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1.0 General

1.1 Introduction

This documentescribes the specifications of the following IBM 3.5 inSICSI drives.

DDRS-39130

— SCSI-3FAST-20 SE50-pin (with SCSI terminator)

— SCSI-3FAST-20 SE68-pin WIDE  (with SCSI terminator)

- SCSI-3FAST-20 SE80-pin SCA-2

- LVD FAST-40 68-pin WIDE (can be usedlso as SCSI-FAST-20 SE)
- LVD FAST-40 80-pin SCA-2 (can be usealso as SCSI-FAST-20 SE)

DDRS-34560

— SCSI-3FAST-20 SE50-pin (with SCSI terminator)

- SCSI-3FAST-20 SE68-pin WIDE  (with SCSI terminator)

- SCSI-3FAST-20 SE80-pin SCA-2

- LVD FAST-40 68-pin WIDE (can be usedlso as SCSI-FAST-20 SE)
- LVD FAST-40 80-pin SCA-2 (can be usealso as SCSI-FAST-20 SE)

Note: The specifications arsubject to changevithout notice.

1.2 References

'draft' ANSI SCSI-2 standard, Revision 10L, J4894 (DocumentX3.1311-1994)
'draft' ANSI SCSI-3 Fast-20, X3T10/1071D

‘'draft' ANSI Palallel Interface-ASPI-2), T10 Project-1142D Revision 19

'draft' ANSI SCSI-3SCAM, X3T10/855D Annex A

Note: The interfaceconforms to the referred documents. The venspecificitems andoptions supported
by the drive are described imach section.
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1.3 Glossary

Word Meaning

Kbpi 1,000Bits Perinch

Mbps 1,000,000Bits per second

GB 1,000,000,00Mytes

MB 1,000,000bytes

KB 1,000bytes unless otherwisgpecified

32KB 32 x 1,024bytes

64KB 64 x 1,024bytes

Mb/sq.in 1,000,000bits per square inch

MLC MachineLevel Control

PFA PredictiveFailure Analysis (Trademark of IBM Corp.)
S.M.A.R.T. Self-Monitoring Analysis andReporting Technology
ADM Automatic Drive Maintenance

SCAM SCSIConfigured AutoMatically

SE SingleEnded SCSI

LVD Low Voltage DifferentialSCSI

1.4 General Caution

The drive can be easilgamaged by shocks or ES(&lectric Static Discharge), so any damages applied to
the drive aftertaking outfrom the shippingpackage omopening of the ESD protective bag are the user's
responsibility.
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1.0 Outline of the drive

Datacapacity 9.1 GB and 4.5 GB
SE models, 50/68/80-pin
LVD models, 68/80-pin (capable twork also as SE)
SCSI-2 Standard
SCSI-3FAST-20 WIDE ( 40Mbytes/sedransfer )
LVD FAST-40 WIDE ( 80Mbytes/sedransfer )
SCSI-3 SCAMLevel-2 support
. TaggedCommandQueuing
Multi-initiator support
512 Bytes/sector
Interleave factor 1:1
« Write Cache
Segmented dathuffer, 6x64KB or 3x128KB on user choice
ECC on the fly
« Automaticerrorrecoveryprocedures for read andrite commands
Self diagnostics ompower on andesident diagnostics
- Automatic Defect Reallocatio
7.5 msecseek time inreadoperation
7200rpm spindleotation.
Closed loopactuatorservo
Dedicated headandingzone
« Automatic actuator lock

Informational Exception€ontrol Page of SCSI-3upport aPFA or S.M.A.R.T. function

Note: PFA which meansPredictiveFailure Analysis isTrademark of IBM Corporation.
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Part 1. Functional Specification
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2.0 Fixed Disk Subsystem Description

2.1 Control Electronics

The drive is electronicallxontrolled by a microprocessoseveral logicmodules, digital/analogue modules,
and variouddrivers and receivers. Theontrol electronicsperform thefollowing major functions:

Conducts a power-upequence and calibrates the servo.
Monitors various timers folheadsettling, servo failure, etc.
« Analyzes servaignals toprovide closed loopcontrol. Thesdnclude position errorsignal andestimated
velocity.
Controls thevoice coilmotor driver to align theactuator onto alesiredposition.
Monitors the actuatoposition anddetermines the target track forseekoperation.
Constantly monitor®rror conditions of theservo and takes correspondiagtion if an error occurs.
Controlsstarting, stopping, and rotatinrgpeed of the spindle.
Controls andinterprets allinterface signalbetween thehostcontroller and thedrive.
Controlsread writeaccessing of the disknedia, includingdefectmanagement andrror recovery.
Performsself-checkout (diagnostics).

2.2 Head Disk Assembly

The headdisk assemblyHDA) is assembled in a cleamom environment and containsdisk andactuator
assembly. Air is constantlgirculated andiftered when the drive igpperational. Venting of the HDA is
accomplished via a breathélter.

The spindle is driven directly by a brushless, sensorlessdbi@ motor. Dynamicbraking is used tetop the
spindle quickly.

2.3 Actuator

The read/write heads armounted in theactuator. The actuator isswing-arm assembly driven by\ice
coil motor. A closed-loop positioning serveoontrols themovement of the actuator. Aembeddedservo
patternsupplies feedback to thgositioning servo to keep the read/write heads centered oveddhieed
track.

The actuatormssembly is balanced to allovertical or horzontalmounting without adjustment.

When thedrive is poweredoff, the actuator automatically moves the head tdedicated landingone
outside of the data area, where thetuator isdocked.
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3.0 Drive Characteristics

This chapter provides theharacteristics of the drive.

3.1 Formatted Capacity

Description DDRS-39130 DDRS-34560
Label Capacity (MB) 9130 4560
Bytes per Sector 512 512
Sectors pefrack 165-264 165-264
Number ofheads 10 5
Number ofdisks 5 3
Number ofLBAs 17,850,000 8,925,000
Total Logical DataBytes 9,139,200,000 4,569,600,000

Figure 1. FormattedCapacity

3.2 Data Sheet

Figure 2. Data Sheet

Buffer to/from media [Mht/sec]

109 to 171

Host to/frombuffer ( Interface transferate )
[Mbyte/sec]

20 (50-pinFAST-20)
40 (68/80-pinFAST-20 WIDE)
80 (68/80-pinFAST-40WIDE)

Data buffer size 384 Kbyte
Number ofbuffer segments 6 x 64 Kbyte

3 x 128 Kbyte
Rotationalspeed RPM] 7200
Recordingdensity Kbpi] 134 (Ave) / 156(Max)
Track density [TPI] 10000
Areal density Mb/sq.in.] 1560 (Max)
Datazone 8
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3.3 Cylinder Allocation

Phys. Cyl. Sectors/Trk

System Area

Data Zone O 0-695 264
Data Zone 1 696-1332 250
Data Zone 2 1333-2181 242
Data Zone 3 2182-3283 231
Data Zone 4 3284-4234 220
Data Zone 5 4235-6602 198
Data Zone 6 6603-8105 176
Data Zone 7 8106-8419 165
System Area

Mode page 03(FormatDevice Parameters) and O(Notch Parameters) providmethods todetermin
medium format and zonparameters. See.9.6,“Page 3(FormatDevice Parameters)” orpage 102, and
7.9.11,“Page 0C(Notch Parameters)” orpage 110.

3.4 Performance Characteristics

A drive performance is characterized by tf@lowing parameters:

CommandOverhead

Mechanical Positioning

- SeekTime

- Latency

Data Transfer Speed

Buffering Operation (Lookahead/Writeache)

Note: All the above parameters contribute tloive performance. There amther parameterthat contribute
to the performance of the actual system. Thpecification tries to define thiearedrive characteristics, not
the systenmthroughputwhich will depend on theystem and the application.
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3.4.1 Command overhead

Commandoverhead iglefined as the time required:

. from last byte ofcommandphase
« to the first byte of datphase
excluding
— Physicalseek time
- Latency time
— Initiator delay withreconnections

Read CommandCasewith 6x64KB buffer (Drive is in quiescencestate) Time
Cache Not Hit <0.40msec
Cache Hit <0.03msec

Figure 3. CommandOverhead

3.4.2 Mechanical Positioning

3.4.2.1 Average Seek Time (Including Settling)

Figure 4. MechanicaPositioningPerformance
Command Type Typical Max
Read 7.5 [msec] 8.5 [msec]
Write 8.3 [msec] 9.2 [msec]

“Typical” and “Max” are giventhroughout theperformancespecification by;

Typical Average of the drivgpopulationtested athominal environmental andoltageconditions.

Max Maximum valuemeasured on any ondrive over thefull range of theenvironmental and
voltageconditions. (See 6.4,'Environment” onpage 39 and 6.6, “D®ower
Requirements” orpage 41 for ranges.)

The seek time isneasured from the start afctuator'smotion to thestart ofa reliable read or write opera-
tion. Reliable read or write impliethat error correction/recovery is not used to corractival problems.
The average seek time iBeasured as theeighted average of apossibleseekcombinations.

max
Z (max+ 1- n) (Tn.in+ Tn.ouf)
Weighted A = n=l
eighted Average (max+ 1) (max)
Where:
max = Maximumseeklength
n = Seeklength (1 tomax)
Tn.in = Inwardmeasuredseek time for an rirack seek

Tn.out = Outwardmeasuredeek time for an nrack seek
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3.4.2.2 Full Stroke Seek

Figure 5. Full StrokeSeekTime
Function Typical Max.
Read [msec] 15.0 16.0
Write [msec] 15.8 16.8

Full strokeseek ismeasured as thaverage of 1000 fulstrokeseeks with aandom head switch from both
directions (inward anautward).

3.4.2.3 Cylinder Switch Time (Cylinder Skew)

Figure 6. CylinderSkew

Typical

Cylinder Skew 2.6 [msec]

A cylinder switch time is defined as themount of timerequired by thedixed disk access the nexequential
block after reading the last sector in tleairrentcylinder.

The measurednethod isgiven in 3.4.7, “Thoughput” onpage 15.

3.4.2.4 Head Switch Time (Head Skew)

Figure 7.HeadSkew

Typical
Head Skew 1.6 [msec]
3.4.2.5 Average Latency
Figure 8. Latency Time
Rotation Time for a revolution Average Latency
7200 [RPM] 8.33 [msec] 4.17 [msec]
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3.4.3 Drive Ready Time

Figure 9. DriveReadyTime
Model Typical Max.
DDRS-39130 15.5 [sec] 19.9 [sec]
DDRS-34560 10.5 [sec] 19.9 [sec]
Ready The condition in which tharive is able toperform a mediaaccesssommand(eg.read, write)

immediately. If acommand igeceivedduring power onbefore ready, the drive ready time
becomedonger than thespecifiedvalue.

Power On  This includes the time required for the interrsalf diagnostics.

3.4.4 Spindle Stop Time

Figure 10. Spindle StopTime
Model Typical Max.
DDRS-39130 12.3 [sec] 14.0 [sec]
DDRS-34560 9.3 [sec] 10.0 [sec]

The period from power off to completstop ofspindle is categolized agperating, andOperating Shock
criteria are applied until completstop ofspindle.
Refer t06.9.3,“Operating Shock” orpage 55.

3.4.5 Data Transfer Speed

Figure 11.DataTransfer Speed

Description Typical
Disk-Buffer Transfer(Zone 0)

(Instantaneous) 16.0 [Mbyte/sec]

DDRS-39130 13.4 [Mbyte/sec]
DDRS-34560 13.3 [Mbyte/sec]

(Sustained)

Disk-Buffer Transfer(Zone 7)

(Instantaneous) 10.0 [Mbyte/sec]

DDRS-39130 8.4 [Mbyte/sec]
DDRS-34560 8.3 [Mbyte/sec]

(Sustained)

Buffer-Host

50-pin FAST-20
68-pin / 80-pinFAST-20 Wide

20 [Mbyte/sec]
40 [Mbyte/sec]

Instantaneouslisk-buffer transferate (Mbyte/sec) islerived by:
(Number ofsectors on a track)*512*(revolution/sec)

Note: Number ofsectors per trackvill vary because of the linear density recording.
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« Sustainedlisk-buffer transferate (Mbyte/sec) islefined by considerinpead/cylinder change time. This
gives alocal average data transfeate. It is derived by:
(Sustained TransfeRate) = A/(B+C+D)

A = (Number of datasectors per cylinder) * 512

B = ((# of Surface per cylinder) - 1) fHeadswitch time)
C = (Cylinder change time)
D = (# of Surface) *(Onerevolution time)

Instantaneou8uffer-Host TransfeRate (Mbyte/sec)defines themaximum dataransfer rate or5CSI
Bus. It also depends on the speed of tist.

The measurememnmhethod isgiven in 3.4.7, “Thoughput” onpage 15.

3.4.6 Buffering Operation (Lookahead/Write  Cache)
At shipment, the total 384Kytes of the buffer is dividedthto 6 segmented blocks.

The segmensize can bechanged byMode Page 8. Se€.9.9,“Page 8 (Caching Parameters)” gage 107
for details.
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3.4.7 Throughput

3.4.7.1 Simple Sequential Access

Figure 12.Simple Sequential Acce®®erformance
Operation Typical Max
SequentiaRead/Write Zone 0 1300 [msec] Zone 0 2086 [msec]
Zone 7 1348 [msec] Zone 7 2172 [msec]

The above tablgives the timerequired to read/write for #otal of 8000x consecutive block$16,777,216
bytes)accessed by 12&ad/writecommands. Typical and Maxvalues are given by05% and 110% of T
respectivelythroughputfollowing performance description.

Note: Assumes dostsystem responds instantaneously.

(A*128)+ B+ C+ 16,777,216/D +512/E  (READ)

= (A*128)+ B+ C + 16,777,216/D (WRITE)
where
= CalculatedTime (sec)
= CommandProcessTime (Pre/PosCommandoverhead)
= Average SeeRime
= Averagelatency
D = Sustained Disk-Buffer Transfdrate (Mbyte/sec)
E = Buffer-Host TransfeRate (Mbyte/sec)
3.4.7.2 Random Access
Figure 13.RandomAccessPerformance
Operation Typical Max
RandomRead 52.2 [sec] 54.7 [sec]
RandomWrite 55.2 [sec] 57.8 [sec]

The above tablgives the timerequired to execute total of 1000xread/writecommandswhich access a

random LBA.
T= (A+ B+ C+ 512/D + 512/E) *4096 (READ)
= (A+ B+ C+ 512/D) *4096 (WRITE)
where

CalculatedTime (sec)

CommandProcessTime (Pre/PosCommandoverhead)
Average Seelime

AveragelLatency

Sustained Disk-Buffer Transfdrate (Mbyte/sec)
Buffer-Host TransfeRate (Mbyte/sec)
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4.0 Data integrity

The driveretains recordeéhformation under all non-write operations.

No more than onesector can be lost bgower downduring write operationwhile write cache is disabled.
If power downoccurs beforeompletion of dataransferfrom write cache to disk while write cache is
enabled, the data remaining in write cacki#l be lost. To prevent this datbbss atpower off, the following
action is recommended:

To confirm successfutompletion of SYNCHRONIZE CACHE(35h) command.

4.1 Equipment Status

Equipmentstatus isavailable to thehostsystem any time thdrive is not ready taead, write, orseek. This
status normallyexists atpower-on time andvill be maintained until thdollowing conditions aresatisfied.

« Accessrecalibration/tuning is complete.
Spindle speed meets requirements ffeliable operations.
Self-check of drive isomplete.

Appropriateerror status is madavailable to thenostsystem if any of the followingondition occursafter
the drive hasbecome eady:

Spindle speedoesoutside of requirements faeliable operation.

“Write fault” is detected.

4.2 Error Recovery

Errors occurring with thalrive arehandled by the errorecoveryprocedure.

Errors that araincorrectablefter application of the errorecoveryprocedures are reported to thest
system as non-recoverable errors.
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5.0 Physical Format

Media defects areemapped to the nexvailable sector during Formdtrocess in manufacturing. The
mapping from LBA to thephysicallocations is calculated by an internalaintained table.

5.1 Shipped Format (PList)

Dataareas ar@ptimally used.
No extra sector is wasted as a spéneoughout user datareas.

« All pushesgenerated byefects areabsorbed byspare tracks of inner zone.

PList Physical Format

N N+1 N+2 N+3
Defect Defect

Skip Skip

Defects areskipped without any constraint, such &ack orcylinderboundary. Thecalculation from LBA tophysical
is doneautomatically by internal table.

5.2 Reassigned Format (GList)

- Total 1750spare sectors are availablestipment. Acylinder for spare sectors fepared inevery 256
cylinders.

Note: There ispossibility to haveG-List entry during thefirst 4 or 6 surfacescan. It is mainly caused by
handlingproblem, and G-Lisentry isnormal maintenance work dfard Disk Drive.

0 Copyright IBM Corp. 1997 19



20 OEM Spec. ofDDRS-3xxxx



6.0 Specification

6.1 Electrical Interface Specification

6.1.1 Connectors
6.1.1.1 Power Connector

Power pinassignment of 80-pin (SCA-2nodel is shown ir6.1.1.5,“SCSI SignalConnector(80-pin SE)”
on page 25 and 6.1.1.85CSI SignhalConnector(80-pinLVD)” on page 26.

Power connector 050-pin modelscomply with theANSI SCSI"A" connectorspecifications.
Power connector 068-pin modelscomply with theANSI SCSI"P" connectospecifications.

Connector of80-pin modelscomply with SFF-8046 Revisiof.1.

Power pinassignment of 50-pin and 68-pin models issdmwnbelow.

yax: 3 Z 1 \\ P]I_n \_:O;i[g %/e

|r N Oy Y O ]I 2 GND

| W N N

! | 3 GND
4 + 5V

Figure 14. Power Connector Pissignments

0 Copyright IBM Corp. 1997
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6.1.1.2 SCSI Signal Connector (50-pin)

The SCSilsignalconnectorcomplies withANSI SCSI-2.

Figure 15. Table ofSignals
PIN SIGNAL PIN SIGNAL
01 Ground 02 -DB(0)
03 Ground 04 -DB(1)
05 Ground 06 -DB(2)
07 Ground 08 -DB(3)
09 Ground 10 -DB(4)
11 Ground 12 -DB(5)
13 Ground 14 -DB(6)
15 Ground 16 -DB(7)
17 Ground 18 -DB(P)
19 Ground 20 Ground
21 Ground 22 Ground
23 Ground 24 Ground
25 Open 26 TRM Power
27 Ground 28 Ground
29 Ground 30 Ground
31 Ground 32 -ATN
33 Ground 34 Ground
35 Ground 36 -BSY
37 Ground 38 -ACK
39 Ground 40 -RST
41 Ground 42 -MSG
43 Ground 44 -SEL
45 Ground 46 -C/D
47 Ground 48 -REQ
49 Ground 50 -1/0
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| 6.1.1.3 SCSI Signal Connector (68-pin SE)

The pin assignments of interfasggnalsconforms toANSI SCSI-3X3T10/855D adollows.

Figure 16. Table ofSignals
Connector Signal Name Connector Signal Name
Contact Contact
Number Number
01 Ground 35 -DB(12)
02 Ground 36 -DB(13)
03 Ground 37 -DB(14)
04 Ground 38 -DB(15)
05 Ground 39 -DB(P1)
06 Ground 40 -DB(0)
07 Ground 41 -DB(1)
08 Ground 42 -DB(2)
09 Ground 43 -DB(3)
10 Ground 44 -DB(4)
11 Ground 45 -DB(5)
12 Ground 46 -DB(6)
13 Ground 47 -DB(7)
14 Ground 48 -DB(P0)
15 Ground 49 Ground
16 Ground 50 Ground
17 TERMPWR 51 TERMPWR
18 TERMPWR 52 TERMPWR
19 (Open) 53 (Open)
20 Ground 54 Ground
21 Ground 55 -ATN
22 Ground 56 Ground
23 Ground 57 -BSY
24 Ground 58 -ACK
25 Ground 59 -RST
26 Ground 60 -MSG
27 Ground 61 -SEL
28 Ground 62 -C/D
29 Ground 63 -REQ
30 Ground 64 -1/10
31 Ground 65 -DB(8)
32 Ground 66 -DB(9)
33 Ground 67 -DB(10)
34 Ground 68 -DB(11)

Note: 8 bit deviceswhich connect to the P-cable should be flolowing signalsinactive (high):
-DB(8),-DB(9),-DB(10),-DB(11),-DB(12),-DB(13),-DB(14),-DB(15),-DB(P1)
All other signals shall beeonnected aslefined.
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6.1.1.4 SCSI Signal Connector

The pin assignments of interfasgnalsconforms toANSI SPI-2 T10 Project 1142D Revision 19 fdlows.

(68-pin LVD)

Figure 17. Table ofSignals

Connector Signal Name Connector Signal Name

Contact Contact

Number Number
01 +DB(12) 35 -DB(12)
02 +DB(13) 36 -DB(13)
03 +DB(14) 37 -DB(14)
04 +DB(15) 38 -DB(15)
05 +DB(P1) 39 -DB(P1)
06 +DB(0) 40 -DB(0)
07 +DB(1) 41 -DB(1)
08 +DB(2) 42 -DB(2)
09 +DB(3) 43 -DB(3)
10 +DB(4) 44 -DB(4)
11 +DB(5) 45 -DB(5)
12 +DB(6) 46 -DB(6)
13 +DB(7) 47 -DB(7)
14 +DB(P) 48 -DB(PO)
15 Ground 49 Ground
16 DIFFSENS 50 Ground
17 Reserved 51 Reserved
18 Reserved 52 Reserved
19 Reserved 53 Reserved
20 Ground 54 Ground
21 +ATN 55 -ATN
22 Ground 56 Ground
23 +BSY 57 -BSY
24 +ACK 58 -ACK
25 +RST 59 -RST
26 +MSG 60 -MSG
27 +SEL 61 -SEL
28 +C/D 62 -C/D
29 +REQ 63 -REQ
30 +1/0 64 -1/0
31 +DB(8) 65 -DB(8)
32 +DB(9) 66 -DB(9)
33 +DB(10) 67 -DB(10)
34 +DB(11) 68 -DB(11)
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| 6.1.1.5 SCSI Signal Connector (80-pin SE)

The pin assignments of interfasggnalsconform to SFF-8046 afllows.

Figure 18. Table ofSignals
Connector Signal Name Connector Signal Name
Contact Contact
Number Number
01 12 Volt Charge 41 12V Ground
02 12 Volt 42 12V Ground
03 12 Volt 43 12V Ground
04 12 Volt 44 MATED 1
05 (Reserved) 45 (Reserved)
06 (Reserved) 46 Ground
07 -DB(11) 47 Ground
08 -DB(10) 48 Ground
09 -DB(9) 49 Ground
10 -DB(8) 50 Ground
11 -1/0 51 Ground
12 -REQ 52 Ground
13 -C/D 53 Ground
14 -SEL 54 Ground
15 -MSG 55 Ground
16 -RST 56 Ground
17 -ACK 57 Ground
18 -BSY 58 Ground
19 -ATN 59 Ground
20 -DB(P0) 60 Ground
21 -DB(7) 61 Ground
22 -DB(6) 62 Ground
23 -DB(5) 63 Ground
24 -DB(4) 64 Ground
25 -DB(3) 65 Ground
26 -DB(2) 66 Ground
27 -DB(1) 67 Ground
28 -DB(0) 68 Ground
29 -DB(P1) 69 Ground
30 -DB(15) 70 Ground
31 -DB(14) 71 Ground
32 -DB(13) 72 Ground
33 -DB(12) 73 Ground
34 5 Volt 74 MATED 2
35 5 Volt 75 5V Ground
36 5 Volt Charge 76 5V Ground
37 (Reserved) 77 ACTIVE LED OUT
38 AUTO SPIN UP 78 DELAYED START
39 SCSI ID (0) 79 SCSI ID (1)
40 SCSI ID (2) 80 SCSI ID (3)

Note: Pin #38,39,40,77,78,79,800rk asLogical OR withjumperpins onOption JumpeBlock.
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| 6.1.1.6 SCSI Signal Connector (80-pin LVD)

| The 80-pin SCA-Z2model uses an AMP connector which is compatible wfRF-8046 Revisior2.1.

| Figure 19. Table ofSignals

| Connector Signal Name Connector Signal Name
| Contact Contact

| Number Number

| 01 12 Volt Charge 41 12V Ground
| 02 12 Volt 42 12V Ground
| 03 12 Volt 43 12V Ground
| 04 12 Volt 44 MATED 1

| 05 Reserved 45 Reserved

| 06 Reserved 46 DIFFSENS
| 07 -DB(11) 47 +DB(11)

| 08 -DB(10) 48 +DB(10)

| 09 -DB(9) 49 +DB(9)

| 10 -DB(8) 50 +DB(8)

| 11 -1/0 51 +1/0

| 12 -REQ 52 +REQ

| 13 -C/D 53 +C/D

| 14 -SEL 54 +SEL

| 15 -MSG 55 +MSG

| 16 -RST 56 +RST

| 17 -ACK 57 +ACK

| 18 -BSY 58 +BSY

| 19 -ATN 59 +ATN

| 20 -DB(PO0) 60 +DB(PO0)

| 21 -DB(7) 61 +DB(7)

| 22 -DB(6) 62 +DB(6)

| 23 -DB(5) 63 +DB(5)

| 24 -DB(4) 64 +DB(4)

| 25 -DB(3) 65 +DB(3)

| 26 -DB(2) 66 +DB(2)

| 27 -DB(1) 67 +DB(1)

| 28 -DB(0) 68 +DB(0)

| 29 -DB(P1) 69 +DB(P1)

| 30 -DB(15) 70 +DB(15)

| 31 -DB(14) 71 +DB(14)

| 32 -DB(13) 72 +DB(13)

| 33 -DB(12) 73 +DB(12)

| 34 5 Volt 74 MATED 2

| 35 5 Volt 75 5V Ground
| 36 5 Volt Charge 76 5V Ground

| 37 Reserved 77 ACTIVE LED OUT
| 38 RMT START 78 DELAYED START
| 39 SCSI ID (0) 79 SCSI 1D (1)
| 40 SCSI ID (2) 80 SCSI 1D (3)

| Note: Pin #38,39,40,77,78,79,800rk asLogical OR withjumperpins onOption JumpemBlock.
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6.1.2 SCSI Cable
6.1.2.1 SE model

The maximumcumulative cable length when usisingle-ended transceivehsuld be 3 metersmplementa-
tions that limit the transfer rate to amaximum of 5 Mbytetransfers pesecond may extend the cumulative
cable length to 6 meters(ANSI SCSI-3X3T10/855D Revisionl5a).

The maximumcumulativesignal pathbetween terminatorshall be 3.0meters when using up to ghaximum
capacitancg25pF) devices. Themaximumcumulativesignal pathlength betweerierminatorsshall be 1.5
meters when usinfrom five to eight maximumcapacitancalevices. (ANSI SCSI-3FAST-20
X3T10/1071D).

6.1.2.2 LVD model

The maximumcumulative cable length when using LVD transceweust be 12meter. For thedletails of
specification refer to ANSI SCSIParallel Interface-ZSPI1-2) T10 Project 1142D Revision 19.

6.1.3 SCSI Bus Terminator
6.1.3.1 SE model

Single-ended 50 and 68 pmodels havectiveterminationfeature. Thefunction can be enabled by
installing ajumperbetween pins 13 and 14 of tHeamperblock, or connecting pins 9 and 10 of tlexiliary
connector on 68 SCSI pin modelSystem is responsible for making suteat all requiredsignals areermi-
nated at botrends of the bus cable.

Term.power (#26 pin 060pin model, #17,18 pins of 68pimodel) is provided bydrive 5V supply through
currentlimiter and shotky diode, and interntdrminator isalso driven by thigpowerline. It is not change-
able.

The 80-pin (SCA-2)modeldoes nothave internakterminator.

6.1.3.2 LVD model

Both 68-pin and 80-pin of LVDmodelhave notSCSI Terminator nor Terminator Power.

It is user responsibility to make sutbat all requiredsignals areadequately terminated at both ends of the
bus cable.

6.1.4 Hot Plug / Unplug
The 80-pin (SCA-2)model supports Hot Plug/Unplug.
The 50-pinmodel and68-pin model do notsupport Hot Plug/Unplug.
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6.1.5 SCSI Bus Electrical Characteristics
| 6.1.5.1 SE model

The interface logic signals has the following electrical specifications:

[nputs Input High Voltage =
Input Low Voltage

Output High Voltage =
Output Low Voltage

2.0 V min.
= 0.8 V max.
Outputs : h Impedanc

Hig
= 0.5 V max./10=48mA

Figure 20.Logic Signal Levels

| 6.1.5.2 LVD model
| SCSI BusElectrical Characteristics of LVDnodels comply withANSI SPI-2 T10 Project 1142D Revision
| 19.
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6.1.6 Auxiliary Connector on 68-pin Model

The 68-pin modelxontainAuxiliary Connectorbetween power connector are@-pin SCSI connector in
addition toOption JumpemBlock. The setting aDption JumpemBlock and the AuxiliaryConnector work
as logical OR. The driveonforms SFF-800®Rev3.0.

« Pin #1,3,5,7specifySCSI-ID as-DASO0,1,2,3.Tie-down to the ground is tassert.
- Pin #2,4,6,12 are reserved, anldosild be open.
- Pin #8 is for external LEDcathod.

If pin #9 is tied-down to the ground on SE model, SCirminator isenabled.

—DAS3

—DAS? SCSI ID
Enable SE SCSI| Terminator —DAgl
+5V ‘ ,— —DASO

7 5 3 1

(Reserved) |— Reserved
GROUND Reserved
LED Cathod Reserved

Note: Pin #9 is valid only for SE model.
LVD model has no terminator.

Auxiliary Connector
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6.2 Option Jumper Block

The 12 positiongumperblock shownbelow is used to select theCSldevice 1D, Auto spin upoption
control, Unit Attentionoption control, SCSI terminato©® N/OFF setting,Auto startdelayoption control
and SCSilparity option control. Italso provides an externdlight Emitting Diode connection.

Some of the abovédems can be alsaontroledthroughAuxiliary Connector aslescrived in 6.1.6,Auxiliary
Connector on68-pin Model” on page 29.These controls work alegical OR betweenOption JumpeBlock

and Auxiliary Connector.

DC power
Connector
Auxiliary Logic card
Connector
, Position# 1
SCSI 68—pin .
Connector <—O0ption Jumper
Block
Position# 12

Position#: 12 11 1 0 9 8 7 6 5 4 3 2 1
- Pin#: 1 3 5 7

©
—
—
—
w
—
o1
—
~
—
©
o
—
[}
w

Logic Card

Pin.: 2 4 6 8 10 12 14 16 18 20 22 24

Disk Enclosure

Figure 21.JumperPins

Note: The pin alocation is not compatible with previous IBNDDs such as DPES-xxxxx, DALS-XXXXX.
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Note :

( x) shows Position Number

GROUND——F— 23

(1) 24

(2) 22

(3) 20

LED Anode — 1

Note : 80 —pin models

— —DAS3  —

— —-DAS2 —

— —-DAS1 —— SCSI ID

— -DAS0 —

—— Enable Auto Spin Up (50/68 —pin)

Disable Auto Spin Up (80

—— Enable SCSI Terminator (SE 50/68  —pin)
Force SCSI SE Mode (LVD models)

—— Disable Unit Attention

—— Enable TI -SDTR (50—pin)
Enable TI —SDTR/WDTR (68/80—pin)

—— Enable Auto Start Delay

—— Delay Start 6/12

—— Disable SCSI Parity Check

—— LED Cathod

have no default jumper.

shows default setting at shipment
of 50/68 —pin models.

shows default setting at shipment
of SE 50/68 —pin models.

—pin)

Figure 22. OptionJumperBlock Assignment
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6.2.1 Jumper Signal Description

Throughoutthis paragraph ONneans a shunt jumper isstalled and OF Fneans that no shunt jumper is
installed.

6.2.1.1 Device address select lines. (-DASOQ, -DAS1, -DAS2, -DAS3)

These fourines definesdDDRS-3xxxx device ID on theSCSI BUS. -DASO is thdeast significant bit and
-DAS3 is the mossignificant bit. Device ID is defined as follows.

-DAS3 -DAS2 -DAS1 -DASO
Position # —> (1) (2) (3) (4) Device ID
off off off off 0 < —Shipping
off off off on 1 default
off off on off 2 of
off off on on 3 80 —pin
off on off off 4
off on off on 5
off on on off 6 < ——Shipping
off on on on 7 default
on off off off 8 of
on off off on 9 50 —pin/68 —pin
on off on off 10
on off on on 11
on on off off 12
on on off on 13
on on on off 14
on on on on 15
Note: 50 —pin model does not use  —-DAS3, and only Device ID's 0 through 7
can be assigned.

Figure 23. SCSDevice ID

6.2.1.2 Position 5 on 50/68-pin models (Enable Auto Spin up)
If a shunt jumper ignstalled, the drivewill spin up automaticallyafter power onreset. Ifshunt jumper is
not installed, the drivevill not spin up unless &TART UNIT command igeceived.

Note: The drive may nospin upwhile SCSI Bus isdisconnected and intern&rminator isdisabled.

6.2.1.3 Position 5 on 80-pin models (Disable Auto Spin up)
If shunt jumper is notnstalled, the drivewill spin up automaticallyfter power onreset. If ashunt jumper
is installed, the drivevill not spin up unless &TART UNIT command igeceived.

6.2.1.4 Position 6 on SE models (SCSI Terminator ON)

If a shunt jumper isnstalled on50/68-pindrive, theinternalterminator on thelrive works.
80-pindrive has notinternal terminator.

6.2.1.5 Position 6 on LVD models (Force SCSI Single-End Mode)
If a shunt jumper isnstalled, the drive is forced twork asSingle-End mode drive.
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6.2.1.6 Disable Unit Attention. (Position 7)

Groundingthis pin (jumper on)enablescontrol of UAI (Unit Attention Inhibit) bit inMode Page 0.

6.2.1.7 Enable TI-SDTR (50-pin) / Enable TI-SDTR/WDTR (68,80-pin)

Groundingthis pin (jumper on)enables the following.

« Target Initiated WideData TransferRequest Negotiation (68,80-pin)
« Target InitiatedSynchronoudata TransferRequest Negotiatios0,68,80-pin)

6.2.1.8 Auto Start Delay & Delay Start 6/12 (Position 9 & 10)

The AutoStart Delay and Delay Start 6/12 pins control when and howdinee canspin up, with the
combination of Enabléuto Spin Up(Position 5). When both Auto Spin up and AutStartDelayis are
enabled, thalrive startwill be delayed by geriod of time multiplied by its owrSCSladdress. IfAuto Spin

up is disabled, thespimperswill be ignored.

