SC18-2285-00

OEM INTERFACE SPECIFICATIONS
for
IBM-H2xxx-Sx (172/258/344 MB)

2.5-Inch Hard Disk Drive with SCSI Interface




First Edition (December 1993)

The following paragraph does not apply to the United Kingdom or anycountry where such provisions are
inconsistent with locallaw: INTERNATIONAL BUSINESSMACHINES CORPORATIONPROVIDES
THIS PUBLICATION “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR APARTICULAR PURPOSE. Somestates do not allow
disclaimer or express or impliegarranties in certain transactions, therefore, gtstement may not apply to
you.

This publication couldnclude technical inaccuracies ¢ypographical errors. Changes greriodically made
to the informationherein; these changesll be incorporated in neveditions of the publication. IBM may

make improvementand/orchanges in theroduct(s)and/or theprogram(s)described in thipublication at

any time.

It is possiblethat this publication maycontainreference to, oinformationabout, IBM productdmachines
and programs), programming, servicesthat are not announced in yoaountry. Suchreferences or infor-
mation must not be&onstrued tomean that IBMintends toannouncesuch IBM products, programming, or
services inyour country.

Requests fotechnicalinformationaboutthis product should be made tétorage OEM Engineering, Storage
M & D, IBM Fujisawa, Japan.

IBM may havepatents or pendingatentapplicationscoveringsubjectmatter inthis document. Thédur-
nishing of thisdocumentdoes not give you anlicense tothesepatents. You can senienseinquiries, in
writing, to the IBM Director of Licensing, IBMCorporation, 208 Harbobrive, Stamford,Connecticut
06904-2501USA.

0 Copyright International Business MachinesCorporation 1993. All rights reserved.
Note toU.S. GovernmentUsers —Documentatiorrelated to restricted rights dse, duplication odisclo-
sure is subject to restrictions sitrth in GSA ADP ScheduleContract with IBM Corp.



Contents

1.0 General . . . . 1
1.1 Introduction . . . . . . .. 1
1.2 References . . . . . . . 1
2.0 SCSICommand Set . . . . . . . . 3
2.1 Flag and LinkBits . . . . . . . 4
2.2 Abbreviations . . . . .. 5
2.3 FormatUnit (04) . . . . . 6
2.3.1 Defect List . . . . . . 7
2.4 Inquiry (12) . . . e 8
2.4.1 Inquiry Data Format (Whennvalid LUN is Specified) . . .. .. .. .. ... ... ... ... 9
2.4.2 Inquiry Data Format (Whevalid LUN is Specified) . .. ... ... ... ... .. ...... 10
2.5 ModeSense(1A) . . . . 12
2.5.2 Mode ParametelList . . . . . . . 14
2.5.3 Page 1(Read/Write ErroiRecovery Parameters) . . . . . . . . . . .. .. ... 17
2.5.4 Page 2(Disconnect/Reconnect Parameters). . . . . . . . . . ... ... ... 22
2.5.5 Page 3(FormatDevice Parameters) . . . . . . . . . . .. ... 24
2.5.6 Page 4 (Rigid Disk DrivagGeometryParameters) . . . . . . . . . . .. .. .. ... ... .. 25
2.5.7 Page 8 (Caching Parameters) . . . . . . . . . . . L 26
2.6 ModeSelect (15) . . . . . . .. 27
2.7 Read (08) . . . . . . 29
2.8 ReadCapacity (25) . . . . . . . e 30
2.9 ReadDefectData(37) . . . . . . . 32
2.9.1 Defect ListHeader . . . . . . . . . 33
2.9.2 Block Format(000b) . . . . . . . . 33
2.9.3 Bytesfrom Index Format(100b) . . . . . . . . . . ... 33
2.9.4 Physical Sector Format (101b). . . . . . . . . .. 34
2.10 ReadExtended(28) . . . . . .. 35
2.11 ReadBuffer (3C) . . . . . . 36
2.11.1 CombinedHeader andata (Mode000) . . . . . . .. . .. ... ... 36
2.11.2 Read Data (Mod@®10b) . . . . . . . . . . . 37
2.11.3 Descriptor(Mode 011b) . . . . . . . . . .. 37
2.12 Read Lond3E) . . . . . . 39
2.13 Reassign Blocks (07). . . . . . . 40
2.14 Release (17). . . . . . 42
2.15 RequesBense (03) . . . . . . . . e 43
2.16 Reserve (16) . . . . . . . 44
2.16.1 CommandProcessing While Reserved . . . . . . . . . ... ..o 44
2.17 Rezero Unit (01) . . . . . . o e 46
2.18 SeekOB) . . . . 47
2.19 SeekeExtended (2B) . . . . . .. 48
2.20 Send Diagnosti€ID) . . . . . L 49
2.21 Start/Stop Unif1B) . . . . . . . e 50
2.22 Test Unit Ready (00) . . . . . . . . . 51
2.23 Verify (2F) . . 52
2.24 Write (OA) . . 53
2.25 Write Extended (2A) . . . . . . 54
2.26 Write andVerify (2E) . . . . . .. 55
2.27 WriteBuffer (3B) . . . . . . 56
2.27.1 CombinedHeader andata (ModeO00b) . . . . . . . . . ... ... .. ... ... 56
2.27.2 Write Data (Mode010b) . . . . . . . . . 57

0 Copyright IBM Corp. 1993 iii



2.27.3 DownloadMicrocode (Mode 100b) . . . . . . . . . . ... 57

2.27.4 DownloadMicrocode andSave (Mode101b) . . . . .. .. ... .. .. ... ... .. ..., 58
2.28 WriteLong (3F) . . . . . 59
3.0 SCSIStatus Byte . . . . . 61
4.0 SCSISenseData . . . . . . . . 63
4.1 SCSlISenseData Format . . . . . . . . . . 63

4.1.1 Sens®ataDescription . . . . . .. 63
4.2 Priority ofError Reporting . . . . . . . . L 69

4.2.1 Hard ErOrs . . . . . . 69

4.2.2 SOft BrOrs . . . 69
5.0 SCSIMessage Set . . . . . . . e 71
5.1 Supported MERJES . . . . . . . . . 71

5.1.1 CommandComplete (00) . . . . . . . . . . .. 71

5.1.2 SaveDataPointer (02) . . . . . . . e 72

5.1.3 Restore Pointers (03) . . . . . . . . L 72

5.1.4 Disconnect (04) . . . . . . . . 72

5.1.5 Initiator Detected Erro 05) . . . . . . . . 73

5.1.6 Abort (06) . . . . . . e 73

5.1.7 Messag®eject (07) . . . . . . 73

5.1.8 NoOperation (08) . . . . . . . . . . . 74

5.1.9 Messag®arity Error (09) . . . . . . . . 74

5.1.10 Linked CommandComplete(0A) . . . . . . . 74

5.1.11 Linked CommandComplete with Flag0B) . . . . . . .. .. ... ... .. .. ... ..., 74

5.1.12 Bus DevicaReset (0C) . . . . . . . . . . 74

5.1.13 Identify (80 - FF) . . . . . . 75
6.0 SCSISystemImplementation Information . . . . . . . .. ... 77
6.1 Attention Condition . . . . . . . . 77
6.2 SCSI Bus Related Error HandliRrotocol . . . . . . . . . . .. ... ... 78

6.2.1 Unexpected Bus Free Phase Erf@ondition . . . . . . .. .. ... ... .. 78

6.2.2 Message OuPhase Parity Error . . . . . . . . . . . 79

6.2.3 Message liPhase Parity Error (MeageParity Error) . . . . . . . . . ... ... .. ... ... 79

6.2.4 CommandPhase Parity Error . . . . . . . .. 79

6.2.5 Data OutPhase Parity Error . . . . . . . . . . 79

6.2.6 Initiator Detected ErroMessage . . . . . . . . . L 79

6.2.7 Messag®ejectMessage . . . . . . . .. 80

6.2.8 Invalid LUN in Identify Message . . . . . . . . . . . . ... ... 80

6.2.9 Re-selectionTimeout . . . . . . . . . .. 81
6.3 Unit Attention Condition . . . . . . .. L 81
6.4 Degradedode . . . . . .. 82
6.5 SpindleMode atPowering On . . . . . . . . . . 82
6.6 Overlapped Comands to arActive LUN . . . . . . . .. 82
6.7 ReadAhead . . . . . . . . 83
6.8 Multiple InitiatorEnvironment . . . . . . ... 83

6.8.1 Sensd®ata . . . . ... 83

6.8.2 Initiator Mode Select/ModeSenseParameters . . . . . . . . . ... 83

6.8.3 Initiator Data TransferMode Parameter . . . . . . . . . . . .. .. ... . 83
6.9 ErrorRecovery Procedures. . . . . . . . .. 83

6.9.1 DataErrorRecovery . . . . . . . e 83
6.10 MediaDefect Strategy . . . . . . . . . e 84
6.11 File Format . . . . . . . . 85

iV OEM InterfaceSpecifications folBM-H2xxx-Sx (172/258/344 MB)



7.0 SCSIPhysicallnterface . . . . . . . . . 87

7.1 SCSlinterfaceConnector PirAssignments . . . . . . . . . . . ... 87
7.1.1 SignalLine Descriptions . . . . . . . . . ... 87
7.1.2 Driver/Receiver Specification. . . . . . . . . ... 88
7.1.3 SCSI Bus Cable . . . . . . . e 88
7.1.4 SignalTermination . . . . . . . . . . . L 88
7.1.5 DeviceAddress Selection . . . . . . ... 88
7.1.6 Parity Implematation . . . . . . ... 89
7.1.7 SCSIBUS TIMINGS . . . . . . . 89
7.1.8 Reset Implementation. . . . . . . . ... 89
7.1.9 Multi-Initiator Support . . . . . . 89

INdex . . . 91

Contents V



Vi OEM InterfaceSpecifications folBM-H2xxx-Sx (172/258/344 MB)



Figures

CeoNoORr~ONPE

46.
47.
48.
49.
50.
51.

Supported SCSI Commands. . . . . . . . . . ... 3
Supported SCSI Comands . . . . . . . . .. e 4
Format Unit (04) . . . . . . . 6
Format of Defect LisHeader . . . . . . . . . . . .. 7
Inquiry (12) . . . . . 8
Inquiry Data— Invalid LUN Specified . . . . . . . . .. 9
Inquiry Data—- Valid LUN Specified . . . . . . . .. ... . 10
ModeSense(1A) . . . . 12
PageCodeUsage . . . . . . . . . . 13
ModeParametetist (Header) . . . . . . . . . . . 14
ModeParameteBlock Descriptor . . . . . . . . 15
ModeParametelPage Format . . . . . . . . . . ... 16
PageCodeUsage . . . . . . . . . . . 16
Page 1 . . . . . 17
Page 2 . . . . 22
Page 3 . . . e 24
Page 4 . . . . e 25
Page 8 . . . . . e 26
ModeSelect (15) . . . . . . . 27
Read (08) . . . . . . . e 29
ReadCapacity (25) . . . . . . . . 30
Format ofReadCapacityCommandReply . . . . . . . .. . . .. 31
ReadDefectData (37) . . . . . . . . 32
Defect ListHeader . . . . . . . . . e 33
Defect Descriptors of Block Format . . . . . . . . . . ... . ... 33
Defect Descriptors of Bytefsom Index Format . . . . . . . .. .. ... .. ... ... ... 33
Defect Descriptors of Physical Secteormat . . . . . . . . .. .. ... ... ... 34
ReadExtended (28) . . . . . . . . . 35
ReadBuffer (3C) . . . . . . . . 36
ReadBuffer Header . . . . . . . . . . e 37
ReadBuffer Descriptor . . . . . . . . L 38
Read LONQBE) . . . . . . 39
Reassign Blocks (07) . . . . . . . . . . 40
Format ofReassign Block®ata . . . . . . . . . . 41
Release (17). . . . . . o 42
RequesBense (03) . . . . . . . . 43
Reserve (16) . . . . . . . 44
Rezero Unit (01) . . . . . . . . 46
Seek(OB) . . . 47
SeekExtended (2B) . . . . . .. 48
Send Diagnosti€lD) . . . . . . . 49
Start/Stop Uni(1B) . . . . . . . 50
Test Unit Ready (00) . . . . . . . . . 51
Verify (2F) . . o 52
Write (0A) . . 53
Write Extended (2A) . . . . 54
Write andVerify (2E) . . . . . 55
Write Buffer (3B) . . . . . . 56
Write Buffer Header . . . . . . . . . . 57
WriteLong (3F) . . . . . . 59
SCSI StatuByte . . . . . . e 61

O Copyright IBM Corp. 1993 Vii



52.
53.
54.
55.
56.
57.
58.
59.
60.

viii

Format ofSenseData . . . . . . . . . . 63

FieldPointerBytes . . . . . . . . . 67
ActualRetry CountBytes . . . . . . . .. 68
Format ProgressitlicationBytes . . . . . . . . . . . L 68
Supported MeSEIES . . . . . . . 71
Synchronou®ataTransferRequest . . . . . . . . . .. L 71
Degradedperation Modes . . . . . . . ... 82
SCSIDrive CableSignalLines . . . . . . . . . . . 87
Matrix of Resets/Abort an®elf TestActions . . . . . . . . .. .. ... ... 89

OEM InterfaceSpecifications folBM-H2xxx-Sx (172/258/344 MB)



1.0 General

1.1 Introduction

This specification describes theostinterface ofI BM-H2344-S4, IBM-H2258-S3, and IBM-H2172-S2.
The drivessupport both Synchronous SCSI and Asynchron8@GsSI.

The interfaceconforms to thedraft proposedAmerican NationalStandard forinformation systems SMALL

COMPUTERSYSTEMINTERFACE - 2(SCSI-2)October 17, 1991
The vendorspecificitems andoptions supported by thdrives are described iaach section.

1.2 References

- OEM FUNCTIONAL SPECIFICATIONS fdBM-H2xxxSx(172/258/344MB) 2.5-Inch Har@isk
Drive with SCSlInterface ( SC18-2284 )

Draft proposedAmerican NationalStandard forinformation systems SMALL COMPUTERSYSTEM
INTERFACE - 2(SCSI-2)October 17, 1991
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2.0 SCSI Command Set

Summaries of the SCSlommands supported by thizive are listedbelow, whereO=optional,
M=mandatory,E=extended, R=reserved aMEvendorunique. The column “SCSI-1fefers toANSI
version 1standard. Theolumn“CCS” refers to theANSI sub-committee Cammmon CommandSubset for
DASD devices. Thecolumn “SCSI-2"refers to thecurrentrevision of the version 3tandardavailable at
the time thisdocument wagreated and ishown for informationonly for compliance with futureANSI

standards.

SCSI-1 CCS | SCSsI—2 CODE | Command
M M M 04h Format Unit
E M M 12h Inquiry
(e} (e} (@] 15h Mode Select
(e} (e} (@] 1Ah Mode Sense
M M M 08h Read
E M M 25h Read Capacity
(0] (0] (0] 37h Read Defect Data
E M M 28h Read Extended
R (0] (0] 3Ch Read Buffer
R R (@) 3Eh Read Long
(0] (0] o 07h Reassign Block
(@] M M 17h Release
M M M 03h Request Sense
(e} M M 16h Reserve
(@) (@) (0] 01h Rezero Unit
(0] (@] (0] 0Bh Seek
(0] (0] (0] 2Bh Seek Extended
(0] M M 1Dh Send Diagnostics
(0] (0] o 1Bh Start/Stop Unit
(0] M M 00h Test Unit Ready
(0] (@] (0] 2Fh Verify
M M M 0Ah Write
E M M 2Ah Write Extended
(0] (0] o 2Eh Write and Verify
R (e} O 3Bh Write Buffer
R R @) 3Fh Write Long

Figure 1. Supporte®CSICommands.

0 Copyright IBM Corp. 1993
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SCSI-1 CCS | SCsI—2 CODE | Command

00h Test Unit Ready
01h Rezero Unit
03h Request Sense
04h Format Unit
07h Reassign Block
08h Read

OAh Write

0Bh Seek

12h Inquiry

15h Mode Select
16h Reserve

17h Release

1Ah Mode Sense
1Bh Start/Stop Unit
1Dh Send Diagnostics
25h Read Capacity
28h Read Extended
2Ah Write Extended
2Bh Seek Extended
2Eh Write and Verify
2Fh Verify

37h Read Defect Data
3Bh Write Buffer

3Ch Read Buffer
3Eh Read Long

3Fh Write Long

TXTODOOOCOMMMOOOOOOMOZLZOLZLLK00
TTVOOOOOOLKLLZLIZTZE00OLKL0OLOLEZLTOLELoL

O0000000OZIZIETZTOoO0OEEZToOZEoOEZToOZEL oL

Figure 2. Supporte®CSICommands. (By commandode)

2.1 Flag and Link Bits

Many of thestructures in this section havield names, Flag andink. The meanings othesefields are
definedbelow.

