, Target
andLUN that unguely identifies anuntagged 1/O

process Thel _T_L nexusis established by a con-
nection or reconnectiothat has andentify message
associatedvith it but no Queue Tagmessage.

Note: The terml_T_L nexusis also used to describe
the entire class of _T_L_Q nexus I/O processes which
have the same |, T, and \{zalues.

I_T_L _Q nexus The combination ofnitiator, Target,
LUN, andQueue Taghat uniquelyidentifies atagged
I1/0 process. The_T_L_Q nexusis established by a
connection or reconnection that has bothldentify
and aQueue Tagnessage associatedth it.

LRC. LongitudinalRedundancyCode. An error
detectingcode thatdetectsdatabuffer addresdaults and
ensures large block coherency.

PFA. PredictiveFailure Analysis. The process by
which a condition is detectethat couldpossiblycause a
failure in the futuretherebyallowing thereplacement of
the FRU prior tofailure.

POR. Power OnReset

PRDF. Partial Respons®igital Filter detection
scheme. Thidardware isused todetect thedata
coming off a magnetic disk.

Pre-Fetch

1. A commandwhere the Initiator informs th&arget
that it shouldread datanto its cache storage. The
Initiator mayissuesuch acommand if itknows it
will requestthis data in the neafuture, but it is not
currentlyready for it.

2. An operationwhere the Target automaticallgads
datainto into its cache in anticipation of a future
request by an Initiator.

Queue tag The value associatedith an 1/O process
that uniquelyidentifies itfrom othertagged 1/Oproc-
esses on theamelogical unit for the sameinitiator.

Queue tag message A Simple Queue Tag, Ordered
Queue Tag, oHead ofQueue Tagnessage.

Queued I/O process An I/O process that is in the
commandqueue but has not yet beg@xecution. A
queued I/Oprocesscan't be theactivel/O process.

Read Ahead An operationwhere the Targetontinues
reading beyond what was requested by the Initiator in
anticipation that the Initiatowill request the next
sequentiadatasoon.

Read Retention A process wher@atajustread is

saved in a cache storage in anticipation that an Initiator
will request that thelata be readgain soon.
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Tagged /O process An |/O process which has a containsspecial circuitry tocompensate and recover

Queue Tagassociatedvith it. from ThermalAsperity Events.
Thermal Asperity Event. A media errorassociatedvith Untagged 1/O process An I/O process whictdoes not
the head/disknterfaceused in the target. The target havea Queue Tagassociatedvith it.
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Index

A

Abort message 169

Abort Tag message 171

Aborted Commandsense key 249

active LUN condition 303

Actual Retry Count bytes 269

additional length 35, 36, 38, 42

additional sensecode 249

additional sensecode qualifier 249

additional sensecode qualifier byte 12 and 13 249

additional senselength 249

allocation length 35, 36, 38, 42

ASCIl (American Standard Code for Information Inter-
change) 42, 43

ASCIl data 6

attention condition 182

automatic block reassignment 228

automatic read reallocation enabled (ARRE) 83

automatic write reallocation enabled(AWRE) 83

B

block reassignment, automatic 228
bring-up sequence 243

buffer ratios, choosing 92

Bus Device Reset message 171
busy status 165

C

Caching
Controls
Demand ReadRetention Priority 231, 232, 237,
238
Disable Pre-Fetch Transfer Lengti231, 232
DPO: Disable Page Out231, 237, 238
FUA: ForceUnit Access 231
Maximum Pre-Fetch 231, 232
Maximum Pre-FetchCeiling 231, 232
MF: Multiplication Factor 231, 232
Minimum Pre-Fetch 231
Number ofCacheSegments 231
RCD: ReadCache Disable 231, 232, 236
Write Retention Priority 231, 237
Caching parameters 102
check condition status 165
Clear Queue message 171
command aging enable 79
command queuing 221
condition met status 165
condition, deferred error 207
condition, Internal Error 206
configuration information 245