Enable Auto Delay

Auto Start Start

Spin up Delay 6/12

Position # — (5) (9) (10) Option

off (50/68 —pin) any any Drive will Not spin up
on (80 —pin) Requires Start Unit command
on (50/68 —pin)  off off Spin up immediately after POR
off (80 —pin)
on (50/68 —pin) on off Sgin up 6 seconds multiplied
off (80 —pin) y SCSI address after POR
on (50/68 —pin)  on on Spin up 12 seconds multiplied
off (80 —pin) by SCSI address after POR

Figure 24. DisabléAuto Spin Up ,AutoStart Delay & Delay Start
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6.2.1.9 Disable SCSI Parity Check (Position 11)

Groundingthis pinwill disableSCSI Paritychecking.

6.2.1.10 LED pins (Position 12)

The LED pins are used tdrive anexternal LightEmitting Diode. Up to 30 mA oSink current capability

is provided. The LEDAnode must bdied to thecurrentlimited +5 V source provided on Pin #1 of the
Option JumpeBlock. The LED Cathode is themonnected to the Pin #2 to complete ttiecuit.

+5V

0

|

>

< 620 Ohm

>

| 0 Pin #1 for LED Anode
/| 0 Pin #2 for LED Cathod
\

L

11

Figure 25. LEDCircuit
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6.2.2 Shipping Default
No jumper is set ashipping default on 80-pin models.
SCSI ID is set to #6 ashipping default on 50/68-pin models.

SCSI terminator i€nabled as shipping default on SE 50/68-pin models.
Auto Spin up isenabled on all models.

Shipping Default Setting of SE 50/68 —pin.

Position # :
12 11 10 9 8 7 6 5 4 3 2 1

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Shunt jumpers are installed at position 2,3,5 and 6 as shipping default

of SE 50/68 —pin model. No shunt jumper is installed on 80 —pin model.

Figure 26. DefaullumperSetting of SE50/68-pin

Shipping Default Setting on LVD 68 —pin.

Position # :
12 11 10 9 8 7 6 5 4 3 2 1

Shunt jumpers are installed at position 2,3 and 5 as shipping default of
LVD 68—pin model. No shunt jumper is installed on 80 —pin model.

Figure 27. DefaullumperSetting of LVD 68-pinmodel
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6.3 LED Circuit

Jumper pin #1 and #2 angsed todrive anexternalLED.
Instead of the thgumper pins, thefollowing pins can be used tdrive LED.

« 68-Pin Model : Auxiliary Connector Pin #8 and11.
« 80-Pin Model : SCA-2Connector Pin #77 as shown &3.3,“80-Pin Model” on page 38.

The schematics of LED circuit on eachodel are agollows.

6.3.1 50-Pin Model

DDRS-39130 / DDRS-34560 50 —Pin Model

+5V
0

>

< 620 Ohm
>

0 Jumper Pin #1 for LED Anode

| 0 Jumper Pin #2 for LED Cathod

Figure 28. LEDCircuit of 50-PinModel
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6.3.2 68-Pin Model

DDRS-39130 / DDRS-34560 68 —Pin Model

5V
O sy
Auxiliary ;
Connector Pin #11
0
for LED Anode
>
< 620 Ohm
>
Jumper Pin #1
for LED Anode
0
| ——0
/ Jumper Pin #2
for LED Cathod
' ;
>
< 150 Ohm
>
Auxiliary ;
— Connector Pin #8
11 0

for LED Cathod :

Example of Usage
at System Side

\ | LED

Figure 29. LEDCircuit of 68-PinModel
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6.3.3 80-Pin Model

+5V

+5V
0

>

< 620 Ohm
>

DDRS-39130 / DDRS-34560 80 —Pin (SCA —2) Model :

Jumper Pin #1
for LED Anode

0

0

Jumper Pin #2
for LED Cathod

SCA-2 Connector Pin #77 '

0
for LED Cathod

: Example of Usage

at System Side

+5V
0

>

< 150 Ohm
>

Figure 30. LEDCircuit of 80-Pin(SCA-2) Model
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6.4 Environment

Figure 31. Environmental Condition
Operating Conditions

Temperature 5 to 55[°C] (Seenote)
RelativeHumidity 8 to 90 [% RH]non-condensing
Maximum WetBulb Temperature 29.4[°C] non-condensing
Maximum Temperature Gradient 15[°C / Hour]
Altitude —300 to 3048 [m]

Non-Operating Conditions
Temperature - 40 to 65[°C]
RelativeHumidity 5to 95 [% RH]non-condensing
Maximum WetBulb Temperature 35[°C] non-condensing
Maximum Temperature Gradient 15[°C / Hour]
Altitude —300 to 12,000 [m]
Note:
The system has to providaufficient ventilation to maintain aurfacetemperature below 60[°C] at the
center ofdrive top cover.
Non-Operating Condition should not continue beyond gear.
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6.5 Cooling Requirements

The system has to providaufficient ventilation to maintain asurfacetemperature below 60°C at theenter

of the top cover of the drive.

The system has to providaufficientventilation to keep thdimits of componentemperature as shown

below.

Figure 32. Maximum Allowable Module SurfaceTemperature

Module Name Location Maximum Allowable Surface Temperature
MPU + HDC 1 85°C
DRAM 2 90°C
SCSI Terminator 3 90°C
VCM + Spindle Driver 4 90°C
Cannel 5 90°C

o
B o €
TINATEARD_ < # 8

o= :
B« [ e (e 0
a 1| P o, FE
5 i 3 L I—EEa
g / E =k ==
= / E ucsEr =10
= A E "S5 —EE
a= B BE T
g= E- 2%
L= B Edd a3 i |
i8g E o\
= ORI = 1’
i o ;
B :

<8}

Figure 33.Module Location
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6.6 DC Power Requirements

Connection to the product should be madesdalated secondary circui{SELV). Thefollowing voltage
specification is applied at theower connector of thdrive.

No specialpower on/off sgquencing is required.

Figure 34.Input Voltage
During run and spin up Absolute max spike voltage Supply rise time
+5 Volts Supply 5V +/- 5% v 0 - 200 ms
+12 Volts Supply 12V +/- 5% (*1) 15V 0 - 400 ms
Figure 35. PoweiSupply Current of DDRS-3913@vith SCSITerminator Enabled
+5Volts +12Volts Total
(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev W)
Idle Average 0.32 0.01 0.45 0.01 7.1
Idle ripple (peak-to-peak) 0.21 0.01 0.55 0.03
Seek average (*2) 0.40 0.01 0.95 0.02 13.3
Start up (max) 0.27 0.01 2.00 0.03
Random R/Wpeak (*3) 0.80 0.02 1.68 0.03
Random R/Waverage (*3) 0.56 0.01 0.70 0.02 11.2
Figure 36. PoweiSupply Current of DDRS-3456Qvith SCSITerminator Enabled
+5Volts +12Volts Total
(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev (W)
Idle Average 0.31 0.01 0.31 0.01 5.30
Idle ripple (peak-to-peak) 0.17 0.01 0.41 0.03
Seek average (*2) 0.40 0.01 0.85 0.02 12.23
Start up (max) 0.27 0.01 2.00 0.03
Random R/Wpeak (*3) 0.75 0.01 1.55 0.02
Random R/Waverage (*3) 0.54 0.01 0.60 0.01 9.9

Notes:

1. 12V +/- 7% is acceptable during spin up, but the spin up time is not guaranteed.
2. RandomSeeks a61.3% dutycycle.
3. SeekDuty = 47%, W/R Duty = 53%]dle Duty = 0%.
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Figure 37. PowelSupply GeneratedRipple at DrivePower Connector
Maximum Notes
+5V DC 100 [mV pp] 0-10 [MHZz]
+12Vv DC 150 [mV pp] 0-10 [MHZz]

During drive start up andseeking, 12volt ripple is generated by thdrive (referred to aslynamic loading). If
severalfiles have theirpowerdaisychained together then the power suppigple plusotherdrive'sdynamic
loading mustremain within the regulation tolerance of0t5%. A commonsupply with separatpower
leads toeachdrive is amore desirablemethod ofpower distribution.

To prevent external eléxdcal noisefrom interfering with the drive'performance, tharive must be held by

four screws in a user system frame which has notated level difference at the four screvmsition, and has
less than + 300milivolts peak to peakevel difference to thalrive power connector ground.

6.6.1 Start Up Current
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Figure 38.Typical Current WaveForm of 12V atStart Up ofDDRS-34560
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6.7 Reliability

6.7.1 Contact Start Stop (CSS)

The drive is designed twithstand aminimum of 40,000contact start/stogycles at 40°C withl3-25%rela-
tive humidity.

The drive is designed taithstand aminimum of 10,000contact start/stogycles atoperating environment
conditionsspecified in 6.4,'Environment” onpage 39.

6.7.2 Data Reliability

Probability of notrecovering data ....... 1 in 10bits read
ECC On-The-Flycorrection, performed as gart ofread channel functiormecovers up to 13ymbols of
error in 1 sector. (kymbol is 8bits.)

6.7.3 Seek/ID Mis-compare Errors
A non-recoverableseek/ID mis-comparerror isdefined as a seetperation that cannot beorrected by
fixed disk error recoveryprocedure. Seek erroroccurring forfield format operations areonsidered to be

non-recoverable.

No drive hasmore than onenon-recoverableseek/ID mis-comparerror per 5 milionseekoperations (1 in 5
x 10°) when operated at thiill range of voltage anénvironmental conditions.

Non-recoverable seek/ID mis-compagerors indicate alefective drive.

6.7.4 Equipment Errors
A recoverableequipmenterror is any erroother than a seek/ID mis-compaeeror or read errothat is
detected and corrected by tlleive error recoveryprocedure. Examples are Writeault, Drive Not Ready

and internaldrive errors.

No drive hasmore than oneecoverableequipmenterror per 18 reads, 10writes or 10 seeksoperations
when operated at thill range of voltage anénvironmental conditions.

Non-recoverableequipmenterrors indicate alefective drive.

6.7.5 Failure Prediction ( PFA/ S.M.AR.T)

DDRS-3xxxx supports Informational Exceptio@ntrol Page (1C)efined inSCSI-3. The function enables
the drive toreportsense codes &FAILURE PREDICTION THRESHOLD EXCEEDED to thbost
system.

The page 1Gpecifiesenable/disable, reportingnethod, and report count.

In case the drive exceeded the failure predictibreshold, thedrive returns CheckCondition on any
command. Then, pespecifiedreportingmethod in ModePage 1C0/5D/00, 1/5D/00 or 6/5D/00 asense
key/code/qualifire is sent to thieost as aesponse oRequestSensecommand.

As the default, thdunction is enabled but no reporting of informational exception condition is made.

The details are described in 7.9.1®age 1C (Informational ExceptiorBontrol)” on page 113.
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6.7.6 Automatic Drive Maintenance (ADM)
ADM function can be enabled b ADM bit in Mode Page 0, and thehipping default is disable

ADM function is equipped to enhance theliability in continuoususage.

ADM function is to perform a CSS automaticalafter detection ofidling time for 1 minute atintervals of 1
week.

The details are described in 10.19.1°Automatic Drive Maintenancg ADM)” on page 197.

6.7.7 Preventive Maintenance

None.
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6.8 Mechanical Specifications

6.8.1.1 50-pin Model

6.8.1 Outline

Yu/

Y
A\ “M

S

\/
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Figure 39. Outline of 50-pinModel



6.8.1.2 68-pin Model

O (DON'T COVER)

Figure 40.Outline of 68-pinModel
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6.8.1.3 80-pin Model

O (DON'T COVER)

Figure 41.Outline of 80-pinModel

Specification 47



6.8.2 Mechanical

Dimensions

The following chartdescribes thelimensions and thaeight.

Figure 42.PhysicalDimension

Height [mm)] 254 +04
Width [mm] 101.6 £ 0.4
Length [mm] 146.0 + 0.6
Weight [gram] 630 Max.

25.4+0.4
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* DO NOT BLOCK
THE BREATHER HOLE.

Figure 43. Mechanical Dimension
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6.8.3 Interface Connector

6.8.3.1 50-pin Model

PIN 1
o ) __ . N
=+ I / 2
in ~
o _ i
Al J—
. = R ===
- 2.54%0. 1 TYPZ
3 L ] . ’r' B j.qio 5
o I/’ - -
|r;_ / {2¥Y © naln 1
- II - - \IA )] DeUOIVa |
PIN 2
32.21+0.5
e Iy

TOP

Figure 44. Interfac&onnector(50-pin Model)
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6.8.3.2 68-pin Model

1.27 £0.1 TYP 51.3

LI-US iOBS
+0. 1

—

=

w /
L m (]
—] L e — I_|{nnnn
. et
o
PIN 68 i~
o 10.4 +0.5
H = .
A (3X) 5.08 $0.1
d - -
2 x0.1TYP 32.5 0.5
TAD
AV

Figure 45. Interfac&onnector(68-pin Model)
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6.8.3.3 80-pin Model

™
= PIN 41
=+
<2
ﬁ_ N
J_
| ~_
\l A [:lﬂ||||||||||||||||uu||||||||||||||||||:“
([M'””'””"”'”'.”'””'”””””” 3) | |_
ij\ ‘\
—PIN ]

TOP

Figure 46. Interfac&€onnector(80-pin Model)
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6.8.4 Mounting Positions and Tappings

(6X) 6-32 UNC (1)

S~

AN
.
(I | W— 3
T %
V4 | =
\\ P ————— Y
===
\\ \ ““\\\lll/lm.ﬂ @ I
Co o %) m
0® | | ) g
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/W/ /lwwmmmvmmm — -
\
Do
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1°0F 09 (XE) _To"_" 9° |4 (Xe) ..m
—I 2°0F 91 (X2) rﬂw

SO
m ©

fr— mmmmu-kﬁﬁmu

t%

REAR

RIGHT

1.0 Nm

RECOMMENDED TORQUE 0.6 -

MAX ALLOWABLE PENETRATION DF NOTED SCREW

TO BE 45

mm

=
b

L
m

Q
—II

THICKNESS OF BRACKET

JFSCRN 6-32 UNC

0

Figure 47. MountingPositions and Tappings
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6.8.4.1 Drive Mounting

The drivewill operate in allaxes (6directions). Performance and error ratell staywithin specification
limits if the drive isoperated in the other orientations fromhich it was formatted.

The recommended mountirggrewtorque is 0.6 - 1.0 [Nm] (6 - 10 [gf.cm]). Therecommended
mountingscrewdepth is 4 [mm] Max forbottom and 4.5 [mm] Max for horiontal mounting.

To avoid performance degradation, it is requiredniount thedrive in thesystemsecurely enoughto prevent
excessivemotion orvibration of thedrive at seeloperation orspindlerotation, using appropriate screwsor
equivalentmounting hadwares. Consult with theissuer ofthis specification foractual application iheces-
sary.

Drive level vibration test and shock test are to benducted with thalrive mounted to theable using the
bottom fourscrews.

6.8.5 Shipping Zone and Lock
A dedicated "shipping" (or "landing"2one on theadisk, not on the data area of the diskpiovided to keep

the disk datgprotected during shippingnovement, orstorage. Uporpower down, eéheads arautomat-
ically parked and deadlocking mechanismwill secure theneads in this zone.

6.8.6 Breather Hole

The breather holenust be keptlear andunobstructed at alimes.
Do not seal upthe breather hole.

Breather Hole

Figure 48. Breather Hole Location
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6.9 Vibration and Shock

All vibration and shock measurements in tlsisction are made with thdrive that has no mountingttach-
ments for thesystems. Thenput power for themeasurements is applied to thermaldrive mounting
points.

6.9.1 Operating Vibration
6.9.1.1 Random Vibration

The drive is designed toperate withouunrecoverable errorhile beingsubjected to thdollowing
vibration levels.

The measurements aoarried outduring 30minutes ofrandomvibration using thepower spectral density
(PSD) levels asfollowing.

Figure 49.RandomVibration PSDProfile Breakpoints (Operating)

Random Vibration PSD Profile Breakpoints (Operating)

[HZz] 5 17 45 48 62 65 150 200 500
Holizontal 0.02 1.1 1.1 8.0 8.0 1.0 1.0 0.5 0.5
vibration

x103 [G2/HZz]

Vertical 0.02 1.1 11 8.0 8.0 1.0 1.0 0.08 0.08
vibration

x103 [G2/HZz]

Overall RMS (root meansquare)level of holizontal vibration is 0.67G RMS.
Overall RMS (root meansquare)level of vertical vibration is 0.56G RMS.

Note: The specified levels armeasured at thenountingpoints.
6.9.1.2 Swept Sine Vibration

The harddisk drivewill meet the criteria showbelow while operating inrespectiveconditions.

No errors 0.5 G 0-peak5-300-5 Hz sine wave, 0.6ct/min sweep rate
with 3 minutesdwells at 2major resonances

No data loss 1 G 0-peak55-300-5 Hz sine wave, 0.8ct/min sweep rate
with 3 minutesdwells at 2major resonances
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6.9.2 Non-Operating Vibrations

The drivedoes not sustaipermanentdamage oloss ofrecorded data after beimgubjected to the environ-
mentdescribed below.

6.9.2.1 Random Vibration

The test consists of eandomvibration applied for each of three mutually perpendicudaes with the time
duration of 10 minutes peaxis. The PSDevels for thetest simulates the shipping and relocation environ-
mentwhich isshownbelow.

Figure 50.RandomVibration PSDProfile Breakpoints (Non-Operating)

Random Vibration PSD Profile Breakpoints (Non-Operating)
Hz 2 4 8 40 55 70 200
[G2/HZz] 0.001 0.03 0.03 0.003 0.01 0.01 0.001

Overall RMS (Root Mean Square)level of vibration is 1.04G(RMS).

6.9.2.2 Swept Sine Vibration

2 G (Zero to peak), 5 to 500 to 5 Haine wave
0.5 oct/minsweep rate
3 minutesdwell at two major resonances

6.9.3 Operating Shock

The drivemeets thefollowing criteria.
No data loss with 10G 11msec half-sishock pulse
No data loss with 65G 2msec half-sishock pulse

The shockpulses of eaclevel areapplied to thedrive, ten pulses foeach direction and for all threaxes.
Theremust be a minimum of 38econdslelaybetween shoclpulses. Thenput level isapplied to a base
plate where thalrive is athched with fourscrews.

6.9.4 Non-Operating Shock

The drivewithstands thdollowing half-sineshock pulse

No data loss with 75@1ms
No data loss withl75G 2ms

The shocks are applied for each direction of threve for three mutually perpendiculaxes and one axis at a
time. Inputlevels aremeasured on a base plate where thiwe is athched with fourscrews.

The drivewithstands thdollowing Rotational Shock

No data loss withRotationalShock18000rad/s? 2ms appliearound theaxis of actuator pivot.

Note: Actuator isautomatically locked at power-off to keep the heads on a landing zone.
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6.10 Acoustics

The following shows the acoustitevels.

6.10.1 Sound Power Levels

The upperlimit criteria of the A-weightedsound powelevels aregiven in Bel relative to one pico watt and
are shown in thdollowing table. Themeasurment method is imccodance with 1ISO7779.

Figure 51. A-weightedSound Powel.evels
Mode A-weighted Sound PowerlLevel [ Bell
Idle 3.8 (Typical) 4.2(Max)
Operating 4.5 (Typical) 4.8(Max)

Background powetevels of theacoustic testhamber foreach octavéband are to beecorded.
Soundpowerlevels aremeasured with thelrive supported byspacers sahat thelower surface of thalrive is
located 25 + 3mm heighfrom the chambedesk. Nosoundabsorbing materiashall be used.

The acoustical characteristics of tdeve subsystem are measured under tbdowing conditions.

Idle mode:
Powered ongdisksspinning, trackfollowing, unit ready toreceive andespond to controline
commands.

Operating mode:
Continuous randoneylinder selection and sealperation of actuator with delay for a time
period achieving therequiredseekrate Ns according to th#llowing formula:

Ns= 0.4/ (Tt+ TI)
where:

Ns = average seelate inseeks/sec.
Tt = publishedrandomseektime.
Tl = time for the drive to rotate by half eevolution.

56 OEM Spec. ofDDRS-3xxxx



6.10.2 Sound Pressure (Reference)

6.10.2.1 Unit Sound Pressure Level Measurment

The harddisk drives araneasured in a semi-anechaibamber, with backgroundoise = < 25dBA. Sur-
faces to baneasured are top coveide andcardside.Microphone is set oneneter above theérive surface.

Randomoperation mode isimulated with 40%seek and 60% idle itime.

6.10.2.2 Sound Pressure Level

The harddisk drivesmeet thefollowing soundpressurdevel.

Figure 52. Sound Pressutevel

Mode Mean Max
Idle on Track 34 dBA 38 dBA
RandomOperation 39 dBA 42 dBA
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6.11 Identification Labels

The label on the driveontains thefollowing information.

Model name

PartNumber

MLC (Machine LevelControl) code
SerialNumber

Manufacturing Location
CertificationMarks

etc.

6.12 Electromagnetic Compatibility

The drive, when installed in auitable enclosure aneercised with aandomaccessingoutine atmaximum
data rate, meets the worldwide EMC requiremeigted below.

IBM will provide technicabupport tomeet the requirements to comply with the EMBecifications.
United States FederaCommunications CommissiofFCC) Rules and Regulation&lass B),Part 15.
European Economic Community (EE@)rectivenumber76/889 related to theontrol of radiofre-

guencyinterference and th&¥erband Deutscher Elektrotechnik€@/DE) requirements ofsermany
(GOP).

6.12.1 CE Mark

The product isdeclared to be irtonformity with the requirements dbllowing EC directivesunder thesole
responsibility of IBM United Kingdom Ltd. or Yamato Lab, IBM Japan Ltd.

Council Directive 89836/EEC on the approximation édws of theMember States relating to
electromagnetic compatibility.

6.12.2 C-Tick Mark

The productcomplies with thefollowing Australian EMC standard.

Limits and methods of measurement oddio disturbanceharacteristics ofnformation technology
equipment AS/NZS 3548:1995Class B.
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6.13 Safety

The following shows thesafetystandards fodifferent countries.

6.13.1 Underwriters Lab (UL) Approval

DDRS-3xxxx comply with UL1950.

6.13.2 Canadian Standards Authority (CSA) Approval

DDRS-3xxxx comply with CSAC22.2N0.0-M91, and CSAC22.2 N0.950-M1993.

6.13.3 IEC Compliance

DDRS-3xxxx comply with IEC950.

6.13.4 German Safety Mark

DDRS-3xxxx is approved by TUV on Test Requirements: EN9G0.

6.13.5 Flammability

The printedcircuit boardsused in thisproduct is made ofmaterial with the UL recognized flammability
rating of V-1 or better. The flammability rating imarked oretched on thédoard. All other parts not
considered eldgdcal components are made ofaterial with the UL recognized flammability rating of V-1 or

better, except small mechanigaérts.

6.13.6 Secondary Circuit Protection

The drive usegrinted circuit wiring that protects thepossibility of sustainedombustion due taircuit or
componentfailure. Adequatesecondary over-curremrotection is theresponsibility of system suppliers.

The hostsystemmustprotect thedrive from any eletrical shortcircuit problem. 10 [A]limit is required for

safetypurposes.

6.14 Packaging

The drives argpacked in ESD protective bags for shipping.

Specification 59



60 OEM Spec. ofDDRS-3xxxx



0 Copyright IBM Corp. 1997

Part 2. SCSI Interface Specification
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7.0 SCSI COMMAND SET

Summaries of the SCSlommands supported by tHike are listed below. whereO=optional,
M=mandatory,E=extended, R=reserved aMEvendorunique. The column “SCSI-1tefers toANSI

version 1standard. Theolumn“CCS” refers to theANSI| sub-committee CommogommandSubset for

DASD devices. Theolumn “SCSI-2"refers toANSI version 2standard.

SCSI1 | CCS | SCS-2 | CODE | COMMAND
M M | M |04 | FORMAT UNIT
E M | M | 1h | INQURY
0 O | O |4Cch |LOG SELECT
0 O | O |4Dh | LOG SENSE
0 O | O |15 | MODE SELECT (6)
R R | O |5h |MODE SELECT (10)
0 O | O |1Ah | MODE SENSE (6)
R R | O |5 | MODE SENSE (10)
0 O | O |34 | PREFETCH
M M | M |08h |READ
R O | O |3Ch | READ BUFFER
E M | M | 25h | READ CAPACITY
R R | O |3 |READ DEFECT DATA
E M | M | 28h | READ EXTENDED
R R | O |3Eh | READ LONG
0 O | O |07 | REASSIGN BLOCKS
0 O | O |1Ch | RECEIVE DIAGNOSTICS
0 M | M | 17h | RELEASE (6)
R R | O |5h | RELEASE (10)
M M | M |03 |REQUEST SENSE
0 M | M | 16h | RESERVE (§)
R R | O |56h |RESERVE (10)
0 O | O |0th |REZERO UNIT
0 O | O |0Bh | SEEK
0 O | O |2Bh | SEEK EXTENDED
0 M | M | 1Dh | SEND DIAGNOSTICS
0 O | O |1Bh | START/STOP UNIT
R R | O |35 | SYNCHRONIZE CACHE
0 M | M | 00h | TEST UNIT READY
0 O | O |2Fh | VERIFY
M M | M | 0Ah | WRITE
0 O | O |2Eh | WRITE AND VERIFY
R O | O |3Bh | WRITE BUFFER
E M | M |2 | WRITE EXTENDED
R R | O |3Fh | WRITE LONG
R R | O |4lh | WRITE SAME

Figure 53. SCSCommandsSupported.

0 Copyright IBM Corp. 1997

(In Alphabetical order)
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SCSI1 | CCS | SCS-2 | CODE | COMMAND
0 M | M | 00h | TEST UNIT READY
0 O | O |0 |REZERO UNIT
M M | M |03 |REQUEST SENSE
M M | M |04 | FORMAT UNIT
0 O | O |07 | REASSIGN BLOCKS
M M | M |08h |READ
M M | M | 0Ah | WRITE
0 O | O |0Bh | SEEK
E M | M |10 | INQURY
0 O | O |15h | MODE SELECT (6)
0 M | M | 16h | RESERVE (§)
0 M | M | 17h | RELEASE (6)
0 O | O |1Ah | MODE SENSE (6)
0 O | O |1Bh | STARTISTOP UNIT
0 O | O |1Ch | RECEIVE DIAGNOSTICS
0 M | M | 1Dh | SEND DIAGNOSTICS
E M | M | 25h | READ CAPACITY
E M | M | 28h | READ EXTENDED
E M | M |2 | WRITE EXTENDED
0 O | O |2Bh | SEEK EXTENDED
0 O | O |2Eh | WRITE AND VERIFY
0 O | O |2Fh | VERIFY
0 O | O |3 | PREFETCH
R R | O |35 | SYNCHRONIZE CACHE
R R | O |3 |READ DEFECT DATA
R O | O |3Bh | WRITE BUFFER
R O | O |3Ch | READ BUFFER
R R | O |3Eh |READ LONG
R R | O |3Fh | WRITE LONG
R R | O |4lh | WRITE SAME
0 O | O |4Ch |LOG SELECT
0 O | O |4Dh | LOG SENSE
R R | O |55 |MODE SELECT (10)
R R | O |56h |RESERVE (10)
R R | O |5h | RELEASE (10)
R R | O |B5Ah | MODE SENSE (10)

Figure 54. SCSCommandsSupported.

7.1 Flag and Link Bits

Many of thestructures in this section havields namesFLAG andLINK. The meaning of thesdelds is

definedbelow.

FLAG

The Flag bit specifiesvhich message the target shaditurn to theinitiator if the link bit is one and
the commandcompleteswithout any error. If Link iszero, Flagmustalso be zero. ILink is one
and the commanderminatessuccessfully, thdile will send either th& INKED COMMAND
COMPLETE messagéFLAG=0) or theLINKED COMMAND COMPLETE WITH FLAG
messagdFLAG=1). Typically this bit is used to cause dnterrupt in the initiator betweetinked

commands.
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LINK This bit is set to one to indicateéhat theinitiator desires arautomaticlink to the nextcommand
upon successfutompletion of the currentommand. Uporsuccessfutompletion of the
command, thdile will returnINTERMEDIATE GOOD status and then send one of the two mes-
sagegdefinedunder Flag above.

Upon unsuccessfudlompletion of thecommand, thdile will returnCHECK CONDITION status
or RESERVATIONCONFLICT status and then send ti@OMMAND COMPLETE message.
No furthercommands in thehain areexecuted.

7.2 Abbreviations

These abbreviations are usttroughout thefollowing sections:

LUN. Logical Unit Number. Anencoded three biidentifier for the logicalunit.
VU. VendorUnique bits.

LBA. Logical Block Address.

RSVD. Reserved.

MSB. Most Significant bit.

LSB. LeastSignificant bit.

7.3 Byte ordering conventions

In this specification, where it is nogxplicitly stated, all multi-bytevalues arestored with themostsignificant
byte first. Forexample in a 4 bytdield byte 0 will contain the MSB and byte 3 the LSB.
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7.4 FORMAT UNIT (04)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 04h
1 LUN FmtData |CmpList | Defect List Format
2 VU =0
3 (MSB) Interleave Factor
4 (LSB)
5 VU=0 Reserved = 0 FLAG | LINK

Figure 55.FORMAT UNIT (04)

The FORMAT commanderforms aphysicalformatting of thefile media. This includes handling afefec-
tive sectors, and the overwriting of all data areas withoastant data pattern(Reserved areas of thmedia
are not affected by the FORMATommand.)

FmtData set to one specifiehat a Data Ouphasefollows the Commandphase. FmtData set tazero
specifiesthat no Data Ouphasefollows.

CmpList set to one specifieshat the GList (GrowrDefect List) existingprior to the formatnot be used
and is discarded. The Drive fermatted with PList andList (if specified).DList becomes the new
GlList.

Note: The file manages two internalefect lists and onexternal. Theprimary defect list(“P”List) is
created at time ofmanufacture and¢annot bealtered. Thegrown defect list(“G"List) is built after
manufacture by the Initiators use of tiREASSIGN BLOCKcommand and the AutomatiReallocate
functions. The dataefect list(“D”List) is an externallist. It is supplied by the initiator in th®©ATA
OUT phase of the BRMAT UNIT command.

Defect List Format specifies theformat of thedefectdescriptor transferred to thEarget whenFmtData
bit is set to one. The Target suppottweedefect descriptoformats for the Format Unicommand as
following:

Format Description

000b  Block format

100b BytesFrom Index format
101b  Physical Sectoformat

If the FmtData bit is set taero thisfield mustalso be zero otherwise thmeommandwill complete with
a checkcondition with asense key ofllegal request and an additionaknsecode ofinvalid field in
CDB.

Interleave Factor may be zero or one, either of whidpecifies arninterleave ofl:1. OtherlInterleave
Factors aragnored because of thextensive bufferingmplemented in thdile.

7.4.1 Defect List
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Bit

Byte
7 6 5 4 3 2 1 0

0 Reserved = 0

1 FOV | DPRY | DCRT | STPF | IP =0 [DSP = 0| Immed 0

(MSB) Defect List Length

W N

(LSB)

Figure 56. Format oDefect ListHeader. Format of the defelist headersentduring thedata outphase when
FmtData set taone.

The Target has &mited implementation of the Formadption bits located in Bits Zhrough 7 ofByte 1 of
the Defect ListHeader(SeeFigure 56). If the Initiator attempts to select any function not implemented by
the Target, the Target terminate tbemmand withCheckCondition Status The sense key is set tilegal
Requestind the additionasensecode is set tdnvalid Field in Parameten_ist.

FOV (FormatOptionsValid) bit of zero causes th&arget toverify that thesetting for theDPRY
(Disable Primary) DCRT (DisableCertification), STPF (Stop Format), IR(Initialize Pattern), and DSP
(Disable SavingParameters) bits areero. If any of these bits are not zero, the Target terminates the
command withCheckCondition StatusThe sense key is set flegal Requestand the additionasense
code is set tdnvalid Field in ParametelList.

Note: When FOV bit is onehere are threeombinations of thdPRY, DCRT,STPF, IP and DSP
bits allowed. Anyother combinations return @heckCondition StatudVith a sense key ofllegal
Requestand an additionasensecode oflnvalid Field In ParameteiList. The supported combination
are:

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

DPRY (Disable Primary) bit set taero indicateghat theTarget does not usportions of the medium
identified as defective in thprimary defectPList for Initiator addressabléogical blocks. If the Target
cannotlocate thePList or it cannotdetermine whether BList exists, the targeterminates the Format
Unit command aslescribed foilSTPF=1. ADPRY bit of oneindicatesthat theTarget does not use
the Plist toidentify defectiveareas of themedium. ThePlist is not deleted.

DCRT (Disable Certification) bit oZ ERO indicatesthat theTarget performs anediumcertification
operation andyenerates a Certificatiohist (CList) and the Target adds thelist to the Glist. ADCRT
bit of one indicateghat theTarget does nogenerate &List (Certification List ) nor perform aertif-
ication processvhile executing the Format UniCommand.

STPF (StopFormat) bit must be set tone. If one or both of théollowing conditions occurs, the
Target terminates the Format Urdbmmand withCheckCondition StatusThe sense key is set to
MediumError and the additionasensecode is set to eitheDefect List NotFoundif the first condition
occurred, orDefect ListError if the second condition occurred.

— The Targetcannotlocate a requirediefect list nordeterminethat thelist exists.

— The Target encounters an unrecoverable ewbile accessing aequireddefect list.

IP (Initialization Pattern) bit must be set toero. The Targeinitializes all data with zeros.

DSP (Disable SavingParameters) bitnust be set t@ero. The Targesaves all theMode Select savable
parameters during thiBermat operation.

SCSICOMMAND SET 67



Immed (Immediate) bit set t@ero requestshat status be returned at the end of the format operation.
An immediate bit set to one requegtsat status be returned immediatelyzood Statusds returned fol-
lowing the CDB validation and transfer of data in tbeata Outphase. If the immediate format opera-
tion terminates in error, Deferre@irror Sense data is generatedWith the immediate bit set to one, the
Link bit must be set taero.

7.4.2 Defect Descriptor

The Defect ListLengthfield specifies theotal length in bytes of thelefectdescriptorghat follow. The
Target has an implementation limitation foumber ofdefect descriptors. Theumber ofdefect descriptor
shall beless than128 The defect listengthmust beequal to four times th@umber ofdefectdescriptors to
follow for the BLOCK format, oreight times thenumber ofdefectdescriptors to follow for thBYTES
FROM INDEX andPHYSICAL SECTORformat, otherwise theommand igerminated withCheck Con-
dition StatusThe sense key is set itlegal Requestand the additionasensecode is set tdnvalid Field In
ParameterList. The defectdescriptorsmustspecify the defecbased on the current Form®evice parame-
ters eported by the Mod&ensecommand.

