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1.0 General

1.1 Introduction

This paperdescribedunctional andinterface specifications for 3.8Yard disk drives of DPES-30540,
DPES-30810 and DPES-31080.

The interfaceconforms to the 'draft proposed American National Standard for informagystems -
SMALL COMPUTER SYSTEMINTERFACE - 2(SCSI-2)October 17,1991".
The vendorspecificitems andoptions supported by thdrive are described ieach section.

There are twoversions available foDPES-31080. Oneersion is with LEDconnector at jumper position
(P/N 85G3623). Theotherversion iswithout LED connector. For DPES-30540 and DPES-30810, only a
versionwithout LED connector isvailable. See 7.0 JumperSetting” on page 35 fodetails.

1.2 References

Draft proposed American National Standard for informateystems SMALL COMPUTER
SYSTEMINTERFACE - 2(SCSI-2)October 17,1991

1.3 Glossary
Word Meaning
Kbpi 1,000Bits Perinch
Mbps 1,000,000Bits per second
MB 1,000,000bytes
KB 1,000bytes unless otherwisspecified
Mb/sq.in 1,000,000bits per square inch
MLC MachineLevel Control
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1.0 Outline of the drive

Multi-Initiator
- Taggedqueuing
3.5-inchform factor
Datacapacity 540/810/1080MB
512 bytes/sector
SCSI-2Fastinterface
Datatransfer speed of 1MB/sec
ClosedLoop actuatorservo
Dedicated headandingzone
« Automatic actuator lock
Interleave factor 1:1
« 448 KB (1KB = 1024Bytes) SectoBuffer
Readahead of LRUcache algorithm
« Write Cache
Back to backwrite
- Automatic DefectReallocation during WriteCache
Enhanced ECC implementation
« Automatic ErrorRecovery Procedures fditead andWNrite
Powersavingmodes

MR (Magneto ResistiveHeadtechnology

0 Copyright IBM Corp. 1994
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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 electronically camolled 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 serveignals toprovide closed loopcontrol. Theseanclude position errorsignal andestimated
velocity.

Controls thevoice coilmotor driver to align theactuator onto alesiredposition.

Monitors the actuatoposition anddetermines the target (thdrive) track for aseekoperation.
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 contains thiisks and
actuatorassembly. Air is constantlgirculated and filteredvhen thedrive is operational. Venting of the
HDA is accomplished via a breathétlter.

The spindle is driven directly by aim-hub, brushless, sensorless DdZive motor. Dynamicbraking is used
to stop thespindle 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 elements of the heads centered over
the desiredrack.

The actuatormssembly is balanced to allovertical or horizontaimounting without adjustment.

When thedrive is poweredoff, the actuator automatically moves the head tdeicated landingonewhere
the actuator isecured.

0 Copyright IBM Corp. 1994 7
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3.0 Drive Characteristics

This chaptemprovides the characteristics of thugive.

3.1 Formatted Capacity

Description DPES-30540 DPES-30810 DPES-31080
Bytes per Sector 512 512 512
Number ofheads 2 3 4
Number ofdisks 1 2 2
Number ofLBAs 1058688 1588352 2118144
Total logical Data Bytes 541900800 812335104 1083801600

Figure 1. FormattedCapacity

3.2 Data Sheet

Figure 2. Data Sheet

Recordingdensity Kbpi]

68.0(Ave) /85.6(Max)

Buffer to/from media [Mbit/sec]

39.8to0 55.1

Track density [TPI]

Areal density Mb/sq.in.]

358(Ave) /457(Max)

Number ofzone

Servo desigmethod

Embeddedsector servo
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3.3 Performance Characteristics

The driveperformance is characterized by tfadlowing parameters:
CommandOverhead
Mechanical Positioning

— SeekTime
- Latency
— Initiator delay forreconnections

Data Transfer Speed
Buffering Operation

The following specification defines the drive characteristics, notgystemthroughputwhich depends on
systems and applications.

Figure 3. Performanc@arameter

Function Performance

Commandoverhead 0.7 [msec] Max wherCache-No-Hit
0.40 [msec] Maxwhen Cache-Hit

Average Seek time foRead 10.5 [msec] Average

Average Seek time fowrite 12.5 [msec] Average

RotationalSpeed 5400 [rpm]

Mediatransfer rate 39.8 - 55.1 [Mit/sec]

Interface transfer rateMB/sec] | 10 Max

Data buffer size 448 [KB](1 KB = 1024Bytes)

3.3.1 Command Overhead

Commandoverhead time islefined as thdotal time from thereceipt of acommand by thalrive to thestart
of actuator's motion.

3.3.2 Average Seek Time (Including Settling)

Figure 4. MechanicaPositioningPerformance
Command Type Typical Max
Read 10.5 [msec] 11.5 [msec]
Write 12.5 [msec] 13.5 [msec]

The seekime is measured from the start attuator'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 seefime is measured as theeighted average of apjossibleseekcombinations.
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Weighted Average

Where:
max
n

Tn.in =

max

z (max+ 1- n) (Tn.in+ Tn.ouf)

n=1

(max + 1) ( max)

Maximumseeklength
Seeklength (1 tomax)
Inwardmeasuredseektime for an n trackseek

Tn.out = Outwardmeasuredseek time for an nrack seek

3.3.3 Single Track Seek Time

Figure 5. SingleTrack SeekTime
Function Typical Max.
Read [msec] 2.3 2.7
Write [msec] 3.0 4.1
The singletrack seektime is theaverage of the 1000 singteack seeks.
3.3.4 Full Stroke Seek
Figure 6. Full StrokeSeekTime
Function Typical Max.
Read [msec] 22 25
Write [msec] 24 27

Full strokeseek ismeasured as thaverage of 1000 fulstrokeseeks.

3.3.5 Average Latency

Figure 7. Latency Time

Rotation

Time for a revolution

Average Latency

5400 [RPM]

11.12 [msec]

5.56 [msec]
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3.3.6 Drive Ready Time

Figure 8. DriveReadyTime
Condition (Model) Typical Max.
Power On to Ready 10 [sec] forDPES-30540 18 [sec]
12 [sec] forDPES-30810 and DPES-31080
Ready The condition in which tharive is able toperform a mediaaccesssommand(read, write)

immediately.