Flag The flag bitspecifieswhich message the target shouldturn to theinitiator if the link bit is one
and the commandompleteswithout error. Iflink is zero,flag mustalso be zero. If link is one and
the commanderminatessuccessfully, the drivavill send either the Linke€ommandComplete
messag€flag=0) or theLinked CommandCompletewith flag messagd€flag=1). Typically this
bit is used to cause aimterrupt in the initiator betweehnked commands.

Link This bit is set to one to indicatihat theinitiator desires arautomaticlink to the nextcommand
uponsuccessfutcompletion of the currentommand. Uporsuccessfutompletion of the
command, thalrive will returnintermediate good status and theand one of the twonessages
definedunder Flag above.

Upon unsuccessfutompletion of thecommand, thalrive will return acheckcondition status or
reservation conflicstatus and then send tltemmandcompletemessage. Ndurthercommands in
the chain areexecuted.
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2.2 Abbreviations

These abbreviations are usddoughout thefollowing sections:

CDB. CommandDescriptor Block.

LBA. Logical Block Address.

LSB. LeastSignificantBit.

LUN. Logical Unit Number. Anencoded three-bidentifier for the logicalunit.
MSB. Most SignificantBit.

RSVD. Reserved.

VU. VendorUnique bits.
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2.3 Format Unit (04)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command code (04h) )
Byte 1 LUN Format Level )
Byte 2 VU =0 )
Byte 3 (MSB) )
Byte 4 Interleave Factor (LSB) )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 3. Format Uni{04)

The Formatcommandperforms aphysicalformatting of thedrive media. This includes a rewrite of all the
sectorlDs, relocation ofdefectivesectors, and the overwriting of all data areas withamstant data pattern.
The Formatcommand may beised toeffectively erase the entire datrea of the media. Reserved areas of
the media are noaffected by the Formatommand.

Only a null defect listwill be acceptedrom the initiator. Thedrive manages two internalefect lists. The
first is thetime of manufacture, or “Plist. The second(“G” list) is a“grown defect list” consisting of
entriescorresponding to an initiator's use of the Reassign Blockahmand. The “P’list mustnever be
altered. Contents of the “Glist can be erased dbrmat time.

Interleave Factor can be set to any valuieom 0 to OFFFFh, but all othem areregarded a4:1.
Format Level specifieswhether the growrdefect list should be erased ogtained and used during tlermat
operation.
Format Level Description
00000 The growndefect list isretained and all data is erasadthout updating IDs.
No data out phase isxecuted.
10000 The growndefect list isretained and all data is erasadthout updating IDs.

A data out phase isxecuted but theefect listlengthmust be 0 or the commandill end
with a checkcondition status witlsense key ofllegal request and additionaensecode of
invalid field in CDB.

11000 The growndefect list is erased and the drivefarmatted with the manufacturindefect list
only.

A data out phase isxecuted but thelefect listlengthmust be 0 or the commanehds with
a checkcondition status wittsense key ofllegal request and additionalensecode of
invalid field in CDB.

The driveperforms theverify operation automatically a®llows:

1. Readback IDs. Iffailed, the driveaborts theFormatcommand with acheck condi-
tion status,sense key set to not ready, aadditionalsensecode set tamedium format
corrupted.
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Note: The Formatcommand must beompletedbefore the data area is usable. If tRermat Unit
command ignterrupted by such as, a power outageset orabort, thedrive returns a checlkondition status
for all subsequentlata areaaccesscommandsexceptanotherFormatUnit command.

A sense key of not ready and additionalsensecode ofmedium format corruptedill be returned by the
RequestSensecommand. Toclearthis error condition, &ormatUnit command must beeissued and
must becompletedsuccessfully.

2.3.1 Defect List

BIT ]

7 6 5 4 3 2 1 0
Byte 0 Reserved = 0 )
Byte 1 0 ) 0 0 ) 0 0 ) 0 )Immd) 0 )
Byte 2 Defect list length MSB = 0 )
Byte 3 Defect list length LSB = 0 )

Figure 4. Format ofDefect ListHeader. Format of the defelist headersentduring thedata outphase for the
B' 10000 and B 11000 modes.
The immediate bit (bit 1 of byte 1) of thEormat UnitDefect ListHeaderspecifies the following:
When set to 1:

— The driveimmediately returns a statusefore starting the actual formatting process.
- The RequesBensecommand isused to determine the progress of therfat Unit command.

A sense key of not ready i®turned with an additionadensecode oflogical unit not ready,format
in progress.

Bytes 16 and 17 of the additionaknse dat@ontains avalue whichindicates thecurrentpercentage
to complete the Format Undtommandprocess. The actual percentage can be calculated by
dividing this value by X 10000 .

When set tozero:

— Status is returned when the Format Unit commaperation is completed.

SCSICommand Set 7



2.4 Inquiry (12)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command Code = 12h )
Byte 1 LUN RSVD = 0 ) EVPI#
Byte 2 Page Code )
Byte 3 RSVD = 0 )
Byte 4 Allocation Length )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 5. Inquiry(12)
The Inquirycommandrequests the parameters of the target to be sent to the initiator.

An EVPD bit of one specifiesthat thedrive returns the optionavital product dataspecified by thepage code
field. The drive does notsupportthis option.

EVPD PageCode Description
0 0 The drivereturns the standard Inquiry data.
Non Zero The drivereturns a checkondition status with theense key ofllegal
request and the additionaknsecode ofinvalid field in CDB.

Allocation Length specifies thenumber ofbytesthat theinitiator has allocated for inquiry data to be
returned. An allocation length of zeimpliesthat no data is to beeturned. Thedrive terminates the data
in phase when alhvailableinquiry data has beetransferred owhenallocation length bytes havieeen
transferred, whichever occufist.

If an Inquiry command igeceivedfrom an initiator with a pendinginit attention conditionbefore the
targetreports checlcondition status), thérive processes thinquiry command. The unit attentiooondi-
tion is notcleared bythis action.

Two differentformats for the Inquiry data aréefined.

The firstformat is returned when aimvalid LUN is specified by théanitiator.
The second format is returned whervalid LUN is specified by thanitiator.

Each ofthese formats islescribed in the following sections.

Note: Fields with avalueshowninside quotes(for example, Value ='xyz') are charactefields. A value
not in quotes is a numericalue. Characteffields arealpha-numeric and representedASCII, not
EBCDIC.
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2.4.1 Inquiry Data Format (When Invalid LUN is Specified)

BIT ]
Byte 7 6 5 4 3 2 1 0
0 Qualifier ) Peripheral Dev. Type )
1 RMB=(Q Device —type Modifier )
2 1ISO=0 ECMA=0 ) ANSI=2 )
3 RSVD = 0 ) RDF=2 )
4 Additional Length = 0 )

Figure 6. InquiryData—- Invalid LUN Specified

Qualifier is set to 011b. This indicatafat the LUN specified in thecommandblock is not present.
Peripheral Dev. Type is set to 1Fh.

Removal Media Bit (RMB) is always set to zero to indicatbat noremoval mediaexists.
Device-Type Modifier is set to zero.

ISO is set to zero to indicatéhat this productdoes not claim compliance to tHaternationalOrganiza-
tion for Standardization (ISOyersion of SCSI (ISO DP 936).

ECMA is set to zero to indicatthat this productdoes not claim compliance to the Eapean Computer
Manufacturers Association (ECMAJersion of SCSI (ECMA-111).

« ANSI indicates thdevel of the ANSI standardthat is supported by the product. Thleive supports
ANSI SCSlversion 2.

RDF is set to two to indicatéhat the InquiryData Format aspecified inANSI SCSlversion 2 is
supported by tharive.

1 In general, the drivevill respondwith a check condition status to alommandswith an invalidLUN. The Inquiry
command is thenly exception.
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2.4.2 Inquiry Data Format (When Valid LUN is Specified)

BIT ]
7 6 5 4 3 2 1 0
Byte
0 Qualifier = 0 Peripheral Device Type = 0 )
1 RMB=0 Reserved = 0 )
2 ISO =0 ECMA = 0 ) ANSI = 2 )
3 Rsvd = 0 ) RDF = 2 )
4 Additional Length = 103 )
5-6 Reserved = 0 )
7 REL_A|Wb_32|Wb_16{Sync |Link |Resrv CmdQﬁ SftRe ]
=0 | =0|=0|=1]=1|=0)]=0]2=0

8-15 Vendor ID = 'IBM )
1631 Product ID = 'H2xxx  —SXx )
32-35 Product Revision Level (ASCII) )
36—43 Unit Serial Number (ASCIN) )
44-55 RAM u Code P/N (ASCII) )
56—95 Reserved = 0 )
96—97 Reserved = ' )
98—101 Plant of Manufacture = ' )
102—-105 Date of Manufacture = MMYY (ASCII) )
106—107 Reserved = ' )

Figure 7. InquiryData- Valid LUN Specified

Qualifier is set to zero to indicatthat the LUN specified in thecommandblock is currentlysupported.
Peripheral Device Typeis set to zero to indicatthat thedevice is a direct-access drive.

Field bytes + 3 are defined in 2.4.1Inquiry Data Format (WhenlInvalid LUN is Specified)” on
page 9.

Additional Length indicatesthat 103bytes of inquiryinformation follows.

REL_A is set to zero to indicatthat thedrive does notsupport“Relative Address Mode”.
Wb_32is set to zero to indicatéhat thedrive does notsupport32-bit wide data transfers.
Wb_16is set to zero to indicatehat thedrive does notsupport16-bit wide data transfers.
Syncis set to one to indicatthat thedrive supports synchronous dateansfer.

Link is set to one to indicatthat thedrive supportslinked commands.

CmdQu is set to zero to indicatehat thedrive does notsupport commandjueuing.

SftRe is set to zero to indicatthat the target supports hardsetonly.
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Vendor ID is ‘IBM’ padded withASCII blanks.
Product ID is specified inASCII characters.

Product Revision Levelindicates thdevel of microcode. ltindicates RO Mmicrocodelevel until the
power onresetcompletes and RAM microcodafter thePOR.

Unit Serial Number contains thedrive serialnumber. Ifbefore the POR completes, tHigld contains
ASCII spaces (20h).

RAM Microcode P/N is specified inASCII characters.

Plant of Manufacture is the plantcode of manufacture. Ibefore the POR completes, thield contains
ASCII spaces (20h).

Date of Manufacture contains themonth in two digitsfollowed by the year in twdligits. If before the
POR completes, thifeld containsASCII spaces (20h).

SCSICommand Set 11



2.5 Mode Sense (1A)

BIT ]
7 6 5 4 3 2 1 0

Byte O Command code = 1Ah )
Byte 1 LUN RSVD = 0 )
Byte 2 PCF Page Code )
Byte 3 RSVD = 0 )
Byte 4 Allocation Length )
Byte 5 VU = 0 RSVD = 0 ) Flag ) Link )

Figure 8. Mode Sense (1A)

The ModeSensecommandprovides ameans for thalrive to reportvariousdeviceparameters to thaiti-
ator. It is the complement to thode Selectcommand.

Allocation Length indicates themaximum number obytesthat theinitiator has setside for the data in
phase. A value of zero is not considered an error. If the allocation lenddsssthan theamountavailable,
then that portion of the data up to tlalocation length is sent. It isoted thatthis may result inonly a
portion of amulti-byte field being sent.

2.5.1.1.1 Page Control Field: PCF (PageControl Field) defines thetype of PageParameteralues to be
returned.
PCF Meaning

00 Report current values. The drivereturns the currentaluesunder which thdogical unit is presently
configured for the page codspecified. Thecurrentvalues eturnedare:

1. The parameters set in thast successfuMode Selectcommand.
2. The saved values if Mode Selectcommand has nobeenexecuted since the lapower-on,
hardresetcondition, or busdevice reset message .

Note: The drivewill not process theMode Selectcommanduntil the completion of spin-up.
Therefore, the initiatocannotmodify the currentvaluesprior to thesaved values being read in.
3. The default values if saved values are not available orsupported.

01 Report changeable value.The drivereturns the changeablalues for the pageodespecified. The
page requested is returnedntaining informatiorthat indicate whichfields arechangeable. All bits
of parameterghat arechangeable are set to on®arametershat aredefined by thalrive are set to
zero. If anypart of afield is changeable, all bits ithat field are set toone.

Note: For a valuefield such as théuffer ratios of Page 2, the biield does not indicate the range
of supportedvalues butratherthat thefield is supported.

10 Report default value. The drivereturns thedefault values for the pageodespecified. Theparame-
ters notsupported by tharive are set tazero.

11 Report saved value. The drivereturns thesaved value for the pagsodespecified.
Saved values are one of following:

The values saved as a resultMbde Selectcommand
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Identical to the default values
Zero when the parameters are not supported

The page lengthbyte value of each pageeturned by the drive indicates up tehich fields are sup-
ported on thapage.

2.5.1.1.2 Page Code: This field specifiesvhich page omages toreturn. Page codasage is defined in
Figure 9.

Page Code ) Description )
01h — 1Fh Return specific page.
3Fh Return all available pages.

Figure 9. Page Code Usage
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2.5.2 Mode Parameter List

The mode parametdist contain aheader, followed by zero anore block descriptorsfollowed by zero or
more variable-length pages.

2.5.2.1 Header

7 6 5 4 3 2 1 0 )
Byte 0 Mode Data Length )
Byte 1 Medium Type = 0 )
Byte 2 WP RSVD = 0 )
Byte 3 Block Descriptor Length (= O or 8) )

Figure 10.Mode ParameteList (Header)

Mode Data Length. Whenusing theMode Sensecommand, the mode datangthfield specifies the
length in bytes of the followinglatathat isavailable to be transferred. The mode data length does not
include the length bytéself. Whenusing theMode Selectcommand this field is reserved.

Medium Type field is always set to zero in the drive. @faultmediumtype)
« WP. Whenused with theMode Selectcommand, thewrite protect (WP) bit isreserved.

Whenused with theMode Sensecommand, awrite protect (WP) bit ofzero indicateghat the medium
is write enabled.

Block Descriptor Length. This field specifies théength in bytes of the block descriptors.
Whenused with theMode Selectcommand,zero or eight aresupported by thalrive.

Whenused with theMode Sensecommand, thalrive returnseight to indicatethat only asingleblock
descriptor isavailable.
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2.5.2.2 Block Descriptor

Byte 0 Density code = 0

Byte 1 Number of Blocks (MSB)
Byte 2

Byte 3 (LSB)
Byte 4 RSVD = 0

Byte 5 Block Length =

Byte 6

Byte 7 200h

Figure 11.Mode ParameteBlock Descriptor

The block descriptor provides formattingformationabout the number dblocks (user addressable) to
format at thespecifiedblock length.

Number of Blocks

H2172-S2 52184h
H2258-S3 7B24Ch
H2344-54 A430Dh

Whenused with theMode Selectcommand, theNumber of Blocks field must be:

— Zero toindicate all available blocks
- The exacnumber ofblocks in the data area of thdrive, which can be obtained with thielode
Sensecommand.

Any othervalue is invalid, and causes tlt®@mmand tofail with a checkcondition status.
Whenused with theMode Sensecommand, thdield contains theexactnumber ofblocks.
Block Length

Whenused with theMode Selectcommand, theBlock Length field mustcontain200h, or the drive
terminates theommand with acheckcondition status.

Whenused with theMode Sensecommand, theeturnedfield alwayscontains200h.
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2.5.2.3 Page Descriptor

Byte 0 PS RSVDzd Page Code )

Byte 1 Page Length )
Byte Mode Parameters ]
2—n

Figure 12.Mode ParametePage Format
Each modepagecontains agpage code, a page length, and a set of mode parameters.

Whenusing theMode Sensecommand, garametersavable(PS) bit of oneindicatesthat the modepage
can be saved by the drive in the resenarda of thefile.

A PS bit of zero indicateshat the supportegparametersannot besaved. When using theMode Select
command, the PS bit ieeservedzero).