The Target supportthree Defect List formats.
7.4.2.1 Block Format

The Block format of thedefect listsupported by thdile is by logical block where the location aofiefective
sectors iggiven bytheir LBA.

Bit
Byte
7 6 5 4 3 2 1 0

0 (MSB)

1 Defective Logical Block Address

2

3 (LSB)
dn - Defective Logical Block Address n
dn + 3

Figure 57.DefectDescriptor -Block Format. Format of the defedist sentduring thedata outphase wherFmtData
set to one.

7.4.2.2 Bytes From Index Format
Eachdefect descriptor for th8ytesFrom Index formatspecifiesthat thesector containing this byte be

marked defective. Theefectdescriptor is comprised of theylindernumber of thedefect, theheadnumber
of the defect, and the defebytesfrom index.
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Bit
Byte
7 6 5 4 3 2 1 0

0 (MSB)

1 Cylinder Number of Defect

2 (LSB)

3 Head Number of Defect

4 (MSB)

5 Defect Bytes from Index

6

7 (LSB)
8n - Defect Descriptor n
8n + 7

Figure 58.DefectDescriptor -BytesFrom Index Format. Format of the defedist sentduring thedata outphase

whenFmtData set

tone.

7.4.2.3 Physical Sector Format

Eachdefect descriptor for th&hysical Sectoformat specifies a defedtat is thelength of a sector. The
defect descriptor isomprised of thecylinder number of thedefect, theneadnumber of thedefect, and the

defectsectornumber.
Bit
Byte
7 6 5 4 3 2 1 0
0 (MSB)
1 Cylinder Number of Defect
2 (LSB)
3 Head Number of Defect
4 (MSB)
5 Defective Sector Number
6
7 (LSB)
8n - Defect Descriptor n
8n + 7

Figure 59.DefectDescriptor -Physical SectoFormat.

FmtData set tmne.

Format of the defedist sentduring thedata outphase when
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75 INQUIRY (12)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 12h
1 LUN Reserved = 0 EVPD
2 Page Code
3 Reserved = 0
4 Allocation Length
5 VU =0 Reserved = 0 FLAG | LINK

Figure 60.INQUIRY (12)
The INQUIRY commandrequests the parameters of thexget to be sent to the initiator.
An EVPD bit of one specifiesthat thefile shallreturn thevital product datgpage identified by théage

Codefield in the CDB.* Pagecodespecifieswhich page ofvital product data information théle shall
return.

EVPD PAGE Description
CODE
0 The file returns the standartNQUIRY data.
0 Non Zero The filereturnsCHECK CONDITION status with thesense key of
ILLEGAL REQUEST and thexdditionalsensecode ofINVALID FIELD
IN CDB.
1 Supported The file returns thevital product data opage code requested.
1 Unsupported | The filereturnsCHECK CONDITION status with thesense key of
ILLEGAL REQUEST and thexdditionalsensecode ofINVALID FIELD
IN CDB.

Allocation Length specifies thenumber ofbytesthat theinitiator has allocated forNQUIRY data to be
returned. An allocation length of zeimpliesthat no data is to beeturned. Thdile will terminate the
DATA IN phase when alhvailableINQUIRY data hasheentransferred or when allocation length bytes
have beenransferred, whichever iess.

If an INQUIRY command igeceivedfrom an initiator with a pendinginit attention conditior(before the
target reportSCHECK CONDITION status), thdile processes theNQUIRY command. The unit atten-
tion condition is notcleared bythis action.

1 The available VPD pages are defined in thédendunprovided for eactdifferentfile model in thesection entitled
Inquiry Data Format.
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7.6 Inquiry data

Fields with a valueshowninside quotes(e.g.Value = 'xyz") are charactefields. A value not inquotes is a
numericvalue. Characteffields arealpha-numeric and represented in eit®3CIll or EBCDIC asstated.
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7.6.1 Inquiry Data Format - EVPD = 0

Figure 61 shows the data format.

BIT

7 6 5 4 3 2 1 0
BYTE
0 Qualifier = 0 Peripheral Device Type = 0
1 RMB=0) Device —Type Modifier = 0
2 ISO =0 ECMA = 0 ANSI = 2
3 RSVD = 0 RDF = 2
4 Additional Length = 159 (9Fh)
5-6 Reserved = 0
7 REL_A|Wb_32|Wh_16|Sync |Link |TTD |CmdQuSftRe

=01]=0 =1]=11]=0|=1|=
8-15 Vendor ID = 'IBM ' (ASCII)
16-31 Product ID (ASCII)
32-35 Product Revision Level  (ASCII)
3643 Unit Serial Number (ASCII)
44-95 Reserved = 0
96-145 Copyright Notice (ASCII)
146-163 Reserved = 0

Figure 61.INQUIRY Data - EVPD = 0

« Qualifier is set to zero to indicatthat the LUN specified in theCommandBlock is currentlysupported.
Qualifier is set to 011b when the LUMNpecified in theCommandBlock is not present.

« Peripheral Device Typeis set to zero to indicatthat thedevice is aDirect-Access.
Peripheral DevType is set to 1Fh when the LUMNpecified in theCommandBlock is not present.

- Removal Media Bit (RMB) is always set to zero to indicate nemoval media eist.

- Device-Type Modifier is set to zero.

« ISO is set to zero to indicatthat this productdoes not claim compliance to tHaternationalOrganiza-
tion for Standardization (ISOyersion of SCSI (ISO DP9316).

2 For all commandsexcept inquiry and requesense, if an invalid lun is specified@eck conditionwill be returned.
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ECMA is set to zero to indicatthat this productdoes not claim compliance to the Eyman Computer
Manufacturers AssociatiorECMA) version of SCSI (ECMA-111).

« ANSI indicates thdevel of the ANSI standardthat is supported by the product. THike supportsANSI
SCSlversion 2.

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

- Additional Length indicates thenumber ofbytes of inquiryinformationthat follows.
REL_A is set to zero to indicatehat thefile does notsupport'Relative Address Mode'.
« Wb_32is set to zero to indicatthat thefile does notsupport32-bit wide data transfers.

- Wb_16is set to one to indicatthat thefile supportsl6-bit wide data transfersWb_16 is set to zero to
indicatethat thefile does notsupportl6-bit wide data transfers.

Syncis set to one to indicatéhat thefile supports synchronous dateansfer.
Link is set to one to indicatthat thefile supportslinked commands.

. TTD is set to zero to indicatthat thefile does notsupport theCONTINUE 1I/O PROCESS and
TARGET TRANSFERDISABLE message fothis logical unit.

CmdQu is set to one to indicatthat thefile supportscommandqueuing. CmdQu is set tazero to
indicatethat thefile does notsupport commandjueuing.

SftRe is set to zero to indicatthat the argetsupportsHard Reset only.
« Vendor ID is 'IBM' padded withASCII blanks.

Product ID is specified inASCII character.

Product ID DDRS-34560 DDRS-39130 DDRS-34560W DDRS-39130W
Maximum LBA 8924999 17849999 8924999 17849999
Number ofBlocks 8925000 17850000 8925000 17850000

Figure 62.Product ID vs. Formatte€apacity

Product Revision Level indicates thdevel of microcode. Itindicates RAMmicrocodelevel.

Unit Serial Number contains thefile serialnumber.
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7.6.2 Inquiry Data Format - EVPD = 1 - Page Code = 00

BIT
BYTE 7 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 00h
2 Reserved = 0
3 Page Length = 01h
4 Supported Page Code = 80h

Figure 63.INQUIRY DATA - EVPD = 1 (PageCode = 00)

« Qualifier is set to zero to indicatthat the LUN specified in theCommandBlock is currentlysupported.
« Peripheral Device Typeis set to zero to indicatthat thedevice is aDirect-Access.

Page Codeis set to 0, and thi§ield contains the samealue as in the page codield of the INQUIRY
command descriptoblock.

- Page kngth specifies thdength of the following pagelata.

« The Supported Page Codefield contains the Page Codssipported by thearget. Thelist is ascending
order.
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7.6.3 Inquiry Data Format - EVPD = 1 - Page Code = 80h

BIT
BYTE 7T 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 80h
2 Reserved = 0
3 Page Length = 16 (10h)
4-19 Serial Number (ASCII)

Figure 64.INQUIRY DATA - EVPD = 1 (PageCode = 80h)

« Qualifier is set to zero to indicatthat the LUN specified in theCommandBlock is currentlysupported.
« Peripheral Device Typeis set to zero to indicatthat thedevice is aDirect-Access.

- Page Codeis set to 80h, and thifield contains the samealue as in the page codweld of the
INQUIRY command descriptoblock.

- Page kengthis set to 16, and thifield specifies thdength of the following pagelata.

« Serial Number gives thedrive serialnumber.
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7.7 LOG SELECT (4C)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 4Ch
1 LUN Reserved = 0 PCR SP
2 PC Reserved = 0
3
4 Reserved = 0
5
6
7 (MSB) Parameter List Length = 0
8 (LSB)
9 Reserved = 0 FLAG | LINK

Figure 65. LOGSELECT (4C)

The LOG SELECTcommandprovides ameans for the initiator t@lear statisticainformation maintained
by the drive and eported via the Log Sengsommand.

PCR The Parameter Code Resdtermines whether the Logenseparametersill be cleared andinit
attention posted for all othenitiators. A value of 1 indicateshat theparameters should baeared,
while a value of zero (except when PC %1b) indicateghat theparameters should not heared.

SP The SaveParameters bivalue of zero indicatethat thepageparameters not bsaved. A value of 1
indicatesthat thepageparametershat aresaveable lsould besaved after thejnave been changed.

PC The PageControl field defines the type oparameters to beelected. The Pdield set to 11b(and
PCR is then a don'tare) indicateshat theDefault Cumulativevalues are set ttheir defaultvalues of
0. If the PC field is set to 01b and PCR is set to 1 therrent Cumulativeralues are also set tiheir
default values.

As the filedoes notsupport thethresholdpages anythervalue in thisfield will cause thecommand to
end with a CHECK CONDITION with asense key ofllegal request and an additionaknsecode of
invalid field in CDB.

Parameter List Length The Parametekist Lengthmust bezero to indicatehat no data igransferred
from the initiator to the target during the potentATA OUT phase.

If one or morefields of the CDB are not satorrectly thecommandwill be terminated with &CHECK
CONDITION status. TheSense Key shall be set thegal Request and thadditionalsensecode set to
Invalid Field inCDB.

The Log Selectommandwill reset thecountervariables to their defaukalues of zeroThesevariables are
listed in the Log Senseommand.

The target generatesumit attention condition, tondicatethat parameters have changed, for all initiators
except the onghatissued the Log Selestommand.
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7.8 LOG SENSE (4D)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 4Dh
1 LUN Reserved = 0 PPC = 0] SP
2 PC Page Code
3 Reserved = 0
4
5 (MSB) Parameter Pointer = 0
6 (LSB)
7 (MSB) Allocation Length
8 (LSB)
9 Reserved = 0 FLAG | LINK

Figure 66. LOGSENSE(4D)

The LOG SENSE commandllows theinitiator to retrieve the statistical databout thedrive.

PPC (Parameter Pointer Control) bimust be set t@ero. Thisspecifiesthat thedrive starttransferring
data startingrom thefield specified in theparameter pointefield for the number ofbytesspecified by
the allocation length. If the PPC bit is set toGHECK CONDITION status is returned with 8ense
Key of lllegal Request anddditionalsensecode of Invalid Field inCDB.

SP (SaveParameters) bit set to §pecifiesthat thedrive does notsave any logparameters. If set to 1 all
pageparametershat aresavable(thosepagesdenoted by a DS = 0 in the parameter headentrol
byte) aresaved.

PC (PageControl) field defines the type oparameters to beelected. Thidield must be set to 01b to
specify thecurrent cumulativevalues or 11b tespecify thedefault cumulativevalues.

As the filedoes notsupport thethresholdpages anythervalue in thisfield will cause thecommand to
end with a CHECK CONDITION with asense key ofllegal request and an additionaknsecode of
invalid field in CDB.

Page Codefield identifieswhich page is being requested. THield must be set to thealues indicated in
Page 0. If the Pag€odevalue is invalid aCHECK CONDITION status is returned with &ense Key
of lllegal Request anadditionalsensecode of Invalid Field inCDB.

Parameter Pointer Field specifies thebeginningfield for the transfer. Thisfield must be set t@000h. If
the Parameter Pointdtield is not zero &CHECK CONDITION status is returned with §ense Key of
lllegal Request anddditionalsensecode of Invalid Field inCDB.

« Allocation Length field specifies themaximum number obytes thelnitiator hasallocated for returned
Log SenseData. Nobytes are transferred if the length is zero. Thandition is notconsidered an error.
The target terminates thBata Inphase when alavailable Log Sense data hasentransferred or when
the number obytes equals the allocation length, whicheveless.
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7.8.1 Log Page parameters

Each logpage begins with &our-byte page headdollowed by zero ormore variable-length log parameters.

PageHeader PageCodefield identifieswhich log page is being transferred.

The Pagd.engthfield specifies thdength in bytes of the following logarameters.

Log ParametersEach log parametebegins with a four-byteparameter headdollowed by one ormore
bytes ofparametewalue data.

The Parameter Codigeld identifieswhich log parameter ibeing transferred fothat log page.

The Parameter Contrdield, or 3rd byte ofeach parameter header contaseveral fields.

DU The DisableUpdate bit is set to @vhich indicatesthat thedrive updates the log parameter
value toreflecteventsthat siould be noted byhat parameter.

DS The DisableSave bit is set to 1 to indicate th@mrameter is non-saveable and is set to 0 to
indicate theparameter isaveable.

TSD The TargetSaveDisable bit is set to zero whicimdicates the driveorovides a target defined
method forsaving logparameters.

ETC The enableThreshold Comparison bit is set tovhich indicates the driveloes not perform
comparisons between cumulative and any threshvaldes.

LBIN The List Binary bit is set to 1 for vendarnique pageswhose parametenssts are inbinary
format, not ASCII. This bit igeserved and set to O for alktherpages.

LP The ListParameter bit is set to 0 for parameteéhsit are dataounters. The LP bit is set to 1 for
parameterghat arelists.
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7.8.2 Log Sense Page 0

Byte 7 6 5 4 3 2 1 0
0 Reserved Page code = 0

1 Reserved

2-3 PagelLength = 0006h(Number ofPagesSupported)

4 First supportechage Oh

6 Secondsupportedpage 2h

7 Third supportedpage 3h

8 Fourth supporteghage 5h

9 Fifth supportedpage 6h

10 Sixth supportedpage 3Ah

Page 0 indicates theupported logsense pages. This pageuised to determine which additionphges can be
requested by an Initiator.
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7.8.3 Log Sense Page 2

This pagecontains counters fowrite errors

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 02h

1 Reserved

2-3 PagelLength = 38h

4-5 Parameter Code = 00h

6 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

7 Parameter Length = 04h

8-11 Errors recoveredvithout delay = 0

12 - 13 Parameter Code = 0lh

14 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

15 Parameter Length = 04h

16 - 19 Count of LBA's with write fault errors

20-21 Parameter Code = 02h

22 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

23 Parameter Length = 04h

24 - 27 | Count ofLBA's with id type errors

28 - 29 Parameter Code = 03h

30 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

31 Parameter Length = 04h

32 -35 | Total errors recovered

36 - 37 Parameter Code = 04h

38 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

39 Parameter Length = 04h

40 - 43 | Timesrecoveryinvoked
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Byte 7 6 5 4 3 2 1 0

44 - 45 Parameter Code = 05h

46 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

47 Parameter Length = 04h

48 - 51 | Total bytes written

52 - 53 Parameter Code = 06h

54 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

55 Parameter Length = 04h

56 - 59 Count of LBA's with harderror
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7.8.4 Log Sense Page 3

This pagecontains counters faread errors

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 03h

1 Reserved

2-3 PagelLength = 38h

4-5 Parameter Code = 00h

6 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

7 Parameter Length = 04h

8-11 Errors recoveredvithout delay = 0

12 - 13 Parameter Code = 0lh

14 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

15 Parameter Length = 04h

16 - 19 Count of LBA's with ECC detected errors

20-21 Parameter Code = 02h

22 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

23 Parameter Length = 04h

24 - 27 | Count ofLBA's with id type errors

28 - 29 Parameter Code = 03h

30 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

31 Parameter Length = 04h

32 -35 | Total errors recovered

36 - 37 Parameter Code = 04h

38 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

39 Parameter Length = 04h

40 - 43 | Timesrecoveryinvoked
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Byte 7 6 5 4 3 2 1 0

44 - 45 Parameter Code = 05h

46 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

47 Parameter Length = 04h

48 - 51 | Total bytes read

52 - 53 Parameter Code = 06h

54 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

55 Parameter Length = 04h

56 - 59 Count of LBA's with harderror

The drivewill attempt toread data after aeekbefore thehead hadully settled on track. This idone to aid
performance. However asrasult there is a higlincidence of errorecoveryinvoked which normally uses
ECC or a retry to recover théata. As a consequence of this an emmecovered by aingleretry is not
reported by the error counters.

Additionally thedrive does notreport datarecovered by ECC on the fly as it is not possible to distinguish
between ECC errors caused gading before settling andther causes.
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7.8.5 Log Sense Page 5

This pagecontains counters foverify errors

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 05h

1 Reserved

2-3 PagelLength = 38h

4-5 Parameter Code = 00h

6 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

7 Parameter Length = 04h

8-11 Errors recoveredvithout delay = 0

12 - 13 Parameter Code = 0lh

14 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

15 Parameter Length = 04h

16 - 19 Count of LBA's with ECC detected errors

20-21 Parameter Code = 02h

22 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

23 Parameter Length = 04h

24 - 27 | Count ofLBA's with id type errors

28 - 29 Parameter Code = 03h

30 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

31 Parameter Length = 04h

32 -35 | Total errors recovered

36 - 37 Parameter Code = 04h

38 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

39 Parameter Length = 04h

40 - 43 | Timesrecoveryinvoked
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Byte 7 6 5 4 3 2 1 0

44 - 45 Parameter Code = 05h

46 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

47 Parameter Length = 04h

48 - 51 | Total bytes written

52 - 53 Parameter Code = 06h

54 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

55 Parameter Length = 04h

56 - 59 Count of LBA's with harderror

The drivewill attempt toread data after aeekbefore thehead hadully settled on track. This idone to aid
performance. However asrasult there is a higlincidence of errorecoveryinvoked which normally uses
ECC or a retry to recover théata. As a consequence of this an emmecovered by aingleretry is not
reported by the error counters.

Additionally thedrive does notreport datarecovered by ECC on the fly as it is not possible to distinguish
between ECC errors caused gading before settling andther causes.
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7.8.6 Log Sense Page 6

This pagecontains counters fonon-mediumerrors. This includeseekerrors andotherhardware typdail-
ures.

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 06h

1 Reserved

2-3 PagelLength = 08h

4-5 Parameter Code = 00h

6 DU DS TSD | ETC | TMC =0 LBIN| LP
=0 =0 =0 =0 = =0

7 Parameter Length = 04h

8-11 Error Count
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7.8.7 Log Sense Page 3A

Log SensePage 3A isreserved andhis page of the specification iatentionallyleft blank.
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7.9 MODE SENSE (1A)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 1Ah
1 LUN Reserved = 0
2 PCF Page Code
3 Reserved = 0
4 Allocation Length
5 VU =0 Reserved = 0 FLAG | LINK

Figure 67.MODE SENSE(1A)

The MODE SENSE(1A) commandprovides ameans for thdile to reportvariousdeviceparameters to the
initiator. It is thecomplement to theODE SELECT command.

Allocation Length indicates themaximum number obytes the initiator has setside for theDATA IN
phase. A value of zero is not considered an error. If the allocation lengtim@dler than theaemountavail-
able, thenthat portion of the data up to thalocation lengthwill be sent. It isnoted thatthis may result in
only a portion of amulti-byte field being sent.

7.9.1.1.1 Page Control Field: PCF (PageControl Field) defines the type oPageParameteralues to be
returned.

PCF
00

01

10

Meaning

Report current values.The file returns the currenvaluesunder which thdogical unit is presently
configured for the page codspecified. Thecurrentvalues returned are:

1. The parameters set in thast successfuMODE SELECT command.
2. The saved values if MODE SELECT command has nobeenexecuted since the last
power-on, hardRESET condition, or BUSDEVICE RESETmessage .

Note: The file will not process theMode Selectcommanduntil the completion of spin-up.
Therefore, the initiatocannotmodify the currentvaluesprior to thesaved values being read in.

Report changeable valueThe file returns the changeablalues for the pageodespecified. The
page requestedhall be returnedontaining informatiorthat indicate whichfields arechangeable.
All bits of parameterghat arechangeable shall be set to onParametershat aredefined by the
file shall be set to zero. If angart of afield is changeable all bits ithat field shall be set to one.

Note: For a valuefield such as théuffer ratios of page 2, the bifield will not indicate the range
of supportedvalues butratherthat thefield is supported.

Report default value.The file returns thedefault values for the pageodespecified. Theparameters
not supported by théile are set tozero.
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11 Report saved value.The file returns thesaved value for the pageodespecified.

Saved values are one of following :

- the values saved as a result dODE SELECT command
identical to the default values
. zero when the parameters are rsatpported

The Paged.ength bytevalue of each page returned by tfile indicates up towhich fields are sup-
ported on thapage.

7.9.1.1.2 Page Code:

This field specifiesvhich page omages toreturn.

Figure 68.
Page Code Description
01h — 38h Return specific page.
3Fh Return all available pages.

Figure 68. Page Code Usage

Page codasage is defined in
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7.9.2 Mode Parameter List

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

7.9.2.1 HEADER
The six-bytecommand descriptoblock header iglefinedbelow.

7.9.2.1.1 Mode parameter header (6)

7 6 5 4 3 2 1 0
BYTE 0 Mode Data Length
BYTE 1 Medium Type = 0
BYTE 2| WP Reservbed = 0
BYTE 3 Block Descriptor Length (= 0 or 8)

Figure 69.Mode parameter header (6)
The ten-bytecommanddescriptor block header gefinedbelow.

7.9.2.1.2 Mode parameter header (10)

7 6 5 4 3 2 1 0
BYTE 0| (MSB) Mode Data Length
BYTE 1 (LSB)
BYTE 2 Medium Type = 0
BYTE 3| WP Reserved = 0
BYTE 4 Reserved = 0
BYTE 5 Reserved = 0
BYTE 6| (MSB) Block Descriptor Length (= 0 or 8)
BYTE 7 (LSB)

Figure 70.Mode parameter headgd0)

« Mode Data Length. Whenusing theMODE SENSE command, the mode ddémngthfield specifies the
length in bytes of the following datthat isavailable to be transferred. The mode data length does not
include the length bytéself. Whenusing theMODE SELECT command this field is reserved.

« Medium Type field is always set to zero in théile (Default Medium Type).
« WP. Whenused with theMODE SELECT command, théNrite Protect (WP) bit igeserved.
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Whenused with theMODE SENSE command, 8/rite Protect (WP) bit ofzero indicateghat the
medium iswrite enabled.

Block Descriptor Length specifies thdength in bytes of the block descriptors.

Whenused with theMODE SELECT command,zero or eight aressupported by thdile.

Whenused with theMODE SENSE command, thfile returnseight to indicatethat only asingleblock
descriptor is available.

7.9.2.2

Block Descriptor

BYTE 0
BYTE 1
BYTE 2
BYTE 3

Number of Blocks (MSB)

(LSB)

BYTE 4

Density code = 0

BYTE 5
BYTE 6
BYTE 7

Block Length

Figure 71.MODE ParameteBlock Descriptor

The Block descriptor provides formattirigformationabout the Number oBlocks (user addressable) to
format at thespecifiedBlock Length.

Number of Blocks

Whenused with theMODE SELECT command, theNumber of Blocks field must be;

Zero toindicate not to change available blocks

OxFFFFFF toindicate all available blocks

The exacthumber ofblocks in the data area of tHiée, which can be obtained with thelODE
SENSE

The number oblocksless thanexactone, in order toCLIP the number oblocks

Any othervalue is invalid, and causes ttemmand tofail with CHECK CONDITION status.
Whenused with theMODE SENSE command, thield containexactnumber ofblocks.

Block Length
Whenused with theMODE SELECT command, theBlock length field mustcontain 512 orzero, or

the

file will terminate thecommand withCHECK CONDITION status.

Whenused with theMODE SENSE command, thiéeld will returnalwayscontain 512 .

7.9.2.3

Page Descriptor
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BYTE 0| PS |[RSVD=0 Page Code

BYTE 1 Page Length
BYTE Mode Parameters
2N

Figure 72.MODE Parameter Page Format

Each modepagecontains gpage code, a page length, and a set of mode parameters.

Whenusing theMODE SENSE command, RarameteSavable (PS) bit of one indicatésat the mode
page can be saved by tffiee in the reserved area of thile. A PS bit of zero indicateghat the supported

parametersannot besaved. Whenusing theMODE SELECT command, the PS bit iseservedzero).

The file supports thdollowing mode page code:

Page Description PS
00 | Vendor Unique Parameters 1
01 | Read-Write Error Recovery Parameters 1
02 | Disconnect/Reconnect Control Parameters 1
03 Format Device Parameters 0
04 | Rigid Disk Geometry Parameters 0
07 | Verify Error Recovery Parameters 1
08 | Caching Parameters 1
0A | Control Mode Page 1
0C | Notch Parameters 1
1A | Power Control Parameters 1
1C | Informational Exceptions Control 1

Figure 73. 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 is returned for th@age by theMODE SENSE command, thiile will
terminate thecommand withCHECK CONDITION status.
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7.9.3 Page 0 (Vendor Unique Parameters)

BIT

7 6 5 4 3 2 1 0 Default
BYTE 0/ PS |RSVD=0 Page Code = 00h 80h
BYTE 1 Page Length = OEh OEh
BYTE 2| QPE | UQE |Ignore | UAI MRG | SCAM level ARHES 55h
BYTE 3|RSVD=0RSVD=0| CMDA(Ignore RSVD = 0 CPE 21h
BYTE 4 RSVD = 0 00h
BYTE 5|RSVD=0|Ignore |Ignore |Ignore |Ignore [RSVD=0] CAEN |Ignore 02h
BYTE 6| IGRA | AVERP EADM RSVD = 0 00h
BYTE 7 RSVD = 0 00h
BYTE 8|RSVD=0] ADC [RSVD=0|Ignore LED Mode 40h
BYTE 9 RSVD = 0 00h
BYTE 10 Command Aging Limit (Hi byte) 00h
BYTE 11 Command Aging Limit (Low byte) 30h
BYTE 12 QPE Read Threshold 0Ah
BYTE 13 QPE Write Threshold 0Ah
BYTE 14/Ignore |Ignore RSVD = 0 00h
BYTE 15 RSVD = 0 00h

Figure 74. Page 0

Fields marked in the table agynore' are noused or checked by thie. They will be initialized to zero but
may be set as desired. This is foompatibility with olderdrives.

« QPE (Qualify PostError) bit allows thelnitiator to inhibit the reporting ofecovered data errors which
are recoveredinderData Recovery ProcedurDRP) step. A QPE bit of zero causes tiarget to
report allrecovered data errors. A QPE bit of one causesThgget to report only thoseecovered data
errors whichexceed the QP Ehreshold.

« UQE (Untagged Queuing Enable) bit controls whether or not untagged queuailpvged.

« UAI (Unit Attention Inhibit) bit is notused duringnormal operationwhile the UAI jumper isremoved
from thedrive. It mayhowever be changed by the user with effects. If the UAljumper isadded to
the drive thenthis bit controls the generation afit attentionconditions.

« MRG (MergeG-List into P-List) bit is set to 1 fomerging theGrown Defect List(G-List) entriesinto
the PrimaryDefect List(P-List) during Format Unitommand.
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SCAM level, SCAM levelcontrol bits, specify the SCAMfunction level to besupported(shipping
default = 2)

Bit 2 Bit 1 SCAM function
0 0 Disable

0 1 SCAM level 1
1 0 SCAM level 2

- ARHES (Automatic ReassigrHard ErrorSites) bit of one indicates the driweill automaticallyreassign
an hardread error. The errowill be recovered when the LBA is writtenARHES bit of zero indicates
the drivewill not automaticallyrecoverhardread error.

CMDAC (CommandActive) bit determines irconjunction withLED Mode bits if an LED on thefile is
activated whilecommands aractive. IfCMDAC bit is one and LEDDbits are zero, an LERQIriver is
active when ecommand igjueued orexecuted.

CPE (ConcurrentProcessing=nable) bit isallowed to be modified by the initiator fdiostsystemdevice
driver compatibility. Read(6)Readextend(10), Write(6), Write extend(10), untagged and unlinked
RequestSense ollnquiry can beexecuted concurrently in both CPE bit set to 0 and 1.

CAEN When setthis bit causes th€ ommand AgeLimit timer to beused to avoidcommandswaiting

in the commandjueue for anndefinite period. When commandéave been in thegueue for a period of
time greater than th&émer limit they will be re-ordered to be executed in orfiest come first served
basis.Whenthis bit isresetcommands aralways executethased on thejueuere-ordering rules.

IGRA (Ignore ReassignedBA) bit is set to 1 forpreventing thedrive from reassign processinggainst
reassigned LBA when RC bi{tMode Page 1 byte 2 bit 4) iactive. Themain purpose othis bit is to
avoid undesirable read processing tislay due to reassigned LBA processing fmmtinuous data
availability requirements such as AudMisual application. IGRA bit is set to Ospecifies the driveshall
process reassigned LBA even if RC bit is active.

- AVERP (AV ERP Mode) bit is set to one inrder tospecifymaximumretry countsduring DRP and
commandexecution time limit. When AVERP bit is set to one, themaximumretry counts forread and
write operations arepecified byRead RetryCount(Mode Page 1 Byte 3) and WritRetry Count
(Mode Page 1 Byte 8)espectively. RecoveryTime Limit (Mode Page 1 Byte 10 and 11) &ffective to
limit the commandexecution time. AVERP bit is set tozero for ignoringRecoveryTime Limit value
and for specifyinghat thedrive shallprocess DRP up to the defauftaximumretry count when Read
Retry Count andWrite Retry Count are set tmon-zerovalue. *

EADM, Enable AutomatidDrive Maintenance bit, is set to one indicatethat the ADM function is
enabled to enhanceliability in continuoususage. TheEADM bit of zero disables the ADMunction.
Default is zero.

- ADC (Adaptive Cache Enable), wheset, allows the drive tanodify the read-ahead caching atgbm,
ignoring parameters in Page 8. Thaalaptation idased on analyzing theostrecentcommandhistory
and the current contents of tloeache buffers.

LED Mode is designed tacontrol the operation of éile LED driver.
- LED Mode = 0000b

The CMDAC bitcontrols theLED.
CMDAC = 1 (CommandActive)
CMDAC = 0 (Motor Active)

- LED Mode = 0001b(Motor Active)

When the motor ispinning, the LED is high.
- LED Mode = 0010b(CommandActive).
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Whenthere is acommandactive or in thequeue, the LED ihigh.

Command Aging Limit This value is used te@ontrol themaximum time a commandhsuld wait in the
commandqueue when the CAEN bit iset.Each unit ofthis timer is 50ms.

QPE Read Thresholdspecifies theerror reporting threshold for reamberations when the QPE bit is set
to one.

QPE Write Threshold specifies theerror reporting threshold fowrite operations when the QPE bit is set
to one.
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7.9.4 Page 1 (Read/Write Error Recovery Parameters)

BIT

7 6 5 4 3 2 1 0 Default
BYTE 0| PS | RSVD=0 Page Code = 01h 81h
BYTE 1 Page Length = 0Ah 0Ah
BYTE 2| AWRE| ARRE B RC |EER=0 | PER | DTE |DCR COh
BYTE 3 Read Retry Count 01h
BYTE 4 Correction Span 00h
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 01h
BYTE 9 Reserved 00h
BYTE 10|(MSB) 00h

Recovery Time Limit .

BYTE 11 (LSB) 00h

Figure 75. Page 1

The Read-Writerecoveryparameterghat will be used during angommand thaperforms a read owrite
operation to the medium.

- AWRE, an Automaticwrite reallocation enabled bit is set to zero to indictiat thefile shall not
perform automatiaeallocation ofdefective datablocks during writeoperations.
A AWRE bit is set to one tdndicatethat thefile shall perform automatiaeallocation ofdefective data
blocks during writeoperations.

- ARRE, an Automaticread reallocation enabled bit is set to zero to indichis thefile shall not
perform automatiaeallocation ofdefective datablocks during readperations.
A ARRE bit is set to one tandicatethat thefile shall perform automatigeallocation ofdefective data
blocks during readperations.

- TB, Transfer Block bit, is set to one to indicatieat a dateblock that is notrecoveredwithin the
recovery limitsspecified shall baransferred to the initiator befor@HECK CONDITION status is
returned.

A TB bit of zero indicateghat such a data blockhall not be transferred to thaitiator. Datablocks
that can beecoveredwithin the recovery limits are always transferregardless of thealue of the bit.

RC, A readcontinuous bit set to tequests the Target twansfer the entire requested length of data
without addingdelayswhich wouldincrease orensure data integrity. This implighat theTarget may
send erroneous data. This bit has priomtyer all othererror controlbits (PER, DTE,DCR, TB).

Note: The Target implementation of the R@ption is todisableerror detection of the datfelds but
continue normakrror detection andecovery for errors occurring in the serfield. If a servofield failure
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occurred, themormal DRPcouldresult in considerable recovenction,including proceedinghrough
all levels of DRP.

RC set to 0 indicatesormalinterpretation ofPER, DTE, DCR, and TBralues. The RC bit setting is
used by the Target when reporting errassociated with the transfer of theitiator's data for thdol-
lowing commands:

- Read(6)
- Read(10)

For all other commands, the RC ksetting isunused andreated as O.

EER,An enableearly recovery bit. Must be set to zero, indicatingthat thefile shall use arerror
recoveryprocedurethat minimizes therisk of mis-detection or mis-correction during the data transfer.
Datashall not be fabricated.

PER, Post Error bit, is set to one tindicatethat thefile reportsrecovered errors.

DTE, Disable Transfer orerror bit, is set to one tandicatethat thefile terminates thedDATA phase
upondetection of arecovered error .

DCR, Disable Correction bit, is set to one todicatethat ErrorCorrection Code is notised for data
error recovery.
A DCR bit of zero indicateshat ECC isapplied to recover thdata.