Continue I/O Process message 172
control 105

D

DASD (Direct Access StorageDevice) 35, 36, 38, 42
data in phase retry 195

data out phase retry 195

data phasesavedata pointer 79

defect map, grown 245

deferred error condition 207

Definition of Terms 303

degraded mode. 208

disable correction(DCR) 85

Disable ECC On The Fly 78

disable page out(DPO) 122

Disable Physical Writes 76

disable target initiated synchronous negotiation 79
disable transfer onerror (DTE) 85
Disconnectmessage 169

disconnect permission 239

disconnect/reconnect parameters 91

download andsave 42

download microcode 160

Drive Microcode 245

E

EBCDIC (Extended Binary-CodedDecimal Interchange
Code) 36, 43

enable early recovery(ERR) 85

enable vital product data (EVPD) 30, 35, 36, 38, 40,
41, 42

end inquiry command 42

end inquiry command EVPD = 1 42

end SCSlsensedata 271

end SCSlsensedata description 271

error correction code (ECC) 154

error logs 228, 245

error recovery procedures(ERP) 121

error reporting, priority of 278

European Computer Manufacturers Association
(ECMA) 33

exiting degraded mode 217

extendedmessagedable 176, 179

Extended messages 175

F

flag and link bits 22

flags 245

force unit accesgFUA) 122

format and reassign degraded disable 79
format in progress 270
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Format Unit command 23

GlList 23, 245

good status 165
grown defect map 245

H

Hardware Error sense key 248
Head of Queue Tag message 173
hex values 6

Identify message 174

identify message irphase retry 196

lllegal Requestsense key 249

Immed bit 26

immed Not Ready 270

incorrect initiator connection 199

Initiator Data Transfer Mode parameters 240
Initiator DetectedError message 169

Initiator Mode Select/Mode Sens@arameters 240
Initiator selection, single 239

Initiator sensedata 240

Initiator systems,multiple 240

Inquiry command 30

inquiry command EVPD = 1 page code= 01 36
inquiry command EVPD = 1 page code= 02 38
inquiry command EVPD = 1 page code= 03 40
inquiry command EVPD = 1 page code= 80 41
inquiry command EVPD = 1 page code= 82 42
inquiry data format 32

inquiry data format - EVPD = 1 page code= 01 36
inquiry data format download and save 42

inquiry data format EVPD = 1 page code= 82 42
inquiry data format EVPD = 1 36, 38, 42, 43
inquiry data format EVPD = 1 page code= 02 38
inquiry data format EVPD = 1 Page Code= 03 40
inquiry data format EVPD = 1 Page Code= 80 41
Interleave factor 23

intermediate/condition met 166
intermediate/goodstatus 166

internal error condition 206

invalid LUN processing 198

L

LED pin 77, 241

Limit Idle Time Function 80

link and flag bits 22

Linked Command Complete message 170

Linked Command Complete with Flag message 171
logical block address (LBA) 125, 249

logical unit number (LUN) 36

LUN (logical unit number) 30, 139, 198
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LUN processing,invalid 198

M

manufacturing SAT map (PList) 245
Medium Error sense key 248
MessageParity Error message 170
MessageReject during Target disconnection
MessageReject message 170
microcode, download 160

Mode Select (6) 70

Mode Selectcommand 70

Mode Sense (6) 109

Mode Sensecommand 109

Mode Sensedata format 111
multiple Initiator systems 240

N

No Operation message 170
No Sensesense key 248
non-arbitrating systems 239
Not Readysense key 248

O

option pin 241
Ordered Queue Tag message 174

P

partial medium indicator (PMI) 125

PC meaning 109

peripheral devicetype 42

physical block address 270

PList 23, 245

post error (PER) 85

power-onreset 242

power-on self test 245

power-up sequence 243

Pre-Fetchcommand 119

predictive failure analysiserrors, reporting of
(RPFAE) 77

priority commands 220

priority of error reporting 278

progress indicationbytes 270

protocol, SCSI 197

qualify post error 75

queue full status 166

queue tagmessagedable 173
Queue Tag messages 173
queuing, command 221

182



R

RAM code revision level 34

ratios, buffer 92

read (10) 122

read (6) 121

Read Buffer command 123

read cachedisable (RCD) 103
Read Capacity command 125
Read command 91, 121

read continuous (RC) 84

Read Defect Data command 126, 129
Read Extended command 122
Read Longcommand 132
Read-Ahead Function 231
Reassign Blockscommand 133
reassignment, automaticblock 228
ReceiveDiagnostic Resultscommand 135
reconnecting to Readcommand 91
reconnecting to Write command 92
Recovered Errorsense key 248
Release (6)command 137, 138
removable media bit(RMB) 33
Report Recovered NonData Errors 78
RequestSensecommand 139
reselection timeout 239
reservation conflict status 166
Reserve(10) command 142
Reserve (6)command 141
reservedarea 245