The drivesupports thdollowing mode page code:

Page Description ) PS )
01 Read—Write Error Recovery Parameters 1
02 Disconnect/Reconnect Control Parameters 1
03 Format Parameters 0
04 Geometry Parameters 0
08 Caching Parameters 1

Figure 13. Page Code Usage

The page lengtliield specifies thdength in bytes of the mode parametéhat follow. If the initiator does
not set this value to the valudat isreturned for thgpage by theMode Sensecommand, thealrive termi-
nates thecommandwith a checkcondition status.
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2.5.3 Page 1 (Read/Write Error Recovery Parameters)

BIT

7 6 5 4 3 2 1 0
Byte 0 PS RSVD=0 Page Code = 01h )
Byte 1 Page Length = OAh )
Byte 2 | AWRE| ARRE B RC EER PER DTE DCR

=0 =0 =0 =0
Byte 3 Read Retry Count )
Byte 4 Correction Span = 28h )
Byte 5 Head Offset Count (Not used) = 00h )
Byte 6 Data Strobe Offset Count (Not used) = 00h )
Byte 7 Reserved = 00h )
Byte 8 Write Retry Count )
Byte 9 Reserved = 00h )
Byte 10 |(MSB)

Recovery Time Limit (Not Used) = 0000h

Byte 11 (LSB)

Figure 14. Page 1

The Read-Writerecoveryparameters are used during angmmand thaperforms a read owrite operation

to the medium.

AWRE, an automatiawvrite reallocation enabled bitMust be set to zerq indicatingthat thedrive will
not perform automaticeallocation ofdefective datablocks during writeoperations.

ARRE, an automatiaead reallocation enabled bitMust be set to zerg indicatingthat thedrive will not
perform automatiaeallocation ofdefective datablocks during readperations.

TB, transferblock bit, is set to one tdndicatethat a datablock that is notrecoveredwithin the recovery
limits specified will betransferred to the initiator before checkndition status is returned.

A TB bit of zero indicateghat such a data blockvill not be transferred to the initiatorDatablocks
that can beecoveredwithin the recovery limits are always transferreggardless of thealue of the bit.

RC, a readcontinuous bit. Must be set to zerg indicatingthat theerror recoveryoperationsthat cause
delays areacceptable during the data transfBratawill not be fabricated.

EER, an enablesarly recovery bit. Must be set tozero, indicatingthat thedrive will use anerror
recoveryprocedurethat minimizes therisk of mis-detection or miscorrection during the data transfer.
Datawill not be fabricated.

PER, posterror bit, is set to one to indicatdat thedrive reportsrecovered errors.

DTE, disable transfer orrror bit, is set to one to indicatdat thedrive terminates the data phas@on
detection of arecovered error .

DCR, disablecorrection bit, is set to one to indicatbat error correction code is not used for data error
recovery.

A DCR bit of zero indicateshat ECC isapplied to recover thédata. (See 6.9,'Error Recovery
Procedures” orpage 83 for details.)
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Read Retry Countis set to one to indicatéhat thedrive attempts itdull recoveryalgorithm during read
operations. Avalue of zero disables a#irror recoveryprocedures.

Correction Span field specifies the size, ibits, of thelargest dataerror burst forwhich data error cor-
rection may beattempted. A correction span aérospecifiesthat thedrive will use its default value.
The file only acceptsralue of zero, or the default value.

Head Offset Countis not supported by thdrive.

Note: Headoffset isimplemented in theead errorrecoveryroutine. The usecannotmodify the offset
value.

Write Retry Count is set to one to indicatéhat thedrive attempts itsfull recoveryalgorithm during
write operations. Avalue of zero disables adirror recoveryprocedures.

Changeable Parameter Default Value
TB 0

PER 0

DTE 0

DCR 0

Read Retry Count 01

Write Retry Count 01

Note: The drivesupports only 0 and 1 azad/write retrycount. If theinitiator sets a valudargerthan 1
by Mode Selectcommand, thealrive returns good status bwthanges the value to 1, amdturns 1 as the
read/write retrycount for the ModeSensecommand.
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The following summarizes/alid modes of operation.

PER DTE DCR TB

0

O O O O

0

(= T N =

0

S +» B O O

0

o » O +» O

Description

Retries and error correction aegtempted. Recovereand/orcorrecteddata (if any)
is transferredvith no checkcondition status at the end of thiensfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors.

hard err  Datatransferstops when airrecoverable error igncountered. The
irrecoverableblock is nottransferred to the initiator. Thdrive then
creates the checkondition status with the appropriasense key.

Retries and error correction aegtempted. Recovereand/orcorrecteddata (if any)
is transferredvith no checkcondition status at the end of thensfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors.

hard err  Datatransferstops when airrecoverable error igncountered. The
irrecoverableblock istransferred to the initiator. Thdrive thencreates
the checkcondition status with the appropriasense key.

Retries areattempted but nerror correction(ECC) isapplied. Recovered data (if
any) istransferred with no checkondition status at the end of thensfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors.

hard err  Datatransferstops when airrecoverable error igncountered. The
irrecoverableblock is nottransferred to the initiator. Thdrive then
creates the checkondition status with the appropriasense key.

Retries areattempted but nerror correction(ECC) isapplied. Recovered data (if
any) istransferred with no checkondition status at the end of thensfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors.

hard err  Datatransferstops when airrecoverable error igncountered. The
irrecoverableblock istransferred to the initiator. Thdrive thencreates
the checkcondition status with the appropriasense key.

lllegal request-DTE must beero when PER is zero.
lllegal request-DTE must beero when PER is zero.
lllegal request-DTE must beero when PER is zero.
lllegal request-DTE must beero when PER is zero.

The highestevel error, (See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries and eomrection are attempted.
Recoveredand/orcorrected data (if any) isansferred with checkondition status
and recovered erragense key set at the end of the transfer.
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no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors. Thiaformation byte in thesense datavill
contain thelogical block address of the last recovered error.

hard err  Datatransferstops when aiirrecoverable error igncountered. The
irrecoverableblock is nottransferred to the initiator.  Thdrive then
creates the check&ondition status with the appropriasense key.

1 0 0 1 The highestevel error, (See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries and eomrection are attempted.
Recoveredand/orcorrected data (if any) igansferred with checkondition status
and recovered erraense key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors. Thieformation byte in thesense datavill
contain thelogical block address of the last recovered error.

hard err  Datatransferstops when airrecoverable error igncountered. The
irrecoverableblock istransferred to the initiator. Thdrive thencreates
the checkcondition status with the appropriasense key.

1 0 1 0 The highestevel error, (See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries ateempted but ECC is napplied.
Recoveredand/orcorrected data (if any) isansferred with checkondition status
and recovered erragense key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors. Thiaformation byte in thesense datavill
contain the LBA of thelast recovered error.

hard err  Datatransferstops when airrecoverable error igncountered. The
irrecoverableblock is nottransferred to the initiator. Thdrive then
creates the checkondition status with the appropriasense key.

1 0 1 1 The highestevel error, (See 4.2;'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries ateempted but ECC is napplied.
Recoveredand/orcorrected data (if any) isansferred with checkondition status
and recovered erragense key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transfer length is exhausted. Transferred data includes btmrks
taining recovered errors. Thiaformation byte in thesense datavill
contain the LBA of thelast recovered error.

hard err  Datatransferstops when aiirrecoverable error igncountered. The
irrecoverableblock istransferred to the initiator. Thdrive thencreates
the checkcondition status with the appropriasense key.

1 1 0 0 The highestevel error, (See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries and eomrection are attempted.
Recoveredand/orcorrected data (if any) igansferred with checkondition status
and recovered erragense key set at the end of the transfer.

no err The transfer length is exhausted.
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soft err The transferstops on thdirst soft error detected. Thmformation in
the sense dateontains the LBA of the block in error.

hard err  Datatransferstops on tharrecoverable error.  Thdrive thencreates the
checkcondition status with the appropriasense key.

The highestevel error,(See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries and eomrection are attempted.
Recoveredand/orcorrected data (if any) igansferred with checkondition status
and recovered erragense key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thdirst soft error detected. Thmformation in
the sense datwill contain the LBA of the block in meor.

hard err  Datatransferstops on thdarrecoverable error. The irrecoverable error
block is returned to the initiator. Thérive then creates theheckcon-
dition status with the appropriat®ense key.

The highestevel error,(See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries ateempted but ECC is napplied.
Recovered data isansferredwith a checkcondition status andecovered errosense
key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thdirst soft error detected. The recovered error
block is returned to the initiator. The information in tkense datavill
contain thelogical block address of thdlock in error.

hard err  Datatransferstops on tharrecoverable error.  Thdrive thencreates the
checkcondition status with the appropriasense key.

The highestevel error,(See 4.2,'Priority of Error Reporting” onpage 69) is
reported at the end of transfer. Retries ateempted but ECC in noapplied.
Recoveredand/orcorrected data (if any) igansferred with a checkondition status
and recovered erragense key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thdirst soft error detected. Thmformation in
the sense datwill contain thelogical block address of thévlock in error.

hard err  Datatransferstops on thdrrecoverable error. The irrecoverable error
block is returned to the initiator. Thérive then creates theheckcon-
dition status with the appropriat®ense key.
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2.5.4 Page 2 (Disconnect/Reconnect Parameters)

BIT ]

7 6 5 4 3 2 1 0
Byte 0 PS RSVD=0 Page Code = 02h )
Byte 1 Page Length = 2 )
Byte 2 Read Buffer Full Ratio )
Byte 3 Write Buffer Empty Ratio )

Figure 15. Page 2
The disconnect / reconneptage provides the initiator th@eans to tune thperformance of the SCSI bus.

An initiator may use thedentify message tgrant thedrive the general privilege adisconnecting.(Discon-
nect requests magtill be selectivelyrejected by thenitiator by issuing a message reject).

The drive uses thdisconnect/reconnect parameters to control reconnediosmg Read(operationcode
08h and 28h) and Writé0Ah , 2Ah and 2Eh) commands.

Read Buffer Full Ratio is the numerator of &raction whosedenominator is 256. Thé&action indicates
how full the drive databuffer should be beforattempting to reconnect to the SCSI bus.

- Write Buffer Empty Ratio is the numerator of &raction whosedenominator is 256. Thé&action indi-
cates howempty thedrive data buffer should be befoedtempting to reconnect to the SCSI bus.

Changeable Parameter Default Value
Read Buffer Full Ratio 30h
Write Buffer Empty Ratio 30h
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2.5.4.1 Reconnection to a Disconnected Read Command

For a Read command, threconnect iglelayed relative to the availability of thfgst block in thedrive data
buffer by the fraction of thdile databuffer size. If theremaining data transfer length lisss than thdraction
of the drivedatabuffer size, thefile control programcalculates theptimal reconnectiompoint to complete
the datatransfer as early agossible whileminimizing the time connected to th®CSI bus.

2.5.4.2 Reconnection to a Disconnected Write Command

For a Writecommand, thewrite bufferratio is significantonly if the total datatransfer length is greater than
the size of thedrive data buffer. Thdraction determines hovempty thedrive data buffer sbuld bebefore
reconnecting to begifilling the buffer again.

2.5.4.3 Single Block Buffers Calculation

The singleblock buffers value is calculated using the followiegjuation:

N * Ratio Number
Single Block Buffers = ( + 1 only if result is zero)
256

Where: N = Buffer Size/512

Note: A ratio value of 0 issupported on tharive andwill result in100% of thebuffer being filled/emptied.
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2.5.5 Page 3 (Format Device Parameters)

BIT
7 6 5 4 3 2 1 0

Byte 0 RSVD = 0 Page Code = 03h )
Byte 1 Page Length = 16h )
Byte 2 |(MSB)

Track per Zone = 0001h
Byte 3 (LSB)
Byte 4 |(MSB)

Alternate Sectors per Zone = 0001h
Byte 5 (LSB)
Byte 6 |(MSB)

Alternate Tracks per Zone = 0000h
Byte 7 (LSB)
Byte 8 [(MSB)

Alternate Tracks per Logical Unit = 0008h
Byte 9 (LSB)
Byte 10 |(MSB)

Sectors per Track = 003Ch
Byte 11 (LSB)
Byte 12 |(MSB)

Data Bytes per Physical Sector = 0200h
Byte 13 (LSB)
Byte 14 |(MSB)

Interleave = 0000h
Byte 15 (LSB)
Byte 16 |(MSB)

Track Skew Factor = 000Fh
Byte 17 (LSB)
Byte 18 |(MSB)

Cylinder Skew Factor = 0016h
Byte 19 (LSB)
Byte 20 | SSEC | HSEC | RMB SURF Reserved = 0000b

=0 =1 =0 =0
Byte Reserved = 000000h
21-23

Figure 16. Page 3

The formatdevicepagecontains parameters whidpecify themedium format.
SSEC Zero. Indicatesthat thedrive does notsupportsoft sectorformatting.
HSEC One. Indicatesthat thedrive supports haragector formatting.

RMB Zero. Indicatesthat themedia is not removable. Fixed Disk.

SURF Zero. Indicatesthat progressive addresses are assigned to all logpkadks acylinder prior to
allocating an addressithin the nextcylinder.
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2.5.6 Page 4 (Rigid Disk Drive Geometry Parameters)

BIT
7 6 5 4 3 2 1 0
Byte 0 RSVD = 0 Page Code = 04h )
Byte 1 Page Length = 16h )
Byte 2 |(MSB)
Number of Cylinders = 0008D6h 8
Byte 4 (LSB)
Byte 5 Number of Heads )
Byte 6 |(MSB)
Starting Cylinder —Write Precompensation = 000000h
Byte 8 (Not used) (LSB)
Byte 9 [(MSB)
Starting Cylinder —Reduced Write Current = 000000h
Byte 11 (Not used) (LSB)
Byte 12 |(MSB)
Drive Step Rate (Not used) = 0000h
Byte 13 (LSB)
Byte 14 |(MSB)
Landing Zone Cylinder (Not used) = 000000h
Byte 16 (LSB)
Byte 17 Reserved = 00 RPL =0 )
Byte 18 Rotational Offset (Not used) = 00h )
Byte 19 Reserved = 00h )
Byte 20 |(MSB)
Medium Rotation Rate = OEDS8h
Byte 21 (LSB)
Byte 22
Reserve = 0000h
Byte 23

Figure 17. Page 4

The rigid disk drivegeometric pagepecifiesvarious parameters for thdrive.

Product ID Number of Heads

H2172-S2 2

H2258-S3 3

H2344-S4 4

RPL Zero. Indicatesthat thedrive does notsupportspindlesynchronization.

SCSICommand Set 25



2.5.7 Page 8 (Caching Parameters)

BIT ]

7 6 5 4 3 2 1 0
Byte 0 PS RSVD=0 Page Code = 08h )
Byte 1 Page Length = 2 )
Byte 2 Reserved ) RCD )
Byte 3 Reserved )

Figure 18. Page 8

The cachingparameterpagedefinesparametershat affect the use of theache.

« A read cache disabl@RCD) bit of zero indicateghat thedrive mayreturn datarequested by &ead
command byaccessing ¢her the cache or the reatheadbuffer, or themedia. A RCD bit of one
indicatesthat thedrive transfers all dataequested by &ead command bgccessing thenedia(that is,
data cannot béransferredrom the cache or reachheadbuffer).

Changeable Parameter Default Value

RCD (Read Cache Disable) 0
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2.6 Mode Select (15)

BIT ]
7 6 5 4 3 2 1 0

Byte O Command Code = 15h )
Byte 1 LUN ) PF=1 ) RSVD = 0 ) SP )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )
Byte 4 Parameter List Length )
Byte 5 VU = 0 RSVD = 0 ) Flag ) Link )

Figure 19.Mode Select (15)

The ModeSelectcommandprovides ameans for the initiator talter LUN or deviceparameters. These
include:

Error RecoveryOption
Formatting Option

There is only one set of modselectparameters shared by all initiators.
PF PageFormat.

0 The mode selegharametersghat follow the header and block descriptors are structured as
page of relategparameters and are apecified instandardANSI| SCSI-2.

1 The mode selegparameters are apecified inSCSI-1(that is, allparametersafter block
descriptors are vendor-specific).

SP Save Pages. This indicates:

0 The drivewill not save the saveable pageghich are sent during the data out phase.
1 The drivewill save the saveable pages in the resemesdh on the disk.

Parameter List Length
This specifies thenumber ofbytes to be senfrom the initiator. A parametelist length of zero
suppresses data transfer and is not considered as an error.

The mode selegharametelist contains a four-byte headefigllowed by zeros or ondlock descriptorfol-
lowed by zeros omore pages ashown in the subsequesections.

2.6.1.1 Application Note

The initiator shouldssue aMode Sensecommandrequesting all changeable valugsee PCF field in byte
two of the CDB in 2.5/'Mode Sensg(1A)” on page 12)prior to issuing aMode Selectcommand. This is
necessary to find ouvhich pages aremplemented by thelrive and thelength ofthosepages. The drive
will return, in thepages of theMode Sensecommand, the number dfytessupported foreach page. The
page length set by the initiator in tidode Selectcommand must be thexact value ashat retuned by the

2 SaveablePage isdefined in 2.5,"Mode Sense(1A)” on page 12.
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drive in mode sense padength. If this is not true, therive will return acheckcondition status with a
sense key ofllegal request. Se@.5,“Mode Sense(1A)” on page 12.