Read Retry Count sets a limit on theamount of DR Ppasseghat theTarget attempts toecover read
errors. A value of zero disables all data recovprgceduresalways. When AVERP bit (Mode Page 0
Byte 6 Bit 6) is zero, a value afion-zero inRead RetryCountenables all steps dRP. When
AVERP bit is one, thenumber in Read Retrgountsets themaximumretry count of DRP.

Correction Span field specifies the size, ibits, of thelargest dataerror burst forwhich data error cor-
rection may beattempted. Anywalue may be seinto this field, including zero. Théile will always use
it's default correctiorcapabilities.

Head Offset Countis not supported by théle.

Note: Head Offset ismplemented in theead errorecoveryroutine. The user can not modify the
offset value.

- Write Retry Count sets a limit on theamount of DRPpasseghat theTarget attempts toecover write

errors. A value of zero disables all data recovprpceduresalways. When AVERP bit (Mode Page 0
Byte 6 Bit 6) is zero, a value afion-zero inWrite Retry Countenables all steps dRP. When
AVERP bit is one, thenumber inWrite Retry Countsets themaximumretry count of DRP.

Recovery Time Limit will be ignored whenAVERP bit (Mode Page 0 Byte 6 Bit 6) is zeroWhen
AVERP bit is set to 1RecoveryTime Limit sets themaximum commanexecution time with incre-
mentfactor of 1 msec. If &command is not able to beompleted within thdimit, a checkcondition
will be returned. The Recoveryime Limit should bebetween 40 msec antb00 msec, or thifunction
is ignored.
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The following summarizes/alid modes of operation. If afllegal mode is set the mode selemmmandwill
completesuccessfully but thaction of thefile when anerror occurs is undefined.

PER DTE DCR TB DESCRIPTION

0 0 0 0 Retries anderror Correction are attempted. Recoveredand/orcorrected data (if
any) istransferred with n®CHECK CONDITION status at the end of thteansfer.

no err The transfer length is exhausted.

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

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block is ndtansferred to the initiator. Théle then
creates theCHECK CONDITION status with the appropriat8ense
Key.

0 0 0 1 Retries andError Correction are attempted. Recoveredand/orcorrected data (if
any) istransferred with n®CHECK CONDITION status at the end of thieansfer.

no err The transfer length is exhausted.

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

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block iransferred to the initiator. Th#le then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

0 0 1 0 Retries arattempted but nerror correction(ECC) isapplied. Recovered data (if
any) istransferred with n®CHECK CONDITION status at the end of theansfer.

no err The transfer length is exhausted.

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

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block is ndtansferred to the initiator. Théle then
creates theCHECK CONDITION status with the appropriatéense
Key.

0 0 1 1 Retries areattempted but narror correction(ECC) isapplied. Recovered data (if
any) istransferred with n®CHECK CONDITION status at the end of theansfer.

no err The transfer length is exhausted.

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

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block iransferred to the initiator. Th#le then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

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

o o o o
N e
P B, O O
B O LB O

lllegal Request-DTE must beero when PER is zero
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0

0 The highestevel error is reported at the end tfansfer. Retries and error cor-

rection areattempted. Recovereaind/orcorrected data (if any) igansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 btmoks
taining recovered errors. Thieformation byte in thesense datavill
contain thelogical block address of the last recovered error.

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block is ndtansferred to the initiator. Théle then
creates theCHECK CONDITION status with the appropriat8ense
Key.

The highestevel error is reported at the end tfansfer. Retries and error cor-
rection areattempted. Recovereaind/orcorrected data (if any) igansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 btmoks
taining recovered errors. Thiaformation byte in thesense datavill
contain thelogical block address of the last recovered error.

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block iransferred to the initiator. Th#le then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

The highestevel error is reported at the end tfansfer. Retries arattempted but
ECC is not applied. Recovereahd/orcorrected data (if any) isansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 btmoks
taining recovered errors. Thiaformation byte in thesense datavill
contain the LBA of thelast recovered error.

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block is ndtansferred to the initiator. Théle then
creates theCHECK CONDITION status with the appropriat8ense
Key.

The highestevel error is reported at the end tfansfer. Retries arattempted but
ECC is not applied. Recovereghd/orcorrected data (if any) isansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 btmoks
taining recovered errors. Thiaformation byte in thesense datavill
contain the LBA of thelast recovered error.

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block igransferred to the initiator. Th#le then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.
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1 1 0 0 The highestevel error is reported at the end tfansfer. Retries and error cor-
rection areattempted. Recovereaind/orcorrected data (if any) igansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 data shalbntain the LBA of the block in error.

hard err  Datatransferstops on the unrecoverable error. Tfile then creates the
CHECK CONDITION status with the appropriat8enseKey.

1 1 0 1 The highestevel error is reported at the end tfansfer. Retries and error cor-
rection areattempted. Recovereaind/orcorrected data (if any) igansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 data shalbntain the LBA of the block in error.

hard err  Datatransferstops on the unrecoverable error. The unrecoverable error
block is returned to the initiator. Thile then creates theCHECK
CONDITION status with the appropriat8enseKey.

1 1 1 0 The highestevel error is reported at the end tfansfer. Retries arattempted but
ECC is not applied. Recovered datatriansferred withCHECK CONDITION
status anRECOVEREDERROR Sense 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 data
shall contain thelogical block address of thévlock in error.

hard err  Datatransferstops on the unrecoverable error. Tfile then creates the
CHECK CONDITION status with the appropriat8enseKey.

1 1 1 1 The highestevel error is reported at the end tfansfer. Retries arattempted but
ECC in not applied. Recovereahd/orcorrected data (if any) igansferred with
CHECK CONDITION status anRECOVEREDERROR Sense 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 data shalbntain thelogical block address of thélock in error.

hard err  Datatransferstops on the unrecoverable error. The unrecoverable error
block is returned to the initiator. Th#e then creates theCHECK
CONDITION status with the appropriat8enseKey.
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7.9.5 Page 2 (Disconnect/Reconnect Parameters)

BIT

7 6 5 4 3 2 1 0 Default
BYTE 0| PS | RSVD=0 Page Code = 02h 82h
BYTE 1 Page Length = OEh OEh
BYTE 2 Read Buffer Full Ratio 00h
BYTE 3 Write Buffer Empty Ratio 00h
BYTE Reserved = 0 Al
4 —15 00h

Figure 76. Page 2
The disconnect / reconneptge provides the initiator theeans to tune the performance of the SCSI bus.

An initiator may use thédDENTIFY message t@rant thefile the general privilege oflisconnecting. (Dis-
connectrequests maygtill be selectivelyrejected by thenitiator by issuing aMESSAGE REJECT).

The file uses thalisconnect/reconnect parameters to control reconnectising READ ( operationcode
08h and 28h) an®WRITE ( OAh , 2Ah and 2E).

Read Buffer Full Ratio is the numerator of &action whosedenominator i256. Thefraction indicates
how full the file databuffer should bebeforeattempting to reconnect to the SCSI bus. If the ratio is set
to Oh, the target wilcalculate and use aoptimal ratiobased on the negotiated transfer rate.

- Write Buffer Empty Ratio is the numerator of &raction whosedenominator is 256. Thé&action indi-
cates howempty thefile databuffer should bebeforeattempting to reconnect to the SCSI bus. If the
ratio is set to Oh, the targetill calculate and use aoptimal ratiobased on the negotiated transfer rate.

Both the Readuffer Full Ratio and theWrite Buffer Empty Ratiopertain to the currenactivenotch. For
eachactivenotch, asdefined in pagedCh, there are separatReadBuffer Full Ratios andWrite Buffer
Empty Ratios. When theactivenotch iszero, the values arapplied across all notches.

7.9.5.1 Reconnection to a disconnected read command

For a readcommand, the@econnect igdelayed relative to the availability of thfast block in thefile data
buffer by the fraction of thdile databuffer size. If theremaining data transfer length lisss than thdraction
of the file databuffer size, thefile control programcalculates theptimal reconnectiompoint to complete the
data transfer as early gmssible whileminimizing the time connected to tH®CSI bus.

7.9.5.2 Reconnection to a disconnected write command

For a writecommand, théNrite Buffer Ratio issignificant only if thetotal datatransfer length is greater

than the size of théile databuffer. The fractiondetermines howempty thefile databuffer should be before
reconnecting to begifilling the buffer again.
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7.9.6 Page 3 (Format Device Parameters)

BIT Default
7 6 5 4 3 2 1 0 45G 9.1G
BYTE O[PS = 0 RSVD=0 Page Code = 03h 03h
BYTE 1 Page Length = 16h 16h
BYTE 2|(MSB) 14h 28h
Tracks per Zone
BYTE 3 (LSB) 79h F3h
BYTE 4|(MSB) 00h
Alternate Sectors per Zone = 0
BYTE 5 (LSB) 00h
BYTE 6/(MSB) 00h
Alternate Tracks per Zone = 0
BYTE 7 (LSB) 00h
BYTE 8|(MSB) 00h
Alternate Tracks per Logical Unit = 0
BYTE 9 (LSB) 00h
BYTE 10|(MSB) 00h
Sectors per Track
BYTE 11 (LSB) DAh
BYTE 12|(MSB) 02h
Data Bytes per Physical Sector = 0200h
BYTE 13 (LSB) 00h
BYTE 14|(MSB) 00h
Interleave = 1
BYTE 15 (LSB) 01h
BYTE 16|(MSB) 00h
Track Skew Factor
BYTE 17 (LSB) 0Bh
BYTE 18|(MSB) 00h
Cylinder Skew Factor
BYTE 19 (LSB) 14h
BYTE 20| SSEC | HSEC | RMB | SURF RESERVED 40h
BYTE RESERVED Al
21-23 00h

Figure 77. Page 3

The formatdevicepagecontains parameters whidpecify themedium format. Thigpagecontains no
changeable parameters.

Tracks per Zone specifies thenumber oftracks within the zone. Thifeld is afunction of theactivenotch.
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A value of 0 in the followingparametersndicatethatthose are Targedpecific.

« Alternate Sectors pefone
« Alternate Tracks peZone
« Alternate Tracks petogical Unit

Sectors perTrack specifies thenumber ofphysical sectorsvithin each track. Thidield is afunction of the
active notch.

Track Skew Factorindicates thenumber ofphysical sectorbetween thdastblock of one track and thérst
block on the next sequential track of the saoyinder. Thisfield is afunction of theactive notch.

Cylinder Skew Factorindicates thenumber ofphysical sectorbetween thdastblock of onecylinder and the
first block on the next sequentiallinder. Thisfield is afunction of theactivenotch.

SSEC= Zeroindicatesthat thefile does notsupportsoft sectorformatting.
HSEC = One indicateghat thefile supports hardgector formatting.
RMB = Zeroindicatesthat themedia does nosupportremovable. Fixed Disk.

SURF = Zeroindicatesthat progressive address are assigned tdagical blocks acylinder prior to allo-
cating addressvithin the nextcylinder.
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7.9.7 Page 4 (Rigid Disk Drive Geometry Parameters)

BIT Default
7 6 5 4 3 2 1 0 45G 9.1G
BYTE 0| RSVD =0 Page Code = 04h 04h
BYTE 1 Page Length = 16h 16h
BYTE 2|(MSB) 00h
Number of Cylinders . 20h
BYTE 4 (LSB) C3h
BYTE 5 Number of Heads 05h  0Ah
BYTE 6|(MSB) 00h
Starting Cylinder-Write Precompensation = 0 . |
BYTE 8 (LSB) 00h
BYTE 9|(MSB) 00h
Starting Cylinder-Reduced Write Current = 0 . |
BYTE 11 (LSB) 00h
BYTE 12|(MSB) 00h
Drive Step Rate (Not used) .
BYTE 13 (LSB) 00h
BYTE 14|(MSB) 00h
Landing Zone Cylinder (Not used) . |
BYTE 16 (LSB) 00h
BYTE 17 RESERVED RPL =0 00h
BYTE 18 Rotational Offset = 00 (Not used) 00h
BYTE 19 RESERVED 00h
BYTE 20|(MSB) 1Ch
Medium Rotation Rate = 7200 .
BYTE 21 (LSB) 20h
BYTE 22 00h
RESERVED 1
BYTE 23 00h

Figure 78. Page 4

The rigid disk drive geometric pagepecifiesvarious parameters for thide.

RPL Zero. Indicatesthat thefile does notsupportspindlesynchronization.
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7.9.8 Page 7 (Verify Error Recovery Parameters)

BIT

7 6 5 4 3 2 1 0 Default
BYTE 0| PS | RSVD=0 Page Code = 07h 87h
BYTE 1 Page Length = 0Ah 0Ah
BYTE 2 Reserved = 0 EER=0| PER | DTE=0|DCR 00h
BYTE 3 Verify Retry Count 01h
BYTE 4 Correction Span = 00h 00h
BYTE 5 Reserved = 0 00h
BYTE 6 Reserved = 0 00h
BYTE 7 Reserved = 0 00h
BYTE 8 Reserved = 0 00h
BYTE 9 Reserved = 0 00h
BYTE 10|(MSB) 00h

Verify Recovery Time Limit (Not Used) .
BYTE 11 (LSB) 00h

Figure 79. Page 7

The Verify recoveryparameters are used by the Target whecoveringfrom and reportingerrors associated
with the verification of theinitiator's Data for thefollowing commands:

« Verify

- Write andVerify - the verify portion of the commananly.
Sincebytes4-11 are notchangeable, th&lode Select Commndsaccepts only the values indicated for bytes
4-11.

« EER, This bit is 0 since therarget does nosupportearly recovery.

- PER, See below for description of bitalues.

- DTE, This bit is 0 since thélargetalwayscontinues orrecoveredverify operationerrors.

- DCR, See below for description of bitalues.

PER, DTE, and DCR bit ¢8ngs in page 7 overridéhose ofpage 1 duringverify and the Verify
portion of Write andVerify. There are only fouwalid conditions for thePER, DTE, and D CFRbits. All
other combinations return Check Conditi®atus.

PER DTE DCR DESCRIPTION
0 0 0 Soft errors are noteported. ECC is applied toecover thedata.
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1 0 0 Soft errors are@eported. ECC is applied teecover thedata.
0 0 1 Soft errors are noteported. ECC is not used tecover thedata.
1 0 1 Soft errors are@eported. ECC is not used tecover thedata.

Verify Retry Count sets a limit on theamount ofverify recovery procedte(VRP) passes thdarget
attempts whemecoveringverify errors. TheVerify Retry Count of onecauses th&arget toattempt up
to one VRP pass per command when a mediemror occurs during aerify operation. Onlyalues of
Oh and 01h are valid. The value of Oh disables all recovery.

« Verify Correction Span field specifies the size, ibits, of thelargest dataerror burst forwhich data error
correction may be attempted. Tlield may be set to anyalue but thefile will not use offlinecorrection
during verify operations.
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7.9.9 Page 8 (Caching Parameters)

BIT
7 6 5 4 3 2 1 0 Default
BYTE 0| PS | RSVD=0 Page Code = 08h 88h
BYTE 1 Page Length = OCh 0Ch
BYTE 2 RESERVED = 0 WCE| MF | RCD 04h
BYTE 3| Read Retention Priority=0 Write Retention Priority=0 00h
BYTE Disable Pre —fetch Transfer Length FFh
4-5 FFh
BYTE Minimum  Pre —fetch 00h
67 00h
BYTE Maximum Pre—fetch FFh
8-9 FFh
BYTE Maximum Pre—fetch Ceiling FFh
10-11 FFh
BYTE 12 RESERVED = 0 00h
BYTE 13 Number of Cache Segments 06h

Figure 80. Page 8

The cachingparameterpagedefinesparametershat affect the use of theache.

- WCE, Write Cache Enable bit, is set tero to indicateahat thedrive mustissue Good Status for
Write(6) or Write extend(10rommand onlyafter successfully writing the data to tmeedia. A WCE bit
of one indicateghat thedrive may issue Good Status forVdrite(6) or Write extend(10tommandafter
successfully receiving the data bbéfore writing it to themedia.

Note: When WCE = 1, aSynchronize Cacheommand must bedone toassume data is written to the
media before powering down the Target.

MF, Multiplication Factordetermines how thdaximum Pre-fetchfield is interpreted When this bit is
set the data to pre-fetch given by thecommandlength multiplied by the value in thMaximum Pre-
fetch field. Whenthis bit isreset the value in th&aximum pre-fetchfield is used as the absolute length
to pre-fetch.

RCD, ReadCache Disable bit, ofero indicateghat thefile may return datarequested by a READ
command byaccessing either theache or theReadAheadBuffer, or media. A RCD bit of one indi-
catesthat thefile shall transfer all dataequested by a REARommand byaccessing thenedia(i.e.,

data cannot béransferredrom the cache orReadAheadBuffer).

Read Retention Priority, Demand Read Retention Prity is not supported.

« Write Retention Priority , Write Retention Prioity is not supported.

Disable Pre-fetchTransfer Length specifies anumber of LBA'swhich if a readcommandiengthexceeds
will cause the drive not tperformreadaheadbuffering after thecommand hagsompleted. Avalue of
zerospecifiesreadahead idisabled.
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Minimum Pre-fetch specifies theminimum number of LBA's that thdrive shouldreadaheadafter each
readcommand. Avalue of zero indicatethatreadahead should be terminatémimediately a new
commandarrives,except in thecase when the newommand is on theurrent head and track.
Maximum Pre-fetch specifies themaximum number of LBA's taeadaheadafter a reaccommand. This
field can either baused as an absolutalue, if the MF bit is 0, orelse it will be multiplied by the read
commandlength to give the actual length to read ahead.

Maximum Pre-fetch ceiling specifies themaximum number oblocks thedrive should attempt toread
ahead. It is particularly relevant when the MF bitsist.

Number of Cache SegmentS his field isused to indicate to thdrive how manysegments are requested
by the initiator. The targesupportsfollowing Cache Segmertonfiguration:

Number of Seg- Segment Size
ments
3 128K
6 64K
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7.9.10 Page A (Control Mode Page Parameters)

BIT

7 6 5 4 3 2 1 0 Default
BYTE 0| PS | RSVD=0 Page Code = 0Ah 8Ah
BYTE 1 Page Length = 6 06h
BYTE 2 RESERVED = 0 RLEC 00h

=0

BYTE 3| Queue Algorithm Modifier RESERVED = é QErr | DQue 00h
BYTE 4| EECA RESERVED = 0 RAENPUAAENR EAENP, 00h

=0 =0 =0 =
BYTE 5 RESERVED = 0 00h
BYTE 6 00h

Ready AEN Holdoff Period = 0 .

BYTE 7 00h

Figure 81. Page A

Following are parameter options f®age 0A ofMODE SELECT.

« Queue algorithm modifier specifiesrestrictions on the algorithm used fog-orderingcommands that are

tagged with theSIMPLE QUEUE TAG message.

Oh : Restricted re-ordering. The targdall re-order theactual execution sequence of theeued com-
mands fromeach initiator suchihat dataintegrity is maintained forthat initiator.

1h : Un-restricted re-ordering allowed. The target may re-order the actual execution sequence of the
gueued commands in any manner it selects. Any diatgrity exposures related to
commandsequence order arxplicitly handled by the initiatothrough theselection of
appropriate commands and queue tagssages.

2h-7h :RESERVED.

8 Commandre-ordering is disabled

9-Fh :RESERVED

- QErr, Queue Error Management, bit nérospecifiesthat theTarget suspends execution @fieued and

activecommanddrom any Initiator whichreceives aCheck Condition Statuantil pendingsense data is

cleared. Those commandstill queuedafter theTarget has returned Checkondition Status, continue

execution in anormal manner when thpending status isleared. AQErr bit of onespecifiesthat all

activecommands and all queued commarfdsm all initiators areaborted when the Target returns the

Check ConditionStatus. Aunit attention conditiorwill be generated for each initiator which hagdm-

mands in the queuexcept the initiatothat received theCheck ConditionStatus. Thesense kewwill be

set to Unit Attention and thadditionalsensecodewill be set to COMMANDS CLEARED BY

ANOTHER INITIATOR.

DQue, Disable Queuing, bit of zerspecifiesthat taggedqueuingshall beenabled if the targesupports

taggedqueuing. ADQue bit of onespecifiesthat taggedqueuingshall be disabled. Angueue com-

mands for that |_T_Lnexusshall beaborted. Any subsequent queue tagssage received shall be

rejected with aMESSAGEREJECTmessage and 1/O process shall be executed amsagged

command.
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7.9.11 Page 0C (Notch Parameters)

BIT
7 6 5 4 3 0 Default
BYTE 0/ PS |RSVD=0 Page Code = 0Ch 8Ch
BYTE 1 Page Length = 16h 16h
BYTE 2|ND = I1|LPN =0 RSVD = 80h
BYTE 3 Reserved = 0 00h
BYTE 4| (MSB) Maximum Number of Notches = 00h
BYTE 5 (LSB) 08h
BYTE 6| (MSB) 00h
Active Notch

BYTE 7 (LSB) 00h
BYTE 8| (MSB) 00h

| Starting Boundary
BYTE 11 (LSB) 00h
BYTE 12| (MSB)

| Ending Boundary
BYTE 15 (LSB)
BYTE 16/ (MSB) Pages Notched = 00000000h

| 000000000000100Ch
BYTE 23 (LSB) 0000100Ch

Figure 82. Page 0C

The notchpagecontains parameters falirect-access deviceghich implement avariablenumber ofblocks
per cylinder.Eachsection of thelogical unit with a differentnumber ofblocks percylinder is referred as a

notch. The onlyfield that ischangeable is théctive Notch field.

ND = ONE meaninghatthis device is anotcheddrive.

LPN = ZERO meaningthat thenotches are basegpon physicalparameters of thdrive (cylinder#), not

logical parameters.

Maximum Number of Notchesis the number ohotches thadrive cansupport.

Active Notch indicateswhich notch subsequertiode Select/Senseommandparameters pertain to. falue
of 0 is used for parameteralueswhich apply to all notchesValuesfrom 1 to themaximumvalue
depending on the modeabpecify thenotch numberwherenotch 1 is the outer most notch.

Following mode parameters are based on the curaetive notch:

- Page 2
ReadBuffer Full Ratio
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— Write Buffer Empty Ratio
Page 3

— Alternate Sector pezone

— Alternate Track peZone

— Alternate Track petogical Unit
— Sector perTrack

- Track SkewFactor

— Cylinder SkewFactor

Starting Boundary contains thefirst physicallocation of theactive notch. Thefirst three bytes are theyl-
indernumber and théast byte is thehead. The value sent in thfeld is ignored.

Ending Boundary contains thdast physicallocation of theactivenotch. Thefirst three bytes are theylinder
number and thédast byte is thehead. The value sent in thfeld is ignored.

PagesNotchedis a bit map of the mode page codisat indicateswhich pagescontain parameterthat may
be different for differenthotches. Thamostsignificant bit ofthis field corresponds t@age code 3Fh and the
least significant bittorresponds t@age code 00h. If a bit is one, then the corresponding mode paige
tains parameterthat may bedifferent for differentnotches. If a bit izero, then the corresponding mode
pagecontains parameteithat are constant for atiotches.
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7.9.12 Page 1A (Power Control)

BIT
7 6 5 4 3 2 1 0 Default
BYTE 0 PS | RSVD Page Code = 01Ah 9Ah
BYTE 1 Page Length = 0Ah 0Ah
BYTE 2 Reserved = 0 00h
BYTE 3 Reserved = 0 ldle |Standby 00h
BYTE 4| (MSB) 00h
| ldle Condition Timer = 0 |
BYTE 7 (LSB) 00h
BYTE 8| (MSB) 00h
| Standby Condition Timer |
BYTE 11 (LSB) 00h

Figure 83. Page 1Ah

« Idle bit must be set to 0.

- Standby bit of one indicateghat the targeshall use theStandby Condition Timer taletermine the
length of inactivity time to wait before entering tf&tandby condition. A standby bit afero indicates
that the targeshall notenter the Standby condition.

« Idle Condition Timer must be00000000h.

- Standby Condition Timer field indicates the inactivity time in 100 milliseconidcrementsthat the target
shall wait before entering th8tandby condition.
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7.9.13 Page 1C (Informational Exceptions Control)

BIT

7 6 5 4 3 2 1 0 Default
BYTE 0| PS |RSVD=0 Page Code = 1Ch 9Ch
BYTE 1 Page Length = 0Ah 0Ah
BYTE 2| PERF Reserved = 0 DEXCPT| TEST RS%P LOGEFR 00h
BYTE 3 Reserved = 0 Method of Reporting 00h
BYTE 4| (MSB) 00h
BYTE 5 | 00h

Interval Timer 1
BYTE 6 00h
BYTE 7 (LSB) | 00h
BYTE 8| (MSB) 00h
BYTE 9 | 00h
Report Count .

BYTE 10 00h
BYTE 11 (LSB) | 00h
Figure 84. Page 1C
Changeable Parameter Default Value
DEXCPT 0
TEST 0
Method of Reporting 0
Interval Timer 0
Report Count 0

« LOGERR (Log Errors) is notused.

- DEXCPT (Disable Exception Control) bit afero indicatesnformation exception operations is enabled.
The reporting of information exception conditions when MEXCPT bit is set tozero is determined
from the Method ofReportingfield. A DEXCPT bit of oneindicates theTargetdisable allinformation
exception operationsicluding thefile idle time function whichsaves the log selectounters. If this bit is
set thesecounters are not written tdisk and sowill be lost at the nexpower cycle.

« TEST bit of one instructs thelrive to generatdalsedrive notifications at the next interval time, (as
determined by the INTERVALTIMER field), if the DEXCPT iszero. The Method ofReporting and
Report Countwould apply. Thefalsedrive failure is eported as sense qualifieDFFh. The TEST bit
of zero instructs thalrive to stop generating anyalsedrive notifications.
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PERF (Performance) bit is not used.

Method of Reporting Informational Exceptionsndicates themethodsused by the Target toeport infor-
mational exception conditions.

Code Description

Oh No reporting of informational exceptioncondition: This methodinstructs the target to naeport
informational exception condition.

1h Asynchronousevent reporting: Nosupported.

2h Generate unit attention: This methodinstructs the target toeport informationalexceptioncon-
ditions by returning ZHECK CONDITION status on angxommand. Thesense key is set to
UNIT ATTENTION and theadditionalsensecode indicates the cause of tirdormational
exception condition. Theommand that has theHECK CONDITION is notexecuted before
the informational exception condition is reported.

3h Conditionally generaterecoverederror: This methodinstructs the target toeport informational
exception conditions, dependent on thedue of the PER bit of the erraecoveryparameters
mode page, byeturning aCHECK CONDITION status on angommand. Thesense key is set
to RECOVEREDERROR and theadditionalsensecode indicates the cause of thrdormational
exception condition. Theommand that has th e HECK CONDITION completeswithout
error before anynformational exception condition is reported.

4h Unconditionally generaterecoverederror: This methodinstructs the target toeport informational
exception conditionstegardless of the&alue of the PER bit of the erraecoveryparameters
mode page, byeturning aCHECK CONDITION status on angommand. Thesense key is set
to RECOVEREDERROR and thedditionalsensecode indicates the cause of thiformational
exception condition. Theommand that has theHECK CONDITION completeswithout
error before anynformational exception condition is reported.

5h Generate nosense: This methodinstructs the target toeport informationalexception conditions
by returning aCHECK CONDITION status on anxommand. Thesense key is set to NO
SENSE and thedditionalsensecode indicates the cause of thidormational exception condi-
tion. Thecommand that has theHECK CONDITION completeswithout error before any
informational exception condition is reported.

6h Only report informational exception condition on request: This methodinstructs the target to pre-
serve theinformational exception(s) information. Tiind out aboutinformation exception condi-
tions the Application Clienpolls the target by issuing amnsolicitedREQUESTSENSE
command. Thesense key is set to NGENSE and thadditionalsensecode indicates the cause
of the informational exception condition.

7h-Fh Reserved.

Interval Timer field indicates theperiod in 100millisecond increments for reportindpat aninformational
exception condition has occurred. The targkall notreport informationalexception conditionsnore
frequently than the timaspecified by thdnterval Timer field and assoon agpossible after the time
interval has elapsed. After thaformational exception condition has been reporteditfierval timer is
restarted. A value of zero in the Interv@imer field indicatedthat the target onlyeports the informa-
tional exception condition one time.

Report Count field indicates thenumber oftimes the target reports an informational exceptommdition
. The Report Count oZERO indicates no limits on th@umber oftimes the target reports an informa-
tional exception condition.
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7.10 MODE SENSE (5A)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 5Ah
1 LUN Reserved = 0
2 PCF Page Code
3 Reserved = 0
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 (MSB) Allocation Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 85.MODE SENSE(5A)

The MODE SENSE(5A) commandprovides ameans for thdile to reportvariousdeviceparameters to the
initiator. See theMODE SENSE(1A) command for adescription of thefields in this command.
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7.11 MODE SELECT (15)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 15h
1 LUN PF=1 Reserved = 0 SP
2 Reserved = 0
3
4 Parameter List Length
5 VU =0 Reserved = 0 FLAG | LINK

Figure 86.MODE SELECT (15)

The MODE SELECT (15)commandprovides ameans for the initiator t@pecify LUN or deviceparame-
ters to theTarget. It alsocallows anlnitiator to specifyoptions theTarget uses in errarecovery and
Caching.

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

PF A PF (PageFormat) bitvalue of 1 indicates the datgent by the Initiatomafter theMode Select
Header and the Block Descriptor, if any, complies to the Pegemat. TheTargetignores this
field since it onlyaccepts mode parameters in the Pagemat.

SP Save Pages. This indicates;

0 The drive shall not save the pagesnt during theData Outphase buwill use them for all
following commandsuntil the power is removed, eeset is received or a new mode select
command igeceived.

1 The drivewill save the data in the reservadea of the disk. Iwill be used for allfollowing
commandauntil another mode selectommand idgssued, thisnformation is maintained
over apowercycle orreset of thefile.

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 SELECT parametetist contains a four-byte headeigllowed by zero or ondlock descriptor
followed by zero ormore pages. The pageshich arevalid with this command aralefined in theaddendum
under theheadingMode SelectData. as they vary with thdile model.

7.11.1.1 Application Note

The initiator shouldssue aMODE SENSE commandequesting all Changeablalues (see PCHield in
byte two of the CDB in 7.9MODE SENSE(1A)” on page 88)prior to issuing aMODE SELECT
command. This isiecessary to find ouvhich pages arémplemented by thdile and thelength ofthose
pages. Thdile will return, in thePages of the ODE SENSE command, the number lojtessupported
for each Page. The Pagength set by thenitiator in the MODE SELECT command must be thexact
value asthat returned by thdile in MODE SENSEPage Length. Ithis is not true, thdile will return
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CHECK CONDITION status withsense key of LLEGAL REQUEST. See€r.9,"“MODE SENSE(1A)”
on page 88.

Note: If an initiator sends aMODE SELECT command thathanges anyparametershat apply to other
initiators, thefile shall generate annit attention condition for alinitiators except the onéhatissued the

MODE SELECTcommand. Thdile shall set theadditionalsensecode toPARAMETERS CHANGED
(2Ah).
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7.12 MODE SELECT (55)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 55h
1 LUN PF =1 Reserved = 0 SP
2 Reserved = 0
3
4
5
6
7 (MSB) Parameter List Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 87.MODE SELECT (55)

The MODE SELECT (55)commandprovides ameans for the initiator tepecify LUN or deviceparame-
ters to theTarget. See thtMODE SELECT (15)command for adescription of thefields in this command.
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7.13 PRE-FETCH (34)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 34h
1 LUN Reserved = 0 Immed |RelAdr
=0 =
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Transfer Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 88. Pre-Fetck34)

The PRE-FETCHcommandrequests thdile to transfer data to the cache. No data is transferred to the
initiator.
Transfer length  The transfer lengtliield specifies thenumber ofcontiguous blocks of datthat are to be

transferrednto the cache. A transfer length of zero indicatésat blocks are to be trans-
ferredinto the cache until the segment fidled or there are nanore blocks on the media.

Immed (Immediate)must bezero. An immediate bit of zerondicatesthat thestatusshall not be
returned until the operation has completed.
If the Immed bit is set tone, thedrive returns a CheclConditionstatus. Thesense key
shall be set tdllegal Request and thadditionalsensecodeshall be set to Invalidrield in
CDB.

RelAdr Relative Block Address is nagupported. Must be set tazero.
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7.14 READ (08)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 08h
1 LUN (MSB) LBA
2 Logical Block Address
3 (LSB)
4 Transfer Length
5 VU =0 Reserved = 0 FLAG | LINK

Figure 89. READ(08)

The READ commandequests thdile to transfer thespecifiednumber ofblocks of data to the initiator
starting at thespecified logicalblock address.

Logical block address This field specifies théogical unit at which the readperationshall begin.

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

Note: Errors are handled bigRP(errorrecoveryprocedure) ERPs arecontrolled by the errorecovery
parameterspecified byMODE SELECT command.

3 Block is 512bytes in length.
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7.15 READ CAPACITY (25)

Bit
Byte
7 6 4 3 2 1 0
0 Command Code = 25h
1 LUN Reserved = 0 RelAdr
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7
8 Reserved = 0 PMI
9 VU =0 Reserved = 0 FLAG | LINK

Figure 90. READCAPACITY (25)

The READ CAPACITY commandeturns informatiorregarding the capacity of thide.

Logical Block Addressis used inconjunction with the PMI bit.

RelAdr. A Relative Address is nosupportedMust be set tazero.

PMI, PartialMedium Indicatorindicates;

PMI
0
1

Description

The drivereturns thelast logicalblock address of thdile.
The drivereturns thelast logicalblock address andblock length in bytes aréhat of the
logical block address aftewhich a substantiatlelay in data transfewill be encountered.
This returned logicablock address shall be greater thanexual to thelogical block address
specified by theRelAdr andlogical block addresdfields in thecommanddescriptor block.
This optionprovides theinformation the initiatomeeds to determine theemount ofspace
available on thesame track which isiccessiblavithout a headswitch or seek.

7.15.1.1 Returned Data Format

The data returned to the initiator in response to the READ CAPACKIbYhnmand idescribed here. The
data is returned in the DATA INhase.
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BYTE 0| (MSB)

BYTE 1 Logical Block Address
BYTE 2
BYTE 3 (LSB)

BYTE 4| (MSB)

BYTE 5 Block Length

BYTE 6 = 512

BYTE 7 (LSB)

Figure 91. Format of READCAPACITY commandreply

- Block Length specifies thdength in bytes of the block. It is set t812.
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7.16 READ DEFECT DATA (37)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 37h
1 LUN Reserved = 0 0
2 Reserved = 0 Plist Glist Defect List Format
3
4 Reserved = 0
5
6
7 (MSB) Allocation Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 92.ReadDefectData (37)

The READ DEFECTDATA commandrequestghat theTargettransfers themediumdefect data to the
initiator.