reset actions 242

reset condition 242

reset sources 242

Restore Pointersmessage 168
retry 269

RezeroUnit command 144

ROM code revision level 34

S

SAT map, manufacturing 245
SaveData Pointer message 76, 168
scratch areas forreassignment 245
SCSI busdevicereset message 242
SCSI busreset 242
SCSlcommands 21

SCSI protocol 197

SCSI sensedata description 248

SCSI sensedata description Actual Retry Count

bytes 269
SCSI sensedata description byte 1 248
SCSI sensedata description byte 12 250
SCSI sensedata description byte 14 269

SCSI sensedata description byte 15 - 16 269
SCSI sensedata description byte 18 - 19 270

SCSI sensedata description byte 2 248

SCSI sensedata description byte 24 - 29 271
SCSI sensedata description byte 3 -6 249

SCSI sensedata description byte 30 - 31 271

SCSI sensedata description byte 7 250

SCSI sensedata description byte 8 - 11 250

SCSI sensedata description progress indication
bytes 270

SCSI sensedata format 247

SCSI status byte reporting, priority of 197

seek (10) 145

Seek (6) 145

Seekcommand 145

SeekExtended command 145

selectionwithout ATN 239

self-initiated reset 242

SendDiagnosticcommand 146

sensedata description 249

sensedata format 247

sense keyspecific bytes 269

sense keyspecific bytes(SKSV) 269

sense keys 248, 249

sense keysAborted Command 249

sense keysadditional sensecode 250

sense keysadditional senselength 250

sense keydHardware Error 248, 249

sense keydllegal Request 249

sense keysMedium Error 248, 249

sense keysMiscompare 249

sense keysNo Sense 248

sense keys noimplemented 249

sense keysdNot Ready 248

sense keyRRecovered Error 248

sense keydJnit Attention 249

Simple Queue Tag message 173

simple queue tagmessage irphase retry 196

single Initiator selection 239

spin-up 243

start commands logsense 44, 52

start log sense 44, 52

start SCSI| sensedata 247

start SCSI sensedata description 248

start-up sequence 243

Start/Stop Unit command 150

Status Byte 165

status byte reporting, priority of SCSI 197

status phase retry 195

summary of SCSI commands 21

supported messagdunctions 181

supported messagessingle byte 167

Synchronize Cachecommand 152

SynchronousData Transfer Requestmessage 175

systems,non-arbitrating 239

T

Target Transfer Disable message 172
Test Unit Ready command 153
timeout, reselection 239

track compensation control 79

transfer block (TB) 84
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U

Unit Attention condition 202
Unit Attention sense key 249
Unit Error Code (UEC) 270

\%

vendor unique 42
Verify command 154
vital product data (VPD) 35, 36, 38, 42

W

Wide Data Transfer Request message 179
write (10) 157

write (6) 156

Write and Verify command 158
Write Buffer command 160
Write Caching Function 235
Write command 92, 156

Write Extended command 157
Write Long command 163
write protect enable 72

Write Samecommand 164
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Table Definitions

id
THEAD

THEAD?2
THEAD3

THEADX

TBLX8
TBLX8X
TBLNO
TBLR2
TBLR2R
TBLR2RR
PADFOOT
TBLHD
TBLXX

TBLXV
TBLXXH
TBLYY
TBL1
TBL2

TBL2X

TBL3

TBL31
TBL4

File
SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS

SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS
SPECTBLS

SPECTBLS
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SPECTBLS
SPECTBLS
SPECTBLS

SPECTBLS

SPECTBLS

SPECTBLS
SPECTBLS
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101, 101, 154, 158