Note: If an initiator sends aMode Selectcommand thathanges anyparametershat apply to otheriniti-
ators, thedrive will generate amnit attention condition for alinitiators except the onéhatissued theMode
Selectcommand. Thearive will set the additionalsensecode to parameters changed (2Ah).
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2.7 Read (08)

BIT ]
7 6 5 4 3 2

Byte 0 Command Code = 08h )
Byte 1 LUN (MSB) LBA )
Byte 2 Logical Block Address )
Byte 3 Logical Block Address (LSB) )
Byte 4 Transfer Length )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 20.Read(08)
The Read commantdequests thalrive to transfer thespecifiednumber ofblocks ofdata to the initiator
starting at thespecified logicalblock address.

Logical block addressspecifies the logicalinit at which the readperationbegins.

Transfer length specifies thenumber ofblocks to be transferred. A value of zero implies 256 blocks are
to be transferred.

Note: Errorrecovery isperformed aspecified by theMode Selectcommand.

3 Block is 512bytes in length.
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2.8 Read Capacity (25)

BIT

7 5 4 3 1 0
Byte O Command Code = 25h )
Byte 1 LUN RSVD = 0 ) RelAdr )
Byte 2 |(MSB) Logical Block Address
Byte 3
Byte 4
Byte 5 (LSB)
Byte 6 RSVD = 0 )
Byte 7 RSVD = 0 )
Byte 8 RSVD = 0 ) PMI )
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 21.ReadCapacity(25)

The ReadCapacitycommandreturns informatiorregarding the capacity of the drive.

RelAdr. A relative address is nadupported. Itmust be set ta@ero.

Logical Block Addressis used inconjunction with the PMI bit.

PMI, Partialmediumindicatorindicates:

PMI
0
1

Note: The drivedoes notsupportPMI=1. Thefile will return thelast logicalblock address of the

Description

The drivereturns thelast logicalblock address of the drive.

The drivereturns thelast logicalblock address on theame track where the LBA in the

command idocated.

This option provides theinformation the initiatomeeds to determine theemount ofspace
available on thesame trackhat isaccessiblevithout headswitching or seeking.

drive even if PMI is set to one.

2.8.1.1 Returned Data Format

The data returned to the initiator in response to ReadCapacitycommand idescribed. The data is

returned in the data in phase.
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BIT
5 4 3 2

Byte
Byte
Byte
Byte

WNFO

(MSB)

Logical Block Address

(LSB)

Byte
Byte
Byte
Byte

~No o b~

(MSB)

Block Length

= 512

(LSB)

Figure 22.Format of ReadCapacityCommandReply

Block Length specifies thdength in bytes of the block. It is set to 512.
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2.9 Read Defect Data (37)

BIT

7 6 5 4 3 2 1 0
Byte O Command CODE = 37h )
Byte 1 LUN ) Rsvd = 0 ) 0 )
Byte 2 Rsvd = 0 )Plist )Glist ) Defect List Format )
Byte 3
Byte 4
Byte 5 Rsvd = 0
Byte 6
Byte 7 Allocation length (MSB)
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 23.ReadDefectData (37)

The ReadDefectData commandequestghat the targetransfers themediumdefectdata to the initiator. If
the target is unable taccess anynediumdefect data iwill return acheckcondition status with theappro-
priate sense key. The sense kejll be set toeithermediumerror (03h) if amediumerror occurred or no
sense(00h) if thelist does notexists. Theadditionalsensecode ofdefect listerror (19h)will be set.

The primarydefect list(Plist) bit set to one indicatethat the targeteturns the primaryist of defects. A
Plist bit of zero indicateshat the targewill not return the primarydefect list of defects.

The growndefect list(Glist) bit set to one indicatethat the targeteturns the growrdefect list. AGlist bit
of zero indicateghat thetargetwill not return the growrdefect list of defects.

With both Plist and Glist bits set t@mne, the targewill return both the primary and growhefect lists.

With both Plist and Glist bits set to zero the targeil returndefect listheader only.

The defect lisformatfield is used by the initiator to indicate thgreferredformat for thedefect list. A defect
list format of “000” (block format), “100"(bytesfrom index format), and “101"(physical sectoformat) are
supported by tharive. If therequested format is nadupported by tharive, it will return thedefect list in
its defaultformat “101".

The drive sendslefect list (defectlescriptors) in a eighityte descriptoformat whichfollows the fourbyte
defect listheader.

The targetwill transfer all of the readlefect data up to thaumber ofbytes allocated by the initiator.

Note: The drivewill terminate the data in phase when the allocation lengthbesstransferred or when
all available defect data hdsentransferred to the initiator, whichever occufisst.

The readdefectdata contains a four byteeader, followed by zeros anore defect descriptors.
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2.9.1 Defect List Header

BIT
7 6 5 4 3 2 1 0
Defect List Header
Byte 0 Rsvd = 0 )
Byte 1 Rsvd = 0 )Plist )Glist ) Defect List Format )
Byte 2 Defect List Length (MSB)
Byte 3 (LSB)

Figure 24.Defect ListHeader

2.9.2 Block Format (000b)

Defect Descriptors J
Byte 0 Zone number )
Byte 1 (MSB)
Byte 2 Absolute Block Address at Zone of Defect
Byte 3 (LSB)

Figure 25.Defect Descriptors of Block Format

2.9.3 Bytes from Index Format (100b)

Defect Descriptors J
Byte O (MSB)
Byte 1 Cylinder Number of Defect
Byte 2 (LSB)
Byte 3 Head Number of Defect )
Byte 4 (MSB)
Byte 5 Defect Bytes from Index
Byte 6
Byte 7 (LSB)

Figure 26.Defect Descriptors oBytesfrom Index Format

The defectbytesfrom index isobtained with thdollowing equation:
Bytes from Index = (Physical Sector Number) * N

Where: N = Bytes per physical sector (581 Bytes)
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2.9.4 Physical Sector Format (101b)

Defect Descriptors J
Byte O (MSB)
Byte 1 Cylinder Number of Defect
Byte 2 (LSB)
Byte 3 Head Number of Defect )
Byte 4 (MSB)
Byte 5 Defective Sector Number
Byte 6
Byte 7 (LSB)

Figure 27.Defect Descriptors of Physical Sector Format

The defect listformat field specifies theformat of thedefect list datareturned by thearget. If the requested
defect listformat and the returnedefect listformat are not the same, the targeill transfer the defect data
and thenterminate thecommand withcheck condition status. Theense keywill be set torecovered error
(01h) and the additionadensecodewill be set todefect listerror (19h).

The defect listengthfield specifies thdength in bytes of thalefectdescriptorshat follow.

If the allocation length isnsufficient to transfer all of the defect defmiors, thedefect listlength will not be
adjusted toreflect thetruncation. The targewill not create a checkondition status.
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2.10 Read Extended (28)

BIT

7 6 5 4 3 2 1 0
Byte O Command Code = 28h )
Byte 1 LUN ) DPO ) FUA ) Reserved ) RelAdr )
Byte 2 |(MSB) Logical Block Address
Byte 3
Byte 4
Byte 5 (LSB)
Byte 6 RSVD = 0 )
Byte 7 |(MSB) Transfer Length
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 28.ReadExtended(28)

The ReadExtendedcommandrequests thalrive to transfer data to thaitiator. The transfer lengttiield
permitsspecifying a largenumber than that of the Read command.

DPO Disable pageout. Must be set tozero, indicatingthat the dataaccessed byhis command may
be cached.
FUA Force unitaccess. Must be set to zero, indicatingthat the dataaccessed byhis command may

be transferredrom the cache or readrom the media.

RelAdr Relative blockaddress. Must be set to zero, indicatingthat thelogical block addresdfield speci-
fies the first logical block of therange oflogical blocks to be operated on by thisommand.
Relative address is n@upported.

Transfer length The number of contiguoublocks to be transferred. If zero specified, no data is trans-
ferred. This is nottonsidered as an error.
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2.11 Read Buffer (3C)

BIT
7 6 5 4 3 2 1 0

Byte O Command Code = 3Ch )
Byte 1 LUN RSVD = 0 Mode )
Byte 2 Buffer 1D )
Byte 3 | (MSB) Buffer Offset
Byte 4
Byte 5 (LSB)
Byte 6 | (MSB) Allocation length
Byte 7
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 29.ReadBuffer (3C)

The ReadBuffer command isused inconjunction with theWrite Buffer command as aiagnosticfunction
for testing the drive's mmory and the SCSI bustegrity. This commanddoes not alter thenedium.

The function of thiscommand and theneaning offields within the command desdptor block depend on
the contents of the modigeld.

Mode Description

000 Read ombinedheader and data
010 Data

011 Descriptor

All others Not supported.

2.11.1 Combined Header and Data (Mode 000)

In this mode, afour-byte headefollowed by data bytes aresturned to the initiator during the data in phase.
The buffer ID and the buffer offsdield arereserved.

The driveterminates the data in phase when allocation length bytes of the header, plus, the dathediave
transferred owhen theheader and alavailable data haveeentransferred to the initiator, whichever occurs
first.

The four-byte readuffer header(SeeFigure 30 onpage 37) is followed by data bytdeom the drive's data
buffer.
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BIT
7 5 4 3 2 1 0
Byte 0 RSVD = 0
Byte 1 |(MSB) Buffer Capacity
Byte 2
Byte 3 (LSB)

Figure 30.ReadBuffer Header

The buffer capacityspecifies thetotal number of datebytesthat areavailable in the drive's data buffer. This
number is notreduced toreflect theallocation length nor is it reduced teflect theactualnumber ofbytes
written using the WriteBuffer command.

Following the readouffer header, thalrive will transfer datdrom its databuffer.

2.11.2 Read Data (Mode 010b)

In this mode, the data in phase contaimsffer data.

Buffer ID

Buffer Offset

Allocation Length

This field must be set ta@ero, indicating the data transfer buffer. dthervalues
are specified, theommand isterminated with acheck condition status. The
drive sets the sense key fllegal request and additionadensecode toillegal
field in CDB.

This specifies the offset of thmmemory spacespecified by the buffer ID. The
initiator should conform to the offset boundaryequirements returned in the
read bufferdescriptor. If the valuexceeds the buffer specified, ttemmand is
terminated with acheckcondition status. Thelrive sets the sense key tigegal
request and additionaensecode toillegal field in CDB.

The drive terminates the data in phase when allocation length bytes of data
have beertransferred owhen theheader and alhvailable data havbeen trans-
ferred to theinitiator, whichever occuréirst.

2.11.3 Descriptor (Mode 011b)

In this mode, a maximum of foubytes of read buffedescriptorinformation are returned. Thdrive returns
the descriptorinformation for thebuffer specified by the buffer ID. (SetRead Data” mode for théuffer

ID.)
Buffer ID

Buffer Offset
Allocation Length

If there is nobuffer associateavith the specified buffer ID, the driveeturns all
zeros in the read buffedescriptor.

This field isreserved.

This must be set to four ogreater. The drive transfers the lesser of the allo-
cation length or four bytes afead bufferdescriptor. The reatbuffer descriptor

is defined inFigure 31 onpage 38.
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BIT
0

7 6 5 4 3 2 1
Byte O Offset Boundary )
Byte 1 |(MSB) Buffer Capacity
Byte 2
Byte 3 (LSB)

Figure 31.ReadBuffer Descriptor

The valuecontained in thebuffer offsetfield of subsequenWrite Buffer and ReadBuffer commandsshould
be a multiple of two to the power of theffsetboundary. The offset boundary &ways set tonine, which
indicates secto(512 bytes) boundaries.
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2.12 Read Long (3E)

BIT

7 6 5 4 3 2 1 0
Byte 0 Command Code = 3Eh )
Byte 1 LUN Reserved CORT RelAdr )
Byte 2 (MSB)
Byte 3 Logical Block Address
Byte 4
Byte 5 (LSB)
Byte 6 Reserved )
Byte 7 (MSB)
Byte 8 Byte Transfer Length (LSB)
Byte 9 VU =0 RSVD = 0 )Flag ) Link )

Figure 32.ReadLong (3E)

The Read Long commanrequests thalrive to transferone block of data to the initiator. The transfer data
includes:

512 bytes ofdata
ECC fielddata

CORT

0 A corrected bit of zero causes thegical block to be readwithout any correction made by the
drive.

1 Not supported by therive. (A corrected bit of one causes the data to be corrected by ECC
before transferring the data to the initiator.)

RelAdr. Relative blockaddress is nosupported by thalrive.
Logical Block Addressfield specifies the logicablock at which the readperationwill occur.

Byte Transfer Length. This field must exactly specify thenumber ofbytes of datathat areavailable for
transfer. If anon-zero bytetransfer length does nanatch theavailable data length, the targetrmi-
nates thecommand with acheckcondition status, theense key is set tilegal request and an additional
sensecode set tanvalid field in CDB. Thevalid and ILI bits are set to one and theformationfield is
set to the difference of theequested lengtiminus theactual length in bytes. Negativealues are indi-
cated bytwo's complement.
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2.13 Reassign Blocks (07)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command Code = 07h )
Byte 1 LUN RSVD = 0 )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )
Byte 4 RSVD = 0 )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 33. ReassigBlocks (07)

The Reassignh Blocksommandrequests thedrive to reassign a logicablock to anavailable spare. The
logical block address is transferred to the dridering the data out phaseOnly one block may bespecified
for relocation per each Reassign Bloaksmmand.

Execution of thiscommanddoesnot causemovement of datdeing reassigned.

Reassignment is completgpon thecompletion of theReassign Blocksommand. Atthis time, thedefec-
tive logical block address habeen added to the growfiG” list) defect list.

This commandcopies thecurrent growndefect list to thedrive's reserved area before thst is updated. If
the command idnterrupted (such as by a power outagh)ring the update of thegrown defect list, the
commandwill automatically put back the currefist from thereserved area at theext power on oreset.

Datacontained at théogical block address being reassigned is not preserved by the drive.

The Reassign Blocksommandattempts toallocate spare blocks on threservedrack for thiscommand.
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Following is the format of the data sent by the initiathuring the data out phase:

BIT
7 6 5 4 3 2 1 0

Byte 0 RSVD = 0 )
Byte 1 RSVD = 0 )
Byte 2 |(MSB) Defect list length = 4
Byte 3 (LSB)
Byte 4 |(MSB) Defective
Byte 5 Logical
Byte 6 Block
Byte 7 Address (LSB)

Figure 34.Format ofReassign Block®ata
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2.14 Release (17)

BIT ]
7 6 5 4 3 2 1 0

Byte O Command Code = 17h )
Byte 1 LUN )3dPty ) 3d Party ID ) Ext=0 )
Byte 2 Reservation Identification = 0 )
Byte 3 RSVD = 0 )
Byte 4 RSVD = 0 )
Byte 5 VU = 0 RSVD = 0 ) Flag ) Link )

Figure 35. Releasé€l?)

The Releaseommand isused torelease a LUNpreviously reserved.

Note: It is not an error for an initiator teelease a LUNthat is notcurrentlyreserved.

3dPty bit indicatesthat:

1 Thisreleaseprocess is for a thirgharty which isspecified by 3dParty ID.

0 Thisreleaseprocess is for the initiatoitself.

3d Party ID specifies the ID of thehird party for which the LUN igeserved.

Extentsmust be 0. Extension is not supported by thiive.

Reservation ldentification must be 0. Extension is not supported.

Extent List lengthmust bezero.Extension is not supported.

4 See 2.16,Reserve(16)” on page 44.
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2.15 Request Sense (03)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command Code = 03h )
Byte 1 LUN RSVD = 0 )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )
Byte 4 Allocation Length )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 36. Reques$ense (03)
The RequesBensecommandrequests thalrive to transfer senseata.

The sensalata isavailable for the followingconditions:

The previouscommand to thespecifiedl _T_L nexus terminated with aheckcondition status.
Other information(for example,medium position) isavailable in anyfields.
The previouscommand to thespecifiedl_T_L nexus ended with a bus free error.

If a RequestSensecommand with aninvalid LUN is received, the driveeturns good status and reports a
sense key ofllegal request and an additionabnsecode oflogical unit not supported.

If the drive has no sense data availableredurn, it returns ssense key of no sense and additional sense
code of no additionatenseinformation.

The sensalata ispreserved by the drive for thmitiator until retrieved by theRequestSensecommand or
until any other command for thesamel_T_L nexus. Sense data is clearagpon receipt of asubsequent
commandincluding RequestSense to thesamel T_L nexus.