If the target is unable taccess anynediumdefect data itwill return a Check Conditiostatus with the
appropriatesense key. The sense kejll be set to eitheMedium Error(03h) if amediumerror occurred or
No Sense(00h) if thdist does notexist and theadditionalsensecodewill be set toDefect List Error(19h).

Plist The PrimaryDefect List (Plist) bit set to one indicatébat the targeteturns the primaryist of
defects. APlist bit of zero indicateshat the targeshall notreturn the PrimaryDefectlist of
defects.

Glist The GrownDefect List (Glist) bit set to one indicataébat the targeteturns the growrdefect

list. A Glist bit of zero indicateshat the targeshall notreturn theGrown Defectlist of defects.

Note: With both bits set to one Plist and Glist the targeitl return both the Primary and
Grown defect lists.With both bits set to zero, the targetill return only a four-byteDefect List
Header.

DefectList format The Defect List Format Field is used by the initiator to indicate pheferredformat for
the defect list.

The Defect List Format of '100 (Bytdsom IndexFormat)' and101 (Physical SectoFormat)' are sup-
ported. If the requested format is nstipported by thdile, it will return thedefect list in itsdefaultformat
'101' then terminates theommand withCheck Conditionstatus. Thesense kewill be set toRecovered
Error (01h) and the additionadensecodewill be set toDefect List NotFound(1Ch).

The file sendsdefect list(Defect Descriptors) in a four byte ABAAbsolute BlockAddress)format which
follows a four byte Defect.ist Header.

The target willtransfer all of theReadDefectData up to the number diytes allocated by the initiator.
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Note: The file will terminate theData Inphase when the Allocation Length has beaensferred or when
all available DefecData hasbeentransferred to the initiator, whichever lisss.

The ReadDefectDatacontains a four byte headefigllowed by zero ormore defect descriptors.

7.16.1 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| (MSB) Defect List Length

BYTE 3 (LSB)

Figure 93.Defect ListHeader

7.16.2 Bytes from Index Format (100b)

Defect Descriptors

BYTE 0 (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 94.Defect Descriptors oBytesfrom Index Format

Defect Bytesfrom Index is gotterusing the followingequation:

Bytes from Index = (Physical Sector Number) * N
Where: N = Bytes per sector (512 Bytes)

7.16.3 Physical Sector Format (101b)
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Defect Descriptors

BYTE 0 (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 95.Defect Descriptors of Physical Sector Format
The defect listtormat field specifies theformat of thedefect list data returned by tharget.

The Defect ListLength field specifies thelength in bytes of thedefectdescriptorsthat follow. The Defect
List Length is equal teight times thenumber ofdefect descriptors.

If the Allocation Length ignsufficient to transfer all of the defectescriptors, the Defect Lidtength will not
be adjusted taeflect thetruncation. The targewill not create aCHECK CONDITION status.
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7.17 READ EXTENDED (28)

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

Figure 96.ReadExtended(28)

The READ EXTENDED commandequests thdile to transfer data to the initiator. Thkarger Logical
Block Address and Transfdrength fields permit greaterquantities of data to be requested pgpymmand
than with the READ command and arequired toaccess the full LBArange of thelargercapacitydrives.

Transfer length  The number of conguous blocks to béransferred. If the transfer length is zero,tbeek
occurs,but no data isansferred. Thiscondition is notconsidered an error. If reaahead
is enabled, a readhead is startedfter the seek@mpletes.

DPO Disable Page Out function is nsupported however, DPO bit set to 1 is not rejected and
ignored internally.

FUA Force UnitAccess. A FUA bit of 1 indicateshat the data iseadfrom the media and not
from the cache. A FUA bit of O allows the data to be redm either the media or the
cache.

RelAdr Relative Block Address is nagupported. Must be set tazero.
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7.18 READ BUFFER (3C)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 3Ch
1 LUN Reserved = 0 Mode
2 Buffer ID = 0
3 (MSB)
4 Buffer Offset
5 (LSB)
6 (MSB)
7 Allocation Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 97. READBUFFER (3C)

The READ BUFFERcommand isused inconjunction with theWRITE BUFFER command as aliag-
nostic function fortesting thefile's memory and thesCSI busintegrity. Thiscommanddoes not alter the
medium.

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

MODE Description

000 Read combinedieader and data
010 Data
011 Descriptor

All others Not supported.

7.18.1 Combined Header And Data (Mode 000)

In this mode, a four bytéheader followed by data bytes are returned to the initiator duringAd A IN
phase. TheBuffer ID and the buffer offsefield arereserved.

The file terminates theDATA IN phase when allocation length bytes of header plus data baea trans-
ferred or when théneader and alhvailable data havbeentransferred to the initiator, whichever lisss.

The four-byte READBUFFER header (Figure 98 ompage 128) is followed by dataytesfrom the file's
data buffer.
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BIT
7 6 5 4 3 2 1 0

BYTE 0 RSVD = 0

BYTE 1|(MSB) Buffer Capacity

BYTE 2

BYTE 3 (LSB)

Figure 98. READBUFFER Header

The buffer capacityspecifies thetotal number of databytesthat areavailable in thefile's databuffer. This
number is notreduced toreflect theallocation length nor is it reduced teflect theactualnumber ofbytes
written using theWRITE BUFFER command.

Following the READBUFFER header, thdile will transfer datdrom its databuffer.

7.18.2 Read Data (Mode 010b)

In this mode, theDATA IN phase containbuffer data.

Buffer ID field must be set tozero, indicating the data transfer buffer. dhothervalue is specified, the
command isterminated with CHECK CONDITION status. Fileshall set sense key tdLLEGAL
REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

Buffer Offset specifies the offset of the memorgpacespecified by the Buffer ID. Thanitiator should
conform to the offset boundaryequirements returned in the REABUFFER descriptor. If the value
exceeds the buffer specified, trmmand isterminated withCHECK CONDITION status. Fileshall set
sense key tdLLEGAL REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

Allocation Length The file terminates theDATA IN phase when allocation length bytes of data haeen
transferred or when the header andalhilable data havbeentransferred to the initiator, whichever lisss.

7.18.3 Descriptor (Mode 011b)

In this mode, a maximum of foubytes of READ BUFFER descriptorinformation are returned. Thile
returns the descriptanformation for thebuffer specified by the Buffer ID.

Buffer ID field should normally be set t@ero indicating thefile data transfer buffer. If anyother value is
specified thefile returns allzeros in the READBUFFER descriptor.

Buffer Offset field is reserved.
Allocation Length must be set to four ogreater. Théfile transfers the lesser of thedlocation length or four

bytes of READ BUFFER descriptor. The READBUFFER descriptor isdefined in Figure 99 on
page 129.
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BIT
7 6 5 4 3 2 1 0

BYTE 0 Offset Boundary

BYTE 1|(MSB) Buffer Capacity

BYTE 2

BYTE 3 (LSB)

Figure 99. READBUFFERDESCRIPTOR
The valuecontained in theBuffer Offsetfield of subsequenWRITE BUFFER and READ BUFFERom-

mands should be aultiple of two to the power of the offsdioundary. The déet boundary isalways set
to nine, whichindicates Sector(512 byte8oundaries.
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7.19 READ LONG (3E)

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

Figure 100. READLONG (3E)

The READ LONG commandrequests thdile to transferone block of data to the initiator. The transfer
data includes 512 bytes of data and E@@é€ld data.

« CORT bit of ZERO causes the logicablock to be readwithout any correction made by thdile. A
CORT bit of one is notsupported by the Target (Borrected bit of one causes the data to be corrected
by ECC before transferring the data to the initiator).

Logical Block Addressfield specifies thdogical block at which the readperationshall occur.

Byte Transfer Length. This field must exactly specify thenumber ofbytes of datathat areavailable for
transfer. If anon-zero byteransfer length does nahatch theavailable data length, the targetrminates
the command withCHECK CONDITION status, thesense key is set toLLEGAL REQUEST and
an additionalsensecode set tdNVALID FIELD IN CDB. Thevalid and ILI bits is set to one and the
informationfield is set to thedifference of therequested lengtiminus theactual length in bytes. Nega-
tive values isindicated bytwo's complement notation.

The transfer length is calculated &dlows:
transfer length =logical block size + 34

RelAdr Relative Block Address is nagupported by théile.
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7.20 REASSIGN BLOCKS (07)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 07h
1 LUN Reserved = 0
2
3 Reserved = 0
4
5 VU =0 Reserved = 0 FLAG | LINK

Figure 101. REASSIGNBLOCKS (07)

The REASSIGN BLOCKScommandrequests thdile to reassign a logicablock to anavailable spare. The
REASSIGN BLOCKScommandattempts toallocate spare blocks on a spare track. Tibgical block

address is transferred to tHile during theDATA OUT phase. One to four block(s) may Ispecified for
relocation peREASSIGN BLOCKScommand.

Reassignment is completgpon thecompletion of theREASSIGN BLOCKScommand. Atthis time, the
defective logicalblock address habeen added to the growiG” list) defect list.

Data contained at thdogical block address being reassigned is not preserved byfitheand is filled with a
constant pattern.

Following is the format of the data sent by the initiaturing theDATA OUT phase:

SCSICOMMAND SET 131



7 6 5 4 3 2 0
BYTE 0 RSVD = 0
BYTE 1 RSVD = 0
BYTE 2 |(MSB) Defect list length = 4/8/12/16
BYTE 3 (LSB)
BYTE 4 |(MSB) Defective
BYTE 5 Logical
BYTE 6 Block
BYTE 7 Address -1 (LSB)
BYTE 8 |(MSB) Defective
BYTE 9 Logical
BYTE 10 Block
BYTE 11 Address -2 (LSB)
BYTE 12|(MSB) Defective
BYTE 13 Logical
BYTE 14 Block
BYTE 15 Address -3 (LSB)
BYTE 16{(MSB) Defective
BYTE 17 Logical
BYTE 18 Block
BYTE 19 Address 4 (LSB)

Figure 102. Format ofREASSIGNBLOCKS data

Note: If the file finds a defectiveblock by verifying ECC before itfinds a spare, thefile will not start the
REASSIGN BLOCKS process, butwill return CHECK CONDITION status with sense key set to

MEDIUM ERROR.

- Defect List Length must be4,8,12 or 16. Otherwise, thedrive returns CheckCondition with Sense key

= lllegal request.

. Defective Logical Block Address is 4 bytes in length. The initiator caspecify from 1 to 4 Defective
Logical Block Address according to the Defect Listngth from 4 to 16yespectively. Defective Logical
Block Addressesnust beordered in ascending order, or tkeive returns Check Condition.
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7.21 RECEIVE DIAGNOSTICS (1C)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 1Ch
1 LUN Reserved = 0
2 Reserved = 0
3 (MSB) Parameter List Length
4 (LSB)
5 VU =0 Reserved = 0 FLAG | LINK

Figure 103. RECEIVE DIAGNOSTIC(1C)

The Receive Diagnhosticommandrequeststhat analysis dataequested by a Send Diaghosticemmand be
sent to the initiator.

- Parameter List Length specifies theamount of data to be returned to thmitiator. This value may be
zero and this is not considered an error. The target terminateD &lt@ In phase when alavailable data
has beenransferred or when theumber ofbytes transferred equals tiRarametetist Length.

7.21.1 Receive Diagnostic Page 0

This pagecontains dist of supportedpages.

Byte 7 6 5 4 3 2 1 0
0 PageCode = 0

1 Reserved = 0

2-3 PageLength = 02h

4 First supportedage 0

5 Secondsupportedpage 40

7.21.2 Receive Diagnostic Page 40

Using the Send Diagnostiasommand araddress, in either physical dogical format, is supplied to thdile.

This page is then used tetrieve the addressanslatednto the other format.

Byte 7 6 5 4 3 2 1 0
0 PageCode = 40h

1 Reserved = 0

2-3 PagelLength = 0Ah
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Byte 7 6 5 4 3 2 1 0

4 Reserved = 0 Supplied Format

5 RA ALTS| ALTT| Reserved = Translate Format
0

6 -13 TranslatedAddress

Supplied Format is the value supplied by the Send Diagnostiemmand it may be one of thidareefol-
lowing values

— 000bBlock format

— 100bBytesFrom Index format

— 101bPhysical Sectoformat

It specifies theformat in which theaddress habeen supplied.

Translate Format is the value supplied by the Send Diagnostemmand andspecifies theformat that
the address habeen translatednto List. If the suppliedformat is the Block format, the Translate
format must be eitheBytes from Index orPhysical Sectoformat. If the suppliedformat is theBytes
from Index orPhysical Sectoformat, the Translate formahust beBlock format. Otherwise the Target
will terminate thecommand withCheck Conditionstatus.

RA (ReservedArea) is set to 1 if the translated block israserved area.
« ALTS (Alternate Sector) is set to 1 if the translated block is in alternate secma.

« ALTT (Alternate Track) is set to 1 if the translated block is in alternate traalea. This bit is not used
by the file.

- Translated Address contains theaddress in the translafermat. If it is alogical block address it iscon-
tained within thefirst 4 bytes of thefield, i.e. bytes 6 to 9 of the pagdata. For aphysicalformat it is as

follows.
Byte 7 6 5 4 3 2 1 0
6-8 Cylinder Number
9 Head Number

10 - 13 | SectorNumber orBytesfrom Index
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7.22 RELEASE (17)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 17h
1 LUN 3rdPty 3rd Party ID Ext =0
2 Reservation Identification
3 Reserved = 0
4
5 VU =0 Reserved = 0 FLAG | LINK

Figure 104. RELEASE (17)

The RELEASEcommand isused torelease a LUNpreviously reserved.

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

« 3rdPty bit indicatesthat :

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

0 This releaserocess is for the initiatoitself.

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

Extentsmust be 0. Extension is not supported by tHite.

Reservation Identification field is ignored.

4 Refer7.25,"RESERVE (16)” on page 138
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7.23 RELEASE (57)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 57h
1 LUN 3rdPty Reserved Ext = 0
2 Reservation Identification
3 Third Party Device ID
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 Reserved = 0
8 Reserved = 0
9 VU =0 Reserved = 0 FLAG | LINK

Figure 105. RELEASE (57)

The Releaseommand isused torelease a LUNpreviously reserved. It is not aarror for an Initiator to
attempt torelease areservationthat is notcurrently active. In this case, theDrive returns Good status
without altering the reservation.

Extents are not supported by tlizrive. The Ext(Extent) bitmust bezero and theReservationdentifica-
tion field is ignored. If the Ext bit is not zeroaCheck Condition Status is returned withSense Key ofllegal
Request anddditionalsensecode of Invalid Field inCDB.

If the 3rdPty bit is zero, then ththird-party releaseoption is notrequested. If the 3rdPty bit isne, then

the Targetreleases the. UN, but only if the reservation was made using thleird-party reservatioroption
and the 3rd Party ID is the ID of thimitiator that made theaeservation.
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7.24 REQUEST SENSE (03)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 03h
1 LUN Reserved = 0
2 Reserved = 0
3
4 Allocation Length
5 VU =0 Reserved = 0 FLAG | LINK

Figure 106. REQUESTSENSE(03)
The REQUESTSENSE commandequests thdile to transfer senséata.

The sense data shall be available when followtmgnditions,

« The previouscommand to thespecifiedl T _L nexus terminated wittHECK CONDITION status®
« An other information(e.g.medium position ) isavailable in anyfields.
« The previouscommand to thespecifiedl_T_L nexus ended unexpected BUFRREE error.

If REQUEST SENSE command with avalid LUN is receivedfile returnGOOD status and report aense
key of ILLEGAL REQUEST and amdditionalsensecode of LOGICAL UNIT NOT SUPPORTED.

If the file has nosense data available teturn, itshall return asense key of NOSENSE and aradditional
sensecode of NOADDITIONAL SENSEINFORMATION.

The sense data shall be preserved by fitee for the initiator until retrieved by theREQUEST SENSE
command oruntil any othercommand for thesamel_T_L nexus.Sense data shall be clearegon receipt

subsequentommandincludingREQUESTSENSE to thesamel _T_L nexus.

Separatesense data isnaintained by thelevice 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 file will return thenumber ofbytes in the allocation length or 32 bytes whicheveless.

The contents of theense data is defined in 12:5CSI SENSEDATA” on page 205.

5 |_T_L nexus . A nexus whichexistsbetween an initiator, a target andl@gical unit.
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7.25 RESERVE (16)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 16h
1 LUN 3rdPty 3rd Party ID Ext =0
2 Reservation Identification
3 (MSB) Extent List Length = 0
4 (LSB)
5 VU =0 Reserved = 0 FLAG | LINK

Figure 107. RESERVE(16)

The RESERVEcommand isused toreserve a LUN for annitiator. This reservation can be eithfanr;

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

This commandesults in reserving the ¢éine LUN for the initiator until one of thdollowing occurs:

« The reservation is superseded byothervalid RESERVE commandfrom the initiatorthat made the
reservation.
« The LUN is released by a RELEASE&ommandfrom the same initiator.
« A hardresetconditionoccurs. (ASCSI bus Resedssertion)
- A BUS DEVICE RESETmessage is receivéfdom any initiator.
Power off/onoccurs.
3rdPty bit is to indicateshat :
1 This reservation is for a thirgarty which isspecified by 3rdParty ID.

0 This reservation is for the initiatatself.

3rd Party ID specifies the ID of thehird party for which the LUN igeserved.
Note: The LUN may be only released by the initiator who sent RESERVEcommand.

Extentsmust be 0. Extension is not supported by tHite.
Reservation Identification is ignored.

Extent List lengthmust bezero.ExtentList length is notsupported.
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7.26 RESERVE (56)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 56h
1 LUN 3rdPty Reserved Ext = 0
2 Reservation Identification
3 Third Party Device ID
4 Reserved = 0
5 Reserved = 0
6 Reserved = 0
7 (MSB) Extent List Length = 0
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 108. RESERVE (56)

The Reservecommand isused toreserve a LUN for annitiator. This reservation can be either for the
Initiator sending thecommand or for ahird party asspecified by thenitiator.

Extents are not supported by tHarive. The Ext bitmust be 0. If Ext bit is set to 1Check Condition
Status is returned with a Sense Key liégal Request andadditional sensecode of Invalid Field in CDB
The Reservation Identification arieixtentList Lengthfields areignored.

The Reserveommandrequestghat the entire Lun beeserved for thénitiator until;

« The reservation is superseded agothervalid Reservecommandfrom the Initiatorthat made theeser-
vation.

« The reservation iseleased by a Releasmmmandfrom the same Initiator.

- A hard Reset conditiomccurs.

« A Bus DeviceResetmessage is receivefdom any Initiator.

- A power off/oncycle occurs.

The 3rdPty bit of 0 indicateshat the Initiator that issued the theReservecommand is thelnitiator for
which the LUN isreserved.

The 3rdPty bit of 1 indicatethat this is a third-partyreservation. The 3réParty ID bytespecifies the ID of
the third party for which the LUN igeserved. Areservation made with the 3rdPty bit of 1 and the 3rd
Party ID byte set to the Initiatothat issuedthis Reservecommand isconsidered equivalent to a reservation
made with the 3rdPty bit set to 0.
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Only the Initiator that issued theReservecommand for a LUN mayrelease theLUN, regardless of the
3rdPty option. This Initiator malsorelease the LUN by issuingnotherReservecommand. This gper-
sedingReservecommandreleases th@revious reservation when the new reservation is granted.

Reservation queuing is not supported by theve. If a LUN isreserved and &eservecommand isssued
from adifferentinitiator, the Target responds with a reservation Conflict.
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7.27 REZERO UNIT (01)

Bit
Byte
7 6 4 3 2 1 0
0 Command Code = 01h
1 LUN Reserved = 0
2
3 Reserved = 0
4
5 V=0 Reserved = 0 FLAG | LINK

Figure 109. REZERO UNIT (01)

The REZERO UNITcommandrequestghat the argetseek to logicablock address 0.
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7.28 SEEK (0B)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 0Bh
1 LUN (MSB) LBA
2 Logical Block Address
3 (LSB)
4 Reserved = 0
5 VU =0 Reserved = 0 FLAG | LINK

Figure 110. SEEK (0B)

The SEEKcommandrequests thdile to seek to the specified logic@llock address.
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7.29 SEEK EXTENDED (2B)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 2Bh
1 LUN Reserved = 0 0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6
7 Reserved = 0
8
9 VU =0 Reserved = 0 FLAG | LINK

Figure 111. SEEK EXTENDED (2B)

The SEEK EXTENDEDcommandrequests thdile to seek to the specified logichllock address.
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7.30 SEND DIAGNOSTIC (1D)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 1Dh
1 LUN PF  [RSVD =0|SIfTst  |DevOfl |UntOfl
2 Reserved = 0
3 (MSB) Parameter List Length
4 (LSB)
5 VU =0 Reserved = 0 FLAG | LINK

Figure 112. SEND DIAGNOSTIC(1D)

The SEND DIAGNOSTICcommandrequests thdile to perform its self-diagnostic test, or t@erform a
function based on a@age ofinformation sent in @ata Outphase during theommand.

PF (PageFormat) bit set to 1 indicates the datsent by the Initiator conform to thpagestructure as
specified inSCSI-2 standard. This bihust be set to 1 if the SIfTst bit is set to 0. This bitigmored by
the Target if the SIfTst bit iset.

SIfTst set to 1 indicates thdeviceperforms it's internakelf test. If set to 0 then garametedist should
be sent by the initiator.

DevOfl this bit is ignored by the target for compatibility.
UntOfl this bit is ignored by the target for compatibility.

Parameter List Length is ignored by the Target if the SIfTst bit met. Otherwise itlsould be set to the
length of the page to be transferred in tbata Outphase of thecommand. If itdoes notmatch the
expected length of the page @HECK CONDITION statuswill be generated with a Sense Key of
lllegal Request anddditionalsense ofinvalid Field inCDB.

If the SIfTst bit is set uporcommandcompletion, thefollowing status is returned:

GOOD status forsuccessfutestcompletion.
CHECK CONDITION status forunsuccessful testompletions.

The selfdiagnostics consists of twparts ©

« The first part is executed immediately aftgpower up. Thistest is performed toverify all hardware
which is not related to thalisk drive. The localmicroprocessor, RAM (scratchpad arpdiffer), and
control electronics are included here.

« The secondpart is executed after the spindimotor is started. Thisncludes diskaccess (seek), R/W
channel, and error correctiagircuitry verification. A reserved area on the diskuised for this test.

6 See 10.18.27DiagnosticsCommand” onpage 196 for adetailedlisting of the operations carried out by the Diag-
nosticsCommand.
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Both tests areperformed as a result of thEEND DIAGNOSTICcommand. TheSEND DIAGNOSTICS
will fail with CHECK CONDITION status if it isissued while the spindlenotor is notturning. (Such as
after STOPcommand hadveenreceived.)

Note: The selfdiagnostic is also performed &ower On Resetime.

Note: The SCSI bussignals will not becorrupted when thelevice isexecuting theSEND DIAGNOSTIC
command.

7.30.1 Send Diagnostic Pages 0

This page requesthat thefile return alist of supportedpages on the next receivBagnosticsccommand.

Byte 7 6 5 4 3 2 1 0
0 PageCode = 0

1 Reserved = 0

2-3 PageLength = 0

7.30.2 Send Diagnostic Pages 40

This allows theinitiator to translate dogical block address or physical sector address to thtker format.
The address to be translated is passed to the target with the Send Diagmmsticand and theesults are
returned to the initiator by the Receive Diagnosta@anmand.

The target willread theparametedist from the initiator and if noerrors are detected in thgarameterlist
Good Status will bereturned. The data translatiomill be performedupon receipt of the Receiv®iagnos-
ticscommand.

Byte 7 6 5 4 3 2 1 0

0 PageCode = 40h

1 Reserved = 0

2-3 PagelLength = 0Ah

4 Reserved = 0 Supplied Format
5 Reserved = 0 Translate Format
6-13 Address toTranslate

Supplied Format may take either of the followinghreevalues:
— 000bBlock format

— 100bBytesFrom Index format

— 101bPhysical Sectoformat

It specifies theformat in which theaddress habeen supplied.

- Translate Format specifiesthat format that theaddress Isould be translated into. If theuppliedformat
is the Block format, the Translate formatust be eitheBytesfrom Index orPhysical Sectoformat. If
the suppliedformat is theBytes from Index or Physical Sectoformat, the Translate formamnust be
Block format. If either of the formatfields isinvalid or theyspecify thesame format theommandwill
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terminate withCHECK CONDITION status with aSense oflllegal Request andllegal Field in Param-
eter List.

- Address to Translate contains theaddress to translate. If thiegical block format isspecified then the
first 4 bytes of thefield, i.e. bytes 6 to 9,contain the LBA and the remaindenust bezero. For the
physicalformat theaddresamust bespecified as follows.

Byte 7 6 5 4 3 2 1 0
6-8 Cylinder Number
9 Head Number

10 - 13 | SectorNumber orBytesfrom Index
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7.31 START/STOP UNIT (1B)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 1Bh
1 LUN Reserved = 0 Immed
2 Reserved = 0
3
4 Reserved = 0 Start
5 VU =0 Reserved = 0 FLAG | LINK

Figure 113. START/STOP Unit(1B)
The START/STOPUNIT command isused to spin up ostop thespindlemotor.

Immed bit is to specify

0 Status is to be returned at the end of the operation.
1 GOOD statusshall always be returnemnmediately aftecommand haveenreceived. TheTEST
UNIT READY command may besed to determine when tHige becomegeady after aspin-up.

« Start bit is to specify:

0 Stop the spindle.
1 Start thespindle.

Note: Once the drive habecomeready (after gpower on ) the Start/Stop NIT command can besed
without anyerrors,regardless of thstate of themotor, stopped ospinning.
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7.32 SYNCHRONIZE CACHE (35)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 35h
1 LUN Reserved = 0 Immed |RelAdr
=0 =
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Number of Blocks
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 114. SYNCHRONIZE CACHE(35)

The SYNCHRONIZE CACHECommandensuresthat logical blocks in the cache have theimost recent
data value recorded on the media.

Logical Block Addressis to specify:
where theoperation is tobegin.

Number of Blocks specifies:
the totalnumber ofcontiguouslogical blocks within therange. Number of Blocks of zero indicates
that allremaininglogical blocks on thédogical unit shall bewithin the range.

Immed (immediate)must bezero.
An immediate bit of zerandicatesthat the statusshall not be returnedintil the operation hagom-

pleted.
If the Immed bit is set tone, thedrive returns a CheclConditionstatus. Thesense key shall be set to
lllegal Request and thadditionalsensecodeshall be set to Invalidrield in CDB.

RelAdr (Relative Addressjnust bezero.

The drivedoes notsupport therelative addressing.

If the RelAdr bit is set to one, thdrive returns CheclkCondition status. Thesense key shall be set to
lllegal Request and thadditionalsensecodeshall be set to Invalidrield in CDB.
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7.33 TEST UNIT READY (00)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 00h
1 LUN Reserved = 0
2
3 Reserved = 0
4
5 VU =0 Reserved = 0 FLAG | LINK

Figure 115. TESTUNIT READY (00)

The TESTUNIT READY commandallows theinitiator to check if thefile is READY. The SCSI specifi-
cation definesREADY as the condition where thedevice will accept a media-accesommand without
returningCHECK CONDITION status.

The file will first verify that themotor isspinning at the correct speed.

If the spindlemotor is notspinning at the correct spee@HECK CONDITION status is returned with
sense key of NOTREADY.
If the motor isspinning at the correct speed, thile acceptsnormalmediaaccessommands.

The TESTUNIT READY command is not inteded as a diagnostic. Nself diagnostic is performed by the
device as aesult of thiscommand.

The TESTUNIT READY command hasspecial significance forpower sequencingising the START
UNIT command with anlmmediate bit of 1. Inthis mode theSTART UNIT command returns
COMMAND COMPLETE status before theompletion ofmotor spin-up andexpects the initiator tassue
TESTUNIT READY commands taletermine when thenotor hasreached thegroperspeed.

Note: The spindle automatically starts imutomatic spin-up Mode. Théle does not execute angom-
mands other thaMEST UNIT READY, INQUIRY or REQUESTSENSE commandintil the thePower
On sequence is complete. Tlik will returnCHECK CONDITION status with NOTREADY sense key
and IN PROCESS OBECOMING READY sensecode for allother commandsluring the Power On
period.
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7.34 VERIFY (2F)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 2Fh
1 LUN Reserved = 0 ByteChk 0
=0
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Transfer Length
8 (LSB)
9 VU=0 Reserved = 0 FLAG | LINK

Figure 116. VERIFY (2F)

The VERIFY commandrequeststhat thefile verify the datawritten on the media. Averification length of
zero indicateghat no datawill be transferred. Thisondition is notconsidered an error.

« ByteChk is not supportedMust be set tazero.
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7.35 WRITE (0A)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = OAh
1 LUN (MSB) LBA
2 Logical Block Address
3 (LSB)
4 Transfer Length
5 VU =0 Reserved = 0 FLAG | LINK

Figure 117. WRITE (0A)

The WRITE commandrequests thdile to write the specifiednumber ofblocks of data from the initiator to
the medium stding at thespecified logicalblock address.

See 7.14YREAD (08)” on page 120 for the parameters.
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7.36  WRITE EXTENDED (2A)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 2Ah
1 LUN DPO FUA Reserved RelAdr
=0 =
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Transfer Length
8 (LSB)
9 V=0 Reserved = 0 FLAG | LINK

Figure 118. WRITE EXTENDED (2A)
The WRITE EXTENDED commandrequeststhat the file write the data transferrekom the initiator.
This command iprocessedike the standardWRITE commandexcept for the longer transfer length .

Transfer length The number of conguous blocks to bdransferred. If the transfer length is zero,theek
occurs,but no data isansferred. Thigondition is notconsidered an error.

DPO Disable Page Out function is natupported,however, DPO bit set to 1 is not rejected and
ignored internally.

FUA Force unitaccess. A FUA bit of 1 indicatethat the Target must write the data to theanedia
before returning Goodbtatus. A FUA bit of Gindicates theTarget may return Good Status prior
to writing the data to thenedia.

RelAdr Relative Block Address is nagupported. Must be set tazero.
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7.37 WRITE AND VERIFY (2E)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 2Eh
1 LUN DPO Reserved ByteChk |RelAdr
=0 = =
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Transfer Length
8 (LSB)
9 VU=0 Reserved = 0 FLAG | LINK

Figure 119. WRITE AND VERIFY (2E)
WRITE AND VERIFY commandrequeststhat thefile writes the data transferrefdlom the initiator to the
medium and therwverify that the data igorrectly written.

- Transfer Length of zero indicateghat no data idransferred.

If caching is enabled, theommandperforms an implied=orce UnitAccess(FUA) and animplied Syn-
chronize Cachéefore starting theperation. Thisnsuresthat the medium, not theache, is beinyeri-
fied.

ByteChk is not supportedMust be set tazero.

. DPO (Disable PageOut) is notsupported however, DPO bit set to 1 is not rejected and ignored inter-
nally.

- Relative Block Addressis not supported.Must be set tazero.
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7.38 WRITE BUFFER (3B)

Bit
Byte

7 6 5 4 3 2 1 0
0 Command Code = 3Bh
1 LUN Reserved = 0 Mode
2 Buffer 1D
3 (MSB)
4 Buffer Offset
5 (LSB)
6 (MSB)
7 Parameter List Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 120. WRITE BUFFER (3B)

The WRITE BUFFER command isused inconjunction with the READBUFFER command as aliag-
nostic function fortesting thefile's memory and theSsCSI busintegrity. Thiscommanddoes not alter the
medium of thefile. Additional modes argrovided for downloading microcode and for downloading and
savingmicrocode.

This commandwill cause the entire cache to be emptied.

The function of thiscommand and theneaning offields within the commanddescriptor blockdepend on
the contents of the modield.

MODE Description
000 Write combined header and data

010 Data
100 DownloadMicrocode
101 DownloadMicrocode andSave

- All other modes are not supported by tfike.

7.38.1 Combined Header And Data (Mode 000b)

In this mode, the data to bansferred is preceded by a four-byte header.
Buffer ID must be zero. If anothervalue is specified, nodownload function are performed and the

command isterminated withCHECK CONDITION status. And Fileshall set sense key toLLEGAL
REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.
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Buffer Offset must bezero. If anothervalue is specified, nhodownload function are performed and the
command isterminated withCHECK CONDITION status. And Fileshall set sense key toLLEGAL
REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

Parameter List Length specifies thenumber ofbytesthat shall be transferreduring theDATA OUT phase.
This numberincludes four bytes of header, so the data length to be stored infillels buffer is transfer
length minusfour. If the lengthexceeds the buffesize, thecommand igerminated withCHECK CONDI-
TION status. And Fileshall set sense key toLLEGAL REQUEST andadditional sensecode to
ILLEGAL FIELD IN CDB.

The four-byte header consists of aflserved bytes.

BIT

7 6 5 4 3 2 1 0
BYTE 0 Reserved = 0
BYTE 1 Reserved = 0
BYTE 2 Reserved = 0
BYTE 3 Reserved = 0

Figure 121. WRITE BUFFER Header

7.38.2 Write Data (Mode 010b)
In this mode, theDATA OUT phase containbuffer data.

Buffer ID must be set taero, indicating the data transfer buffer. dhothervalue isspecified, thecommand
is terminated withCHECK CONDITION status. Fileshall set sense key ti.LEGAL REQUEST and
additionalsensecode tolLLEGAL FIELD IN CDB.

Buffer Offset specifies the offset of the memorgpacespecified by the Buffer ID. Thanitiator should
conform to the offset boundaryequirements returned in the REABUFFER descriptor. If the value
exceeds the buffer specified, trimmand isterminated withCHECK CONDITION status. Fileshall set
sense key tdLLEGAL REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

Parameter List Length specifies theParametet.ist Length. Itmust be;

less than thecapacity of the buffesize.
on a sectoboundary. In othewords, itmust be amultiple of 512.

If a invalid value isspecified, thecommand igerminated withCHECK CONDITION status. Fileshall set
sense key tdLLEGAL REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

7.38.3 Download Microcode (Mode 100b)

In this mode, themicrocode istransferred to the&ontrol memoryspace of thdile. Oncedownloaded thdile
will operate with thenewly downloaded codémmediately until the nexpowercycle.

Buffer ID field is used to indicate whiclportion of themicrocodeimage is beingdownloaded. Following
Buffer IDs aresupported by th&arget:
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00h : MainMicroprocessorCode
81h : Reserved Are®ata

Any othervalue for the Buffer IDwill cause thecommand toterminate withCHECK CONDITION status.
The file shall set sense key ti.LEGAL REQUEST andadditional sensecode toILLEGAL FIELD IN
CDB.