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

3.3.6.1 Operating Modes

Figure 9. OperatindModes

Operating Mode Description

Spin-Up The spindle is speeding up 00 RPM.

Seek Actuator isseeking and settling to a specifiécck.

Write Data iswritten to write cache or disknedia.

Read Data isreadfrom read buffer or diskmedia.

Idle Spindlemotor isrotating but read/write channel &ff.

Standby Spindlemotor isstopped. Any SCStommand isaccepted.
Notes:

1. After power down orspindlestopped, a heatbcking mechanismsecures thdéeads in the

landing zone.

3.3.6.2 Mode Transition Time

Figure 10.Mode Transition Time

From To

Typical

Max

Standby Idle

10 [sec] forDPES-30540
12 [sec] forDPES-30810 and DPES-31080

18 [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.
In casethat power downoccurs beforecompletion of dataransferfrom write cache to disk while write
cache is enabled, the data remaining in write cache can be lostprdwent this datdoss atpower off, one
of following actions are recommended:

SYNCHRONIZE CACHE(35h) command iscompleted.
- Write cache of Page-8h wisable byMODE SELECT commandbefore the writeaccess.

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 hasbecomeready:

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.

0 Copyright IBM Corp. 1994 13
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5.0 Physical Format

On manufacturingprocess, all sectors of the drive aested for the magnetic performance, tbat sectors
that can beead and written are used.

In data area, accepted sectors atenberedsequentially for user data sectors.

This mapping information is maintained by tlleive, and datalock addressed byogical cylinder,head and
sector is translatethto physicallocation ondisk(s)automatically. Thisoperation isinvisible from applica-

tion programs.

The drivenever performs low levelformat after manufacturingprocess.

5.1 After Formatting

Dataareas ar@ptimally usedafter the drive iformatted infactory.

« All pushesgenerated bylefects areabsorbed byspare tracks of inner zone.

N N+1

Defect

N+2

Defect

N+3

Skip

Skip

Calculation from LBA tophysical isdoneautomatically by internal table.

0 Copyright IBM Corp. 1994

15



16 OEM Hard Disk Drive Specifications foDPES-3xxxx



6.0 Specification

This chaptemprovides the specifications of thdrives.

6.1 Environment

The following table shows the environmental conditions.

6.1.1 Temperature and Humidity

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 providsufficient ventilation tomaintain asurfacetemperature below [60°C] at the
center of the top cover of thérive.
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6.2 DC Power Requirements

Figure 11. DC Power Requirement
Power Requirement Note

Nominal supply +5[V] +12 [V]
Powersupply ripple [mV](G- 10[MHz]P-P) 100 max 150 max 1
Tolerance +5% +10%-8% 2
Supply Current (Populatellean) [A RMS]

Idle (average) 0.26 0.12/0.16 3

Read /write (average) 0.62 0.24/0.28

Seek (average) 0.46 0.34/0.37

Standby 0.22 0.02

Start up (peak) 0.64 1.20

Notes:
1. The maximunripple is measured anput of thedrive.

2. The drivedoes not incur damage by an over-voltagmdition of + 25% and thenaximum
duration of 20 msec].

3. 0.12/0.16, 0.24/0.28 and 0.34/0.8Fow that0.12, 0.24 and 0.34 ar@pplied for DPES-30540
and 0.16, 0.28 and 0.37 are fBPES-30810 and DPES-31080.
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6.3 Reliability

6.3.1 Mean Time Between Failures (MTBF)

500,000power-on hourgPOH).

6.4 Usage

The drivewithstands40000 POH(power onhour) peryear. Driveaccess (seekead, write) rate is 20% of
total power on time.

6.5 Contact Start Stop (CSS)

The drivemeets thespecifiederror ratesafter the followingstart/stop or power on/off cycles in the environ-
ment.

- 40,000 cyclesinder the temperature of 40°C and-120% humidity.

6.6 Warranty

The warrantywill be covered bycontracts.

6.7 Useful Life

The usefullife of the drive is 5 years minimum.

6.8 Preventive Maintenance

None.

6.9 Error rate

« Probability of notrecovering data ....... 1 in 10bits read

- ECC implementation
On-The-Flycorrectioncovers up to twasymbolsminimum (four symbolsmaximum) oferror in one
sector. Onesymbol is 10bits. A Read Solomon Error Code afegree-8 withnon-interleaved is used to
cover thedatafield. The ECCpolynominal isderivedfrom

gxX) = (X+ 1)(X+ A)(X+ A?)-me(X + A7)

6.10 Mechanical Specifications

6.10.1 Outline
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Figure 12.Outline of DPES-30540, DPES-30810 and DPES-31080
6.10.2 Mechanical Dimensions

The following chartdescribes thelimensions and thaeight. All models have theamevalues.

Figure 13.PhysicalDimension

Height [mm)] 254 +0.4
Width [mm] 101.6 + 0.4
Length [mm] 146.0 + 0.6
Weight [gram] 530 Max.
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6.10.3 Connector Locations
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Figure 15. Connector Locations
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6.10.4 Connector and Jumper

Jumpers araised for the settings &CSI IDs,Auto Spin Up, Unit Attention, Active Terminator andlarget

Initiated Syncronous Negotiation.

6.10.4.1 Connector and Jumper Location

Bottom Side of Drive

Power
Connector <— JP7
Jumper
<— JP1
SCSI
Interface
Connector
Logic Card

Figure 16. Connector andumperLocation
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6.10.4.2 Mounting Positions and the Tappings
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Figure 17. MountingPositions and the Tappings
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6.10.5 Mounting Orientation

The drive operates in all axes (Brections). Thedrive operates within thespecifiederror rates when tilted
+5 degreedrom these positions.

Performance and error rattday within specification limits even if the drive isperated in other orientations
from which it was formatted.Thus adrive formatted in the horizontal orientation operates in thegtical
position without anydegradation, and viceersa.