Separatesensedata is maintained by thdevice foreach initiator. Therefore, there is no requirement for an
initiator to expeditiouslyclear acheck condition asthis will not affect other initiators in a multi-initiator

system.

The drivewill return thenumber ofbytes in the allocation length or 32 bytes, whicheveless.

5 |_T_L nexus. A nexus whichexistshetween an initiator, a target andl@gical unit.

SCSICommand Set 43



2.16 Reserve (16)

BIT
7 6 5 4 3 2 1 0

Byte O Command Code = 16h )
Byte 1 LUN )3rdPty ) 3rd Party ID ) Ext=0 )
Byte 2 Reservation Identification = 0 )
Byte 3 | (MSB) Extent List = 0
Byte 4 (LSB)
Byte 5 VU =0 RSVD = 0 ) Flag ) Link )

Figure 37. Reservél6)

The Reserveommand isused toreserve a LUN for annitiator. This reservation can be eithfar:

The initiator which sends thisommand.
The third party which ispecified inthis command.

This commandresults in reserving thentire LUN for the initiator until one of théollowing occurs:

The reservation is superseded dgothervalid Reservecommandfrom the initiatorthat made theeser-
vation.

The LUN is released by Releasecommandfrom the same initiator.

A hardresetconditionoccurs. (ASCSI busreset assertion)

A bus device reset message is receifien any initiator.

Power off/onoccurs.

The 3rdPty bit indicatesthat:

1 Thisreservation is for a thirgharty which isspecified by 3rdParty ID.

0 Thisreservation is for the initiatoitself.

The 3rd Party ID specifies the ID of thehird party for which the LUN igeserved.
Note: The LUN may be released only by theitiator who sent the Reservaommand.
Extentsmust be 0. Extension is not supported by thiive.

Reservation ldentification must be 0. Extension is not supported.

Extent List lengthmust bezero.Extension is not supported.

2.16.1 Command Processing While Reserved
When areservation for a LUN is made by an initiator for the same odiHierent initiator (third party
option), thefollowing rulesapply.

If the issuinginitiator is the onethat made thereservation and also the one teceive thereservation
then:

— All commands areermitted.

If the issuinginitiator is neither the on¢hat made theeservation nor the onthat receive the reserva-
tion then:
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- A RequestSense oflnquiry command igpermitted.
— A Releasecommand igpermitted but iggnored.
- All other commandgesult in a reservation conflicttatus.

If the issuinginitiator is the onethat made thaeservation, but is not the one teceive thereservation
then:

- A RequestSense]nquiry, Release or Resernnaommand ispermitted.
— All other commandgesult in a reservation conflicttatus.

If the issuinginitiator is not the onehat made theaeservation, but is the one teceive thereservation
then:

- A Reservecommandresults in a reservation conflistatus.
- A Releasecommand igpermitted but isgnored.
— All other commands arpermitted.

Note: A third party reservation(3rdPty bit equal a one) with the third party ID set to equal the SCSI ID of

the initiatorthat issued theReservecommand is notistinguishableéfrom a Reservecommand with thehird
party bit equal tozero.
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2.17 Rezero Unit (01)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command Code = 01h )
Byte 1 LUN RSVD = 0 )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )
Byte 4 RSVD = 0 )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 38. Rezero Unif01)

The Rezero Unitommandrequestghat thetargetseeks to logicablock address 0.
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2.18 Seek (0B)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command Code = 0Bh )
Byte 1 LUN (MSB) LBA )
Byte 2 Logical Block Address )
Byte 3 Logical Block Address (LSB) )
Byte 4 Reserved )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 39.Seek(0B)

The Seekcommandrequests thalrive to seek to the specified logichlock address.

SCSICommand Set 47



2.19 Seek Extended (2B)

BIT

7 6 5 4 3 2 1 0
Byte O Command Code = 2Bh )
Byte 1 LUN RSVD = 0 ) 0 )
Byte 2 | (MSB) Logical Block Address
Byte 3
Byte 4
Byte 5 (LSB)
Byte 6 RSVD = 0 )
Byte 7 RSVD = 0 )
Byte 8 RSVD = 0 )
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 40.SeekExtended(2B)

The SeekExtendedcommandrequests thalrive to seek to the specified logichlock address.
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2.20 Send Diagnostic (1D)

BIT
7 6 5 4 3 2 1

Byte O Command Code = 1Dh )
Byte 1 LUN RSVD = )SIfTst )DevOfI )UntOfI )
Byte 2 RSVD = 0 )
Byte 3 | (MSB) Parameter List Length

Byte 4 (LSB)
Byte 5 VU =0 RSVD = 0 ) Flag ) Link )

Figure 41. Send Diagnostic (1D)

The Send Diagnosticommandrequests thalrive to perform itsself-diagnostic test.
SIfTst must be 1jndicating defaultself-tests.
DevOfl must be 0jindicatingthat thediagnosticoperations do noaffectsubsequent commands.
UntOfl must be Ojndicatingthat thediagnosticoperations do noaffectsubsequent commands.

Parameter List Length must be set ta@ero.

Upon commandcompletion, thefollowing status is returned:

Good status fosuccessfutestcompletion.
Check condition status farnsuccessful testompletion.
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2.21 Start/Stop Unit (1B)

BIT ]
7 6 5 4 3 2 1 0

Byte O Command Code = 1Bh )
Byte 1 LUN RSVD = 0 ) Immed )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )
Byte 4 RSVD = 0 )Start )
Byte 5 VU = 0 RSVD = 0 ) Flag ) Link )

Figure 42. Start/Stop UniflB)
The Start/Stop Unitommand isused to spin up ostop thespindlemotor.

Immed bit specifies:

0 Status is returned at the end of the operation.
1 Good statuswill always be returnedmmediately after theeommand hadeenreceived. The Test
Unit Readycommand can besed to determine when tldrive becomegeady after aspin-up.

Start bit specifies:

0 Stop the spindle.
1 Start thespindle.

Note: Once the drive ha®ecomeready (after apower on) the Start/Stopnit command can beised
without anyerrors,regardless of thestate of themotor, stopped ospinning.
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2.22 Test Unit Ready (00)

BIT ]
7 6 5 4 3 2 1 0

Byte 0 Command Code = 00h )
Byte 1 LUN RSVD = 0 )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )
Byte 4 RSVD = 0 )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 43.Test UnitReady(00)

The TestUnit Readycommandallows theinitiator to check if thedrive is ready. TheSCSI specification
definesready as thecondition where thedevice will accept a media-accesommand withoutreturning a
checkcondition status.

The drivewill first verify that themotor isspinning at the correctpeed:

If the spindlemotor is notspinning at the correct speed, a chexndition status is returned withsense
key of not ready.
If the motor isspinning at the correct speed, tdéve acceptsnormalmediaaccesssommands.

The TestUnit Readycommand is notintended as adiagnostic. Noself diagnostic is performed by the
device as aesult of thiscommand.

The Test Unit Readgommand haspecial significance fopower segencing using th&tart Unitcommand

with an immediate bit of 1. In thisnode, theStart Unit commandreturns acommandcomplete status
before thecompletion ofmotor spin-up andexpects the initiator tdassue TestUnit Ready commands to
determinewhen themotor hasreached theroperspeed.

Note: The spindle automatically starts mutomatic spin-up mode&The drivedoes not execute angom-
mands other than Test Unit Ready, Inquiry, or Requ&shsecommanduntil the the power orsequence is
complete. Thedrive will return acheck condition status with notready sense key and in process of
becomingready senseode for allother commandsluring thepower on period.

6 See 6.5,'Spindle Mode atPowering On” on page 82.
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2.23 Verify (2F)

BIT

7 6 5 4 3 2 1 0
Byte O Command Code = 2Fh )
Byte 1 LUN RSVD = 0 )Bthhk ) 0 )
Byte 2 | (MSB) Logical Block Address
Byte 3
Byte 4
Byte 5 (LSB)
Byte 6 RSVD = 0 )
Byte 7 | (MSB) Transfer Length
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 44.Verify (2F)
The Verify commandrequeststhat thedrive verify the datawritten on the media. Averification length of
zero indicateghat no datawill be transferred. Thigondition is notconsidered an error.

BytChk indicates:

0 The verification isperformed by ECC check. No data transfieom the initiator is per-
formed. If an ECC error is detected, a chembndition status is returned witbense key set
to medium eror.

1 Byte-by-bytecomparison is not supported.
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2.24 Write (0A)

BIT ]
7 6 5 4 3 2

Byte 0 Command Code = 0Ah )
Byte 1 LUN (MSB)  LBA )
Byte 2 Logical Block Address )
Byte 3 Logical Block Address (LSB) )
Byte 4 Transfer Length )
Byte 5 VU =0 RSVD = 0 )Flag ) Link )

Figure 45. Write(0A)

The Write commandrequests thalrive to write thespecifiednumber ofblocks of data from the initiator to
the mediumstarting at thespecified logicalblock address.

See 2.7,'Read (08)” on page 29 for the parameters.
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2.25 Write Extended (2A)

BIT

7 6 5 4 3 2 1 0
Byte O Command Code = 2Ah )
Byte 1 LUN ) DPO ) FUA ) RSVD ) 0 )
Byte 2 | (MSB) Logical Block Address
Byte 3
Byte 4
Byte 5 (LSB)
Byte 6 RSVD = 0 )
Byte 7 | (MSB) Transfer Length
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 46. Write Extende@®@A)

The Write Extendeccommandrequeststhat the drive writes the data transferrefdom the initiator. This
command igprocessedike the standard Writecommandexceptthat thetransfer length is longer.

A transfer length of zero indicatdbat no datawill be transferred. This condition is notconsidered an error.

DPO

FUA

Disable pageout. Must be set to zero, indicatingthat the dataaccessed byhis command may
be cached.

Force unitaccess. Must be set to zero, indicatingthat the dataaccessed byhis command may
be transferredrom the cache or readrom the media.
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2.26 Write and Verify (2E)

BIT

7 6 5 4 3 2 1 0
Byte O Command Code = 2Eh )
Byte 1 LUN RSVD = 0 )Bthhk ) 0 )
Byte 2 | (MSB) Logical Block Address
Byte 3
Byte 4
Byte 5 (LSB)
Byte 6 RSVD = 0 )
Byte 7 | (MSB) Transfer Length
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link )

Figure 47. Write and/erify (2E)

Write and Verify command requeststhat the drive writes the data transferrefom the initiator to the
medium andverifiesthat the data igorrectly written.

ByteChk the options:

ByteChk Description

0 The data is readback from thedisk andverified using ECC after thesuccessful writeopera-
tion. If an ECC error isdetected in theverify process, a checkondition status is returned
with sense key set tmediumerror.

1 Not supported by thelrive.
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2.27 Write Buffer (3B)

BIT
7 5 4 3 2 1 0
Byte O Command Code = 3Bh
Byte 1 LUN RSVD = 0 Mode
Byte 2 Buffer 1D
Byte 3 | (MSB) Buffer Offset
Byte 4
Byte 5 (LSB)
Byte 6 | (MSB) Parameter list length
Byte 7
Byte 8 (LSB)
Byte 9 VU =0 RSVD = 0 ) Flag ) Link

Figure 48. WriteBuffer (3B)

The Write Buffer command isused inconjunction with theReadBuffer command as aiagnosticfunction
for testing the drive'snemory and theantegrity of the SCSI bus. Thixommanddoes not alter thenedium
of the drive. Additional modes areprovided for downloading microcode and for downloading asaving
microcode.

The function of thiscommand and theneaning offields within the command desdptor block depend on
the contents of the modigeld.

Mode Description

000
010
100
101

Write combinedheader and data

Data

DownloadMicrocode

DownloadMicrocode andSave

All other modes are not supported by thave.

2.27.1 Combined Header and Data (Mode 000b)

In this mode, the data to bansferred is preceded by a four-byte header.

Buffer ID

Buffer Offset

This field must bezero. Ifanothervalues are specifiedjownload functions are
not performed and theommand isterminated with acheck condition status.
The file sets the sense key tilegal request and additionalensecode toillegal

field in CDB.

This field must bezero. If anothervalue isspecified, downloadunctions are
not performed and theommand isterminated with acheck condition status.
The file sets the sense key tilegal request and additionalensecode toillegal

field in CDB.
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Parameter List Length This field specifies thenumber ofbytesthat aretransferred during thelata out
phase. Thismmumberincludesfour bytes ofthat header; the data length stored in
the drive's buffer is the transfer lengthinus four. If the lengthexceeds the
buffer size, thecommand isterminated with acheckcondition status. Thdile
sets the sense key tilegal request and additionadensecode toillegal field in
CDB.

The four-byte header consists of aflservedoytes.

BIT ]

7 6 5 4 3 2 1 0
Byte O RSVD = 0 )
Byte 1 RSVD = 0 )
Byte 2 RSVD = 0 )
Byte 3 RSVD = 0 )

Figure 49. WriteBuffer Header

2.27.2 Write Data (Mode 010b)

In this mode, the data out phase contamsdfer data.

Buffer ID This field must be set ta@ero, indicating the data transfer buffer. dthervalues
are specified, theommand isterminated with acheck condition status. The
file sets the sense key ttlegal request and additionadensecode toillegal field
in CDB.

Buffer Offset This specifies the offset of thmmemory spacespecified by the buffer ID. The
initiator should conform to the offset boundaryequirements returned in the
read bufferdescriptor. If the valuexceeds the buffer specified, ttemmand is
terminated with acheck condition status. Thdile sets the sense key titlegal
request and additionaensecode toillegal field in CDB.

Parameter List Length This field specifies thgparametedist length. Itmust be:

Less than the capacity of the buffsize.
« On a sectoboundary. That is amultiple of 512.
If an invalid value isspecified, thecommand isterminated with acheck condi-
tion status. Thefile sets the sense key tilegal request and additionadense
code toillegal field in CDB.

2.27.3 Download Microcode (Mode 100b)

In this mode, vendor-uniquenicrocode istransferred to thecontrol memoryspace of the drive. After a
power onreset, the drive operategith the newly downloaded condition.

Buffer ID This field must be X 01" . If other value arespecified, nodownload function is
performed and theommand iserminated with acheckcondition status. The
file sets the sense key ttlegal request and additionadensecode toillegal field
in CDB.
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Buffer Offset This specifies the trting address of thdownloaded microcode. Inhust beless
than thecode area irsize, and be on aectorboundary(multiple of 512 byte).
If an invalid value isspecified, thecommand isterminated with acheck condi-
tion status. Thefile sets the sense key tilegal request and additionadense
code toillegal field in CDB.

Transfer Length The total microcoddength must bespecified. Itmust beless than thecode
area insize, and be on aectorboundary(multiple of 512 byte). If aninvalid
value is specified, thecommand isterminated with acheck condition status.
File shall set sense key titlegal request and additionaensecode toillegal field
in CDB.

Note: This process generatesuait attention condition for “Microcode HaBeen Changed”.

2.27.4 Download Microcode and Save  (Mode 101b)

In this mode, vendor-uniquenicrocode istransferred to the drive and saved in thgstemreserved area on
the disk. Thedownloaded code becomedfective after apower onreset,until it is supplanted inanother
download microcode andaveoption.

See 2.27.3'Download Microcode (Mode 100b)” on page 57 for the parameters.

Note: This process generatesuait attention condition for “Microcode HaBeen Changed”.
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2.28 Write Long (3F)

BIT

7 6 5 4 3 2 1 0
Byte 0 Command Code = 3Fh )
Byte 1 LUN Reserved )ReIAd )
Byte 2 (MSB)
Byte 3 Logical Block Address
Byte 4
Byte 5 (LSB)
Byte 6 Reserved )
Byte 7 (MSB)
Byte 8 Byte Transfer Length (LSB)
Byte 9 VU =0 RSVD = 0 )Flag ) Link )

Figure 50. WriteLong (3F)

The Write Long commandrequests thalrive to write one block of data that igransferredfrom the initiator.
The transfedatamustinclude:

512 bytes ofdata
18 bytes of ECC data

Parametersre:
RelAd (Relative Block Address). This is n@upported by thalrive.

Logical Block Addressfield specifies the logicablock at which the readperationoccurs.

Byte Transfer Length. This field must exactly specify thenumber ofbytes of datathat areavailable for
transfer. If anon-zero bytetransfer length does nanatch theavailable data length, the targtgrmi-
nates thecommand with acheckcondition status, theense key is set tilegal request and an additional
sensecode set tanvalid field in CDB. Thevalid and ILI bits are set to one and thieformationfield is
set to the difference of theequested lengtiminus theactual length in bytes. Negativealues are indi-
cated bytwo's complement.
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3.0 SCSI Status Byte

Upon thecompletion of acommand, astatus byte is sent to the initiator. Additions¢nseinformation may
also be availablelepending on theontents of the statusyte. Thefollowing sectiondescribes the possible
values for thestatus byte andensedata.