Buffer Offset must bezero. If an invalid value ispecified, thecommand igerminated withCHECK CON-
DITION status . Fileshall set sense key ti.LEGAL REQUEST andadditionalsensecode tolLLEGAL
FIELD IN CDB.

Parameter List Length must besize of data set to bdownloaded.

It may also be set to 0000h mhich case nocode isupdated. If aninvalid value isspecified, thecommand
is terminated withCHECK CONDITION status. Fileshall set sense key ti LEGAL REQUEST and
additionalsensecode tolLLEGAL FIELD IN CDB.

This process generatesuait attention condition foMICROCODE HASBEEN CHANGED for all initi-
atorsexcept the one which sent therite buffer command. Once therite buffer command hadveen com-
pleted the new microcode is immediately ready d@reration.

Note: The DownloadMicrocode modedescribed in this specification is to indicateat thefile will accept a
command withthis mode, though it is noexpectedthat acustomerwill ever issuesuch acommand. To
use the write buffecommand withthis mode, aspecialmicrocode versionwill be required fromdevelop-
ment. If such amicrocode is released from development themvilt include appropriate instructions on the
function of new microcode and i&ffect onfile operationsafter download.

Note: If the write buffercommand withthis mode is executed and thmevalid code is downloaded, then it is
to be expectedhat thefile will be nevercomplete or hang up the subsequemmmand. Thiscondition
normally berecoverable by power on/offcycle, but noguarantee.

7.38.4 Download Microcode and Save (Mode 101b)

In this mode, the data isransferred to thdile to saveinto the Systemreserved area on the disk. This is for
functional upgrade and configuration changéflectingcustomers requirementnd/ormanufacturer's reason,
and storedinto media as apermanent. Thenewly downloaded code becomexffective after Power On
Reset.

Note: It will take up to 120seconds taipdate themicrocodeincluding Flash ROM update.

Note: New code to be downloaded to tHie will be provided by development either in request of cus-
tomers for additional function or as eesult of functional change bylevelopment's reasorRlease note
howeverthat not allpossiblefixes or newfunction can be applied to file in this manner and thathere is a
very considerable dependency on thevel of ROM code contained within théile. If invalid code or code
that is notcompatible with the ROM code is downloaded tfie will normally reject this code andwill
continue normal operatiorHowever there is arzery small possibility of invalidcode being accepted and if
this occurs theunit will usuallybecome inoperable antthave to be returned to the manufacturer torbeov-
ered.

Buffer ID field is used to indicate whiclportion of the microcodeimage is beingdownloaded. Following
Buffer IDs aresupported by th&arget:

00h : MainMicroprocessoiCode with allothers in ongSingle Binary)

00h : Main MicroprocessoiCode with allothers in one, but separated @sunk.
00h - 02h : MainMicroprocessorCode (3times download byseparete data sets)
80h : EEPROMData

81h : Reserved Are®ata

82h : ROM code (only folrFlash ROMversion)
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Any othervalue for the Buffer IDwill cause thecommand toterminate withCHECK CONDITION status.
The file shall set sense key ti.LEGAL REQUEST andadditional sensecode tolLLEGAL FIELD IN
CDB.

7.38.4.1 Download Microprocessor Microcode and  Save (Buffer_ID = 00h)
There are 3types of download function arsupported. Thefirst one is "SingleBinary Download", the
second is'Single Binary Chunked" and the #red is"RAM/OVR Download".

Buffer ID is 00h.(Single Binary Download)

The first one isthat the data setonsist of all necessargode and tables in a one big data set. This is
starting with thespecialheader data followed by tables, RAM code, 2 Overlay cod&sPROM data and
Flash-ROMcode. (Flash-ROMcode isoptional depends on the card type and version if card bpdate
capability.) This downloadunction isavailable when thdile is running withfull function (normal running)
before this writebuffer is issued.

It takes up to 120 seconds fmish the command. After completion ofthis type of writebuffer command,
the file will start as "Power on Reset" and running withwly downloaded code and configurationthere-
fore initiator may need apecialtreatment forthis target.

Buffer ID is 00h.(Single Binary Chunked)

The second is using the same data set asfitise (Single Binary). Separate the big 1 binafile with each
32k byteschunk, thenissue Write buffer command withID=00 repeatedly as the sameumber as the
chunk. Thelastchunk mayequal orless than 32K bytes. (Foexample, incase of singlebinary file size is
65k bytes, there are 8hunklike 32k, 32k and 1k. And ZontinuousWrite Buffer commands withD=00
should beissued.) After issuingontinuousWrite Buffer for all chunk, thefile behavior is the same as the
singlebinary.

Buffer ID is 00h. RAM/OVR Download)

The thered one is that the data sensist of all code exce®@OM. This data set is sting without header,
RAM code and 2 Overlay codes are simplgncatenated. This type afrite buffer is thesameeffect of 3
times write buffer describegust below. At the end of theommand, thdile is running without"Power on
Reset" automatically. Thaewly downloaded code becomeffectiveafter Power On Reset.

Buffer Offset must bezero.
If an invalid value isspecified, thecommand isterminated withCHECK CONDITION status . Fileshall
set sense key toLLEGAL REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

Parameter List Length must bespecified for thetotal bytelength of data set.

It may also be set 0000h iwhich case nocode isupdated. If aninvalid value isspecified, thecommand is
terminated withCHECK CONDITION status. Fileshall set sense key ti.LEGAL REQUEST andaddi-
tional sensecode tolLLEGAL FIELD IN CDB.

7.38.4.2 Download Microprocessor Microcode and Save (Buffer_ID = 00h thru 2)

Buffer ID is 00h thru02h. RAM/OVR Downloadstep by step)

The codemust bedownloaded to thdile in 3 separate blocks. The 3 blockaust besent in the correct
sequential order and incrementalffer ID startingfrom 0. On allwrite buffer commandsexcept thefinal
one, thefile merely stores the code and raxtion is taken. When thefinal block is received, thecode
validity will be checked viachecksum and signature fontegrity and compatibility with the ROM code.
Once these checks have passedftleewill overwrite the old code stored on tliésk with the newdownload.
In between downloading the code blocks, tile will continue toaccept and processther commandg$rom
this and anyotherinitiator. However if power ixycled or a resebccursamong them, the downloagroce-
dure must berestarted.

Buffer Offset must bezero.
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If an invalid value isspecified, thecommand isterminated withCHECK CONDITION status . Fileshall
set sense key toLLEGAL REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

Parameter List Length must bespecified for thetotal bytelength of each data set. It may also be set 0000h
in which case nocode isupdated.

If an invalid value isspecified, thecommand isterminated withCHECK CONDITION status. Fileshall
set sense key toLLEGAL REQUEST andadditionalsensecode tolLLEGAL FIELD IN CDB.

7.38.4.3 Download EEPROM Data and Save (Buffer_ID = 80h)
Buffer ID must be set to 80h for thEEPROM data.

Buffer Offset must be00Oh. Otherwisdfile shall set sense key d6LIGAL REQUEST andadditionalsense
code tolLLEGAL FIELD IN CDB.

Parameter List Length must be80h. Otherwisefile shall set sense key d&LIGAL REQUEST andaddi-
tional sensecode tolLLEGAL FIELD IN CDB.

7.38.4.4 Download Reserved Area Data and Save (Buffer_ID = 81h)
Buffer ID must be set to 81h foReserved Aredata.

Buffer Offset must be00Oh. Otherwisdfile shall set sense key d6LIGAL REQUEST andadditional sense
code tolLLEGAL FIELD IN CDB.

Parameter List Length must be thetotal bytes of Reserved Are®ata and themultiple of 512 bytes in
length.

7.38.4.5 Download ROM code and Flas-ROM update (Buffer_ID = 82h)

The file have a capability taupdate theFlash-ROMcode by WriteBuffer. This isapplicable only for the
drive's logic card with Flash-ROM. It may take up to 128econds tofinish the command. After com-
pletion of thecommand, thdile will start as "Power on Reset" and running witbwly downloaded ROM
code. However RAM [Overlay code freserved area data in thiée may notcompatible with the new ROM
code. In thiscasefile is running asdegraded and new RAM / Overlay codedserved area data aneeded
to be download to be operational with new cddeel.

Buffer ID must be set to 82h for RONMode.
Buffer Offset must bezero.

Parameter List Length must be theotal bytes of ROM code. Itisould be 0C000h.
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7.39 WRITE LONG (3F)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 3Fh
1 LUN Reserved = 0 RelAdr
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Byte Transfer Length
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 122. WRITE LONG (3F)

The WRITE LONG commandrequests thdile to write one block of data transferredrom the initiator.
The transfer datanustinclude;

« 512 bytes of data
« 34 bytes of ECC data

Parametersre;
Logical Block Addressfield specifies thdogical block at which thewrite operationshall occur.

Byte Transfer Length. This field must exactly specify thenumber ofbytes of datathat areavailable for
transfer. If anon-zero byteransfer length does nahatch theavailable data length, the targetrminates
the command withCHECK CONDITION status, thesense key is set toLLEGAL REQUEST and
an additionalsensecode set tdNVALID FIELD IN CDB. Thevalid and ILI bits is set to one and the
informationfield is set to thedifference of therequested lengtiminus theactual length in bytes. Nega-
tive values arendicated bytwo's complement notation.

RelAdr (Relative Block Address) is nagupported. Must be set taZERO.
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7.40 WRITE SAME (41)

Bit
Byte
7 6 5 4 3 2 1 0
0 Command Code = 41h
1 LUN Reserved = 0 RelAdr
2 (MSB)
3 Logical Block Address
4
5 (LSB)
6 Reserved = 0
7 (MSB) Number of Blocks
8 (LSB)
9 VU =0 Reserved = 0 FLAG | LINK

Figure 123. WRITE SAME (41)

The Write Samecommandinstructs the Target tavrite asingleblock of datatransferred to th& arget from
Thiscommand isuseful to writelarge dataareas

the Initiator, to anumber ofsequentiallogical blocks.
without sending all of the data over tH@CSI bus.

- Logical Block Address specifies theaddress atvhich thewrite begins. TheNumber ofBlocks specifies

the number of conguous blocks to be written. If thaumber is 0, all of theemaining blocks on the

specifiedLogical Unit are written.

« RelAdr (Relative Block Address) is nagupported and must be set to BERO.

The data for thizxommand is notetained in the cache.
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8.0 SCSI Status Byte

Upon the completion of @ommand, astatus byte is sent to the initiator. Additions¢nseinformation may
also be availablelepending on the&ontents of the statubyte. Thefollowing sectiondescribes the possible
values for thestatus byte andensedata.

BIT
7 6 5 4 3 2 1 0

STATUS |Reserved = 0 Status Code RSVD

Figure 124. SCSI StatuB8yte. Format of theSCSISTATUS byte. All Reservedields(R) are set tazero.

STATUS BYTE Description

00h GOOD
The command habeensuccessfullicompleted.
02h CHECK CONDITION

An error, exception, oebnormal condition has beafetected. The sense data is set by the
file. The REQUESTSENSE commandtm®uld beissued todetermine the nature of the
condition.

08h BUSY
This condition is returned when disconngarivilege is notgrantedwhile thefile is BUSY
processing thethercommand for theotherinitiator. The normalinitiator recoveryaction
is to issue thecommand at dater time, orreissue thecommand andyrant the disconnect
privilege.

10h INTERMEDIATE/GOOD
This status is returned fogvery command in a series dinked commands(except the last
command),unless an error, exception, @bnormal conditioncauses &£HECK CONDI-
TION status or aRESERVATION CONFLICT status to beset. If this status is not
returned, the chain ofinked commands is broken, and rfarther commands in the series
are executed.

18h RESERVATIONCONFLICT
This status is returned whenever 8&SI| deviceattempts toaccess thdile, but it hasbeen
reserved byanotherinitiator. (See 7.25/RESERVE (16)” on page138.)

28h QUEUE FULL
This statusindicatesthat thetarget'scommandqueue isfull. If tagged commandqueuing
feature is enabled and there is moom on the commandjueue,this status is returned
when the initiator sends @@mmand. Fotthis statussense is not valid.
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9.0 SCSI MESSAGE SYSTEM

This chapterdetails how the messaggystem isimplemented on thdile. Included is a functional description
of the supportednessages.

9.1 Supported Messages

The messagsupported by thdile is shows in Figurel25.

MESSAGE CODE Direction ~ Negate ATN
(hex) Before last ACK

COMMAND COMPLETE 00 IN —
SYNCHRONOUS DATA TRANSFER REQUEST 010301 IN  OUT Yes
WIDE DATA TRANSFER REQUEST* 010203 IN  OUT Yes
SAVE DATA POINTER 02 IN —
RESTORE POINTERS 03 IN —
DISCONNECT 04 IN —
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 0C ouT Yes
ABORT TAG 0D ouT Yes
CLEAR QUEUE TAG 0E ouT Yes
SIMPLE QUEUE TAG 20XX IN  OUT No
HEAD OF QUEUE TAG 21XX ouT No
ORDERED QUEUE TAG 22XX ouT No
IGNORE WIDE RESIDUE* 2301 IN —
IDENTIFY 80-FF N —
IDENTIFY 80 —FF out No
Key: IN = Target to Initiator, OUT = Initiator to target.

YES = Initiator shall negate ATN before last ACK of message.

NO = Initiator may or may not negate ATN before last ACK

of message.

— = Not applicable

XX = Queue Tag

* = Wide SCSI Only

Figure 125. SupportedMessages
If an unsupportednessage is received, tHige will send theMESSAGEREJECTmessage to thanitiator. If

at the time the unsupportemiessage is received a valIEXUS exists then thdile will continue with the
command. If novalid NEXUS exists then thdile will go to Bus Free.
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9.1.1 COMMAND COMPLETE (00)
The file sends thismessage to thénitiator to indicatethat theexecution of acommand hagerminated and

that valid status has been sent to the initiatokfter successfullysending thismessage, théle releases all bus
signals and goes to BUBREE phase.

9.1.2 SYNCHRONOUS DATA TRANSFER REQUEST (01,03,01H)

Byte  Value  Description

0lH  Extended message

03H  Extended message length

0lH  SYNCHRONOUS DATA TRANSFER REQUEST code
M Transfer period (M times 4 nanoseconds)

X REQ/ACK offset

~owpPpoE o

Figure 126. SynchronoudData Transfer Request.

A pair of SynchronousData Transfer Request(SDTR) messagesshown in Figure 126 are exchanged
between an Initiator and a Target &stablish thesynchronous daté&ransfer mode between the twdevices.

The message exchange establishes the permissible trgyefied andREQ/ACK offset for asynchronous
data transfer between the twdevices. Thaeinitiator may initiate asynchronous dat&ransfernegotiation at

any time after the LUN hadeenidentified. A SynchronousData Transfer Request(SDTR)message
exchange shall be initiated by &éCSI device whenever a previously arranged data transfer agreement may
have becomeinvalid. The agreement becomésvalid after any conditionwhich may leave the dat&ransfer
agreement in an indeterminate statach as;

1. after aPower-on Reset
2. after aSCSI Bus"hard" resetcondition
3. after a Bus Devic&Resetmessage

In addition, a SCSHdevice mayinitiate aSDTR message exchange whenever igjgpropriate tonegotiate a
new data transfer agreement(eitlsymnchronous or asynchronous).

M The transferperiod(M above) is theninimum time allowed betweerleadingedges of successive
REQ pulses and ofuccessive ACKpulses tomeet thedevicerequirements forsuccessfurecep-
tion of data. Thefile supportstransferperiod in the range 50 nSec to 425 nSec in increments of
25 nSec. Inadditon tothis , when thefile is working on LVD thefile supports 251Sec transfer
period.

REQ/ACK Offset
The ACK/REQ dfset(X above) is themaximum number of REQulses allowed to beut-
standing before thdeading edge of itscorresponding ACK pulses iseceived at thefile. A
REQ/ACK offset value of zero indicateasynchronous dat@ransfer mode. Thefile supports
REQ/ACK offsetvalues in the range through 15.

If ATN is negated before all bytes of a multiple-byte extendedssage is received, tie will go to BUS
FREE to signal acatastrophic error.

9.1.2.1 Synchronous Negotiation Started by the Initiator

When targetrespond withREQ/ACK offsetvalue of 0 , the initiatorshall useasynchronous dat&ransfer
mode.
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9.1.2.1.1 On LVD receiver mode.:
shown in thefollowing figure Figure 127 onpage 165:

The Tareget responds to each Initiator requesteahsfer period as

Target Maximum
Initiator ~ Target Transfer Burst
Request Response  Period Rate
0<=Mi<=09 M=10 ( Asynchronous mode ) N/A

10 <=Mi<=10 Mt =10 25 nSec 40.00 MT/s
11<=Mi<=12 M=12 50 nSec 20.00 MT/s
13<=Mi<=18 M =M 75 nSec 13.33 MTIs
19<=Mi<=25 Mt =M 100 nSec 10.00 MT/s
26 <= Mi<=31 Mt =M 125 nSec 8.00 MT/s
2 <=Mi<=37 M =M 150 nSec 6.67 MT/s
38 <= Mi<=43 Mt =M 175 nSec 571 MTIs
44 <= Mi <=50 Mt=M 200 nSec 500 MT/s
51 <= Mi <= 56 Mt =M 225 nSec 4.44 MTIs
57 <= Mi <= 62 Mt=M 250 nSec 4.00 MT/s
63 <= Mi <= 68 Mt =M 275 nSec 3.64 MT/s
69 <= Mi<=75 Mt =M 300 nSec 3.33 MT/s
76 <= Mi <= 81 Mt =M 325 nSec 3.08 MT/s
82 <=Mi<=87 Mt =M 350 nSec 2.86 MT/s
88 <= Mi<=93 Mt=M 375 nSec 2.67 MT/s
94 <= Mi <= 100 Mt = Mi 400 nSec 250 MT/s
101 <= Mi <= 106 Mt = Mi 425 nSec 2.35 MT/s
107 <= Mi <= 255 Mt = 106  (Asynchronous mode) N/A

Figure 127. Initiator Request/Target ResponfleVD receivermode)

9.1.2.1.2 On F-20 mode.:
following figure Figure 128:

The Tareget responds to each Initiator requedtadsferperiod asshown in the

Target Maximum
Initiator ~ Target Transfer Burst
Request Response  Period Rate
0<=Mi<=11 Mt =12 ( Asynchronous mode ) N/A

R<M<=12 M=12 50 nSec 20.00 MT/s
13<=Mi<=18 M =M 75 nSec 13.33 MTIs
19<=M<=25 M =M 100 nSec 10.00 MT/s
26 <= Mi<=31 Mt =M 125 nSec 8.00 MT/s
32 <=M <=37 M =M 150 nSec 6.67 MT/s
38 <=Mi<=43 Mt =M 175 nSec 571 MTIs
44 <= Mi <=50 Mt=M 200 nSec 500 MT/s
51 <= Mi <= 56 Mt =M 225 nSec 4.44 MTIs
57 <= Mi <= 62 Mt =M 250 nSec 4,00 MT/s
63 <= Mi <= 68 Mt =M 275 nSec 3.64 MTIs
69 <=Mi<=75 Mt =M 300 nSec 3.33 MT/s
76 <= Mi <= 81 Mt =M 325 nSec 3.08 MT/s
82 <=Mi<=87 Mt =M 350 nSec 2.86 MT/s
88 <= Mi<=93 Mt=M 375 nSec 2.67 MT/s
94 <= Mi <= 100 Mt = Mi 400 nSec 250 MT/s
101 <= Mi <= 106 Mt = Mi 425 nSec 2.35 MT/s
107 <= Mi <= 255 Mt = 106  (Asynchronous mode) N/A

Figure 128. Initiator Request/Target Response (F-20 mode)
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9.1.2.2 Synchronous Negotiation Started by the Target
If the file recognizeghat negotiation is required, thile sends a SDR message to timtiator with minimum
transferperiod on the currenteceivermode. Thefile interprets the Initiator correspondirtgansferperiod as

shown in thefollowing figure Figure 129 onpage 166:

9.1.2.2.1 On LVD receiver mode.

Target Maximum
Initiator's ~ Transfer Burst
Response Period Rate
0 <= Mi<=09  Send Message Reject(Async mode) N/A

10 <= Mi <= 10 25 nSec 40.00 MT/s
11 <=Mi<=11 50 nSec 20.00 MT/s
12 <= Mi <= 12 50 nSec 20.00 MT/s
13 <= Mi<=18 75 nSec 13.33 MT/s
19 <= Mi<=25 100 nSec 10.00 MT/s
26 <= Mi <= 31 125 nSec 8.00 MT/s
32 <= Mi <= 37 150 nSec 6.67 MT/s
38 <= Mi <= 43 175 nSec 571 MT/s
44 <= Mi <= 50 200 nSec 500 MT/s
51 <= Mi <= 56 225 nSec 4.44 MTs
57 <= Mi <= 62 250 nSec 4.00 MT/s
63 <= Mi <= 68 275 nSec 3.64 MT/s
69 <= Mi<=75 300 nSec 3.33 MT/s
76 <= Mi <= 81 325 nSec 3.08 MT/s
82 <= Mi <= 87 350 nSec 2.86 MT/s
88 <= Mi <= 93 375 nSec 2.67 MT/s
94 <= Mi <= 100 400 nSec 2.50 MT/s
101 <= Mi <= 106 425 nSec 2.35 MT/s
107 <= Mi <= 255  Send Message Reject(Async mode) N/A

Figure 129. Target Response to Initiator's Transfeeriod(LVD mode)

9.1.2.2.2 F-20 mode.
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Target Maximum
Initiator's ~ Transfer Burst
Response Period Rate
0 <= Mi<=11  Send Message Reject(Async mode) N/A

12 <= Mi <= 12 50 nSec 20.00 MT/s
13 <= Mi <= 18 75 nSec 13.33 MTIs
19 <= Mi<=25 100 nSec 10.00 MT/s
26 <= Mi <= 31 125 nSec 8.00 MT/s
32 <= Mi <= 37 150 nSec 6.67 MT/s
38 <= Mi <= 43 175 nSec 571 MT/s
44 <= Mi <= 50 200 nSec 500 MT/s
51 <= Mi <= 56 225 nSec 4.44 MT/s
57 <= Mi <= 62 250 nSec 4.00 MT/s
63 <= Mi <= 68 275 nSec 3.64 MT/s
69 <= Mi<=75 300 nSec 3.33 MT/s
76 <= Mi <= 81 325 nSec 3.08 MT/s
82 <= Mi <= 87 350 nSec 2.86 MT/s
88 <= Mi <= 93 375 nSec 2.67 MTIs
94 <= Mi <= 100 400 nSec 2.50 MT/s
101 <= Mi <= 106 425 nSec 2.35 MT/s
107 <= Mi <= 255  Send Message Reject(Async mode) N/A

Figure 130. Target Response to Initiator's Transfer Period(F-20 mode)

9.1.3 WIDE DATA TRANSFER REQUEST (01,02,03H)

A pair of Wide Data TransferRequesimessages are exchangeetween an Initiator and a Target éstablish
a data transfewidth agreement between the twdevices. Thelnitiator may initiate a wide data transfer
negotiation at any timafter the LUN hasbeenidentified. TheTargetinitiates a wide data transferegoti-
ation if the Target has nomtegotiated with the Initiatosince the last time th@arget was ResefPower-on
Reset, SCSI Buslard Reset, or BudDevice Resetmessage).

Target-initiated negotiation occurs either immediatébflowing the Commandphase or immediatelyol-
lowing thefirst reconnection. In eithecase,negotiation occurdefore anyData phase between the Target
and the Initiator. The Targewill negotiate the data transferidth agreement prior to negotiating the syn-
chronous datdransfer agreement. If aynchronous datéransfer agreement is iaffect when a WideData
Transfer Requestmessage is received, thBarget will reset thesynchronousagreement toasynchronous
mode.

The implied data transfewvidth agreement remains ieffect until the Target is ResefPower-on Reset, SCSI
Bus "hard"Reset, or BudDevice Resetmessage) or a new data transfeidth agreement is negotiated. If a
Resetoccurs, the Targegoes to eight bimode.

Byte  Value  Description

0 01H  Extended message

1 02H  Extended message length

2 03H  Wide Data Transfer Request code
3 E Transfer Width Exponent

Figure 131. Wide Data Transfer Request.
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E The TransferWidth Exponent (E) is two to théransferwidth exponentbytes wide.Valid data
transfer widths are 8 bits (E = 00h) and 16 bits (E = 01h). Value ofrBater than 01h are
reserved.

9.1.3.1 Transfer Width Negotiation Started by the Initiator

If the Initiator recognizeghat negotiation is required angends a WiddData TransferRequestmessageut,
the Target responds bghanging to the Message Iphase andsending a WideData Transfer Request
message in to thénitiator prior to transfer any additionainessage bytes (or amther Information phase

bytes)from the Initiator. Thisprovides an interlock during the data transfedth negotiation.

The Drive responds to each Initiator requestehsferwidth exponent ashown in thefollowing table.

Target
Initiator ~ Target Data Transfer
Request Response Width

Ei = 00h Et = 00h 8 Bit Data Transfers
Ei > 00h Et = 01h 16 Bit Data Transfers

Figure 132. Initiator Request/Target Response

If following the Target's response above the Initiasmserts the ATN signal and the first message received is
either a Massage Parityrror or aMessageRejectmessage, th@argetnegates the data transfeidth agree-
ment andgoes to 8bits mode. For theMassage Paritfrror case, thamplied data transfewidth agreement

is reinstated if the Targesuccessfullyretransmits the Widéata TransferRequestmessage to thénitiator.

For any othemessage, th@arget completes negotiation agdes to thenegotiated data transfer width.

9.1.3.2 Transfer Width Negotiation Started by the Target

If the Targetrecognizeghat negotiation is required, the Targeénds a Widdata TransferRequestmessage
to the Initiator with thetransferwidth exponent equal to 1 (E =01h). The Initiator must respond by

asserting the ATN signgbrior to its release of ACK for theREQ/ACK handshake of théast byte of the

Wide DataTransferRequestmessage. This provides an interlodkring thewide data transfenegotiation.

If the Initiator does not assert the ATBignal, theTargetgoes to 8 bitmode. If the Initiatordoes assert the
ATN signal, theTargetchanges to the Message Ophase andeceives anessagdrom the Initiator.

If the first message received is a Widkata TransferRequestmessage, th&argetestablishes the new data
transfermode. TheDrive interprets the Initiator correspondinigansferwidth exponent ashown in the
following table.

Target
Initiator Data Transfer
Request Width

Ei = 00h 8 Bit Data Transfers
Ei = 01h 16 Bit Data Transfers
Ei > 01h Send Message Reject (8 bit Data Transfer)

Figure 133. Target Request to Initiator
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Note: If the corresponding transfavidth exponenteceivedfrom the Initiatorindicates a data transferidth
that isgreater than 1@its (E > 01h) the Targetends a MessagRejectmessage to thaitiator to indicate
8 bit data transfemode.

If the first message receivedom the Initiator is either dMessageParity Error or aMessageRejectmessage,
the Targetgoes to 8 bit data transfenode. For theMessageParity Errorcase, the wide data transfeego-
tiation isrestarted if the Targetuccessfullyretransmits the Wid®ata TransferRequestmessage to théniti-
ator.

If the first message receiveflom the Initiator is any othemessage, th&argetgoes to 8 bit data transfer
mode. TheTarget assumethat thelnitiator does notsupportwide data transfer andoes notattempt to
renegotiate with this Initiator.

The implied agreement fowide data transfeoperation is notconsidered toexist by theTarget until the

Target kaves theMessage Out phase, implyinpat no parity error was detected. If the Targdetects a

parity errorwhile attempting toreceive the messadgdeom the Initiator, the Targegoes to 8 bit data transfer
mode. TheTargetwill attempt toresume thewide data transfenegotiation byretrying the Message Out
phase.

Note: If during the Message Imphase of negotiations, either Target or Initiator started, ATMNagserted
prior to transmission of thdast byte of the message and the message is not Med®agty or Message
Reject, the Targegoes to 8 bit data transfenode.

9.1.4 SAVE DATA POINTER (02)

This message isent from thefile to direct theinitiator to copy theactive datapointer to thesaved data
pointer. The SAVEDATA POINTER message is onlsent if the initiator has previously indicated the
ability to accommodatelisconnection and reconnection via tHeENTIFY message .

The file will send theSAVE DATA POINTER message to thaitiator prior to sending aDISCONNECT
message to thaitiator if a data phase has occurred aadother data phase igquired tosuccessfullycom-
plete thecommand.

9.1.5 RESTORE POINTERS (03)

This message isent from thefile to direct aninitiator to copy themostrecently savedointers to the corre-
spondingcommand,data, and status pointersCommand andstatus pointers should beestored to the
beginning of the preserdommand andtatusareas. The dataointer should beestored to the value at the
beginning of the data area in the absence &/AVE DATA POINTER message or to the value at tpeint
at which thelast SAVE DATA POINTER messageccurred. Also se.4,“SCSI Bus Related ErroHan-
dling Protocol” onpage 175.

9.1.6 DISCONNECT (04)

This message isent from thefile 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 file performs arelatively longoperation thatdoes not require thbus. These mes-
sages are onlgent if the initiator previously indicate(/ia theIDENTIFY message) the ability taccommo-

date disconnection and reconnection.

The DISCONNECTmessage may also beent from the initiator to thdile to disconnect from theSCSI
bus. Thefile does notsupport theDISCONNECT messagdrom the initiator. And italwaysrespond by
sendingMESSAGEREJECTmessage to thaitiator.

SCSIMESSAGESYSTEM 169



9.1.7 INITIATOR DETECTED ERROR (05)

This message isent from an initiator to inform thdile that anerror has beenletectedthat does not pre-
clude thefile from retrying the previoulCOMMAND, DATA and STATUS phase. The source of the error
may be either related to previoastivities on the SCSI bus or may bénternal to the initiator and unrelated
to any previousSCSI busactivity

If the initiator intends to send thimessage, thénitiator must assert the ATNsignal prior to its release of
ACK for the last byte transferred in thaformation phasehat is to be regied. This provides an interlock
so the file candetermine which information phase tetry.

After receiving this message, thdile may retry the previousphase bysending aRESTORE POINTERS
message to thaitiator and then repeating the previoGOMMAND, DATA, or STATUS phase.

9.1.8 ABORT (06)

This message isent from the initiator to direct théile to clear thepresent operation fothis initiator and
logical unit, including queued command(s). If bgical unit has beerdentified, then allpending data and
status for theissuinginitiator and thislogical unit will be cleared and thdile will go to the BUS FREE

phase. Pending data and status édher logical unit andinitiators will not be cleared. If a logicaunit has

not beenidentified, thefile will go to the BUS FREE phase withoutaffecting anoperation on anyogical

unit for this initiator or anyother initiator. In eithercase, nostatus or endingnessagewill be sent to the
initiator for this operation. It is not an error t@end theABORT message to a logicalinit that is not
currently performing aroperation for thanitiator.

Note: It is permissible for an initiator to select tHide/LUN after thefile has disconnected from thaniti-
ator, for the purpose afending aniDENTIFY message followed by aABORT message. Thisvill abort
the command on thepecified logicalunit.

9.1.9 MESSAGE REJECT (07)

This message isent from either the initiator or théle to indicatethat thelast message received wasap-
propriate or has not been implemented.

If the initiator intends to send thimessage, thénitiator must assert the ATNsignal prior to its release of
ACK for the REQ/ACK handshake of thenessage bytéhat is to berejected. This provides an interlock so
the file candetermine whichmessage is rejected.

If the file intends to send thisnessage, thdile will change to theMESSAGE IN phase and send the
MESSAGE REJECT message to thenitiator prior to transferring anyadditional message bytes (or any
other information phasbytes)from the initiatorregardless of ATN signal. Thiprovides an interlock so the
initiator can determine whicimessage is rejected. After tlile sends aESSAGEREJECTmessage and if
ATN signal is still asserted then it shateturn to theMESSAGE OUT phase. The subsequeRtESSAGE
OUT phaseshall begin with thefirst byte of amessage.

9.1.10 NO OPERATION (08)

This message isent from the initiator to thdile when theinitiator does not currently have amthervalid
message to send. This message is ignored byfilgtand will not affect anyoperation.
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9.1.11 MESSAGE PARITY ERROR (09)

This message isent from the initiator to inform thdile that the last message byte received hadparity
error.

If the initiator intends to send thimessage, thénitiator must assert the ATNsignal prior to its release of
ACK for the REQ/ACKhandshake of thenessage bytéhat has theparity error. This provides an interlock
so the file candetermine whichmessage byte has thparity error.

If the file receivesthis messagainder any othecircumstance, thdile will change to BUSFREE tosignal a

catastrophic error.After receivingthis message, théile will retry sending the previousiessage to the initi-
ator.

9.1.12 LINKED COMMAND COMPLETE (0A)

The file sends thismessage 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, théle goes toCOMMAND phase toreceive thenextcommand.

9.1.13 LINKED COMMAND COMPLETE WITH FLAG (0OB)

The file sends thismessage to thanitiator to indicatethat theexecution of a linkeccommand withflag bit
set to one has completed anldat valid status has been sent to the initiatoAfter successfullysending this
message, théle goes toCOMMAND phase toreceive the nextommand.

9.1.14 BUS DEVICE RESET (0C)
This message isent from an initiator to direct théle to clear allcurrentcommands. Thisnessage forces a

hard resetcondition whichwill reset thefile to an initial state with no operations pending for any initiator.
After receivingthis message, théle will go to the BUSFREE phase.

9.1.15 ABORT TAG (0D)

When the targeteceivesthis message successfully, it clears tberrent 1/0O process and go to Busee. If
the target has alreadstarted execution of an I/O process, the executidhbe halted. Pending status, data
and commands for otheactive orqueued I/Oprocesses shall not tedfected.

9.1.16 CLEAR QUEUE TAG (OE)

All 1/0 processes for all initiators shall beleared. All active 1/O processes shall trminated. The target
shall go to the Bud-ree phasdollowing successfullyreceipt of thismessage.

9.1.17 QUEUE TAG MESSAGES(20h, 21h, 22h)
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Byte  Value  Description

0 20H  Simple Queue Tag message
21H  Head of Queue Tag message
22H  Ordered Queue Tag message

1 XXh  Queue Tag

Figure 134. Queue TagMessages

Queue Tagmessages aresed tospecify an identifier, called ueueTag, for an 1/O process whicéstablish
the I_T_L_Qnexus. Thequeue tagdfiled is an 8-bit unsignedinteger assigned by thaitiator during an
initial connection. The Queue Tag fewery 1/0O process for each T _L nexusmust beunique. If the target
receives aQueue Tag that isurrently in use for thel T L nexus itwill respond as "Incorrect Initiator
Response". A Queue Tdgecomesavailable for re-assignment when 1/O process ends. ihmericvalue of
a Queue Tag has neffect on theorder of execution.