The recommended mountirggrewtorque is 3 £0.5 Kgf.cm] Therecommended mountingcrewdepth is 6
[mm] Max for bottom and 3.5 [mm] Max for horizontahounting.

The system is responsible farounting thedrive securelyenough to prevengéxcessivanotion orvibration of
the drive at seeloperation orspindlerotation, usingappropriate screws agquivalentmountinghardware.

The vibration test and the shock test are todeaducted with thelrive mounted to thdable using four
bottom screws.

6.10.6 Landing Zone and Lock

A landing zone on thalisk, not the data area of the disk,gsovided to protect the&isk dataduring ship-
ping, movement, orstorage. Aftepower down, a heatbcking mechanisnmsecures théeads in this zone.
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6.11 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.

6.11.1 Operating Vibration
The drive operatewith no unrecoverable erromshile beingsubjected to thdollowing vibration levels.

The measurements aoarried outduring 30minutes ofrandomvibration using thepower spectral density
(PSD)levels specified in IBMstandards as V5L. The vibration teswvel for V5L is0.67G(RMS).

Figure 18.RandomVibration PSDProfile Breakpoints (Operating)

Hz Random Vibration PSD Profile Breakpoints (Operating)
[HZz] 5 17 45 48 62 65 150 200 500
x103 [G2/HZz] 0.02 1.1 1.1 8.0 8.0 1.0 1.0 0.5 0.5

Note: The specified levels armeasured at thenountingpoints.

6.11.2 Non-Operating Vibrations

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

6.11.2.1 Random Vibration

The test consists of emandomvibration applied for each of three mutually perpendicldaes with thetime
duration of 15 minutes peaxis. The PSDevels for thetest simulates the shipping and relocation environ-
mentwhich isshownbelow.

Figure 19.RandomVibration PSDProfile Breakpoints (Non-Operating)

Hz 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).
6.11.2.2 Swept Sine Vibration

- 2 G (Zero to peak), 5 to 500 to 5 Hgne wave

- 0.5 oct/minsweep rate

- 3 minutesdwell at twomajor resonances
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6.11.3 Operating Shock

The drivemeets thefollowing criteria.
No data loss, see&rrors, orpermanentdamages withirshockpulses of10G, 11 mshalf-sine wave.
No data loss opermanentdamages at ldleSeek andReadmodes within shockulses of 30G 4ms, or
15G 5ms half-sine wave.

The shockpulses of eaclevel areapplied to thedrive, ten pulses foeach direction and for all threaxes.
Theremust be a minimum ofhree seconddelaybetween shoclulses. Thdanput level isapplied to a base
plate where tharive is dtached with fourscrews.

6.11.4 Non-Operating Shock
The drivewithstandswithout damage or degradation of performance, a 1&H-sine waveshock pulse of 11
ms duration on sisides wherheads are securedWhen the power is noapplied to theunit, the heads are

automatically located on a landing zone.)

All shocks are applied for each direction of tdeve for three mutually perpendiculaxxes and one axis at a
time. Inputlevels aremeasured on a base plate where thiwe is atbched with fourscrews.
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6.12 Acoustics

The following shows the acoustitevels.

6.12.1 Sound Power Levels

The upperlimit criteria of the A-weightedsound powelevels aregiven in Bel relative to ongico watt and
are shown in thdollowing table.

Figure 20. A-weightedSound Powelevels
Mode A-weighted Sound PowerlLevel [ Bell
Idle 4.5
Operating 4.8

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 heighfirom the chambedesk. Nosoundabsorbing materiathall be used.
The acoustical characteristics of theve subsystem are measured under thidowing conditions.

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

Operating mode:
Continuous randoneylinder selection and seakperation of actuator with dwell time ateach
cylinder. Seekrate for thedrive can be calculated ahownbelow.

Dwell time = (0.5 + N) x60/RPM
Seekrate = 1/(Averageseek time + Dwell time)

Where N = number of maximum dataurfaces N=4 for DPES-31080)

6.12.2 Sound Power Acceptance Criteria
Statisticalupperlimit (L yoc)siat IS Calculated with the following fiamula.

(LWoct)stat: (LWOCt)m + k x (S)WOCt

where:

(Lwoedm Is the mearvalue of thesound poweltevel for samples of Ndrives.

(S)woct is the total standardeviation forsound powelevel ateach octavdand.
(St)Woct = SQRT( ($€)W2 + (SZ’)Woct2 )
(SR)w is the standard deviation faound poweievel.
Assume (g)w = 0.075 B.
(SP)woct IS the standard deviation of the samples pmundpowerlevel ateach octavédand.
k is a coefficient @termined bynumber ofsamples (N) ashownbelow.
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N| 3 4 5 6 7 8 9 10 11 12 13 14 15
319 | 274 | 274 | 249 | 233 | 222 | 213 | 207 | 201 | 197 | 1.93 | 1.90 | 1.87

The calculatedeft handside of thecriterion equation above is rounded to tinearest 0.05 bel. The indi-
vidual terms may be rounded to theearest 0.01 bel before calculation.

6.13 Identification Labels

The following labels are téached to thelrive.

1. A label placed on the top of the HD Bontains the statemefiMade by IBM” or equivalent,Part
number, and MLC number.

2. A bar code label placed on thdrive isbased on user requests. The location is tadbsignated in the
drawing.

3. Labels containing the vendorteame,disk drive modelnumber,serialnumber,place ofmanufacture and
UL/CSA certificates.

Except for the bar codiabel, the labels may be integrated.

6.14 Electromagnetic Compatibility

The drive,wheninstalled in thehostsystem ancdexercised with aandomaccessingoutine atmaximum
datarate, meets the worldwide EMC requiremetitted below.
IBM will provide technicabupport tomeet the requirements to comply with the EMpecifications.

United States FederaCommunications Commissiof-CC) Rules and Regulation&Class B),Part 15.
IBM Corporate Standard C-3-0001-026 (6 dB buffer should bmaintained on the emissiaequire-
ments).