BIT
7 6 5 4 3 2 1 0

Status Reserved Status Code ) RSVD)

Figure 51. SCSI StatuByte. Format of theSCSI Statusdyte. Thereserved (R) andendor uniqug(VU) fields is set
to zero.

Status Byte Description

00h Good
The command habeensuccessfullicompleted.
02h Check Condition

An error, exception, ombnormal condition has beatetected. The sense data is set by the
drive. TheRequestSensecommand should bessued todetermine thenature of the condi-
tion.

08h Busy
This condition is returned whedisconnectprivilege is notgrantedwhile the drive isbusy
processinganothercommand for theotherinitiator. Thenormalinitiator recoveryaction is
to issue thecommand at dater time, orreissue thecommand andgrant the disconnect
privilege.

10h Intermediate
This status is returned fagvery command in aseries oflinked commands(except the last
command),unless an error, exception, abnormal conditioncauses a checkondition
status or a reservatiooonflict status to beset. If thisstatus is not returned, the chain of
linked commands is broken, and rfarthercommands in the series aexecuted.

18h Reservation Conflict
This status is returned whenever &CSI device attempts toaccess the drive, but it has
beenreserved byanotherinitiator. (See 2.16;Reserve (16)” on pagel4.)
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4.0 SCSI Sense Data

4.1 SCSI Sense Data Format

Format of thesense dataeturned by thealrive in response to th®equestSensecommand.

BIT
7 6 5 4 3 2 0

Byte 0 Valid ) Error Code (70h or 71h)
Byte 1 RSVD = 0
Byte 2 0 ) ILI ) 0 ) Sense Key
Byte 3 (MSB) Information Bytes
Byte 4
Byte 5
Byte 6 (LSB)
Byte 7 Additional Sense Length )
Byte 8 (MSB)
Byte 9 Command Specific Information
Byte 10
Byte 11 (LSB)
Byte 12 Additional Sense Code
Byte 13 Additional Sense Code Qualifier
Byte 14 FRU = 0
Byte 15 |SKSV Sense—Key Specific Bits
Byte 16 Sense—Key Specific Bytes
Byte 17
Byte 18 Vender Unique

-31

Figure 52.Format ofSenseData. Format of the&SenseDatareturned by thalrive inresponse to the RequeSense

command

4.1.1 Sense Data Description

4.1.1.1 Valid Bit

Bit 7 of byte 0.

0
1

The informationbytes are not defined.

The informationbytescontain avalid logical block address.

0 Copyright IBM Corp. 1993
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4.1.1.2 Error Code

Bit 6—- 0 of byte 0.

70h Current error. Thidndicates an error occurred for thoeirrentcommand.

71h Deferred error. This indicateshat the error is for a previouscommand thatalready
returned a good status. Suatommands areassociated with theimmediate bit, or
commandbuffering. Format Unitcommand is arexample of acommand that mayeturn
a deferred gor.

4.1.1.3 Sense Key
Bit 3— 0 of byte 2.

The sense keprovidesgeneric categories iwhich error and exception conditions can be reported. Initiators
would typically use sense keys for higavel error recoveryprocedures.

0 No Sense
There is nosense keynformation to be reported for thiegical unit.

1 Recoverederror
The lastcommandcompletedsuccessfully withsome recovery action performed by thealrive.
More detailedinformation isavailable in theadditionalsensecode.

2 Not Ready
The logical unit addressedcannot beaddressed. More detaileidformation isavailable in the
additionalsensecode.

3 Medium Error
The commanderminated with arirrecoverable errocondition caused by faw in the media or
an error in the recorded data. Mouetailed information is contained in the additionaense
code.

4 Hardware Error
The drive detected an irrecoverableardware errorwhile performing acommand orduring a
diagnostic test. More detailedformation is contained in the additionaénsecode.

5 Illegal Request
There was arillegal parameter in theommand descpitor block or additional parameter supplied
as data. |If aninvalid parameter is found in the CDB, theommand isterminated without
altering themedium. If aninvalid parameter is found in parametesspplied as data, thdrive
might havealtered themedium.

6 Unit Attention
Indicates that the drive entered in theunit attention condition.(See 6.3,“Unit Attention
Condition” onpage 81.)

7-A Not used.
B Aborted Command
The driveaborted the command.
C-D Not Implemented
E Miscompare
Not used.
F Reserved.
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4.1.1.4 Information Bytes

Byte 3- 6
This field is only valid when the Valid bit is aone, and contains thensigned LBA associatedith the sense
key.

4.1.1.5 additional Sense Length

Byte 7.
Indicates the remainingumber ofbytes in thesensedata. (It is set to 18h in thdrive.)

4.1.1.6 Command Specific Information

Byte 8 11.
Not Used.

4.1.1.7 Additional Sense Code/Qualifier

Byte 12 and 13.

12 13 Description

00 00 No additionalsenseinformation
01 00 No index or sector

02 00 No seekcomplete

03 00 Write fault

04 00 Drive not ready. Cause not reportable.
04 01 Drive not ready. In process dfecomingready.
04 02 Drive not ready. Initializingcommandrequired. (StarMotor)

04 04 Format in progress

08 00 Communicationfailure

08 01 Communication time out

08 02 Communicationparity error

09 00 Track following error

10 00 ID CRC error

11 00 Unrecovered read error

14 01 Record not found

15 00 Seekpositioning error

15 02 Datasynchronizatiormark error

17 00 Recovered read dataithout ECCapplied
18 00 Recovered read data with ECC applied

19 00 Defectlist error
A defect listerror occurswhen a dateerror is detectedvhile reading themanufacturingdefect list
or while reading or writing thegrown defect list.

19 01 Defectlist not available

SCSISenseData 65



1A

1B
1C
1D
20

21
24
25

26
26
26
29
2A
31

31
32

3D
3F
40
42
43

44

45

00
00
00

00

00
00
00

00
01
02
00

00

01
00

00
01
80
00
00

00

00

Parametetist length error
The number ojparameters supplied is not equal to teue thecommandallows.

Synchronous dat&ransfer error
Defectlist not found
Miscompare duringrerify operation

Invalid commandoperationcode
This code is also returned when amsupported commandode isreceived.

Logical block address out of range
Invalid field in CDB

Unsupported LUN
The drivesupports LUN Oonly.

Invalid field in the parametelist
Parameter not supported
Parametewalue invalid

Power onreset or bus device resetcurred
Mode selectparameters changed

Medium format corrupted

A format operation was interrupted (power dowmset)prior to completion of a Format Unit
command. The Format Unit command should feeissued andnust completesuccessfully for
this errorcondition to be removed.

Format commandailed

No defectspare locatioravailable

A no defectspare locatioravailable senseode indicateghat theReassign Blockkommand can
not proceed the process because alhilable spare sectors haween used, or itwill exceed
implementation limitation oflefect handling of the drivé.

Invalid bits inidentify message
Microcode has been changed
Diagnosticfailure on RAM
Power on ordiagnostics error

Message rejeatrror
A message rejecerror occurs when an inappropriate or unexpectegssage reject is received
from the initiator or the initiatorejects a message twice.

Internal controller error
An internal controller error occurs when trmntrol microprocessodetects incorrecstatus or
receives an illegatequest from thaleviceelectronics.

Select/re-selectdiled

A select/re-selecterror occurs when the initiatofails to respond to are-selectionwithin 250
milliseconds after the drive gains buwbitration. There-selection isattempted asecond time
before setting select/re-select failsthtus.

7 Refer t06.10,“Media Defect Strategy” orpage 84.
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47
48

49

4A
4B
4C
4E

00
00

00

00
00
00
00

80 01
80 OF
81 00
81 01
81 02
81 OF

SCSl parity error

Initiator detected erromessage received

An initiator detected error occurehen theinitiator detects an error, sendsnaessage to retry,
detects the error again, and sends the remgssage asecond time. Thalrive then setscheck
condition status with Initiator Detected Status.

Inappropriate/illegamessage
An inappropriate orillegal messageoccurswhen theinitiator sent amessagethat either is not
supported or is not in #gical sequence.

Commandphase error

Dataphase error

LUN failed self-configuration

Overlappedcommands attempted

Time out hangduring read/write
Bank RAM code error

Overlay readfail

Invalid overlay version

Improperoverlay sector

Invalid overlay requested

4.1.1.8 FRU (Field Replaceable Unit)

Byte 14.

The FRU (Field Replaceablgnit) field valuewill always be zero.

4.1.1.9 Sense Key Specific

Byte 15 17
The definition of thisfield is determined by the value of th&ense keyield.

4.1.1.9.1 lllegal Request Case:

Error driven pointer is returned.

BIT
7 6 5 4 3 2 1 0
Byte 15 |[SKSV | C/D Reserved ) BPV ) Bit Pointer )
Byte 16 (MSB) Field Pointer
Byte 17 (LSB)

Figure 53. Field PointeBytes

SKSV

C/D

Sense-keyspecific valid

Command/Data

0

1

Indicatesthat anillegal parameter is in the data parameters sent by the
initiator during data out phase.

Indicatesthat anillegal parameter in theommanddescriptor block.
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BPV

Bit Pointer

Field Pointer

Bit Pointer Valid
0 Indicates the bipointerfield is not valid.
1 Indicates the bipointerfield is significant.

Bit Pointer indicateswhich bit of the bytenumber reported irfield pointer is
the bit in error. When anultiple-bit field is in error, thepointer points to the
mostsignificant bit of thefield.

Indicates which bytes of theommand descriptoblock or of the parameter
data was in error. Bytes areumbered starting fronzero, asshown in the
tables describing theommands angharameters. When amultiple-bytefield id
is in error, the pointer points to the@ostsignificantbyte of thefield.

4.1.1.9.2 Recovered, Hardware or Medium Error Case: Actual retry count isreported.

BIT
7 5 4 3 2 1 0
Byte 15 |SKSV Reserved )
Byte 16 (MSB) Actual Retry Count
Byte 17 (LSB)
Figure 54. Actual RetryCountBytes
SKSV Sense-keyspecific valid
0 Indicatesthat actual retrycount is notvalid.
1 Indicatesthat actual retrycount isvalid.

Actual Retry Count

4.1.1.9.3 Not Ready Case:

Actual number ofretriesused inattempting torecoverfrom the error condition.

Progress indication is returnedThesefields are onlydefined for the Format

Unit commandwith the immediate bit set to one.

BIT
7 5 4 3 2 1 0
Byte 15 |SKSV Reserved )
Byte 16 (MSB) Progress Indication
Byte 17 (LSB)
Figure 55. Format Progress Indicati®ytes
SKSV Sense-keyspecific valid
0 Indicatesthat progress indication is notalid.
1 Indicatesthat progress indication igalid.

Progress Indication

Indicates the percent complete in which the returnedue is thenumerator
that has10000h as itslenominator.
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4.2 Priority of Error Reporting

Multiple errors canoccur during the execution of @mmand. Since only oneerror is reported in thesense
data, a priority scheme for determining which errorreport isused. Following are theules forreporting
sensedata:

4.2.1 Hard Errors

« An unrecovered (hard) errawill always bereported inplace of any soft errothat mayhave occurred
during the sam@eperation.

If multiple harderror conditions gist, the firsthard error detectedvill be reported.

4.2.2 Soft Errors

« WhenPER=0,recovered data andon-dataerrors are not reported.

- WhenPER=1, thelast recovered data aron-dataerror is reportedunless an unrecovered error occurs.
In this case, theunrecovered errowill be reported.
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5.0 SCSI Message Set

5.1 Supported Messages

The messagesupported by tharive areshown inFigure 56.

Message CODE Direction Negate ATN
(hex) Before last ACK

Command Complete 00 In —
Synchronous Data Transfer Request 010301 In Out Yes
Save Data Pointer 02 In —
Restore Pointers 03 In —
Disconnect 04 In —
Disconnect 04 Out Yes
Initiator Detected Error 05 Out Yes
Abort 06 Out Yes
Message Reject 07 In Out Yes
No Operation 08 Out Yes
Message Parity Error 09 Out Yes
Linked Command Complete 0A In —
Linked Command Complete (w/Flag) 0B In —
Bus Device Reset ocC Out Yes
Identify 80 —FF In —
Identify 80 —FF Out No
Key: In = Target to initiator, = Out = Initiator to target.

Yes = Initiator negates ATN before last ACK of message.

No = Initiator may or may not negate ACK before last ACK

of message.
—— = Not applicable

Figure 56. Supportedlessages

If an unsupportednessage is received, the drivéll send theMessage Rejeanessage to thaitiator.

5.1.1 Command Complete (00)

The drive sendshis message to thaitiator to indicatethat theexecution of acommand haserminated and
that valid status has been sent to the initiatoAfter successfullysending thismessage, the drive releases all
bus signals and goes to bus frgkase.

5.1.1.1 Synchronous Data Transfer Request (01,03,01H)

Byte Value Description

0 01H Extended message

1 03H Extended message length

2 01H Synchronous Data Transfer Request code
3 TP Transfer period (TP times 4 nanoseconds)
4 xH REQ/ACK offset

Figure 57. SynchronouPataTransfer Request
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A pair of SynchronousData Transfer Request(SDTR) messages, ashown in Figure 57, are exchanged
between an initiator and a target to establish gymchronous datéransfermode between the twalevices.
The message exchange establishes the permissible trgyefied andREQ/ACK offset for asynchronous
datatransfer between the twdevices. Theinitiator may initiate asynchronous dat&ransfernegotiation at
any timeafter the LUN hasheenidentified. The drive initiates aynchronoudransfernegotiation. A Syn-
chronousData Transfer Requestmessage exchange is initiated bySaSI| device whenever a previously
arrangeddata transfer agreement hasecomeinvalid. The agreement becomdsvalid after any condition
which may leave thdatatransfer agreement in an indeterminate statech as

- After a hardresetcondition.
- After a Bus DeviceResetmessage.
- After a power oncycle.

TP The transferperiod is theminimum time allowed betweenleading edges of successive REQ
pulses and ofkuccessive ACKpulses tomeet thedevicerequirements foisuccessfukreception of
data. Thedrive supports 55 othigher, whichimplies a minimum transferperiod of 220nsec.
The datatransfer rate at this rate is 4NB/sec.

REQ/ACK Offset
The ACK/REQ offset is themaximum number of REQ@ulses allowed to beutstandingbefore
the leading edge of itsorresponding ACK pulses igeceived at the drive. REQ/ACK offset
value of zero indicateasynchronous datmansfermode. Thedrive supports up teseven offsets.

If ATN is negated before all bytes of a multiple-byte extendadssage are received, the drive goesBis
Free to signal an irrecoverable er.

5.1.2 Save Data Pointer (02)

This message isent from thedrive to direct theinitiator to copy theactive datapointer to thesaved data
pointer. TheSaveData Pointer message is onlgent if the initiator has previously indicated tladility to
accommodatalisconnection and reconnection via thientify message.

The drive sends the Saugata Pointermessage to thaitiator prior to sending a Disconnect message to the
initiator if a data phase has occurred amdother data phase iequired to successfullycomplete the
command.

5.1.3 Restore Pointers (03)

This message isent from thedrive to direct aninitiator to copy themost recently savedoointers to the
correspondingcommand,data, and status pointersCommand andtatus pointers should bestored to the
beginning of the presedommand andtatusareas. The dataointer should beestored to the value at the
beginning of the data area in the absence ddave Data Pointer message or to the value at tip@int at
which thelast SaveData Pointer messageoccurred. Seé.2,“SCSI Bus Related Error HandlinBrotocol”
on page 78.

5.1.4 Disconnect (04)

This message isent from thedrive to inform an initiatorthat thepresent connection igoing to bebroken.
A later reconnectwill be required in order to complete the curreedmmand. Thedisconnection is to free
the SCSI buswhile the driveperforms arelatively longoperation thatdoes not require thbus. These mes-
sages ar®nly sent if the initiatorpreviously indicated (via the Identify message) the abilityamcommodate
disconnection and reconnection.

The Disconnectmessage may also beent from the initiator to thalrive to disconnect from theSsCSI bus.
If the file supportsdisconnecting at the time the Disconnenessage is receivefllom the initiator, thedrive
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switches to the message phase, send a Discarct message to thénitiator (possibly preceded by 8ave
Data Pointermessage), and then goes to the lftee phase. Thedrive will not participate inanotherarbi-
tration phase for ateast adisconnectiondelay. If the drivedoes notsupportdisconnecting at the time the
Disconnectmessage is receivedom the initiator, thedrive responds bysending a MessagRejectmessage to
the initiator.