Whenever an initiator connects to the target, #ppropriate Queue Tagnessaganust besent immediately
following the Identify message andithin the sameMESSAGE OUT phase toestablish thd_T_L_Q nexus
for the I/O process.

Whenever the target reconnects to an initiatorcontinue atagged 1/O process, th8imple Queue Tag
message isent immediatelyfollowing the Identify andwithin the sameMESSAGE IN phase to revive the
|_T_L_Q nexus for the 1/O process.

9.1.17.1 SIMPLE QUEUE TAG (20h)

The SimpleQueue TagMessagespecifiesthat thecurrent |/O process bplaced in thecommandqueue. The
order of execution, with respect tother 1/O processes received witBimple Queue TagMessages, is up to
the discretion of the target. The targeill send a Simpl€Queue Tag Mssages after reselection for If@oc-
essedhat were received with eitheBimple, Ordered, or Head @ueue Tagnessages.

9.1.17.2 HEAD OF QUEUE TAG (21h)

Commands withthis tag should bensertedinto the head of the queueWhen a command ibeing exe-
cuted, thistaggedcommandwill be inserted to thehead of queue to bexecuted after theommandbeing
currently executed. The previousommandbeing executedwill not terminated by thisaggedcommand.
This taggedcommandwill wait until the previouscommand ighrough. Ifplural head-of-queu¢éaggedcom-
mands argeceived,thosecommandwill be executed inLIFO(Last in First out) order.

9.1.17.3 ORDERED QUEUE TAG (22h)
This taggedcommand isexecuted in the ordereceived. All commandsreceivedbefore thiscommand

should beexecuted before thisommand, and all commandgceived afterthis commands Ilsould be exe-
cutedafterthis command.

9.1.18 IGNORE WIDE RESIDUE (23h)
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Byte  Value  Description

0 23H  Ignore Wide Residue message
1 01H  Ignore

Figure 135. Ignore Wide Residue Message Format

The Ignore Wide Residudessage is senfrom the target toindicate that the number ofvalid bytes sent
during the lastREQ/ACK handshake of DATA IN phase isless than thenegotiated transfer width. The
ignore field (always = 01h) indicateshat one byte(data bits8-15) dould beignored. This message sent
immediatelyfollowing the DATA IN phase and prior to any othenessagesEven though a byte imvalid,
it's corresponding parity bit igalid for the value transferred.

9.1.19 IDENTIFY (80 - FF)

This message is set by either tirgtiator or thefile to establish thdogical pathconnection between the two
devices.

The IDENTIFY message is defined as follows:
Bit 7 This bit is always set to one to distinguish theENTIFY messagdrom othermessages.

Bit 6 This bit is only set to one by the initiator to grant tfike the privilege of disconnecting. If this
bit is zero, thefile will not disconnect, unless the initiator instructs tfie to disconnect by
sending aDISCONNECT Message to thdile. This bit is set tozero when thefile sends an
IDENTIFY message to thaitiator.

Bits 5-3  These bits areeserved andnust bezero for anIDENTIFY message.

Note: If an invalid Identify message iseceived withthese bits not equal to zero, then tfie
sends dMESSAGEREJECTmessage to thaitiator andgoes to the Bus$ree phase t@ignal a
catastrophic error condition.

Bits 2-0  These bitsspecify the logicaunit number(LUN).

Only one LUN may beidentified for any one selectiorequence. If thdile receives anDEN-
TIFY message with a new LUN after the LUN had previoublgenidentified, thefile will go to
the BUS FREEphase tosignal acatastrophic error. The initiator may semdore than one
Identify messageluring a selection sequence ander totoggle disconnect/reconnect permission if
the specified LUNremains the same.

When the IDENTIFY message issent from thefile to the initiator during reconnection, an implied
RESTORE POINTERSnessagenust beperformed by the initiator.

9.2 Supported Message Functions

The implementation of the supportedessagesvill also include the followingunctions.

Retry SCSICommand or STATUShase
The retrywill be caused by thdollowing error condition.

— The file detectedSCSI busparity error(Commandhase)
— The file receivesINITIATOR DETECTED ERRORMESSAGEduring or at the conclusion of an
informationtransferphase(Command Data Out or Statl®hase)
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Note: The initiator may send théNITIATOR DETECTED ERROR message as a result of an
initiator detectedSCSI Busparity error or an internal error.

Retry MESSAGE IN phase

— The retrywill be caused by theeceipt of aMESSAGE PARITY ERROR messagammediately
following a MESSAGE IN phase.

Note: The Initiator may send thIESSAGEPARITY ERROR message as a result of dnitiator
detectedSCSI Busparity error during the Message In phase.

Receipt of multipleldentify message

— The initiator is allowed to send multipldDENTIFY messages out inorder to toggle the
disconnect/reconnect permission bit. This may be used sglectively enable or disable
disconnect/reconnect permission duripgrtions of a command.Note thatthis function does not
effect theoperation of the Forced Disconneftinction.

MESSAGEREJECTduring TargetDisconnection

- If the Initiator rejects the SAVE DATA POINTER message, thefile will disable
disconnect/reconnect permission. This is equivalentetteiving anIDENTIFY message with bit 6
equal to zero. Thiwill cause tdfile to inhibit the pending disconnection.

— If the initiator rejects theDISCONNECT message, théile will not disconnect but maattempt to
disconnect at a later time. Thiinction may be used teelectivelydisable disconnection during
portions of a command.
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0.3 Attention Condition

The attention conditiorallows aninitiator to inform thefile that aMESSAGE OUTphase idesired. The
initiator may create theattention condition byasserting the ATN signal at any timexcept during the
ARBITRATION or BUS FREE phases.

The initiator must create theattention condition byasserting the ATN signal least two deskew delag$ore
releasing ACK for the last byt&ransferred in a buphase to guarantethat the attentiorcondition will be
honoredbefore transition to a new bus phase. Thigll guarantee a predictablide response tanessage
receivedduring theMESSAGE OUT phase for thisattention condition. If the ATNsignal is asserted later,
it might be honored in thecurrent bus phase or the next bus phase and then mayesatt in the expected
action.

After the initiatorasserts the ATN signal, thfde will respond with theMESSAGE OUT phase agollows:
Current Phase Response

COMMAND Message Ouphasewill occurafter part or all of theCommandDescriptor Block has
been transferred to thefile. The initiator must continue REQ/ACK handshakes
during theCommandphase until thdile enters theMESSAGE OUTphase.

DATA The MESSAGE OUTphasewill occur after part or all of the databytes havebeen
transferred and not necessarily orlagiical block boundary. Thenitiator mustcon-
tinue REQ/ACK handshakes (asynchronousansfer) until it detects thephase
change.

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

STATUS The MESSAGE OUTphasewill occurafter theREQ/ACK handshake of the status
byte has been completed.

MESSAGE IN The MESSAGE OUTphasewill occurbefore thefile sendsanothermessage.

SELECTION If ATN occurs during aSELECTION phase andefore the initiatoreleases the BSY
signal, theMESSAGE OUT phasewill occur immediatelyafter that SELECTION
phase.

RESELECTION The MESSAGE OUTphasewill occurafter thefile hassent itsIDENTIFY message

for that RESELECTIONphase. (First thdile tries tocomplete thereselection.)

The initiator must keep the ATNsignal asserted imore than onenessage byte is to be transferrédring
the MESSAGE Outphase. Thdile will process eaclmessage bytémultiple-bytes for an extendemhessage)
prior to receive thenext messagdrom the initiator. Thefile will continue to handshake amtocess byte(s)
in the MESSAGE OUTphase until ATNgoesfalseunless one of the followingonditionoccurs:

1. The file receives an illegal oinappropriatemessage and goes to tMESSAGE IN phase to send a
MESSAGEREJECTmessage.
2. The filedetects acatastrophic error condition amgbes to the BUS-REE phase.

9.4 SCSI Bus Related Error Handling Protocol

This protocol isused to handle errathat threaten thantegrity of a connection between the Target and an
Initiator.
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9.4.1 Unexpected BUS FREE Phase Error Condition

There areseveralerror conditionsthat will cause thefile to immediately change to the BUBREE phase,
regardless of thetate of the ATNsignal. Thefile will not attempt toreconnect to the initiator to complete
the operation that was iprogress when the erramondition wasdetected. The initiatorheuld interpret this
as a catastrophic error condition.

If the LUN was identified by thdile prior to the error condition, then thfde will abort theactivecommand
for this initiator/LUN and generate sense data ftiris initiator/LUN to describe thecause of the catastrophic
error. The initiator mayretrievethis sense data by issuing REQUEST SENSE command tdhis LUN.
Note however,that theREQUESTSENSE command mafail if the catastrophic error conditiopersists.

If the LUN was not identified by thdile prior to the error condition, then thile will not affect the sense
data or the operation of angurrently executinggommand forthis initiator or anyotherinitiator.

9.4.2 MESSAGE OUT Phase Parity Error

The file will, depending on the modgloptionallyretry the messagphase and if itstill fails abort thecurrent
command with CHECK CONDITION status andsense data ofABORTED COMMAND / SCSI
PARITY ERROR .

9.4.3 MESSAGE IN Phase Parity Error (Message Parity Error)

The file will, depending on the modgloptionallyretry the messagphase and if itstill fails abort thecurrent
command, go to bufee, setting sense data &BORTED COMMAND / SCSIPARITY ERROR .

9.4.4 COMMAND Phase Parity Error

The file will, depending on the modgloptionally retry the commandphaseafter sending a restorpointers
message. If istill fails it will abort thecurrentcommand withCHECK CONDITION status andsense data
of ABORTED COMMAND / SCSIPARITY ERROR .

9.4.5 DATA OUT Phase Parity Error

If the file detects a parity error durin@ ATA OUT phase, thdfile will abort thecurrentcommand with
CHECK CONDITION status andsense data ocABORTED COMMAND / SCSIPARITY ERROR.

7 The action for a particulafile model isdefined in the interface spemddendum foreach model.
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9.4.6 INITIATOR DETECTED ERROR Message

An INITIATOR DETECTED ERROR message is valid after £ OMMAND, DATA IN/OUT or
STATUS phase has occurred. dnother phase hasccurred, themessage is rejected.

The file will, depending on the model, optionalhetry the previougphase is it iscommand orstatus. If this
fails or the previous phase was a datansfer thefile will generate &ZHECK CONDITION status and a
Sense key oABORTED COMMAND with additionalsensecode ofINITIATOR DETECTED ERROR.

9.4.7 MESSAGE REJECT Message

The file will take the following actionsafter receiving theMESSAGEREJECT message imesponse to mes-
sages listedelow.

DISCONNECT The file will not disconnect but remains connected.
COMMAND COMPLETE No error, continue to bufree.
IDENTIFY Commandaborted - budreed - Sense data set MESSAGEREJECTERROR.

LINKED CMD CMPLT Commandaborted -link broken - busfreed - sense data set tllESSAGE
REJECTERROR.

MESSAGE REJECT Commandaborted -STATUS phaseexecuted withCHECK CONDITION - sense
data set to MESSAGREJECTERROR.

RESTORE POINTERS Commandaborted - status set tGHECK CONDITION - sensewill be set with
the errorthat caused th@RESTORE POINTERSnessage to be issued/Assuming
that errorrecovery is in progress)

SAVE DATA POINTER The file will not disconnect from thé&SCSI bus. Itwill not be considered an error.

No previous Msg The command isaborted, the busfreed, and Sense data is set MESSAGE
REJECT ERROR. Thisoccurs when thdile has notsent amessage, but gets a
MESSAGEREJECTfrom the initiator.
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10.0 Additional Information

This chapter provides additionahformation or descriptions of various functions, features, operating
models supported by the Targ#tat are noffully described in previous chapters.

10.1 SCSI Protocol

There arevarious operating conditionshat prevent the Target fronexecuting aSCSI command. This
sectiondescribesach of these operating conditions and threiative priority.

10.1.1 Priority of SCSI Status Byte Reporting

After establishing thd_T_L nexus orl_T_L_Q nexus, theTargetmust first determine whethecommand
execution is allowed. Execution isdeferreduntil a later time if the command must beadded to the
command queue. Execution maylso be prevented by an interndlarget conditionthat requires the
reporting of a CheckCondition, Queue FullBusy or Reservation Conflict StatusThere areseveral dif-
ferent internalconditions to beactive at thesame time. The order in which the Target checks for each of
these conditions determines their priority(highest priofitgt) as follows:

1. Check Conditionstatus forinvalid Logical Unit Number. (seel0.1.2, “Invalid LUN in Identify
Message”)

2. Check Conditionstatus for Incorrect Initiator Connection(sd€.1.3,"“Incorrect Initiator Connection”
on page 180)

3. Busy Status oQueue Full Status (set0.1.4,“Command ProcessingDuring Execution ofActive I/O
process” on page80)

4, Check Conditionstatus for Unit Attention condition(see 10.1.5, “Unit Attention Condition” on
page 183)

5. Check Conditionstatus duringStart-up and Formatoperations(se€l0.1.6, “Command Processing
During Start-up and Format Operations” page 183)

6. Check Conditiorstatus for Deferredrror Condition(seel0.1.8,“Deferred error” onpage 184)
7. Reservation Conflicstatus(sed 0.1.11,“CommandProcessing While Reserved” on padé6)

8. Check Conditiorstatus forinvalid commandopcode
9

. Check Conditiorstatus forinvalid commanddescriptor block

The highest priority internatonditionthat peventscommandexecution is reported by the Target, provided
there is no bus error.

For all Check ConditionsSense data ibuilt by the target provided aalid LUN address iknown. Sense

data is cleared by th&arget upon receipt of anysubsequentommand to the LUNfrom the initiator
receiving theCheck Condition.

10.1.2 Invalid LUN in Identify Message

There are thredlifferent circumstancedefined within the SCSI protocol when theesponse to annvalid
LUN will occur. Each ofthese result in @ifferentresponse.
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10.1.2.1 Case 1 - Selection message sequence with Inquiry command

The INQUIRY command is aspecial case it5CSl. It is used taonfigure the bus whefile IDs andLUNs
are not known. The propeaesponse is taeturn the inquiry data with @eripheraldrive type of 1Fhwhich
indicatesthat thespecified LUN is notsupported.

10.1.2.2 Case 2 - Selection message sequence with any other command

Any other commandsexceptREQUEST SENSE, return CHECK CONDITION status when arinvalid

LUN is specified in the messagsequencefollowing selection. Inresponse to EREQUEST SENSE
command the targeshall return sensedata. Thesense key shall be set it LEGAL REQUEST and the
additionalsensecodeshall be set td OGICAL UNIT NOT SUPPORTED.

10.1.2.3 Case 3 - After selection message sequence

It is permissible for the initiator tassuemultiple IDENTIFY messagesiuring asingle commandsequence
provided to LUN remains the same. If the LUN is altered, fitee goes to a Bud-ree Phase.

10.1.3 Incorrect Initiator Connection

It is an Incorrect InitiatorConnectionerror if any of thefollowing occurs:

an Initiator attempts testablish an_T_L nexus when an 1/O process (eithgueued oractive) with an
|_T_L nexus alreadgexistsfrom a previousconnection with the samimitiator.

an Initiator attempts teestablish anl_T_L_Q nexus when arl_T_L nexus alreadyexistsfrom a pre-
vious connection with the samimitiator.

an Initiator attempts teestablish anl_T_L nexus when an_T_L_Q nexus alreadyexistsfrom a pre-
vious connection with the sammitiator.

Note: It is not an Incorrect InitiatorConnection tosend acommand without a Queue tamessage
when sense ipending on thdogical unit for the Initiatorthat issues theRequestSensecommand. (If
the command is not RequeSense notnquiry, sense data is cleared at receipt of ttanmand. )

an Initiator attempts testablish an_T_L_Q nexus when an 1/O process (eithgueued oractive) with
an|_T_L_Qnexus alreadexistsfrom a previousconnection with the samimitiator.

If any of the aboveerrors occur, allqueued I/Oprocesses and active 1/O processes associated with the
issuing Initiator on the specified logicalunit are terminated. The current I/@rocess is ended with a
CHECK CONDITION status, thesense key is set t&ABORTED COMMAND and theadditional sense
code is set toOVERLAPPED COMMANDS ATTEMPTED. Status is only returned for tlcarrent 1/0
process.

10.1.4 Command Processing During Execution of Active I/O process

When theTarget is notexecuting any active 1/O processes, a new |/O procegelimitted toexecute (unless
execution is prevented bgnotherinternal Target conditiodisted in 10.1.1,“Priority of SCSI StatusByte
Reporting” onpage 179).

If an active I/O processloesexist when theTargetreceives a newwommand, then th&arget determines if:

Check Condition Status witlfsense Key = Aborted Command is returned for a®verlapped Com-
mands Attempteckrror

« the command ipermitted toexecute

« the command isdded to theommandqueue
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Queue Full Status is returned

Busy Status is returned

If an active I/O processloesexist when theTargetreceives a newcommand, then th&arget determines
how the new commandhsuld be handled based on tfalowing rules:

Check Condition Status is returned wi8ense Key set téA\borted Command for anOverlapped Com-
mands Attemptedcrror if:

— See 10.1.3fIncorrect InitiatorConnection” onpage 180

the command ipermitted toexecute if

- the command is atnquiry or RequesSensecommand

Check Condition Status is returned wilense Key set to Logical Unit NdReady if:

- the start-up operation or format operation is a&gtive process.

the command ipermitted toexecute if

- the conditions teexecuteconcurrently are metSee 10.5;Concurrent I/OProcess” orpage 189)
the command isdded to thecommandqueue for an |_T_Lnexus if:

- no Queue Tagnessage was receivelliring theconnection which
established the I/O process,and

— disconnection isllowed for thecurrent 1/O process, and

— there is noqueued I/Oprocess or active I/O proces®rresponding to the
|_T_L nexus for the current I/Qrocess, and

— the command is nolinked to a previouxommand.

the command iedded to thecommandqueue for an |_T_L_Qexus if:

- a Queue Tagnessage was receivelliring theconnection which
established the 1/0 process, and

TaggedQueuing is enabled(DQue = 0), and

an I/O process(either active gueued)exists at theTarget for this
Initiator, and

disconnection iallowed for thecurrent 1/O process, and

— there is noqueued I/Oprocess or active I/O proces®rresponding to the

I_T_L_Q nexus for the current I/Qrocess, and
— the command is nolinked to a previouxommand.

Queue Full Status is returned if:

- the commandvould otherwise bequeued(according to the rules described
above) but theeommandqueue isfull and all slots are utilized, or

- the commandvould otherwise bequeued(according to the rules described
above) but all of theavailablecommandqueueslots not reserved for use
by anotherinitiator areutilized, or

TaggedQueuing is enabled(DQue = 0) and a Format Ugdimmand was
previouslyqueued but has not yet begenecution, or

TaggedQueuing is enabled(DQue = 0) and a Start Uodimmand was
previouslyqueued but has not yet begenxecution.

Busy Status is returned if:

— TaggedQueuing is disabled(DQue = 1) and a Format Uodtmmand was
previouslyqueued but has not yet begenecution, or

— TaggedQueuing is disabled(DQue = 1) and a Start Uodimmand was
previouslyqueued but has not yet begenecution, or
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- the commandvould otherwise be queued(according to thdes described
above)butdisconnection is noallowed for thecurrent I/Oprocess, or

If a command isqueued,commandexecution maystill be prevented at a later time when tltemmand is
dequeued to become aactive 1/0O process. Thioccurs if commandexecution is prevented bgnother
internal Target conditiodisted in 10.1.1,“Priority of SCSI StatusByte Reporting” onpage 179 at the time
the command islequeued.

182 OEM Spec. ofDDRS-3xxxx



10.1.5 Unit Attention Condition

The file will generate ainit attention condition foeach initiator whenever:

The file hasbeenreset.
This includesPower On Reset, SCSI Bus Reset, SCSI BDBEVICE RESET message.

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

The microcode has been changed.
WRITE BUFFER command hadeenexecuted todownload microcode. Inhis case, aunit attention
condition isgenerated for all initiators except the otteatissued thecommand.

Commands areleared byanotherinitiator.
This condition isgenerated against the initiattitat has queued commands, if ...

- ClearQueueMessage igeceived.
— ContingentAllegianceCondition iscleared whem@QERR (inMode Page 0A) is 1.
— DQue is set to While queuedcommand exist.

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

If the file receives acommandfrom each initiator before reporting EHECK CONDITION status for a
pendingunit attention condition fothatinitiator , thefile's responsevaries with thecommand agollows.

INQUIRY The file executes theommand withGOOD status andoreserves thenit attention con-
dition.
REQUEST SENSE

If the file has anavailablependingsense data for thaitiator, thefile sends the pending
sense data and preserves trdt attention condition for thénitiator.

If the file does not have an availabfgendingsense data for thaitiator, the file sends
sense data for thanit attention condition andlears theunit attention condition for the
initiator.

ALL OTHER The file terminates thecommand with aCHECK CONDITION status andpreserves
the unit attention condition.

If the file receives acommandfrom each initiatorafter reporting aCHECK CONDITION status for a

pendingunit attention condition fothatinitiator , thefile's responsevaries with thecommand agollows.

REQUEST SENSEThe file sends the sense data fopandingunit attention condition andeturnsGOOD
status. And thdile clears theunit attention condition for thénitiator.

ALL OTHER The file executes theommand withGOOD status andclears theunit attentioncondi-
tion unlessanother unit attention conditioaxists. And then the sense data for tineit
attention condition idost.

10.1.6  Command Processing During Start-up and Format Operations

If the Targetreceives acommandfrom an Initiatorwhile the Target isexecuting astart-up or format opera-
tion, The Target's responsaries with thecommand adollows:

INQUIRY The file sends inquiry data andceturns appropriate status.
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REQUEST SENSE Executes thecommand,returns aSense key of NOTREADY and an Additional
SenseCode of LOGICAL UNIT NOT READY andreturnsGOOD STATUS.

The Additional SenseCode Qualifier that is returneddepends on type of I/O proc-
esseghat areactive:

For the START/STORUNIT and the Autestart operation, theualifier reurned is
LOGICAL UNIT ISIN PROCESS OBECOMING READY. For the FORMAT
UNIT command, the qualifier returned is LOGICAL UNIT NOT
READY,FORMAT IN PROGRESS, and th&ense keyspecific bytes are set to
return theprogress indication.

ALL OTHER The file terminates thecommand withCHECK CONDITION status. TheSense
data generated is describedRequestSenseabove.

10.1.7 Internal Error Condition

The Targetgenerates ainternal Error condition for allnitiators when:

an internally initiatedoperationends with an unrecoverable error. i.e. Th&rt-upsequence forAuto
Start enabled terminateafter the SCSI bus has beeanabled and prior t@ompletion of the bring-up
sequence.

An Internal Error conditioncauses Sense data to be generated and saved foritaditors. TheError Code
field of the Sense is set for &urrent Error(70h) and th&ense Key is set ttHARDWARE ERROR.
Recovered errors are not reported.

The Internal Error conditiorpersists for eacHnitiator until that Initiator clears thecondition from the
logical unit as described below. Severalcommands aréhandled asspecial casesluring an InternalError
condition. Thesecases aralso discussed.

If the Targetreceives a&commandfrom an Initiatorwhile anInternal Error conditiorexists forthat Initiator,
the Target's responsaries with thecommand agollows:

INQUIRY The file executes theommand withGOOD status and do notlear thelnternal Error
condition.

REQUEST SENSE The file executes thecommand,return thesense data generated by th&ernal Error
condition, return Good Status, amtear thelnternal Error condition fothat Initiator.

ALL OTHER The file terminates thecommand with aCHECK CONDITION status andclear the
Internal Error condition.

10.1.8 Deferred error

Error code (71h) ofsense data indicatdahat the Check Conditiostatus returned is the result of an error or
exception conditionthat occurred during execution of a previowommand forwhich Good status has
alreadybeen returned.

The drive creates an Deferrdégtror condition when :

Execution of a Start/Stop Unitommand with théammediate bit of one ends with an error.
Execution of a Format Unitcommand with themmediate bit of one ends with an error.

Execution of a Writecommand with WCEwrite cache enable) bit of one ends with an error.
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10.1.9 Degraded Mode

There arecertain errors orconditions which may impair théle's ability to function normally. Rather than
fail hard, thefile is designed to be as responsive as possibdso, in most casessome action on the part of
the initiator may be used to restormrmal operation. This mode dimited operation iscalled Degraded
Mode.

10.1.10 Degraded mode handling

If any degraded modeondition occurs an initiatorwill receive asense key oHardware error (4h) in the
next sense dateequested. Afteclearing the sense key, the dria&ceptscommandsaccording to the status
of the degradednode.

The following table shows thelegraded modetatus with acceptableommands andiditional sense codes.
If a degraded modexists, theHardware error condition esed by the degrade modull be recreated after
every POR, SCSI Reset or BudDevice Resetmessage. The following lisshows the variousperation
modes.

10.1.10.1 Degraded Mode Entry Condition/Consequence State

Degraded | Entry Reason Accepting Description and sense code
Mode Request

Power on The integrity of the drive igjuestionable.
Self Test « Failure of a - Request Sensecode =

fall start-up Sense 4080 (diagnosticfail )

sequence
Inquiry

Start/Stop
unit

« Write
Buffer(except
download
and save)

Spin-up Can not start up ReturnSpin-upDegradedviode.
motor - Request Sensecode = 0400
Sense

Inquiry

Start/Stop
unit

- Write
Buffer(except
download
and save)
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Degraded | Entry Reason Accepting Description and sense code
Mode Request
U-code Can not read Same as Spin-up| Return U-codeDegradedVode.
u-code Degrade Sensecode = 4085 (u-code downloadail)

Reserved All commands. Reserved area sectwalid checkfailed. Defective
Area + Fail toread sectorfound inreserved aregHard Error) The

drive config- integrity of the drive isquestionable.

uration data Sensecode = 4080 (diagnosticfail),

Fail to read

Defectlist

Fail to read

savedMode

Parameter

10.1.11 Command Processing While Reserved

A logical unit is reserved after successfekecution of the Reserveommand. Each time Reservecommand
is executedsuccessfully, therarget records th&sCSI ID of the Initiatorthat made thereservation and the
SCSI ID of the Initiatorthat is toreceive thereservation. Thisnformation isneeded to determine whether
subsequent commandsiauld be permitted or if the Reservatidbonflict Status should be reported. The
Initiator that made theeservation is thénitiator thatissued theReservecommand. Thdnitiator to receive
the reservation may be either the same datiféerent Initiator(third-partyreservation).

If the logical unit is reserved when a newommand isreceived, theTarget examines theommandopcode
and the SCSI ID of theissuing Initiator to determine whether a Reservation Conflict Status should be
returned based on thellowing rules:

1. If the issuinglnitiator is the onethat made theeservation and also the one teceive thereservation
then:

All commands argermitted.

2. If the issuinglinitiator is neither the onehat made theaeservation nor the one teeceive thereservation
then:

A RequestSense ofnquiry command igpermitted.
A Releasecommand igpermitted but isgnored.
Any othercommandresults in aReservation Conflict Status.

3. If the issuinglnitiator is the onethat made theeservation but is not the one teceive thereservation
then:

An Inquiry, RequestSense, Reserve, or Releasemmand igpermitted.
Any othercommandresults in aReservation Conflict Status.

4. If the issuinglnitiator is not the onghat made theeservation but is the one teeceive thereservation
then:

An Reservecommandresults in aReservation Conflict Status.
A Releasecommand igpermitted but isgnored.

Any othercommand igpermitted.
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If a Reservation Conflict Status is not reported and tmenmand ispermitted, then the Target checks the
next highest priority internatondition to determine whether executionaowed. See 10.1.1Priority of
SCSI StatuByte Reporting” onpage 179

10.2 Priority Commands

Certain SCSIcommandsalways executewithout returning a Busy Status, Reservation Conflict Status in
response to theommand. Thesecommandsare:
Inquiry

RequesiSense

Thesecommands do notlisconnect from theSCSI bus prior to completion.They areexecutedprior to
attempting to complete the execution of aather pendingcommand that hadisconnected from th&CSI
bus. Therefore, a second prioritpmmand cannot beeceivedduring the execution of a prioritgommand.

Thesecommands ar@everqueued whether or not theommand issent with aqueuetag. However, therule
for an Incorrect Initiator Connectionstill apply to priority commands.(se&0.1.3, “Incorrect Initiator
Connection” onpage 180)

10.3 Command queuing

When the initiator specifiesthat the file shall disablecommand queuing, the initiatormust send only
untaggedcommand. When thitiator specifiesthat the targeshall enablecommandqueuing, the initiator
may send eithetagged oruntaggedcommand, bushall not use both at theame time.

The followingcommands ar@everqueued andvill be immediately executewvithout Busdisconnection

Priority Commands(i.e.RequestSense andnquiry)

Commanddinked to previouscommands. These adefined to bepart of

a single I/Oprocess(Linked commands aralways execute@mmediately
following the previouscommandfrom the same initiator. N@ther

Initiator's command arallowed to be executed between two linkedmmands.)

Commands fowhich disconnection is not allowed.(These may result in
a Busy Status.)

Commands irwhich a SCSI busrror occurred betweeselection and
first disconnectiorfollowing the receipt of theCDB.

Commands for annvalid LUN.

Commandswhich cause aOVERLAPPED COMMANDSATTEMPTED
error (seel0.1.3,“Incorrect Initiator Connection” onpage 180).

10.3.1 Queue depth

Any initiator canqueue atleast onecommand at any timérespective of theactions of anyotherinitiators
in the system. Asingle initiator may queue up to 64 commands, if no othiitiator hasmore than one
command in thequeue, although atimes thismaximum may bereduced as thdile can reservecommand
blocks for internal use.
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10.3.2 Tagged queuing

Commands with a tagnessage are saved in ttemmandqueue. Queuedommandswill be reordered by
the target defined rule. See the sectionRaorderingl0.4,“Commandreordering” on page 189 fatetails.

10.3.3 Untagged queuing

The target supports queuing one l/j@ocessfrom each initiator. If the targeteceives anuntagged /O
process while executing an 1/0O procdssm adifferentinitiator, the untagged 1/O process may feeued.

Untagged 1/0O processes are treated by the targehasgh theywere received withSimple Queue Tagmes-
sages fompurposes of queuing.

Note: There is noguaranteghat I/O processes are executed in theder theywere
received in amultiple initiator environment when Untagged Queuingeisabled.

10.3.4 Command queuing rule

Commands can beeceivedduring anactive I/O process if Bus ifree. If CPE (concurrentprocess enable)
bit of Mode page 0 is 0, only asingle commandexcept 2commands(Inquiry and RequesBense) can be
executed at the same time. that case, acommandstarts to be executed after tipgeviouscommand has
completed. If CPE (concurremirocess enable) bit dflode page 0 is 1, I/O processes &ead(6),Read

extend(10), Write(6) and Write extend(10) can hetive at thesame time. Sed0.5, “Concurrent I/O

Process” orpage 189 for details.

10.3.5 Queue Full status

This status is returned when a Simplueuetag, Ordered Queue tag or Head of Queue tagessage is
received and theommandqueue isfull. The 1/O process is not placed in thmsommandqueue. Since one
gueueelement isreserved foreach initiator, any untaggedommand that doesntauselncorrect Initiator
Connectionwill not causeQueue Fullstatus.

10.3.6 Device behaviour on Command queuing

1. Initiators must send aQueue tagmmediately after the Identifynessage in Message Ophase justafter
Selection. Targets send a simpgeeue tagmmediately after the Identifynessage in Message Iphase
just after Reselection.

2. Eachinitiator canissue either one of taggecbmmand oruntaggedcommandexclusively at thesame
time. There canexistotherinitiator using theother.

3. WhenDQue (Disablequeue) of modepage OAh is 1, if an initiatoissues a taggedommand, thedrive
returns"MessageReject" messag€07h) andreceivesthat command as anntaggedcommand.

4. Queue Tag number doesaffect theorder toexecute.

5. An initiator issues acommand with aqueue tagwhich is same as the current I/O processqoieued I/O
process, the targeeturns Incorrect Initiator connection.

6. A series of linkedcommands are aingle I/O process, and are assigned ttpgeue tagestablished in the
initial selection. Acommandreceived with aHead-of-Queue tagnessage shall noduspend a series of
linked commands fowhich the target has begun execution.

7. If DQue ischanged to while queued commands exist, all queued commands for thaigihtors will
be aborted. All futurecommandsreceived,from any initiator, with aqueue tagwill be processed as
untaggedcommands, with anessage reject message being returimechediately after the qtag iseceived
by the target.
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10.4 Command reordering

Commandreorderingfunction is supported undetaggedcommandqueuing enabledDQue = 0). The
reorder feature reorderRead/Write commands iorder to minimizeseek timebetweencommands. This
function will improve totalthruput of thedrive.

10.5 Concurrent I/O Process

The Concurrent I/Oprocess ighat plural 1/O processes aractive (not queued) on the samlegical unit at
the same time. The target may start the data phase of anpt®@ess whileanother I/O process is not
completed. Thdollowing I/O processes are allowed to executaxhcurrently.

Unlinked anduntaggedRequestSense andnquiry during execution obther commands.

« When CPE (Concurrengrocess enable) bit is 1, one of tfi@lowing commands can bexecuted during
another one or thesame one of thdollowing commands isbeing executed, ithose are untagged or
simple taggeccommands.

- Read(6),Readextend(10)
- Write(6), Write extend(10)

When an I/Oprocess ends iheck ConditionStatus, thedrive enters theContingentAllegiance Condition
and other queued I/@rocessedrom all initiators on the saméogical unit will not reconnect andwill not
complete the execution until theense data is cleared. See 10.16pntingent allegianceCondition” on
page 194 for details. If an I/O proce$B-1) encounters an erravhile another 1/Oprocess(P-2) is active,
the drivereturns CheckCondition to P-1 and P-2. Thdrive maycontinue P-2 until its conveniemgoint to
suspend, but may not send a Statusfter the initiator clears theContingentAllegiance condition, thedrive
will resume or terminate P-&ccording toQErr bit of Control modepage.

If the drive gets arerror of P-2 before suspending the executionPe®, it will keep thesense data separately
from the sense data foP-1. Thesense data for P-®vill be set after the ContingentAllegiance condition
caused by P-1 is cleared.

10.6 Back to Back Write

Back to Back Writeallows plural write commandsequesting sequentialBAs to bewritten without losing a
motor revolution.