European Economic Community (EE@)rectivenumber76/889 related to theontrol of radiofre-
guencyinterference and th&¥erband Deutscher Elektrotechnik€@/DE) requirements ofsermany
(GOP). IBM NationalBulletin NB 2-0001-400, NB 2-0001-401, and NB 2-0001-403.

Electrostatic Discharge Susceptibility limits for a Class 2 E&ivironmentspecified in IBM Corporate
Standard C-2-0001-005.

RadiatedElectromagnetic SusceptibilityRES) asspecified in IBM Corporate Standard C-%0001-012.
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6.15 Safety

The following shows thesafetystandards fodifferent countries.

6.15.1 Underwriters Lab (UL) Approval

All models, DPES-30540, DPES-30810 and DPES-31080 comply with19%0.

6.15.2 Canadian Standards Authority (CSA) Approval

All models, DPES-30540, DPES-30810 and DPES-31080 comply with C32.2#950-M89.

6.15.3 IEC Compliance

All models, DPES-30540, DPES-30810 and DPES-31080 comply with 3BQ IEC 435 and IEC 950.

6.15.4 German Safety Mark

All models, DPES-30540, DPES-30810 and DPES-31080 are approved by TUV on Test Requirements:
EN 60 950:1988/A2:1991.

6.15.5 Flammability
The printedcircuit boardsused in thisproduct is made omaterial with the ULrecognized flammability
rating of V-1 or better. The flammability rating imarked oretched on thédoard. All other parts not

considerecklectricalcomponents are made ofaterial with the ULrecognized flammability rating of V-1 or
better, except small mechanigaérts.

6.15.6 Safe Handling

The products are conditioned for safe handlingégards toasharpedges andorners.
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6.15.7 Environment
The productdoes notcontain anyknown orsuspected carcinogens.

Environmental controls meet @axceed allapplicablegovernmentegulations in theountry oforigin. Safe
chemical usage anthanufacturing control arased toprotect the environment. An environmental impact
assessment hdmen done on the manufacturipgocess used to build tharive, the driveitself, and the
disposal of thedrive at the end of itdife.

Productionalso meets theequirements of the international treaty on chloroflurocarlfGfC) control
known as the United Nations Environment Program Montfeadtocol, and asatified by themember
nations. Materials to be controlladclude CFC-11, CFC-12, CFC-113, CFC-114, CFC-115, Hal®11,
Halon 1301 andHalon 2402. Although notspecified by theProtocol, CFC-112 islso controlled. In addi-
tion to the above protocol, IBMontrols thefollowing:

« All packaging materials used for trehipment of the product do not use controllE&#Cs in themanu-
facturing process.

« All manufacturingprocesses foparts orassemblies includingrinted circuit boards,will not use thecon-
trolled CFC materials afteDecember 311993.

6.15.8 Secondary Circuit Protection

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

The hostsystemmustprotect thedrive from any electrical shortircuit problem. 10 [A]limit is required for
safetypurposes.

6.16 Packaging

The drives argacked in ESD protective bags for shipping.

6.17 Electrical interface specification

6.17.1 Connectors
6.17.1.1 Power

The DC power connector designed tamate with AMP (partl-480424-0) using AMPins (part350078-4)
strip or (part61173-4)loose piece, otheir equivalents. Pin assignments ateownbelow.

Pin Voltage
4 3 2 1 1 + 12V
OO OO0 2 GND

3 GND

4 + 5V

Figure 21. Power Connector Pissignments
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6.17.2 Signal Definition

The pin assignments of interfasggnals are listed as follows:

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 /0

Figure 22. Table okignals

6.17.3 SCSI Cable

The drive uses single-ended drivers amedeiverswhich will permit cable lengths of up to 6 metrg$9.68
feet).

For a singleended cable a 56onductorflat cable or a 25 signalwisted cable can be used withnaaximum
length of 6.0 meters, and stublength notexceeding 0.Ineters.

6.17.4 SCSI Bus Terminator

The drive has annternal Active SCSI bus terminator, and can be controlled on/off with guraper
attached to tharive. The users of the drive aresponsible foproper termination and powesource for
SCSI bus.
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6.17.5 SCSI Bus Electrical Characteristics

The interface logic signals has the following electrical specifications:

Inputs :  Input High Voltage - 2.0 V min.
Input Low Voltage - 0.8 V max.

Outputs :  Output High Voltage - High Impedance
Output Low Voltage - 0.

5 V max./I0=48mA current

Figure 23.Logic Signal Levels
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7.0 Jumper Setting

7.1 Without LED Connector Version

All models haveJumperposition and the function ashownbelow except P/N 85G362@PES-31080 with

LED connector). Pin pitch is 2mm.

The jumpers control SCSDevice ID, Auto Spin Up, UnitAttention, SCSI Terminator Connection, and

Target InitiatedSynchronous Negotiation.

JP1 JP2 JP3 JP4 JP5 JP6 JP7
Device ID Disable Disable  Enable Disable

| 1 Auto Unit Termi — Tl
Spin Up Attention nator  Negotiation
| | | | | | | | | |
1 3 5 7 9 11 13
2 4 6 8 10 12 14

Raw Card

Figure 24.JumperPins

Notes:
1. The jumpemositions ofJP1, 2, and 3lefine SCSI IDs of thedrive.

If JP1, JP2, JP3 ar®ff, Off, Off, the SCSI ID is 0.

If JP1, JP2, JP3 are OnQff, Off, the SCSI ID is 1.

If JP1, JP2, JP3 ar®ff, On , Off, theSCSI ID is 2.

If JP1, JP2, JP3 are On , On , Off, the SCSI ID is 3.
If JP1, JP2, JP3 ar®ff, Off, On , theSCSI ID is 4.

If JP1, JP2, JP3 are OnQff, On , theSCSI ID is 5.

If JP1, JP2, JP3 aré®ff, On , On , theSCSI ID is6.(Set at shipping)

If JP1, JP2, JP3 are On, On, On, the SCSI ID is 7.

2. If JP4 is Off, the drivewill spin up automaticallafter power onreset. If JP4 is On, the driveill not
spin up unless thdostsystemissuesSTART/STOPUNIT commandwith the start bit set to 1.