B.1.3, Write Commands (NdSectorFound)
B.2.1, PositionError (ServoError Recovery)
B.2.2, Drive Fault

B.3, Priority of Error Reporting
87, 87, 88, 88, 88, 89, 89, 89, 153

Appendix C, Recommended Initiat&rror Recovery Proce-
dures
217

C.1, Drive servicestrategy
284, 284, 285, 285, 285, 286, 286, 286, 287, 287, 287,
287, 287, 288, 288, 290, 291, 291, 291, 292, 292, 292,
292, 293, 293, 293, 293, 293, 294

C.2, Recommendations fosystemError Log

C.3, DataRecovery Procedure

C.3.1,Rewrite an LBA
252, 253, 254

C.3.2, Reassign physical sector
251, 252, 252, 253, 253, 254, 257, 258, 258, 258

C.3.3,Dataerror logging
251, 251, 252, 252, 252, 252, 253, 253, 253, 253, 253,
254, 254, 254, 257, 258, 258

C.3.4, Reassign BlockRecovery
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PREDICT
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257, 257, 258, 258, 260, 283, 287
C.4,Non-Data ErrorRecovery Procedure

C.4.1,Drive busy
256, 256

C.4.2,Unrecoveredrive error
259, 259, 259, 259, 260, 260, 260, 263, 264

C.4.3, Recoveredrive error
250, 251, 251, 251, 252, 252, 255, 285, 285

C.4.4,Drive not ready
256

C.4.5, No defecspare
261

C.4.6,DegradedMode
256, 256, 257, 257, 257, 259, 261, 261, 261

C.4.7, Reservedrea HardError
258, 258, 260, 260, 260, 260, 260, 261

C.4.8,InterfaceProtocol
264, 264, 265, 265, 265, 265

C.4.9,Aborted Command
265, 267, 267, 267, 267, 267, 267, 267, 268, 268

C.4.10,Unit Attention

C.4.10.1, NoReady to Ready Transition
265

C.4.10.2,Reset
265

C.4.10.3,Mode Parameter€hanged
266

C.4.10.4,Microcode has Changed
266

C.4.10.5,CommandsCleared byAnotherInitiator
266

C.4.10.6, SpindleSynchronized
266

C.4.10.7, Spindles Ndynchronized
255, 264, 266

C.4.10.8, LogselectParameter£hanged
266

C.4.11,Components Mismatch
262, 262

C.4.12, Self InitiatedReset
257, 261

C.4.13, Defect LisRecovery
254, 254, 254

C.4.14,Miscomparerecovery
268

C.4.15,Microcodeerror
257, 261

C.4.16, Predictive failure analysis
256

Appendix D, UEC List
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Index Entries

id File Page References
CACOM SEGCACH
231 (1) Caching

(2) Controls
231, 231, 231, 231, 231, 231, 231, 231, 231, 231, 231,
232, 232, 232, 232, 232, 232, 236, 237, 237, 237, 237,
238, 238