5.1.5 Initiator Detected Error (05)

This message isent from an initiator to inform thelrive that anerror has beerdetectedthat does not
preclude thedrive from retrying the previouxommand, data andtatus phase. The source of the error may
be either related to previousctivities on theSCSI bus or may bénternal to the initiator and unrelated to
any previousSCSI busactivity.

If the initiator intends to send thimessage, thénitiator must assert the ATN signaprior to its release of
ACK for the lastbyte transferred in thenformation phasdhat is to beretried. This provides an interlock
so the drive camdetermine which information phase tetry.

After receivingthis message, the drive may retry thpgevious phase bgending aRestore Pointersnessage
to the initiator and then repeating the previcmmmmanddata, or status phase.

5.1.6 Abort (06)

This message isent from the initiator to direct thdrive to clear thepresent operation fothis initiator and
logical unit, including queued commands. If lagical unit has beendentified, allpending data and status for
the issuinginitiator and thislogical unit is cleared and the drive goes to the bus fpd®se. Pending data and
status forother logical unit andinitiators are notcleared. If a logicalunit has not beemdentified, the drive
goes to the budree phase withoutaffecting anoperation on anyogical unit for this initiator or anyother
initiator. In eithercase, nostatus or endingnessagewill be sent to the initiator for thioperation. It is not
an error to send thébort message to a logicalnit that is notcurrently performing armoperation for the
initiator.

Note: It is permissible for an initiator to select thdrive/LUN after the drive haslisconnected from the
initiator, for the purpose ofsending an Identify message followed by Abort message.This will abort the
command on thepecified logicalunit.

5.1.7 Message Reject (07)

This message isent from éher the initiator or thedrive to indicatethat thelast message received wasp-
propriate or has not been implemented.

If the initiator intends to send thimessage, thénitiator must assert the ATN signaprior to its release of
ACK for the REQ/ACK handshake of thenessagdyte that is to berejected. This provides an interlock so
the drive candetermine whichmessage was rejected.

If the drive intends to send thisnessage, thdile changes to the message pase andsends the Message
Reject message to thénitiator prior to transferring anyadditionalmessage bytes (or amther information
phase bytesfrom the initiator regardless of ATN signal. Thiprovides an interlock so the initiator can
determine whichmessage was rejected. After the drive sends a MesRagectmessage and if ATN signal is
still asserted, ireturns to themessage ouphase. The subsequemtessage ouphasebegins withfirst byte
of a message.
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5.1.8 No Operation (08)

This message isent from the initiator to thelrive when theinitiator does not currently have arothervalid
message to send. This message is ignored bydthee anddoes notaffect anyoperation.

5.1.9 Message Parity Error (09)

This message isent from the initiator to inform thelrive that thelast messagdyte received had aarity
error.

If the initiator intends to send thimessage, thénitiator must asert the ATN signaprior to its release of
ACK for the REQ/ACK handshake of thenessagdyte that has theparity error. This provides an interlock
so the drive cardetermine whichmessage byte has thparity error.

If the drive receiveshis messagaunder any othercircumstance, thalrive changes to bus free tsignal an

irrecoverable error. Aftereceiving this message, the drive retries sending of ghevious message to the
initiator.

5.1.10 Linked Command Complete (0A)

The drive sendghis message to thénitiator to indicatethat execution of a linkedcommand(with flag bit
equal to zero) hasompleted andhat valid status has been sent to the initiatoAfter successfullysending
this message, the drive goes tommandphase toreceive thenextcommand.

5.1.11 Linked Command Complete with  Flag (0B)
The drive sendshis message to thanitiator to indicatethat theexecution of a linkeccommandwith flag bit

set to one has completed anldlat valid status has been sent to the initiatoAfter successfullysending this
message, the drive goes tc@mmandphase toreceive thenextcommand.

5.1.12 Bus Device Reset (0C)

This message isent from an initiator to direct thdrive to clear allcurrentcommands. Thisnessage forces
a hardresetcondition whichresets the drive to an initiadtate with no operations pending for any initiator.
After receivingthis message, the drive goes to the bus jpbase.
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5.1.13 Identify (80 - FF)

This message is set by either thtiator or thedrive to establish dogical path connection between the two

devices.

The ldentify message is defined &dlows:

Bit 7
Bit 6

Bits 5-3

Bits 2-0

This bit is always set to one to distinguish the Identify mesdagm othermessages.

This bit is only set to one by the initiator to grant tdeve the privilege ofdisconnecting. If this
bit is zero, thedrive will not disconnect, unless the initiator instructs tleve to disconnect by
sending a Dsconnectmessage to the drive. This bit is set to zero whendhge sends ariden-
tify message to thaitiator.

These bits areeserved andnust bezero for an Identify message.

Note: If an invalid Identify message iseceivedwith these bits not equal to zero, tligive sends
a MessageReject message to thénitiator and goes to the budree phase withsense key set to
illegal request and additionalensecode set tanvalid bits in identify message.

These bitsspecify the logicaunit number(LUN).

Only one LUN can bddentified for any one selectiogequence. If thalrive receives andentify
messageavith a new LUN after the LUN had previouslpeenidentified, the drive goes to the bus
free phase tosignal an irrecoverablerror. The initiator may sendnore than oneldentify
messageduring a selection sequence order to toggle disconnect/reconnect permission if the
specified LUNremains the same.

When theldentify message isent from thedrive to theinitiator during reconnection, an implieRestore
Pointersmessagenust beperformed by the initiator.
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6.0 SCSI System Implementation Information

The protocol in thedrive is fully compliant with theANSI SCSl architecture. Specialnote is made for the
specific SCSlitemsthat are notimplemented by thiSCSldrive.

The implementation of the supportedessagesvill also include the followingunctions.

Retry SCSIlcommand, data in, data out, status phase
The retry is caused by the followingrror condition.

— The drive receivednitiator Detected Erromessageduring or at the conclusion of amformation
transferphase(command, data in, data out, status phase)

Note: The initiator may send the Initiator Detect&iror message as a result of amtiator detected
SCSI Busparity error or an internal error.

Retry message irphase

— The retry is caused by the receipt of a Messd@mrity Error messageimmediately following a
message irphase.

Note: The initiator may send the Messaarity Errormessage as a result of amitiator detected
SCSI busparity error during theanessage iphase.

Receipt of multipleldentify message

— The initiator is allowed to send a multiple ldentifynessage out inorder to toggle the
disconnect/reconnect permission bit. This may be used to selectively enable or disable
disconnect/reconnect permission duripgrtion of a command. Note thahis function does not
affect theoperation of the Forced Disconneftinction.

Message reject during targdisconnection

— If the initiator rejects the Sav®ata Pointermessage, the drive disabldssconnect/reconnect permis-
sion. This is equivalent toreceiving anldentify messageavith bit 6 equal to zero. Thigzauses the
drive to inhibit the pending disconnection.

— If the initiator rejects the Déconnectmessage, the driveill not disconnect but magttempt todis-
connect at alater time. This function may beused to selectively disable disconnection during
portions of a command.

6.1 Attention Condition

The attention conditiorallows aninitiator to inform thedrive that a message ouphase isdesired. The
initiator may create thattention condition byasserting the ATN signal at anyme except during the arbi-
tration or bus fregohases.

The initiator must create theattention condition byasserting the ATN signal least two deskew delag$ore
releasing ACK for the lasbyte transferred in a bughase to guarantethat the attentiorcondition will be
honoredbeforetransition to a new bus phase. Thigll guarantee a predictabldrive response tanessage
receivedduring the message ouphase for thisattention condition. If the ATNsignal is asserted later, it
might behonored in thecurrent bus phase or the next bus phase and mayesuit in the expectedction.

After the initiatorasserts the ATN signal, the drivesponds with thenessage ouphase agollows:
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Current Phase Response

Command Message ouphase occursfter part or all of thecommand descpitor block has been
transferred to the drive. Thmitiator must continue REQ/ACK handshakes during
the commandhase until thedrive enters the message ophase.

Data The message oythase occurgfter part or all of the datdytes havebeentransferred
and not necessarily on a logicdllock boundary. Theinitiator must continue
REQ/ACK handshakes (asynchronotransfer) until itdetects thgphasechange.

Note: In synchronoustransfer, the initiatomust continue sending ACK pulses to
reach anoffset of zero.

Status The message oythase occursifter theREQ/ACK handshake of the status byte has
been completed.

Message In The message oythase occurbefore the drive sendsnothermessage.

Selection If ATN occurs during a selectiophase andoefore the initiatorreleases the BSY

signal, the message ophase occurs immediatebfter that selectionphase.

Re-selection The message ouphase occursafter the drive hasent its Identifymessage fothat
re-selectionphase. (First, thelrive tries tocomplete there-selection.)

The initiator must keep the ATNsignal asserted imore than onemessagebyte is to betransferred during
the message ouphase. Thedrive processegach messagebyte (multiple-bytes for an extendemessage)
prior to receiving thenext messagdrom the initiator. Thedrive continues to handshake amdocess bytes
in the message oythase until ATNgoesfalseunless one of the followingondition occurs:

1. The drive receives aiillegal or inappropriatemessage and goes to the messageplmse to send a
MessageRejectmessage.
2. The drive detects an irrecoveralderor condition andjoes to the bus frephase.

6.2 SCSI Bus Related Error Handling Protocol

6.2.1 Unexpected Bus Free Phase Error Condition

There areseveralerror conditionsthat will cause the drive tammediately change to the bus free phase,
regardless of thestate of the ATNsignal. The drivewill not attempt toreconnect to the initiator t@om-
plete theoperation that was iprogress when the errarondition wasdetected. The initiatoshouldinter-
pret this as arnrrecoverable errocondition.

If the LUN was identified by the driverior to the error condition, thdrive aborts theactive command for
this initiator/LUN and generates sense data fibis initiator/LUN to descibe the cause of the irrecoverable
error. The initiator mayretrievethis sense data by issuing RequestSensecommand tothis LUN. Note
however,that the Requessensecommand mayfail if the irrecoverable errocondition persists.

If the LUN was not identified by the drivgrior to the error condition, therive does notaffect thesense
data or the operation of angurrently executinggommand forthis initiator or anyotherinitiator.
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6.2.2 Message Out Phase Parity Error
If the drive detects garity error during themessage ouphase, thedrive retries the message ophase one
time asfollows:

1. Continue theREQ/ACK handshakes until the initiator drogsTN. The drive ignores all theemaining
message ouphase byteseceived after thearity error.

2. Assert the REG®ignalprior to changing to anyother phase. After detecting thiscondition, the initiator
mustresend all of the previousmessage bytesent during thismessage ouphase.

3. Repeat thdransfer of the message ophase bytes. If thdrive receives all of thenessage bytesuccess-
fully, the drive changes to:

- Any other informationtransferphase andransfer at least onbyte.
Bus free phase if thenessage received wasbort or BusDevice Reset.

If a second parity error is detected, the targébrts the currentommand with acheckcondition status
and senselata of abortedcommand /SCSI parity error.

6.2.3 Message In Phase Parity Error (Message Parity Error)

If the drive receives aMessageParity Error message, it is considered a retrievable error. Thee will do
the following onetime if there was no previousetrievableerror and if amessage irphase has just occurred:

1. Change phase tmessage in.
2. Send thdast message again.

If this is the secondetrievable error, the driveerminates the curremdommand agollows:

1. Change to the bus free phasegardless of thetate of the ATNsignal.
2. Abort theactive command forthis initiator/LUN and set thesense data t@bortedcommand /SCSI

parity error.

6.2.4 Command Phase Parity Error
1. Change phase tmessage in andend aRestore Pointersmessage.

2. If the Restore Pointermessage is accepted, tiphase is changed toommand out and the command is
received again.

If a second parity error is detected, the targborts the currencommandwith a checkcondition status and
sense data adibortedcommand /SCSl parity error .

6.2.5 Data Out Phase Parity Error

If the drive detects arity error during the data out phasewiil do the following one time:
1. Change the phase toessage in andend aRestore Pointermessage.
2. If Restore Pointersmessage is accepted, thbhase is changed to data out and the datadgived again.

6.2.6 Initiator Detected Error Message

An Initiator Detected Erromessage is valid after @ammand, data in/out ostatus phase has occurred. If
the other phase hasccurred, themessage is rejected.

The recovery consists of:

1. Change phase tmessage in andend aRestore Pointermessage.
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2. Repeafprevious information phase.

If a second Initiator DetecteBrror message is received in tteame slection, the targewill abort thecurrent
commandwith checkcondition status and aense key ofabortedcommand withadditional sensecode of
initiator detected error.

6.2.7 Message Reject Message

The drivetakes the followingactionsafter receiving theMessageRejectmessage imesponse to thenessages
listed below.

Disconnect The drivewill not disconnect but remains connected.

Command Complete No error,continue to budree.

Identify Commandaborted - budreed - sense data set to messagject error.

Linked CMD CMPLT Commandaborted -link broken - busfreed - sense data set to messagject error.

MessageReject Commandaborted - status phasxecutedwith a checkcondition - sense data set to
message reject gor.

Restore Pointers Commandaborted - status set toheck condition - sensewill be set with theerror
that caused the RestoRnintersmessage to be issuedAssumingthat error recovery
is in progress).

SaveData Pointer The drivewill not disconnect from thé&sCSI bus. Itwill not be considered an error.

No previous Msg The command isborted, the bufreed, and sense data is set to message reject error.
This occurs when thdrive has notsent amessage, but gets a messaggctfrom the
initiator.

6.2.8 Invalid LUN in Identify Message

There are thredifferent circumstanceglefined within the SCSI protocol when theesponse to arnvalid
LUN will occur. Each ofthese result in @ifferentresponse.

6.2.8.1 Case 1 - Selection message sequence with Inquiry command

The Inquirycommand is asspecial case ir8CSl. It is used taconfigure the bus when drive IDs andJNs
are not known. The propeaesponse is taeturn the inquiry data with @eripheraldrive type of 1Fh which
indicatesthat thespecified LUN is notsupported.

6.2.8.2 Case 2 - Selection message sequence with any other command

Any other commandexceptRequest Senseeturns a checkondition status when amvalid LUN is speci-
fied in the messagesequencefollowing selection. Inresponse to &RequestSensecommand the target
returnssensedata. Thesense key is set tdlegal request and the additionaknsecode is set tdogical unit
not supported.

6.2.8.3 Case 3 - After selection message sequence

It is permissible for the initiator tassuemultiple Identify messagesiuring asingle commandsequencepro-
vided the LUNremains the same. If the LUN is altered, ttgve goes to the bufree phase.
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6.2.9 Re-selection Timeout

When thedrive attempts tore-select theinitiator and the initiator does notespond within aselection
timeout delay, the drivecontinuesasserting the SEL and 1/O signals and releases all data bus signals. If the
drive has notdetected the BSYignal to betrue after at least a selectioaborttime plus twodeskew delays,

the drive releases SEL and 1/O signalBowing the SCSI bus go to the bus free phase. Tindiator that
respond to there-selectionphaseensuresthat re-selection isstill valid within a selection abort time of
assertion of the BSsignal. The drive retriethis processafter 250 msfrom thedrive goes to bus frephase.

6.3 Unit Attention Condition

The drive generates @nit attention condition foeach initiator whenever:

The drive hasbeenreset. This includepower onreset,SCSI busreset, andSCSI busdevice reset
message.

The mode parameters gffect for this initiator has been changed layotherinitiator.

The microcode has been changed.

The Write Buffer command ha®eenexecuted tadownload microcode.
In this case, aunit attention condition isgenerated for all initiators except the onbkat issued the
command.

The unit attention conditioersists for eaclnitiator until that initiator clears thecondition asdescribed in
the following paragraphs.

If the drive receives &ommandfrom each initiator before reporting a checlondition status for a pending
unit attention condition fothat initiator, the drive's responsearieswith the command agollows.

Inquiry The drive executes theommandwith good status angreserves theainit attention con-
dition.
RequestSense If the drive has an availablpending sense data for thénitiator, the drive sends the

pendingsense data and preserves tirdt attention condition for thénitiator.

If the drive does not have an availableending sense data for thanitiator, the drive
sends sense data for themit attention condition analear theunit attention condition
for the initiator.

All Other The driveterminates thecommandwith a checkcondition status angreserve thainit
attention condition.
If the drive receives &commandfrom each initiatorafter reporting a checlkcondition status for a pending

unit attention condition fothatinitiator, the drive's responsearieswith the command agollows.

RequestSense The drive sends the sense data fopendingunit attention condition andeturns good
status. Thedrive clears theunit attention condition for thénitiator.