3. If JP5 is On, Unit Attentiorafter power onreset orSCSI busreset is disabled.

4. If JP6 is On, the interndCSlactiveterminator is turned on.

5. If JP7 is On, Target Initiate@ynchronous Negotiation @isabled, and then thiitiator is required to

start a negotiation handshakeSfnchronous SCStransfers are desired.

0 Copyright IBM Corp. 1994
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7.1.1 Default Setting

The defaultjumpersetting atshipment is agollows.

Position: JP1 JP2 JP3 JP4 JP5 JP6 JPT
Pin. 1 -2 3-4 5-6 7-8 9-10 11-12 13-14
Jumper: OFF ON ON OFF OFF ON OFF
L>TI Sync Nego Enabled.
>SCSI Terminator Enabled.

>Unit Attention Enabled.

>Auto Spin Up Enabled.

>

> SCSI Device ID = 6

>

Figure 25. DefaullumperSetting

36 OEM Hard Disk Drive Specifications foDPES-3xxxx



7.2 With LED Connector Version

P/N 85G3623(DPES-31080 with LED connector) hdsimperposition and the function ashownbelow.
Pin pitch is2mm.

The jumpers control SCSDevice ID, Auto Spin Up, UnitAttention, and SCSI Terminator Connection,
and also provide LEDdrive current.

JP1 JP2 JP3 JP4 JP5 JP6 JP7
Device ID Disable Disable Enable LED
| 1 Auto Unit Termi —  Drive

Spin Up Attention nator
| | | | | | |

1 3 5 7 9 11 13 |—CATHODE
2 4 6 8 10 12 14 |—ANODE
Raw Card

Figure 26.JumperPins

Notes:
1. The jumpemositions ofJP1, 2, and 3lefineSCSI IDs of thedrive.

If JP1, JP2, JP3 ar®ff, Off, Off, the SCSI ID is 0.

If JP1, JP2, JP3 are OnQff, Off, the SCSI ID is 1.

If JP1, JP2, JP3 areff, On , Off, theSCSI ID is 2.

If JP1, JP2, JP3 are On , On , Off, the SCSI ID is 3.

If JP1, JP2, JP3 ar®ff, Off, On , theSCSI ID is 4.

If JP1, JP2, JP3 are OnQff, On , theSCSI ID is 5.

If JP1, JP2, JP3 ar®ff, On , On , theSCSI ID is6.(Set at shipping)
If JP1, JP2, JP3 are On, On, On, the SCSIID is 7.

2. If JP4 is Off, the drivewill spin up automaticallafterpower onreset. If JP4 is On, the driveill not
spin up unless thbostsystemissuesSTART/STOPUNIT commandwith the start bit set to 1.

If JP5 is On, Unit Attentiorafter power onreset orSCSI busreset is disabled.
If JP6 is On, the interna®CSlactiveterminator is turned on.

Target InitiatedSynchronous Negotiation gisabled.

o g b~ w

LED pins provide up to 8mA of TTUevel LED drive capability.
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7.2.1 Default Setting

The defaultjumpersetting atshipment is agollows.

Position: JP1 JP2 JP3 JP4 JP5 JP6 JP7
Pin: 1 -2 3-4 5-6 7-8 9-10 11-12 13-14
Jumper: OFF ON ON OFF OFF ON OFF

L>LED

>SCSI| Terminator Enabled.

>Unit Attention Enabled.

>Auto Spin Up Enabled.

>

> SCSI Device ID = 6

>

Figure 27. DefaullumperSetting
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8.0 SCSI COMMAND SET

Summaries of the SCSlommands supported by thiive are listecbelow. whereO=0ptional,
M=Mandatory,E=Extended, R=Reserved aM¥EVendor unique. The column of “SCSI-1tefers to

ANSI version-1standard. Theolumn of“CCS” refers to theANS| sub-committee Commogommand

Subset foDASD devices. Thecolumn “SCSI-2"refers toANSI version-2standard.

SCSI-1 | CCS | SCSI-2 | CODE | COMMAND
M M M 04h FORMAT UNIT
E M M 12h INQUIRY
0 0 0 4Ch LOG SELECT
0 0 0 4Dh LOG SENSE
0 0 0 15h MODE SELECT
0 0 0 1Ah MODE SENSE
0 0 0 34h PRE-FETCH
M M M 08h READ
R 0 0 3Ch READ BUFFER
E M M 25h READ CAPACITY
R R 0 37h READ DEFECT DATA
E M M 28h READ EXTENDED
R R 0 3Eh READ LONG
0 0 0 07h REASSIGN BLOCKS
0 0 0 1Ch RECEIVE DIAGNOSTIC
0 M M 17h RELEASE
M M M 03h REQUEST SENSE
0 M M 16h RESERVE
0 0 0 0lh REZERO UNIT
0 0 0 0Bh SEEK
0 0 0 2Bh SEEK EXTENDED
0 M M 1Dh SEND DIAGNOSTIC
0 0 0 1Bh START/STOP UNIT
R R 0 35h SYNCHRONIZE CACHE
0 M M 00h TEST UNIT READY
0 0 0 2Fh VERIFY
M M M 0Ah WRITE
0 0 0 2Eh WRITE AND VERIFY
R 0 0 3Bh WRITE BUFFER
E M M 2Ah WRITE EXTENDED
R R 0 3Fh WRITE LONG

Figure 28. SCSCommandsSupported.