Revisions

id File Page References

R1 SETUPSTARSCSI
1
7,7,21, 21, 21, 21, 21, 21, 25, 25, 25, 26, 28, 28, 28, 28
30, 30, 30, 30, 31, 31, 40, 40, 40, 40, 40, 40, 44, 44, 44,
44, 44, 44, 44, 44, 46, 46, 52, 52, 52, 52, 52, 52, 52, 52
54, 54, 55, 55, 56, 61, 62, 62, 64, 64, 66, 66, 66, 66, 67,
67, 68, 68, 69, 69, 69, 69, 73, 73, 75, 75, 75, 75, 75, 75,
75, 75, 75, 76, 80, 80, 80, 80, 81, 81, 84, 84, 97, 97, 97
97, 98, 98, 102, 102, 103, 103, 104, 104, 105, 105, 107
107, 107, 107, 109, 109, 109, 109, 111, 111, 112, 112
113, 113, 113, 113, 113, 113, 113, 113, 126, 126, 128,
128, 129, 129, 131, 131, 133, 133, 133, 133, 135, 136,
138, 138, 142, 143, 144, 144, 144, 144, 146, 146, 146
146, 146, 149, 160, 160, 161, 161, 161, 161, 161, 161
162, 162, 162, 162, 162, 162, 211, 211, 225, 225, 226
226, 231, 231, 231, 231, 231, 231, 232, 232, 232, 232
271, 273, 274, 274, 275, 275, 276, 276, 276, 277, 277
277, 277, 277, 277, 277, 277, 277, 277, 277
R2 SETUPSTARSCSI
1
7,7,7,7,34, 34, 40, 40, 40, 40, 44, 44, 44, 44, 47, 47, 55
55, 58, 60, 66, 66, 68, 68, 72, 73, 75, 75, 75, 75, 79, 99
99, 102, 102, 107, 107, 113, 113, 113, 113, 117, 117, 221
221, 221, 221, 221, 221, 221, 221, 222, 222, 247, 247
248, 248, 249, 249, 249, 249, 249, 249, 249, 249, 249
249, 251, 251, 251, 251, 251, 251, 251, 251, 251, 251
251, 251, 251, 251, 251, 251, 251, 251, 251, 251, 251
251, 251, 251, 251, 251, 251, 251, 251, 251, 253, 253
255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255
255, 255, 255, 255, 255, 256, 256, 257, 257, 259, 259
259, 259, 259, 259, 259, 259, 259, 259, 259, 259, 259
259, 259, 259, 259, 259, 259, 259, 259, 259, 259, 259
259, 259, 259, 259, 259, 259, 261, 261, 263, 263, 263
263, 263, 263, 263, 263, 264, 264, 264, 264, 264, 264
264, 264, 264, 264, 264, 264, 264, 264, 267, 267, 270
271, 273, 273, 273, 273, 274, 275, 276, 276, 295, 295
295, 295, 296, 296, 296, 296, 299, 299, 299, 299, 300,
300, 300, 300, 300, 300, 300, 300, 300, 300, 300, 300
300, 300, 301, 301, 301, 301, 301, 301, 301, 301, 301
301, 301, 301, 301, 301, 301, 301, 301, 301, 301, 301
302, 302, 302, 302, 302, 302, 302, 302, 302, 302, 302
302, 302, 302, 302, 302
R3 SETUPSTARSCSI
1
5,5,5,6,7,7, 25, 25, 40, 40, 40, 40, 40, 40, 43, 43, 73
73, 73, 73, 135, 135, 135, 135, 137, 137, 138, 138, 141,
141, 142, 142, 146, 146, 146, 146, 146, 146, 146, 146
146, 147, 151, 151, 151, 151, 152, 152, 160, 160, 161
161, 189, 189, 190, 190, 191, 191, 225, 225, 225, 226
227, 227, 265, 265, 265, 265, 265, 265, 265, 265, 265
265, 267, 267, 295, 295, 296, 296, 296, 296, 296, 296
296, 296, 297, 297
R4 SETUPSTARSCSI
1
1,1,7,7, 32, 32, 33, 33, 46, 46, 46, 46, 47, 51, 57, 57, 57
58, 58, 58, 58, 58, 59, 60, 60, 61, 73, 73, 77, 77, 79, 79
83, 83, 90, 90, 113, 113, 135, 135, 146, 146, 146, 146
147, 147, 148, 148, 201, 201, 201, 201, 205, 205, 207
207, 216, 216, 243, 243, 244, 244, 244, 244, 273, 273
273, 273, 273, 273, 273, 273, 274, 275, 277, 277, 277
277, 277, 277
R5 SETUPSTARSCSI
1
3,38,7,7,51, 51, 55, 55, 56, 56, 56, 56, 57, 57, 57, 57, 57
57, 58, 58, 58, 58, 58, 58, 59, 59, 59, 59, 59, 59, 59, 59
60, 60, 60, 60, 60, 60, 61, 61, 61, 61, 61, 61, 61, 61, 66,
66, 67, 67, 75, 75, 75, 75, 75, 75, 76, 76, 79, 79, 79, 79
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79, 79, 80, 80, 100, 100, 101, 101, 102, 102, 102, 102
103, 103, 107, 107, 112, 112, 113, 113, 116, 116, 133,
133, 134, 134, 134, 134, 134, 134, 135, 135, 144, 144
144, 144, 148, 148, 148, 148, 225, 225, 231, 231, 231
231, 232, 232, 232, 232, 233, 233, 233, 233, 234, 234