10.7 Write Cache

If the WCE (Write cache enable) bit is 1, tigrive returns Good Status an@ommandCompletemessage
and goes to Bu$reeimmediately afterreceiving the data of the lastector before actually writing the data
onto the media.

If the drive detects arerror after it returns a Good Status, thdrive sets a Differecerror (Error Code of
sense data =71h) and afollowing commandwill be returned withCheck Condition and the Contingent
allegiancecondition isestablished.Under the Contingenallegiancecondition, all queuegrocesses including
commanddrom otherinitiators are suspended.
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10.8 Power Saving Mode

Power savefunction will savepower consumptionwhile the drive is idle. The drivautomaticallytransfers
its operating mode according to the event and timer.

10.9 Automatic Rewrite/Reallocate

The target supportAuto and RecommendedReallocate forREAD, WRITE, WRITE VERIFY and
VERIFY.

Automatic andRecommendReallocate operate from within the read/wrtemmand. When an automatic
reallocation occurs, the read or writemmandtakes longer to complete.

This operation is sometimes referred to as autoreassignment due samtlarity to theoperation performed
by the reassigwommand.

Following is a description of the target behaviour for easiting of ARRE. ARRE settingeffects all data
errors.(NoSectorFound, DataSync Byte Errors andata ECCErrors.)

ARRE=1": An error site deermined to needewriting or reallocation during a read msutomatically
rewritten or reallocated at theonclusion of the read and prior t®ending thestatus. The
site will be automatically rewritten oreallocated only if the data hdsensuccessfullyread.

ARRE=0: An error site determined taeed rewriting or reassignment during a readésommended
for rewriting or reassignment at theonclusion of the read.
The setting of theARRE bit is checked and the targetill automatically rewrite/reallocate airecommend
rewrite/reassign for the followingommands.
Read(6)
Read(10)
« Verify
Verify Portion of Write andVerify

For all other commands thARRE setting is ignored and the targefll not automatically rewrite/reallocate
or recommendewrite/reassign.

Following is a description of the target behaviour for eaetting of AWRE. AWRE settingeffects only No
SectorFound Errors onwrites.

AWRE=1: An error site determined tomeed reassignment during a writeaistomaticallyreallocated at
the conclusion of thevrite andprior to sending thestatus. Thesite will be automatically
reallocated only if the write recovery succeeded at ¢baclusion of thewrite.

AWRE=0 : An error site determined tmeed reassignment during a writerscommended foreassign-
ment at theconclusion of thewrite.
The setting of theAWRE bit is checked and the targetill automaticallyreallocate orrecommendreassign
for the following commands.
« Write(6)
« Write(10)
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« Write portion of Write and Verify

For all other commands thAWRE setting is ignored and the targeiill not automaticallyreallocate or
recommendeassign.

Auto/RecommendReallocate information is communicated via thsense data returned following a
commandduring which asite was determined toeed rewriting or reassignment. The LBA returned in the
sense data is the LBAhat determined tmeed rewriting or reassignment.

The sense dataombinations with auto/recommemnmdwrite/reallocate arésted below.

Key Code Qual Description

1 17 00 RecoveredDatawithout ECC.

1 17 06 RecoveredDatawithout ECC -Auto Reallocated.

1 17 07 Recoveredatawithout ECC -RecommendReassign.
1 17 09 Recoveredatawithout ECC -Data Rewritten.

1 18 00 RecoveredData with ECC.

1 18 02 RecoveredData with ECC - AutoReallocated.

1 18 05 Recoveredata with ECC - RecommenReassign.

1 18 07 RecoveredData with ECC - DataRewritten.
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10.10 Segmented Caching

10.10.1 Overview

Segmented Cachingdivides the data bufferinto several smaller buffers.Each buffer is used as
Read/Write/Read-Ahealduffer.

10.10.2 Read Ahead

The ReadAhead functionconsists of reading datéhat thelnitiator has not yet requested to tlike buffer.
This function is intended to improve performance for an initiatbat frequently accessesequential data
with successivesCSlreadcommands. The Reaflhead function works when RCD (theead cache disable)
bit of read cache page (page 08h) is set to 0.

The drive initiates theReadahead function when

RCD is 0, and
Read(6),Readextended(10)ReadVerify, and Write andVerify is received, and
« The consecutive LBA of the requested LBA is naxtailable on the buffer.

If SCSI reset or bus device reset message is receivedoaitents ofsegmented buffer is flushed.

Even if an erroroccurs duringReadahead, the errowill not be reported to the Initiator. The dataead
before the error occurwill be stored as aalid data byReadahead.

10.11 Reselection Timeout

If reselectionfails, depending on thdile model, itwill be retried 1 ormoretimes. Please see thaodel spe-
cific specifications for themumber ofretries allowed.

10.12 Single Initiator Selection

For singleinitiator systems, it is not an error to have only the target ID bit present during seleBtiscon-
nection is notallowed for Single Initiator Selection with only one ID bipresent during selection. Thaiti-
ator must notsend an Identifymessage with thdisconnect permission bit(6) on.

10.13 Non-arbitrating systems

The Targetcannotdetectwhether other SCSdlevices on theSCSI bus use arbitration prior to selection. As
a consequence, the Targallows disconnect permission to be enabled by the Identifyssageéndependent
of the initiators use of arbitration prior to selection. A non-arbitrating initiatarst ensurethat disconnect
permission in the ldentifynessage is disablgtit 6=0)for proper operation.
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10.14 Selection without ATN

If the target is selectedithout ATN signal active, nodentify message iseceivedfrom the initiator. In this
case, the LUN is identifiedrom the CDB and disconnect permission dssabled. The target does not
perform any phaseetries. The targestill responds to a subsequent attention condition. However, the LUN
is not considered to b&nown if a fatal error is detected during thEommandphase.That is a Command
phase parity error or datal messagerror in response tattention conditionduring Commandphase is
handled as a Bus Freerror with no sensedata. The targealso knows the use ofinked commands if
selectedwithout ATN.

Phaseretries may be allowed if aubsequentdentify message iseceived.

10.15 Multiple Initiator Environment

10.15.1 Initiator Sense Data

Separatesense data is reserved feachl|-T-L. Each sense data isnaintained independent afommands
from otherinitiators.

10.15.2 Initiator Mode Select/Mode Sense Parameters

A single shared copy of theMode Select/ModeSenseparameters is maintained by tHie. This includes
both the current andavedparameters.

10.15.3 Initiator Data Transfer Mode Parameter

A separate data transfer mogarameters area igeserved andnaintained for each initiator.
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10.16 Contingent allegiance Condition

The contingentallegiancecondition shall exist following thereturn of Check ConditionexceptCheckCon-
dition caused by Invalid UN. Execution of all queuedommandsshall besuspended until the contingent
allegiancecondition iscleared.

The contingentllegiancecondition can becleared by thenitiator in one of thefollowing ways:

By issuing aREQUEST SENSE command to th&arget andreceiving the senseata. This ismost
recommendedvay.

By issuing anyothercommand to thd_T_x nexusthat reported the fault.

By issuing anAbort message to thé T_x nexusthat reported the fault. Thisvill alsoabort thecurrent
and queued I/Qrocessrom that initiator.

By issuing a Bus DevicdResetmessage to th&arget. Thiswill alsoabort all current and queued 1/0
processes.

By generating &ESET condition on the bus. This MUST be tHast resort.
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10.17 Reset

The Reset condition issed toclear all SCSIdevicesfrom the bus. This conditiobakes precedence over all
other phases and conditionsAfter a resetcondition isdetected and the resattions completed, the target
returns to aSCSI busenabled' stat¢hat allows the target to acce@CSI commands.

This device uses thelard resetoption asdefined in theSCSI-2 standard.

10.17.1 Reset Sources

There are foursources of esetsdetected by the target:
Reset Name ReseSource
Power-On Reset  This is the signabenerated by the hardware iaitial power-on

Self-Initiated reset This is a software-generated reddéft occurs when a catastrophic error is detected by
the microcode.

SCSI BusReset  This is a reset generated when tBESI bus controline RST goes active.

SCSI BusDevice ReseMessageThis is the reset generated by tB€S| BusDevice Reset Message(0Ch).

10.17.2 Reset Actions

The action taken by th®rive following a reset isdependent on the source of theset.
10.17.2.1 Power-On reset and Self-Initiated reset

These tworesetconditionscause the following to beerformed in the order shown.
1. A power-upsequence

2. A start-upsequence isiecessary to put thBrive in a ready state
10.17.2.2 SCSI Bus reset and SCSI Bus Device Reset message

These tworesetconditionscause the following to begrformed.
If reset goes active while theower-upsequence is in progress, tip@wer-upsequence is started over.

If the Auto Start pin is grounded and a start-gpquence has not yet completedstart-upsequencewill
be re-attempted from thkeginning.

Note: The power-upsequence, having alreadympleted, is not rerun.

If reset occurswhile a physical sector is beingritten, the writeoperation isdisabled after thecurrent
physical sector is written.Data is notlost as long agpower stays validuntil the physical sector being
written is completed.

Additional Information 195



10.18 Diagnostics

The file will execute aself test atpower on or when a Sendiagnosticscommand isssued with theself test
bit set.

The diagnostics are to assure the corm@geration of thdile and toverify that thecheck circuits detect fault
conditions.

10.18.1 Power on Diagnostics

At power on time thefollowing tests are executed:
1. Test the microprocessor's interr@AM.
2. Test the HDC.
3. Do a read/write test on sectbuffer RAM.
. Check if the 12 volline is active.

4
5. Initialize and check the servo systenfusictioning correctly.
6. Check thespindle's RPM.

7

. Seek to aorrect cylinder.

10.18.2 Diagnostics Command

The tests executed as a result of the Send Diagnostiosmand with theself test bit set to a ondiffers from
the tests executed gtower on. Thespindle motor must be at thecorrect speed for the Diagnostics
command to beexecuted. If themotor is not at thecorrect speed, a NOREADY statuswill be returned
in the sensédyte.
The Diagnosticcommandwill execute the following tests:

1. Test the adapter section of tfile as follows:

a. Assure the ECC circuitwork correctly.
b. Do a read/write test on sectbuffer RAM.

2. Check thespindle's RPM.
3. Seek to aorrect cylinder.
4. Write the certain area ireserved area.

5. Readfrom thearea.

10.18.3 Diagnostics Fault Reporting

Faults detected beforeuccessfucompletion of the adaptesection could prevent thiéle from responding to
a selection.

Faults detected after theuccessfulcompletion of the adaptesectionwill be reported as Check Condition
status to the initiator on th&rst commandissued after a fault is detected except for tinguiry command.
The Inquiry commandwill alwaysrespond with good status. Detectingfault during power onwill not
terminate execution of thdiagnostics nowill it terminate the power oprocess.

Faults detected during a Send Diagnosticsnmandwill report a Check Condition as ersdatus.
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10.19 Idle Time Functions

10.19.1.1 Automatic Drive Maintenance (ADM)
Enable anddisable of ADM function is in control ofMode Page 0, and thshipping default is disable

ADM function is equipped to enhance threliability in continuoususage. ADMfunction is to perform a
CSS automaticallyafter detection ofidling time for 1 minute atintervals of 1 week.
Drive response during the CSS by ADM s fadlows.

« Sense andnquiry SCSI Commands areexecutedwithout delay.

« Commandother than the abovwill be completed agjuickly as possibldmax 10 seaelay over normal
execution time) - ifdrive is spinning down whercommandreceived itwill go to spin up immediately.
After completion of thecommand, then CSS i®-started aftedetection ofidle time for 1 minute.

10.19.1.2 Save Log/PFA Counter

The drive periodically saves data in logs in the reseraegl of the disks. Thénformation isused by the
drive to supportvarious SCSI commands and for the purpose faflure analysis. Log/PFA counters are
saved if the drive has not receivedSCSIcommand for 1 hour.

10.19.1.3 Patrol Seek (Forced Seek)

The heads arenoved to anothernrea of the disk if thedrive has not received 8CSlcommand for ateast
10 minutes. Execution time igss than 1 fullstrokeseek.

10.19.1.4 Summary

[dle Time Function Period of Occurrence Duration Method to Disable
ADM Once a Week 18 sec DADM  (Mode page 0)
Re-instruction Period
Save Log/PFA After 10 minutes 60 msec | DEXCPT (Mode page 1C)
of idle time Re-instruction Period
Patrol Seek After 10 minutes 16 msec Re-instruction Period
of idle time

"Re-instruction Period" is the time between consecutive SCSI command requests.

Figure 136. Summary ofldle Time Functions
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11.0 SCAM

11.1 SCAM operation

11.1.1 Level 1

- A resetconditionshall cause an exirom any state and ptes the drive in th&®eset Delaystate.

When adrive is powered-on, itimmediately enters th&@ower-OnDelay state and may perforhocal
initialization. The drive shallleave this state and enter the SCAMonitor state within a SCAM
power-on to SCAMselection delay.

While in the SCAM Monitor state, adrive shallmonitor theSCSI bus for both SCAMselection and
normal SCSI selection. If thdrive detects thénitiation of SCAM protocol, itshall enter the IDAssign-
able state.

If a SELECTION phase for thadrive'scurrent ID is continuouslyalid for at least a SCAMinassigned
ID selection responsdelay, the drive shallespond toselection and assert the BSY signal. Tihésponse
to selection implicitly causes the drive enter the IDAssignedstate just as if arexplicit ID assignment
had beenreceived. The assigned ID is set to tharrent ID and thedrive now functions as a SCAM
tolerantdevice.

A drive remains in the ID Assignment state as long as SCAkbtocol is maintained untikexplicit
SCAM functions change its state.

If a drive is isolated andeceives arAssign ID action code, the IDspecifiedbecomes both the current
and assigned ID. The drive releases&@SI| bussignals andenters the Assigned ID state.

If a drive receives a&onfiguration Proces€omplete functioncode or if SCAM protocol is terminated
(the C/D signal is false), itshall release alBCSI bussignals andenter the ID Unassigned state.

A drive in the ID Unassigned state has not had a®@SI ID exiplicitly or implicitly assigned and shall
not respond to SCXelections for itxcurrent ID regardless of theluration.

When theexception of apower-on orresetcondition, only the detection of SCANrotocolinitiation
shall cause the drive tkeave the IDUnassigned state.

Once a drive haseached the ID Assignedtate it functions as &CAM tolerantdevice with the ID
assignedThat is, itshallrespond to SCSselectionwithin a SCAM tolerantselection response time and
shall not recognize norespond to SCAM selection.

A resetcondition shall cause a SCAM target tenter the Reset Delagtate, in which it may perform
local initialization. The drive shalleavethis state and enter the SCAMNhonitor state within a SCAM
reset to SCAM selectiotime.

11.1.2 Level 2

- A resetconditionshall cause an exirom any state and ptes the drive in th&®eset Delaystate.

When adrive is powered-on, itimmediately enters th&@ower-OnDelay state and may perforhocal
initialization. The drive shalleavethis state and enter the Initiate SCARrotocolstate within a SCAM
power-on to SCAMselection delay.

In the Initiate SCAM Protocolstate, adrive shallarbitrate for the SCSI buwithout an ID and perform
SCAM selection. After a SCAM selection delay the drive statamine theSCSI bus to determine the
state of the C/Dsignal. If the C/D signal idrue, there is 8SSCAM intiator present and thdrive shall
enter the IDAssignable state. If the C/Bignal is false, no SCAMnitiator is present and thdrive shall
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enter the SCAMMonitor state.Note that adrive make only oneattempt toinitiate SCAM protocol
after power-on.

- While in the SCAM Monitor state, adrive shallmonitor the SCSI bus for both SCAMselection and
normal SCSI selection. If thdrive detects theénitiation of SCAM protocol, itshall enter the IDAssign-
able state.

If a SELECTION phase for adrive's current ID is continuouslyalid for at least a SCAMunassigned
ID selection responsdelay, the drive shaltespond toselection and assert the BSY signal. Thésponse
to selection implicitly causes the drive enter the IDAssignedstate just as if arexplicit ID assignment
had beenreceived. The assigned ID is set to therrent ID and thedrive now functions as a SCAM
tolerantdevice.

- A drive remains in the ID Assignment state as long as SCAlkbtocol is maintained untikexplicit
SCAM functions change its state.

If a drive is isolated andeceives anAssign ID action code, the IDspecifiedbecomes both the current
and assigned ID. The drive releases&@SI| bussignals andenters the Assigned ID state.

If a drive receives &onfiguration Proces€omplete functioncode or if SCAM protocol is terminated
(the C/D signal is false), it bould release allSCSI bussignals andenter the ID Unassigned state.

« A drive in the ID Unassigned state has not had a®¢SlI ID exiplicitly or implicitly assigned and shall
not respond to SCXelections for itxcurrent ID regardless of theluration.

When theexception of apower-on orresetcondition, only the detection of SCANrotocolinitiation
shall cause the drive tkeave the IDUnassigned state.

Once a drive haseached the ID Assignedtate it functions as a SCAM toleramievice with the 1D
assignedThat is, itshallrespond to SCSselectionwithin a SCAM tolerantselection response time and
shall not recognize norespond to SCAM selection.

A reset condition shall cause a drive t@nter the Reset Delagtate, in which it may performocal
initialization. The SCAM target shalkavethis state and enter the CAM monitor state within a SCAM
reset to SCAM selectiotime.
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11.2 Identification string

Following string shall besent out as the Identificatiostring when thedsolationstage.

byte Note DDRS-34560 |DDRS-39130 |DDRS-34560W|DDRS-39130W|
0 |Type code A3h 93h

1 Default ID

2 |vendor I

3 | identifi- B

4 cation ™

5 [

6

7 [

8

9 [

10 |Product ID D' D' D' D'
11 D' D' D' D'
12 R R R R
13 'S 'S 'S 'S
14 3 3 3 3
15 ' 9 ' 9
16 ) T ) T
17 '6' 3 '6' 3
18 0" 0" 0" 0"
19 b b W' W'
20 b b b v
21

22 |serial

23 number

24

25 serial number (ASCII)

26

27

28

29

30 | not used '

Figure 137. SCAM ldentification string
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11.3 Function codes

The following function codes aresupported.

Function Code Description
00000b Isolate
00001b Isolate and set priority flag
00011b Configuration process complete
01111b Dominant initiator contention
11111b Synchronization
others reserved

Figure 138. SCAM ldentification string

Isolate This function code may be used by SCAM initiators assignID's to SCAM device. After the
function code, SCAMtargets with unassignelD's participate in an isolatiostage. This stagaormally
terminates with asingle SCAM targeisolated.

Isolate and setpriority flag This function code operatesxactly as thdsolate functiondescribedabove
exceptthat the onlyvalid actioncodes arghosethat assign an ID to the isoleted device(s). THisction
also causes the devicgisiority flag to be set toone.

Configuration process completeThis function code idssued by thedominant SCAMinitiator when the
bus configuration is complete and no furthi®'s are to beassigned. The drive with annassigned ID
that observes thifunction codeshall notrespond toselectionuntil a resetcondition, power on or the
assignment od an ID duringsubsequent SCAM protocol invocation.

Dominant initiator contention This function codeselects one SCAMinitiator, called the dominant
SCAM initiator, from possibly multipleSCAM initiators. When this function code igletected, thalrive
shall donothing butkeepmonitoring the bus until nextalid function code idetected.

Syncronization This function code idgssued to begin a neviunction sequenceéWhen this function code
is detected, SCAM target shall begin a néunction sequenceegardless ofvhether the previous func-
tion sequence has been completed.
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11.4 Action codes

The following Action codes aresupported.

First quintet

Second quintet

Description

110000 cennnb Assign 1D 00nnnb
10001b cennnb Assign ID 010000
110000 Clear priority flag
10010b Locate on
10100b
01011b Locate off
others Reserved
others Reserved

note. cc is the count of zero hits in nnn.

Figure 139. Action codes

« Assign ID An action code iwvalid if the check bits are correct and botfuintets arereceived. ID assign-
mentactioncodes shall alsspecify an IDthat thedevice cansupport.Isolateddevice(s)perform avalid
action code when it iseceived.Transfercyclesafter a validaction code angreceding the nexsynchro-

nization patterrshall be ignored.

« Clear priority flag This action code instructs thisolateddevice(s) to clear theriority flag. This function

is typically used when the SCAMn itiator wishes to defer theassignment of an ID to the isolated

device(s)until a later function sequence.

Locate On and Off These actioncodes instruct the isolatedevice(s) toprovide assistance for user or

servicepersonnel tophysically locate thedevice.Locate on shall make the ladirned on and Locate off
shall make the ledurnedoff.
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12.0 SCSI SENSE DATA

12.1 SCSI Sense Data Format

Format of the sense dataturned by thdile in response to th@REQUESTSENSE command.

BIT
7 6 5 4 3 2 1 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

-6 (LSB)
BYTE 7 Additional Sense Length
BYTE 8 | (MSB) Product Specific Information

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 Reserved = 0

-19
BYTE 20 Vender unique Error information

-23
BYTE 24 Product Specific Information

29
BYTE 30 Reserved = 0

=31

Figure 140. Format of SensBata. Format of the&SenseDatareturned by thdile in response to th@REQUEST
SENSE command
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12.2 Sense Data Description

12.2.1 Valid (Bit 7 of byte 0)

0 The InformationBytes (byte 3thru 6) are notdefined.
1 The InformationBytes (byte 3thru 6) contain avalid logical block address.

12.2.2 Error Code (Bit 6 - O of byte 0)

70h Current Error. Thisndicates an error for theurrentcommand.

71h Deferred Error. This indicatesthat theerror is for a previouscommand that haslready
returned a good status. Suclmmmands aressociated with themmediate bit, orwrite
caching.
Format unit(04h) command is anexample of acommand that mayeturn adeferred
error.

12.2.3 ILI : Incorrect Length Indicator (Bit 5 of byte 2)

The ILI bit is valid for theRead Long(3Eh) command andNrite Long (3Fh) commandnly. ILI set to 1
and Valid Bit set to 1 indicateshat the requestedogical block length does nomatch thelogical block
length of the data on themedium for a Read Long owrite Long command. The Informatiofield contains
residueinformationabout the error. ILL set to @hdicatesthere is no incorrect lengtbondition.

0 No Incorrect Length condition.
1 Incorrect Lengthindicated.

12.2.4 Sense Key (Bit 3 - 0 of byte 2)

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

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

1h  RecoveredError
The lastcommandcompletedsuccessfully withsomerecoveryaction performed by théile.
More detailedinformation isavailable in theAdditional SenseCode andAdditional Sense
CodeQualifier.

2h  Not Ready
The logicalunit addressedcannot beaddressed. More detailddformation isavailable in
the AdditionalSenseCode andAdditional SenseCode Qualifier.

3h  Medium Error
The commandterminated with an unrecoverable error condition caused Hlaw in the
media or an error in the recorded data. Maodetailed information is contained in the
Additional SenseCode andAdditional SenseCode Qualifier.

4h  Hardware Error
The file detected a unrecoverable hardware emuile performing acommand orduring a
diagnostic test. More detaileisiformation is contained in the AdditionéenseCode and
Additional SenseCode Qualifier.

5h  lllegal Request
There was arnillegal parameter in thecommand descriptoblock or additional parameter
supplied as data. If amvalid parameter is found in th€DB, then thecommand igermi-
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nated withoutaltering themedium. If aninvalid parameter is found in parametesspplied
as data, then théle might havealtered themedium.

6h  Unit Attention
Indicatesthat thefile entered in theUnit Attention Condition'. (See 10.1.5;Unit Atten-
tion Condition” onpage 183.)

7h-8h Not used
9h  Vendor Specific
Ah  Not used

Bh  Aborted command
The file aborted the command.

Ch-Dh Not Implemented
Eh Not Used

Fh Reserved

12.2.5 Information Bytes (Byte 3 thru 6)

This field is onlyvalid when Valid Bit isone.

LIL = 0 : This field contains the unsigned LBAssociated with the sense key. The LBéportedwill
be within the LBA range of theommand agslefined in theCDB.

Note:  An LBA other than thecommand LBA may be eported on the Reassign Block (07h)
command.

LIL = 1 : This field contains thedifference(residue) of the requested length in bytes. Negatiakies
are indicated bytwo's complement notation.

12.2.6 Additional Sense Length (Byte 7)

Indicates the remainingumber ofbytes in thesensedata. (It isalways set to 18h.)

12.2.7 Command Specific Information (Byte 8 thru 11)

The values inthis field vary with products.Please see thproductspecificspecification formore details.
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12.2.8 Additional Sense Code/Qualifier (Byte 12 and 13)

The following table shows the description of towmbination ofSense Key / Sens€ode /Qualifier.

Key Code Qual Description

0 00 00 No error.

Oh 5Dh 00h No sense. PredictivEailure Analysisthreshold reached.

1h 01h 00h Recoveredwrite error no index

1h 02h 00h Recovered nseek comp

1h 03h 00h Recoveredwrite error. Write fault.

1h 0Ch 01h Recoveredwrite error with Auto-reallocation. Auto Reallocated.

1h 0Ch 03h Recoverednrite error.Recommendreassign.

1h 14h 01h Recoveredwrite error Id notfound

1h 16h 00h Recoveredwrite error DAM notfound

1h 17h 00h Recovered read erravithout ECCapplied.

1h 17h 01h Recovered read error witretries.

1h 17h 06h Recovered read erravithout ECCapplied. Auto reallocated.

1h 17h 07h Recovered read erravithout ECCapplied. Recommendedeassign. This
value can be returned only wheéxRRE = 0.

1h 17h 09h Recovered read erravithout ECCapplied. Datare-written. This value
can be returned only when ARRE = 1.

1lh 18h 00h Recovered read error with ECC applied. Thisue can be returned only
when ARRE = 0.

1lh 18h 02h Recovered read error with ECC applieduto reallocated. This value can
be returned only when ARRE = 1.

1h 18h 05h Recovered read error with ECC applieRecommendedeassign. This
value can be returned only wheéxRRE = 0.

1h 18h 07h Recovered read error with ECC appliethata Rewritten. Thisvalue can
be returned only when ARRE = 1.

1lh 1Ch 01h Primary Defectlist Not Found. Requestedefect List Format is not sup-
ported. Default List Format is returned.(ReBéfectData Only)

1lh 1Ch 02h Grown Defectlist Not Found. Requestedefect List Format is not sup-
ported. Default List Format is returned.(ReBeéfectData Only)

1h 44h 00h Internal targeffailure.

1h 81h 00h Internallogic error.

1h 5Dh 00h PredictiveFailure Analysisthreshold reached.

2h 04h 00h Not ready.Startspindlemotor fail.

2h 04h 01h Not ready. In process dfecomingready.

2h 04h 02h Not ready. Initializingcommandrequired. (StartJnit)

2h 04h 04h Not ready. Format in progress.

2h 40h 80h Diag Fail -Bring-Up Fail.
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Key Code Qual Description

2h 40h 85h Diag Fail - RAM Microcode NotLoaded.

3h 0Ch 03h Medium error. RecommenReassign.

3h 10h 00h Medium error. ID CRC error.

3h 11h 00h Medium error.Unrecovered read error.

3h 14h 01h Medium error. Record notound.

3h 16h 00h Medium error. Datasynchronizatiormark error. (DAM error)

3h 19h 00h Medium error.Defectlist error. A defect listerror occurs when a data erro
is detected while reading thmanufacturingdefect list or whilereading or
writing the grown defect list.

3h 31h 01h Medium error. Medium Format CorrupteRleassign Failed

4h 11h 00h Hardware Error. Unrecoveremtad error inreserved area.

4h 19h 00h Hardware ErrorDefectlist error.

4h 32h 00h Hardware Error. Nadefectspare locatioravailable. A "no defecspare
locationavailable sense code" indicatdsat theReassign Blocicommand
can not proceed the process because all spare sectorsdbanesed, or it
will exceedimplementation limitation oflefecthandling of thefile.

4h 40h 80h DegradeMode. Diagnostic Fail. Configuration sectmalid checkfail.
Reserved area sectwalid checkfail.

4h 40h 85h DegradeMode. RAM Microcode Not Loaded.

4h 44h 00h Hardware Error. Internal targéailure.

4h 81h 00h Hardware Error. Interndlbgic error.

5h 1Ah 00h Illegal request.Parametetist length error. Thenumber ofparameters sup-
plied is notequal to thevalue the expected.

5h 20h 00h lllegal requestlllegal commandoperationcode. Thiscommand isalso
returned when an unsupported commanudie isreceived.

5h 21h 00h Illegal request. Logicablock address out of range.

5h 24h 00h Illegal request. Invalidfield in CDB.

5h 25h 00h Illegal request. Invalidun.

5h 26h 00h Illegal request. Invalidields in theparametetist.

6h 28h 00h Unit attention. Notready to readyransition.(Format completed)

6h 29h 00h Unit attention. Power omeset or Bus device resetcurred.

6h 2Ah 00h Unit attention. Parametershanged.

6h 2Ah 02h Unit attention. Log select parameteshanged.

6h 2Fh 00h Unit attention.Commandcleared byanotherinitiator.

6h 3Fh 01h Unit attention. Microcode has been changed.

6h 5Dh 00h PredictiveFailure Analysisthreshold reached on

Bh 00h 00h Aborted command. N@additionalsensecode.

Bh 1Bh 00h Aborted command. Synchronous ddtansfer error. (Extra ack detected)
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Key

Code

Qual

Description

Bh

25h

00h

Aborted command. UnsupportddJN. The drive supports LUN Oonly.

Bh

43h

00h

Aborted commandMessage reject error. A message rejelabr occurs
when an inappropriate or unexpectegssage reject is receivébm theini-
tiator or the initiatorrejects a message twice.

Bh

45h

00h

Aborted commandSelection/Reselectiofailed. A selection/reselection
error occurs when the initiatdrils to respond to aeselectionwithin 250
milliseconds after the drivetarts reselection. The reselectioraigempted a
second time before setting selection/reselection faleusecode.

Bh

47h

00h

Aborted commandSCSl parity error.

Bh

48h

00h

Aborted commandlnitiator detected erromessage received. Ainitiator
detected error occurs when the initiator detects an error, senussaage to
retry, detects the error again, and sends the retegsage aecond time.
The drive then setsheckcondition status with Initiator Detected Error.

Bh

49h

00h

Aborted commandlnappropriate/illegamessage. Annappropriate or
illegal messageccurs when the initiator sentraessagehat either is not
supported or is not in &gical sequence.

Bh

4Eh

00h

Aborted commandOverlappedcommands attempted.
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12.2.9 FRU : Field Replaceable Unit (Byte 14)

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

12.2.10 Sense Key Specific (Byte 15 thru 17)

The definition of thisfield is deermined by the value of theense keyfield.
12.2.10.1 Sense Key Specific - lllegal Request (Sense Key = 5h)

Error filed pointer is returned.

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 141. Field PointerBytes

SKSV Sense-keyspecific valid
0 Sense-kegpecific field is notvalid.

1 Sense-kegpecific field isvalid.

C/D Command/Data
0 Indicatesthat the illegal parameter is in the data parameters sent by the initiator
duringDATA OUT phase
1 Indicatesthat theillegal parameter in theommanddescriptor block.
BPV Bit Pointer Valid

0 Bit pointerfield is not valid.

1 Bit pointerfield is significant.

Bit Pointer Bit Pointer indicateswhich bit of the bytenumber eported in FieldPointer is the bit in
error. When amultiple-bit field is in error, thepointer point to themost significant bit of
the field.

Field Pointer Indicates which bytes of theommand descriptoblock or of the parameter data was in

error. Bytes arenumbered stding from zero, asshown in thetables describing theom-
mands andparameters. When amultiple-byte field id in error, the pointer point to the
mostsignificant byte of thefield.
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12.2.10.2 Sense Key Specific - Recovered (Sense Key = 1h)
Hardware(Sense Key = 4h) oMedium Error(Sense Key = 3h)

Actual Retry Count isreported.

7 6 5 4 3 2 1 0

BYTE 15 [SKSV Reserved

BYTE 16 | (MSB) Actual Retry Count
BYTE 17 (LSB)

Figure 142. Actual RetryCountBytes

SKSV Sense-keyspecific valid
0 Actual Retry Count is notvalid.
1 Actual Retry Count isvalid.

Actual Retry Count  Actual number ofretriesused inattempting torecoverfrom the error condition.
12.2.10.3 Sense Key Specific - Not Ready (Sense key = 2h)

These fields are only defined for the Formatunit (04h) command with thelmmediate bit set to one.
Progress indication is returned.

7 6 5 4 3 2 1 0

BYTE 15 [SKSV Reserved

BYTE 16 | (MSB) Progress Indication
BYTE 17 (LSB)

Figure 143. Format Progess IndicatiorBytes

SKSV Sense-keyspecific valid
0 Progress Indication is notalid.
1 Progress Indication igalid.

Progress Indication  Indicates a percent complete in which the returnedue is thenumerator that has
10000h as itslenominator.

12.2.11 Reserved (Byte 18 thru 19)

Reservedields are filled withzero.
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12.2.12 Vender unique error information (Byte 20 thru 23)
This field givesdetail information of the error. It contains a uniquwede whichdescribesvhere the error was
detected and whicbhiece ofhardware or microcode detected the error.

12.2.13 Physical Error Record (Byte 24 thru 29)

ILI = 1 - This field containszeros.

ILI = 0 - Thesehytescontain thephysicallocation of the error incylinder, head andsector. Byte 24
and 25 are Cylinder high and cylinder longspectively.Byte 26 is the heacdhumber. Byte 28 and 29 are
sector high and lowespectively.

Byte 27 is retained for compatibility andill contain thesectornumber forsector 0 to 254 andavill be
set to OFFh forsectornumbersgreater than 254 or if the sectoumber isundetermined.

If the head undetermined, itsalue is toOFFh. If thecylinder value isundetermined, byte 24 and 25 are
set to OFFFFh. If thesectornumber isundeterminedpytes 27, 28, and 29 are all set 6-Fh. If cyl-
inder, head, and sector have nelevance to the error, bytes 2drough 29will all be set toOFFh. This
field is valid with Sense Key 1, 3 and dnly.

12.2.14 Reserved (Byte 30 thru 31)

Reservedields are filled withzero.
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MESSAGESYSTEM (continued)
IDENTIFY 173
IGNORE WIDE RESIDUE 172
INITIATOR DETECTEDERROR 169
LINKED COMMAND COMPLETE 171
LINKED COMMAND COMPLETE WITH
FLAG 171
MESSAGE PARITYERROR 170
MESSAGE REJECT 170
NO OPERATION 170
QUEUE TAG MESSAGES(20h21h, 22h) 171
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WIDE DATA TRANSFERREQUEST 167
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ControlMode Page 109
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MODE SELECT
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MODE SELECT (10) 118
MODE SELECT (6) 116
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MODE SENSE(10) 115
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MSB 65
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SEEK EXTENDED 143
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