0 Copyright IBM Corp. 1994
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SCSI-1 | CCS | SCSI-2 | CODE | COMMAND
0 M M 00h TEST UNIT READY
0 0 0 0lh REZERO UNIT
M M M 03h REQUEST SENSE
M M M 04h FORMAT UNIT
0 0 0 07h REASSIGN BLOCKS
M M M 08h READ
M M M 0Ah WRITE
0 0 0 0Bh SEEK
E M M 12h INQUIRY
0 0 0 15h MODE SELECT
0 M M 16h RESERVE
0 M M 17h RELEASE
0 0 0 1Ah MODE SENSE
0 0 0 1Bh START/STOP UNIT
0 0 0 1Ch RECEIVE DIAGNOSTIC
0 M M 1Dh SEND DIAGNOSTIC
E M M 25h READ CAPACITY
E M M 28h READ EXTENDED
E M M 2Ah WRITE EXTENDED
0 0 0 2Bh SEEK EXTENDED
0 0 0 2Eh WRITE AND VERIFY
0 0 0 2Fh VERIFY
0 0 0 34h PRE-FETCH
R R 0 35h SYNCHRONIZE CACHE
R R 0 37h READ DEFECT DATA
R 0 0 3Bh WRITE BUFFER
R 0 0 3Ch READ BUFFER
R R 0 3Eh READ LONG
R R 0 3Fh WRITE LONG
0 0 0 4Ch LOG SELECT
0 0 0 4Dh LOG SENSE

Figure 29. SCSCommandsSupported.

(ICommandCode order)
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8.1 Abbreviations

These abbreviations are usttroughout thefollowing sections:

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

LBA. Logical Block Address.

RSVD. Reserved.

MSB. Most Significant bit.

LSB. LeastSignificant bit.

8.2 Flag and Link Bits

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

FLAG The Flag bitspecifieswhich message the target sha#iturn to theinitiator if the link bit is one and
the commandcompleteswithout any error. If Link iszero, Flagmust bezero. IfLink is one and
the commanderminatessuccessfully, the drivavill send either th&. INKED COMMAND COM-
PLETE messagdFLAG=0) or theLINKED COMMAND COMPLETE WITH FLAG message
(FLAG=1). Typically this bit is used to cause anterrupt for the initiator betweetlinked com-
mands.

LINK This bit is set to one to indicatdhat theinitiator desires arautomaticlink to the nextcommand
uponsuccessfucompletion of the currentommand. Uporsuccessfutompletion of the
command, tharive returnsINTERMEDIATE GOOD status and then send one of the two mes-
sagegdefinedunder the Flagectionshownabove.

Upon unsuccessfutompletion of thecommand, thalrive returns CheclConditionstatus or Reser-
vation Conflict status and then send tB®© MMAND COMPLETE message. Ndurthercom-
mands in thechain areexecuted.

8.3 Byte ordering conventions

In this specification, where it is nagxplicitly stated, all multi-bytevalues arestored with themost significant
byte first. Forexample of four-bytdield ( 0-byte, 1-byte, 2-byte, 3-byte), 0-byte is theostsignificant byte
and 3-byte is thdeast significantyte.
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8.4 FORMAT UNIT (04h)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command code (04h)
BYTE 1 LUN Fmt |Cmp List Format

Data |List

BYTE 2 VU = 0
BYTE 3 | (MSB)
BYTE 4 Interleave Factor (LSB)
BYTE 5 VU = 0 RSVD = 0 Flag Link

Figure 30.FORMAT UNIT (04h)

The FORMAT commandperforms aphysicalformatting of thedisk media. This includes handling of
defectivesectors, and the overwriting of all data areeith a constant data pattern(fReserved areas of the
media are noaffected by the FORMATcommand.)

FmtData set to one specifiehat a Data Ouphasefollows the Commandphase. TheData Outphase
consists of adefect listheader followed byero defectdescriptors. FmtData set taero specifiesthat no
Data Outphasefollows.

CmpList set to one specifieshat the GList (GrowrDefect List) existingprior to the format isnot used
and is discarded. The Drive fermatted withPList and DList (ifspecified).DList becomes the new
GlList.

Note: The drivr 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 bysing of theREASSIGN BLOCKcommand and the AutomatiReal-
locate functions. The datdefect list(“D"List) is an externallist. It is supplied by an initiator in the
DATA OUT phase of the FORMATUNIT command.

List Format specifies theformat of thedefect ascriptor transferred to th€arget whenFmtData bit is
set to one. Thivaluemust be set taero as the onlysupported format isogical block. If the FmtData
bit is set to zero thidield mustalso be zero otherwise thmommandwill complete with Check Condi-
tion with a Sense Key ofllegal request and an additionaknsecode ofinvalid field in CDB.

Interleave Factor may be zero or one, either of whidpecifies annterleave ofl:1. OtherlInterleave
Factors are not supportdiecause of thextensive bufferingmplemented in tharive.
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8.4.1 Defect List

BIT
7 6 5 4 3 2 1 0
BYTE 0 Reserved = 0
BYTE 1 |FOV |DPRY|DCRT|STPF| IP |DSP |[Immd| O
=0 =0 =0
BYTE 2 Defect list length MSB
BYTE 3 Defect list length LSB

Figure 31.Format ofDefect ListHeader. Format of the defelist headersentduring thedata outphase when
FmtData is set tone.

The Target has @mited implementation of the Formadption bits located in Bits Zhrough 7 ofByte 1 of
the Defect ListHeader(SeeFigure 31). If the Initiator attempts to select any function not implemented by
the Target, the Target terminate thtemmand withCheck ConditionStatus. Thesense key is set to lllegal
Request and thadditionalsensecode is set to Invalid Field ifParametelL.ist.

FOV (FormatOptionsValid) bit of zero causes thdrive to verify that thesetting for theDPRY
(Disable Primary) DCRT (DisableCertification), STPF (stop Format), IP(Initialize Pattern), and DSP
(Disable SavingParameters) bits areero. If any of these bits are not zero, ttieve terminates the
commandwith CheckCondition Status. Thesense key is set to llleg&equest and thadditionalsense
code is set to Invalid Field ifParameted.ist.

Note: When FOV bit is onehere is only ongpermissiblecombination of theDPRY, DCRT,STPF,
IP and DSP bits. Anyther combinations return Check Condition Status witBemse Key ofllegal
Request and aadditionalsensecode of Invalid Field InParametet.ist. The supported combination is:

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

DPRY (Disable Primary) bit set taero indicateghat thedrive does not us@ortions of the medium
identified as defective in thprimary defectPList for Initiator addressabléogical blocks. If thedrive
cannotlocate thePList or it cannotdetermine whether BList exists, the drivaerminates the Format
Unit command agslescribed foISTPF=1.