235, 236
R6 SETUPSTARSCSI
1
162, 162
R7 SETUPSTARSCSI
1
75, 75, 75, 75, 75, 75, 75, 75, 75, 75, 75, 75, 77, 77, 78,
78, 78, 78, 78, 78, 80, 80, 81, 81, 81, 81, 81, 82, 90, 90,
91, 91, 93, 93, 93, 93, 102, 102, 113, 113, 113, 113, 113,
113, 114, 114, 134, 134, 134, 134, 220, 220, 229, 229
236, 236, 273, 273, 274, 274, 274, 274, 275, 275, 275
275, 275, 275, 275, 275, 275, 275, 275, 275, 275, 275
275, 275, 275, 275, 275, 275, 275, 275, 275, 275, 275
275, 275, 275, 275, 275, 275, 275, 275, 275, 275, 275
275, 275, 275, 275, 275, 275, 275, 275, 275, 275, 275
275, 275, 275, 275, 275, 275, 275, 275, 275, 275, 275
275, 275, 275, 275, 276, 276, 276, 276, 276, 276, 276, 276
R8 SETUPSTARSCSI
1
4 ?
? ?
70, 70
7S ?
? ?
75, 75
Tables
id File Page References
DLHD FORMAT
25 3
23,25
DLDSC FORMAT
25 4
23
DFDSTBL FORMAT
27 5
23, 27
PHYFRMT FORMAT
28 7
136, 149
MSEL MDSELCMD
72 70
70
PAGEO MDSELCMD
75 73
75
REPREC MDSELCMD
78 74
PAGE1l MDSELCMD
83 75
83, 83
PAGE2 MDSELCMD
91 76
91
PAGE3 MDSELCMD
94 7
PAGE4 MDSELCMD
97 78
SPIN MDSELCMD
98 79
98
PAGE7 MDSELCMD
100 80
100
PAGES8 MDSELCMD
102 81
102
PAGEA MDSELCMD
105 82
105, 105
PAGEC MDSELCMD
107 83
MDSNPO MDSNSCMD
113 87
MDSNP1 MDSNSCMD

113 88



/IXRL/13

MDSNP2 MDSNSCMD
114 89
MDSNP3 MDSNSCMD
115 90
MDSNP4 MDSNSCMD
116 91
MDSNP7 MDSNSCMD
116 92
MDSNP8 MDSNSCMD
117 93
MDSNPA MDSNSCMD
117 94
MDSNPC MDSNSCMD
118 95
STATUS CHAPTER2
165 141
165
MSGLGNT CHAPTERS3
187 155
MSGTBL1 CHAPTERS3
189 157
MSGTBL2 CHAPTERS3
190 158
MSGTBL3 CHAPTERS3
191 159
SNSCOMB APPENDX1
250 162
250, 250
LRETRYC APPENDX1
269 163
269
LPROGIN APPENDX1
269 164
269
LFLDPTR APPENDX1
270 165
270
WRTCODE APPENDX3
281 172
281
RSGCODE APPENDX3
282 173
282
LOGCODE APPENDX3
283 174
283
Processing Options
Runtimevalues:
DocumMENtileid ......coceiiiiiiieee e DOCUMENT STARSCSI
DOCUMENTLYPE oeviiiiiiiiieeeeeee et e e USERDOC
Documentstyle ..... .1S09000
0 111 USRS FPRB40
Service Level............... .0028
SCRIPT/VSRelease... .4.0.0
Date ..ccccooeveeiiininnnnnn, 95.02.20
LI L0 LSS 13:27:29
[TV [ USRS RRRR 3820A

Number ofPasses...