All Other The drive execute theommand withgood status andlears theunit attention condition
unlessanother unit attention conditioexists. The sensdata for the unit attention
condition islost.
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6.4 Degraded Mode

There arecertain errors orconditions which may impair thelrive's ability to function normally. Rather
than have ahard failure, the drive is designed to be essponsive as possible. mmostcasessome action on
the part of theinitiator may be used to restomormal operation. This mode dimited operation iscalled
degradednode. Thefollowing list shows the variousperation modes.

Operation Mode Reason entering Function Supported Action to
Mode be taken.
Non Functional Fatal error is File is not operational.
detected during No response from the drive
POR. can not be expected.
ROM Waiting for Request Sense Send Start
initializing mode. Inquiry Unit
Failed to load Write Buffer Down-load
microcode. Start/Stop Unit microcode
Test Unit Ready
Read Buffer
Error Format aborted Format Unit Reissue
Non data area access Format
commands
Reassign Block Reassign starts automati — |Wait for
Aborted cally. completion

Figure 58.Degraded Operation Modes

6.5 Spindle Mode at Powering On

The spindlemotor spins up automatically giower on.

When thedrive receives a&ommand inthis mode before therive becomegeady, the drive's responsaries
with the command adollows:

RequestSense The drive sends sense data amdurns appropriate status.
Inquiry The drive sendsnquiry data and returns appropriate status.
All Other The driveterminates thecommandwith a checkcondition statussense key of not

ready, and additionadensecode of powering on.

6.6 Overlapped Commands to an Active LUN

The drive does notsupport thereceiving of asecondcommandfrom the same initiator for the same LUN
before thecurrentcommand inprogress haserminated. If thisprotocol isviolated, the drivewill respond as
follows:

The execution of botlttommands is stoppeisternally and the secondommand iserminated with acheck
condition status. Thesense key generatedill be abortedcommand and theadditional sensecode will
specifyoverlappedcommandattempted.

Note: Only one status is returned fewoth commands.
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6.7 Read Ahead

The readahead functionconsists of reading datthat theinitiator has not requested to thdrive to read.
This function is intended to improve performance for an initiatbat frequently accessesequential data
with successiveSCSI read commands. Theaead ahead function works when theead cache disable bit of
read cache page is set to 0.
The drivecontinues toreadsubsequenltogical blocksinto its buffer until:

« The bufferbecomedull.

The readahead operations continue across mllysicalboundaries (such asacks and cylinders). The
targetwill overwrite the data in the data buffarhich hasalreadybeen sent to the initiator and any data
remaining from a previouseadahead operation.

« The targetreceivesanothercommandexcept:

- Inquiry
- RequestSense
- Test UnitReady

- An error is encountered.
The errorwill not be reported to the initiator. None of the daitacluding good data storedill be used.

If the nextcommand is a Read commarvhich accessesome of theblocks contained in théuffer, the
drive supplies the requested datam the buffer.

6.8 Multiple Initiator Environment

6.8.1 Sense Data

Separatesensedata isreserved foreach initiator. Eachinitiator's sense data isnaintained independent of
commanddrom otherinitiators.

6.8.2 Initiator Mode Select/Mode Sense Parameters

A single shared copy of the mode select/mosenseparameters is maintained by thiive. This includes
both thecurrent andsavedparameters.

6.8.3 Initiator Data Transfer Mode Parameter

A separatadatatransfer modearametemarea is reserved antaintained for each initiator.

6.9 Error Recovery Procedures

6.9.1 Data Error Recovery
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6.9.1.1 Read Operations

If an ID or datafield ECC check when readinglata, or otherelated errorsoccur such as IDaddressnark
not found or dataaddressmark not found(for example, byte syndetection errors), the controller performs
the following error recovery:

Retries byreading thesame track (on track)

Retries byreading thesame track withtrack-offset

ECC correction
The trackoffsets may beaestored to zero at the conclusion of the errecovery process.
If all the retries areexhausted, and the errgersists, the sector imerror is a candidate for inclusion in the
defectmap. (Defects are added to thdefect mapunder hostinitiative only, using the Reassign Blocks

command; thecontroller does not add théefect to the map on itewn).

Whenretries are disabled (via thdode Selectcommand), theabovelisted recoverysteps are notaken. For
ID errors, disabling the retryneans that only oneevolution of thedisk is allowed to locate the target ID.

6.9.1.2 Write Operations

If an ID ECC check, orother related errorsoccur such as IDaddressmark not found(for example, byte
syncdetection error)whenwriting data, the controller performs ttellowing error recovery:

Retries bywriting on thesame track
If all the retries areexhausted, and the errgersists, the sector ierror is a candidate for inclusion in the

defect map. (Defects are added to thdefect mapunder hostinitiative only, using the Reassign Blocks
command; thecontroller does not add théefect to the map on itewn).

Whenretries are disabled (via thdode Selectcommand), theabovelisted recoverysteps are notaken. For
ID errors, disabling the retryneans that only oneevolution of thedisk is allowed to locate the target ID.
6.9.1.3 Positioning Error Recovery

The driveonly attemptspositioningretries (Recalibrates an@&eeks) if the drive positivelyletermineghat it
is on the wrong track by comparing tharget LBA to the LBA valuedrom the sector ID.

In the eventthat thosesector IDscannot beread, the data errarecoveryprocedures are invoked until the
target ID isfound, and it is determinethat the targesector is not on the cylinder, aetries areexhausted.

6.10 Media Defect Strategy

Media defects areskipped by asingle block basis utilizing both dbad block bit” mechanism in the ICfield
and a “push-down’formatting technique.
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6.11 File Format

The drivesformat is subdiided into the following areas:

UserDataArea

CE Cylinder
Systemwork area
Primary Defect Map

The defect map is a list of defectiveectors or blocks, aislentified by the drivemanufacturer. This map
is used durindormat operations but it inever altered.

Secondary Defect Map

The reserved area for grown defectmap. This map is empty at time of manufactur@efect locations
defined by theinitiator with the Reassign Blocksommand arenaintained in thisnap.

SCSI Parameterkist
Configuration, products data, modense anaontroller data aresaved inthis area.
Microcode

The drivemicrocode is contained in theserved area.
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7.0 SCSI Physical Interface

7.1 SCSI Interface Connector Pin Assignments

Signal Name Pin Number ) Signal Name )
+5 1 2 +5
RET 3 4 RET
GND 5 6 —DB(0)
GND 7 8 —DB(1)
GND 9 10 —DB(2)
GND 11 12 —DB(3)
GND 13 14 —DB(4)
GND 15 16 —DB(5)
KEY 17 18 —DB(6)
GND 19 20 —DB(7)
GND 21 22 —DB(P)
GND 23 24 TERMPWR
—ATTN 25 26 —BSY
GND 27 28 —ACK
—RST 29 30 —MSG
GND 31 32 —SEL
—I/0 33 34 —C/D
GND 35 36 —REQ
RET 37 38 RET
+5 39 40 +5

Figure 59. SCSI Drive Cabl8ignallLines

Note: The minussignnext to asignal indicates it is activéow.

7.1.1 Signal Line Descriptions

The SCSI busonsists ofnine control and nine datanles. Eachline is describedelow.

Name
BSY
SEL
C/D
I/0

MSG
REQ
ACK

ATN
RST

Description

Busy indicatesthat the bus is iruse.

Select isused by an initiator to select a target or by a targetdelect arinitiator.
Control/dataindicateswhether control (1) or data (0) information is on the bus.

Input/outputindicateswhether the data on the bus is arput (1) to theinitiator or anoutput
(0) to the target. This line is alsosed to differentiate betweenselectionphase (0) and re-
selectionphase(1).

Message is driven by target and indicates a mesgagse.
Request igdriven by target and indicatesraquest for REQ/ACK datatransferhandshake.

Acknowledge is driven by the initiator and indicates acknowledgement of REQ/ACK data
transferhandshake.

Attention isdriven by an initiator toinform a targetthat theinitiator has amessage ready.
Resetclears allSCSIdevicesfrom the bus andesetsthem.

Note: The target will notdrive this line.
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DB(n) Eight data bits are used twansfer data over thbus. DB (7) is themostsignificant.
DB(P) Parity bitassociated with DB (7-O)Data parity is odd.

7.1.2 Driver/Receiver Specification
The drivesupportssingle endeddrivers and receivers.
7.1.2.1 Output Characteristics.

Each signal driven by the drive has the followingutput characteristics whemeasured at thelrive con-
nector:

Signal assertion 0.0 volt DC to 0.5 volt DC

Minimum driver output capability 48 milliamperes (sinking) at 0.5 volt DC

Signal negation 2.5 volt DC to 5.25 volt DC at 250 micro ampefepencollector)
7.1.2.2 Input Characteristics.

Each signal received by the drive has the followimgput characteristicavhen measured at thdrive's con-
nector:

Signal true 0.0 volt DC to 0.8 volt DC
Maximum total input load - 0.4 milliamperes at 0.5 volt DC
Signal false 2.0 volt DC to 5.25 volt DC

Minimum input hysteresis 0.2 volt DC

7.1.3 SCSI Bus Cable

The maximumcable lengthfrom the hostsystem to thedrive is limited to 15.2centimeters (6 inches) with
external 1K-ohm pull-up resistors.

If the appropriate terminationesistors are externallgonnected to thénterface lines, the cable length can be
extended.

The stublength isless than 1@entimeterq3.9 inches).

7.1.4 Signal Termination

The drivedoes not haveermination nor pull-upresistors for thesCSlinterface.

7.1.5 Device Address Selection
To set the SCSHeviceaddress for drives ®hrough 7, the hossystemmust have a way tocontrol the ID
signal. This address setting is read during processing:

Power up.
RST on SCSI bugreset).

This value is used by thdrive firmware as thelevice ID to:

Respond toselection.
Place thedevice ID on the busluring reconnection.
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Note: Changing the IDsetting afterpower on isignored until RST oranother power on. Thdefault ID of
the shippedrive is 0.

7.1.6 Parity Implementation

The drivesupports oddoarity. Paritychecking may not beurnedoff. When aparity error is detected, the
drive notifies theinitiator to retry thelast operation once. If theerror persists, the drive goesito bus free
phase. (See 6.2,'SCSI Bus Related Error HandlinBrotocol” onpage 78 formore detail.)

7.1.7 SCSI Bus Timings

The driveconforms to theimings asspecified in theANSI SCSI-20ctober 17,1991.

7.1.8 Reset Implementation
The driveimplements the hardesetoption asdefined in theSCSI-2 standard.

The driveresponds to RST bhy:

1. Clearing allcommands for allnitiators, includingcommands in theueue.
2. Releasing alsCSldevicereservations.

3. Generating a unit attention condition.

4. Restoring mode parameters to thkist saved values.

5. Going into bus fre@hase.

Note: If a resetoccurs during a writeoperation, thedrive completes thewrite operation for the current
sector. This is to protect thesectorfrom being partiallyupdated, whichwill later cause an ECC error.

The RST lineshould be heldactive for at least 25 usec to reset the drive. The drhvayever, mayrespond
to a resetwhich isactive forlessthan 25usec.

Action Type Self —Test |Clear Clear Unit ATTN
Command Queue

RST Hardware no yes yes yes

Power On Hardware yes yes yes yes

Bus Device Reset Message no yes yes yes

Abort Message no yes no no

Send Diagnostics Command yes no no no

Figure 60. Matrix of Resets/Abort anSelf Test Actions

7.1.9 Multi-Initiator  Support

The driveimplements “Untagged Queuing” apecified inSCSI-2 tosupport themultiple initiator environ-
ment.

The actual implementation @escribed as following:

Only onecommand foreach initiator may be accepted at a time. If the secoocthmand isgeceived, the
drive responds with a checkondition status andense data obverlappedcommands attemptedBoth
commands ar@borted.

If the disconnectprivilege is notgranted for acommand, othethanthoselisted next, from an initiator
while one ormore commands are iprogressfrom different initiators, the drive responds with busy
status.
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- Test UnitReady
- Inquiry
- RequestSense

The priority of execution is:

1. Test UnitReady, Inquiry or Requestensecommand isexecuted immediatelwithout disconnect.

2. All other commands are queued in tbave internal stack, and are executedkiFO fashion.

3. When alinked command hadeenexecuted, the drive waits for theommandfrom the linked initi-
atorinstead of processing @mmandfrom otherinitiators stacked in therive commandqueue.

4. Separate requesense data iprovided for each initiator.

5. Separatesynchronous data period andfset aresupported foreach initiator bymeans of theSyn-
chronousData TransferRequesimessage.

90 OEM InterfaceSpecifications folBM-H2xxx-Sx (172/258/344 MB)



Index

A

Abort 73
AddressSelection 88
Attention Condition 77
Automatic Spin-Upmode 82

B
Bus Cable 88
Bus Device Reset 74
Bus Free
Unexpected Busree Error
Bus Timing 89

C

CachingParameters 26
CDB 5
Command
Format Unit 6
Inquiry 8
Mode Select 27
Mode Sense 12
Read 29
ReadBuffer 36
ReadCapacity 30
ReadDefectData 32
ReadExtended 35
ReadlLong 39
Reassign Blocks 40
Release 42
RequestSense (03) 43
Reserve 44
Rezero 46
Seek 47
SeekExtended 48
Send Diagnostic 49
Start/Stop 50
Test UnitReady 51
Verify 52
Write 53
Write andVerify 55
Write Buffer 56
Write Extended 54
Write Long 59
CommandComplete 71
Command Set 1
Connector PinAssignment 87

D

Defect List 7
DegradedMode 81

0 Copyright IBM Corp. 1993

78

Diagnostics 49
Disconnect 72
DisconnectParameters 22
Drive/Receiver 88

E

Electrical Interface 86
Error Recovery

SCSI Bus Relatedrror 78
Error RecoveryProcedure 83

F

Format 7

Defect List 7
Format DeviceParameters 24
Format Unit 6

G

Geometry Parameters 25

I_T L nexus 43

ID Selection 88

Identify 75

Initiator DetectedError 73, 79
Inquiry 8

Invalid LUN 9, 80

L
LBA 5
Link Command 4
Flag Bits 4
Linked CommandComplete 74
Linked CommandCompletewith Flag 74
LSB 5
LUN 5

M

Message ParitgError 74
Message Reject 73, 80
Message Set 69
Abort 73
Bus Device Reset 74
CommandComplete 71
Disconnect 72
Identify 75
Initiator DetectedError 73
Linked CommandComplete 74
Linked CommandCompletewith Flag 74

91



Message Setcontinued)
Message Parit§rror 74
Message Reject 73
No Operation 73
Restore Pointers 72
SaveDataPointer 72
SynchronoudData Transfer Request 71
MessageSystemlmplementation 75
Mode Parameter 22, 26
CachingParameters 26
DisconnectParameters 22
Reconnect Parameters 22
Mode Parameters 24, 25
Format DeviceParameters 24
Geometry Parameters 25
Mode Select 14, 27
ParametelList 14
Mode Sense 12, 14
Page ControField. 12
ParametelList 14
MSB 5
Multi-Initiator Support 89
Multiple Initiator 83

N

No Operation 73

O

OperationMode 81

P

Page Format (PF) 27

Parity 89

Parity Error
CommandPhaseParity Error 79
Message InPhaseParity Error 79
Message OuPhaseParity Error 78

Queued I/O 89

R

Re-selection
Time Out 80

Read 29

ReadAhead 82

ReadBuffer 36

ReadCapacity 30

ReadDefectData 32

ReadExtended 35

ReadlLong 39

Read-WriteError RecoverParameter 17
Read/WriteError RecoverParameter 17

Reassign Blocks 40
Reconnect Parameters 22
Redundant Commands 82
Release 42
RequestSense 43
Reserve 44

Reset 89

Restore Pointers 72
Rezero 46

Rigid Disk Drive GeometryParameters

RSVD 5

S

SaveDataPointer 72
SavePages(SP) 27
SaveablePage 27

Seek 47

SeekExtended 48

Send Diagnostic 49
SenseData 61
SignalLine Descriptions 87
Spindlemode 82

Start 50

StatusByte 59

Stop 50
Synchronoudata Transfer Request

T

Termination 88

Test UnitReady 51
Third PartyRelease 42
Third PartyReserve 44

U

Unit Attention Condition 81
Untagged Queuing 89

Vv

Verify 52
VU 5

W

Waiting for Initializing mode 82
Write 53

Write andVerify 55

Write Buffer 56

Write Extended 54

Write Long 59

92 OEM InterfaceSpecifications folBM-H2xxx-Sx (172/258/344 MB)

71

25






Printed in Japan

SC18-2285-00