DCRT (Disable certification) bitmust be set t@mne. Thedrive does not generate @List (certification
list) nor perform acertification process while executing the Format UGidmmand.

STPF (stopFormat) bit must be set tone. If one or both of thdollowing conditions occurs, thdrive
terminates the Format Undommandwith CheckCondition Status. Thesense key is set tMedium
Error. and the additionadensecode is set to eitheDefect List NotFoundif the first condition occurred,
or Defect 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 trero. Thedrive initializes all data with zeros.

DSP (DisableSavingParameters) binust be set t@ero. Thedrive saves all théMlode Select savable
parameters during thiermat operation.

IMMD (immediate) bit set to zero requedtsat status be returned at the end of the format operation.
An immediate bit set to one requegtsat status be returned immediatelyGood Statusds returned fol-
lowing the CDB validation and transfer of data in tbeata Outphase. If the immediate format opera-
tion terminates in error, Deferre@lrror Sense data is generatedWith the immediate bit set to one, the
Link bit must be set tazero.
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The Defect ListLengthfield specifies thetotal length in bytes of thelefectdescriptorghat follow. The
drive has anmplementation limitation fonumber ofdefect desdptors. Thenumber ofdefectdescriptor
shall beless than128 The defect listengthmust beequal to four times th@umber ofdefectdescriptors to
follow, otherwise thecommand igerminated withCheckCondition SatusThe sense key is set titlegal
Requestand the additionasensecode is set tdnvalid Field In ParameteiList. The defectdescriptoranust
specify the defecbased on the current Form®evice parameters reported by tiMode Sensecommand.

The only format for thedefect listsupported by thealrive is by logicalblock where the location ofiefective
sectors iggiven bytheir LBA.

BIT
6 5 4 3 2 1 0
BYTE 0 Defect Descriptor 0 LBA MSB
BYTE 1 Defect Descriptor 0 LBA
BYTE 2 Defect Descriptor 0 LBA
BYTE 3 Defect Descriptor 0 LBA LSB
BYTE 4n — Defect Descriptor n LBA
4n + 3

Figure 32. Format oDefect List.

Format of the defedist sentduring thedata outphase wherFmtData set tmne.

46 OEM Hard Disk Drive Specifications foDPES-3xxxx



85 INQUIRY (12h)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command Code = 12h
BYTE 1 LUN RSVD = 0 EVPD
BYTE 2 PAGE CODE
BYTE 3 RSVD = 0
BYTE 4 ALLOCATION LENGTH
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 33.INQUIRY (12h)

The INQUIRY commandrequests the parameters of the tarfgrive) to besent to initiators.

An EVPD bhit of one specifiesthat thedrive shallreturn the optionaVital product dataspecified by thecode
pagefield. Pagecodespecifieswhich page ofvital product data information thdrive shallreturn.

EVPD PAGE Description
CODE
0 The drivereturns the standartNQUIRY data.
0 Non Zero The drivereturnsCHECK CONDITION status withSense Key of
ILLEGAL REQUEST andAdditional SenseCode ofINVALID FIELD
IN CDB.
1 Supported The drivereturns thevital product data ofpecifiedpage code.
1 Non- The drivereturnsCHECK CONDITION status with thesense key of
supported ILLEGAL REQUEST and thedditionalsensecode ofINVALID FIELD
IN CDB.

Allocation Length specifies thenumber ofbytesthatinitiators have allocated folNQUIRY data to be
returned. An allocation length of zeimpliesthat no data is to beeturned. Thedrive terminates the
DATA IN phase when alhvailableINQUIRY data hasbeentransferred omwhenallocation length bytes
have beenransferred, whichever iess.

If an INQUIRY command igeceivedfrom an initiator with a pendinginit attention conditior(before the
the drivereports CheclConditionstatus), thadrive processes thENQUIRY command. The unit attention
condition is notcleared bythis action.

Two differentformats for thelNQUIRY data aredefined.

« The firstformat is returned when aimvalid LUN is specified byinitiators.
« The second format is returned whervalid LUN is specified byinitiators.

Each ofthese formats islescribed in the following sections.
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Note: Fields with avalueshowninside quotes(e.g.Value = 'xyz') are charactefields. A value not in
guotes is a numerigalue. Characteffields arealpha-numeric and representedAiSCII, not EBCDIC.
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8.5.1 INQUIRY Data Format (When Invalid LUN is Specified)
BIT
BYTE 7 6 5 4 3 2 1 0
0 Qualifier Peripheral Dev. Type=1Fh
1 RMB=0 Device —type Modifier=0
2 1S0=0 ECMA=0 ANSI=2
3 RSVD = 0 RDF=2
4 Additional Length = 0

Figure 34.INQUIRY DATA Invalid LUN Specified

« Qualifier is set to 011b. This indicates the LU8$pecified in theCommandBlock is not present.

Peripheral Dev. Type is set to 1Fh.
Removal Media Bit (RMB) is always set to zero to indicate memoval media exist.
Device-Type Modifier is set to zero.

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

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

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

ANSI SCSlversion 2.

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

1 For all commandsexcept for inquiry, if an invalid LUN ispecifiedCheck Conditionstatus is returned.
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8.5.2 Inquiry Data Format when EVPD = 0

Figure 35 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 (0x9F)
5-6 Reserved = 0
7 R:ELGA W:b_032 W:b_016 s;:/mi Li:nkl TIDO CLndeu sztROe
8-15 Vendor ID = 'IBM ' (ASCII)
16-31 Product ID (ASCII)
32-35 Product Revision Level (ASCII)
3643 Unit Serial Number (ASCII)
4455 RAM Microcode P/N (ASCII)
56-95 Reserved = 0
96-97 Reserved = (ASCII)
98-101 Plant of Manufacture (ASCII)
102-105 Date of Manufacture (ASCII)
106-107 Reserved = ' ' (ASCII)
108-111 FRU Count = '0001' (ASCII)
112-113 FRU Field Length = '16'  (ASCII)
114-125 Assembly P/N (ASCII)
126-135 Assembly EC Level (ASCII)
136163 Reserved = 0

Figure 35.INQUIRY Data - EVPD = 0

« 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.