INAEX ettt YES
SYSVAR G. INLINE
SY SV AR H e e e e Y
SYSVAR R e STARFIRE
SYSVAR W ... .STARFIRE
SYSVAR X ... . XONLY
SYSVAR L oottt OEM
Formattingvalues used:
ANNOTALION 1.ttt e e NO
Crossreference listing................... YES
Crossreference head prefiXx Only......ccccve e NO
[ 1= 1o o PSS SRPRSSURRR LABEL
[ 10 o] - PSR SSUUSR YES
DVCF conditionsfile ..... onéhn
DVCF value 1 ............... ... OEM
DVCF VAlUB 2 ..ottt e e e e e e nnnnnn e e e snned anejn
DVCF VAlUB 3 .ttt s e e e e e e e e nntneeaeesenned anejn
DVCF VAlUB 4 ...ttt e a e e e nntnan e e e snnned anejn
DVCF VaAlUB 5 ittt e e e e e e e nrnen e e e snned anejn

DVCF VAlUE B .ottt e e e e e e e ennaee e s




DV CF VAIUE 7 ettt anejn
DVCF value 8 .. BT UUP PP PPUPPRPN anejn
DVCF value 9 .. BT UUP PP PPUPPRPN anejn
Explode.......ccooeveiiiiiinnenn. rrrrreea NO
Figurelist on newpage ................. ... YES
Figure/tablenumberseparation.... .. YES
Folio-by-chapter.........cccccoeinene RN NO
Head Obody text..... ..ane(n
Head 1D0OAY tOXE.....ueiiiiiiiiiie et anen
Head lappendix text.. ..Appendix
HYPRENALION L. YES

JUSTITICALION ..o a e e e e NO

Language..... ENGL
KEYDOAIU ... 395
LAY OUL et e et e e e e neneaeeeas OFF
Leader dOtS......ooiiiiiiii e YES
Masterindex .......ccccccovivieenennne ..onejn
Partial TOC (maximumevel) ... 4

Partial TOC(new page after).....

Print example id's......c.ccoociiivieiiinnnen. NO
Print crossreference pageumbers.. YES
PrOCESIVAIUE ...ttt onejn
Punctuation moveharacters.........cocccoviiiiiiiiiiiic .
Readcross-referencile ...t STARFIRE
Runningheading/footing rule. .NONE
Showindex entries..........cccvevevveennnn. ... NO
Table of Contents (maximunievel) . w3
TableliSt ON NEWPAGE ...ccoiiiiiiie et YES
Title page (draft) alignment. ~RIGHT
Write cross-referenclle ... STARFIRE
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Named Files

Fileid

CORNERS
DEC2HEX
COMMAS
SYMBOLS
SPECTBLS
CHAPTER1
FORMAT
INQRYCMD
LOGSECMD
LOGSNCMD
MDSELCMD
MDSNSCMD
PRFCHCMD
READCMDS
RDBUFCMD
RDCAPCMD
RDDEFCMD
RDLNGCMD
REASSCMD
RDIAGCMD
RELCMDS
REQSNCMD
RESCMDS
RZEROCMD
SEEKCMDS
SDIAGCMD
SUNITCMD
SYNCHCMD
TURDYCMD
VERIFCMD
WRITCMDS
WRTVYCMD
WRBUFCMD
WRLNGCMD
WRSMECMD
CHAPTER2
CHAPTER3
CHAPTER4
SCSIPROT
COMQUEUE
BAK2BAK
MTRSYNC
ERRLOGS
PFA
SEGCACH
LGBLKSZE
LRC
MISCHAP4

Np PP E E
[ D
[¢]

23
29
43
52
70
109
118
120
122
124
125
131
132
134
136
138
140
143
144
145
149
151
152
153
155
157
159
162
163
164
166
196
196
196
196
196
196
196
196
196
196
196

Data Set Name

CORNERS SCRIPT
DEC2HEX SCRIPT
COMMAS SCRIPT
SYMBOLSSTARFIRE
SPECTBLS STARSCSI
CHAPTERISTARSCSI
FORMAT STARSCSI
INQRYCMD STARSCSI
LOGSECMDSTARSCSI
LOGSNCMDSTARSCSI
MDSELCMD STARSCSI
MDSNSCMDSTARSCSI
PRFCHCMIBTARSCSI
READCMDSSTARSCSI
RDBUFCMDSTARSCSI
RDCAPCMDSTARSCSI
RDDEFCMDSTARSCSI
RDLNGCMD STARSCSI
REASSCMISTARSCSI
RDIAGCMD STARSCSI
RELCMDS STARSCSI
REQSNCMIBSTARSCSI
RESCMDSSTARSCSI
RZEROCMDSTARSCSI
SEEKCMDSTARSCSI
SDIAGCMDSTARSCSI
SUNITCMDSTARSCSI
SYNCHCMDSTARSCSI
TURDYCMD STARSCSI
VERIFCMDSTARSCSI
WRITCMDSSTARSCSI
WRTVYCMD STARSCSI
WRBUFCMDSTARSCSI
WRLNGCMDSTARSCSI
WRSMECMDSTARSCSI
CHAPTERXZSTARSCSI
CHAPTERBTARSCSI
CHAPTER4&TARSCSI
SCSIPROSTARSCSI
COMQUEUESTARSCSI
BAK2BAK STARSCSI
MTRSYNC STARSCSI
ERRLOGSSTARSCSI
PFA STARSCSI
SEGCACHSTARSCSI
LGBLKSZE STARSCSI
LRC STARSCSI
MISCHAP4STARSCSI



/IXRL/15

DEGRADE4 196 DEGRADE4STARSCSI

ARRECREL 228 ARRECRELSTARSCSI

APPENDX1 247 APPENDXISTARSCSI

SNSCOMBO 250 SNSCOMBGTARSCSI

APPENDX2 271 APPENDX2STARSCSI

DRPTABLE 274 DRPTABLESTARSCSI

VWPTABLE 276 VWPTABLE STARSCSI

VRPTABLE 276 VRPTABLESTARSCSI

WRPTABLE 277 WRPTABLESTARSCSI

SRPTABLE 277 SRPTABLESTARSCSI

PRPTABLE 277 PRPTABLESTARSCSI

APPENDX3 278 APPENDXS3STARSCSI

APPENDX4 294 APPENDX4STARSCSI

UECLIST 295 UECLISTSTARSCSI

GLOSSARY 303 GLOSSARYSTARSCSI

SYMBOLS 303 SYMBOLSSTARFIRE
Imbed Trace

Page 0 CORNERS

Page 0 DEC2HEX

Page 0 COMMAS

Page 0 SETUPSTARSCSI

Page 0 SYMBOLS

Page 0 SPECTBLS

Page 3 FEATURESSTARSCSI

Page 4 SCSIATM2 STARSCSI

Page 20 CHAPTER1

Page 23 FORMAT

Page 28 INQRYCMD

Page 43 LOGSECMD

Page 52 LOGSNCMD

Page 70 MDSELCMD

Page 109 MDSNSCMD

Page 118 PRFCHCMD

Page 120 READCMDS

Page 122 RDBUFCMD

Page 124 RDCAPCMD

Page 125 RDDEFCMD

Page 131 RDLNGCMD

Page 132 REASSCMD

Page 134 RDIAGCMD

Page 136 RELCMDS

Page 138 REQSNCMD

Page 139 RESCMDS

Page 142 RZEROCMD

Page 144 SEEKCMDS

Page 145 SDIAGCMD

Page 149 SUNITCMD

Page 151 SYNCHCMD

Page 152 TURDYCMD

Page 153 VERIFCMD

Page 154 WRITCMDS

Page 157 WRTVYCMD

Page 159 WRBUFCMD

Page 162 WRLNGCMD

Page 163 WRSMECMD

Page 164 CHAPTER?2

Page 166 CHAPTER3

Page 196 CHAPTER4

Page 196 SCSIPROT

Page 208 DEGRADE4

Page 220 COMQUEUE

Page 224 BAK2BAK

Page 225 MTRSYNC

Page 227 ERRLOGS

Page 228 ARRECREL

Page 230 PFA

Page 230 SEGCACH

Page 238 MISCHAP4

Page 246 APPENDX1

Page 250 SNSCOMBO

Page 271 APPENDX2

Page 274 DRPTABLE

Page 275 VWPTABLE

Page 276 VRPTABLE

Page 277 WRPTABLE

Page 277 SRPTABLE

Page 277 PRPTABLE

Page 278 APPENDX3

Page 294 APPENDX4
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Page 295 UECLIST
Page 302 GLOSSARY
Page 302 SYMBOLS