« Removal Media Bit (RMB) is always set to zero to indicate memoval mediaexist.
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Device-Type Modifier is set to zero.

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

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

« ANSI indicates thdevel of the ANSI standardthat is supported by thdrive. The drivesupportsANSI
SCSlversion 2.

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

- Additional Length indicates thenumber ofbytes of inquiryinformationthat follows.
REL_A is set to zero to indicatthat thedrive does notsupport'Relative Address Mode'.
« Wb_32is set to zero to indicatéhat thedrive does notsupport32-bit wide data transfers.
- Wb_16is set to zero to indicatehat thedrive does notsupport16-bit wide data transfers.
Syncis set to one to indicatthat thedrive supports synchronous dateansfer.
Link is set to one to indicatthat thedrive supportslinked commands.

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

CmdQu is set to one to indicatthat thedrive supportscommandqueuing
SftRe is set to zero to indicatthat thedrive supportsHard Reset only.
« Vendor ID is 'IBM"' padded withASCII blanks.

Product ID is specified inASCII character.

Product ID DPES-30540 DPES-30810 DPES-31080

Assembly P/N 84G8999 84G9000 84G9001/85G3623
Physical Layout
Bytes per Sector 512 512 512
Number ofheads 2 3 4
Number ofdisks 1 2 2
Maximum LBA 1058687 1588351 2118143
Number ofBlocks 1058688 1588352 2118144

Figure 36.Product ID vs. Formatte€apacity

Product Revision Levelindicates thdevel of microcode. Itindicates RO Mmicrocodelevel before the
media isavailable and RAMmicrocodeafter available.

Unit Serial Number contains thdile serialnumber. If themedia is notavailable,this field will contain
ASCII spaces (20h).

RAM Microcode P/N is specified inASCII characters.

Plant of Manufacture is the plantcode of manufacture. If the media is navailable,this field will
containASCII spaces (20h).
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Plant of Plant name
Manufac-

ture

0933 Fujisawa
0980 Rochester
0902 Havant

Date of Manufacture contains2-digit month code followed by2-digit yearcode. If the media is not
available,this field will containASCII spaces (20h).

FRU Countgives thenumber ofindividual Field Replaceabl&nits within this device. This is the
number ofentries in the followindist where these units atidentified by part number.

FRU Field lengthgives thelength in bytes of thdist of replaceableaunits that follows this field.
« Assembly P/Ngives thedrive part number.
« Assembly EC levelgives theoverall drive EClevel.

FRU P/N is an internal P/N for theoroduct.
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8.5.3 Inquiry Data Format when EVPD = 1 (Page Code = 00h)

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 = 04h
4 First Supported Page Code = 01h
5 Second Supported Page Code = 03h
6 Third Supported Page Code = 80h
7 Fourth Supported Page Code = 82h

Figure 37.INQUIRY DATA whenEVPD = 1(PageCode = 00h)

« 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.

. PageCodeis set to 0, and thi§ield contains the samealue as in the page codield of the INQUIRY
command dexiptor block.

- Pagelength specifies thdength of the following pagelata.

- The Supported Page Codefield contains the Page Codesipported by théarget. Thelist is ascending
order.
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8.5.4 Inquiry Data Format when EVPD = 1 (Page Code = 01h)

BIT
BYTE 7 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 0lh
2 Reserved = 0
3 Page Length = 47 (0x2F)
4 ASCII Length = 24 (0x18)
5-16 Assembly P/N (ASCII)
17 0
18-27 Assembley EC (ASCII)
28 0
2940 Assembley P/N (EBCDIC)
41-50 Assembley EC (EBCDIC)

Figure 38.INQUIRY DATA whenEVPD = 1(PageCode = 01h)

« 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.

. PageCodeis set to 1, and thidield contains the samealue as in the page codield of the INQUIRY
commanddescriptor block.

« Pagelength is set to 47, and thifield specifies thdength of the following pagelata.
« ASCII Length gives thenumber ofbytes of ASCII data tofollow.

« Assembly P/N(ASCII) gives, inASCII, the PartNumber for thedrive assembly. Thdield is left
aligned andunusedbytes arefilled with 20h. Seesection8.5.2, “Inquiry Data FormatwhenEVPD =
0” on page 50 for actuallata.

« Assembly EC(ASCII) gives theEngineeringControl level for thedrive assembly. Thdield is left
aligned andunusedbytes ardfilled with 20h. The data irthis field will be updated aslesign andnanu-
facturing changes are made to theoduct.

« Assembly P/N(EBCDIC) gives, iInEBSDIC, the ParNumber for thedrive assembly. Thdield is left
aligned andunusedbytes arefilled with 40h. Seesection8.5.2, “Inquiry Data FormatwhenEVPD =
0” on page 50 for actuallata.

« Assembly EC(EBCDIC) gives theEngineeringControl level for thedrive assembly. Thdield is left
aligned andunusedbytes ardfilled with 40h. The data irthis field will be updated aslesign andnanu-
facturing changes are made to theoduct.
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8.5.5 Inquiry Data Format when EVPD = 1 (Page Code = 03h)

BIT
BYTE 7 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 03h
2 Reserved = 0
3 Page Length = 36  (0x24)
4-1 Reserve d = "' (ASCII)
8-11 LOAD ID (ASCII)
12-15 Mod Level (ASCII)
16-19 PTF Number = 0
20-23 Patch Number = 0
24-35 ROM Code PIN (ASCII)
3639 Reserved = 0

Figure 39.INQUIRY DATA - EVPD = 1 (PageCode = 03h)

« 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.

. PageCodeis set to 3, and thidield contains the samealue as in the page codield of the INQUIRY
command dexiptor block.

« Pagelength is set to 36, and thifield specifies thdength of the following pagelata.

- LOAD ID field is used toverify that the RAMcode to be downloaded is compatible with tlegel of
ROM. That is,this field specifiescurrent RO Mrevision.

« Mod Level field specifies thdatest RAM code'srevision.
- PTF Number field is notused and is zero.
- Patch Number field is notused and is zero.

« ROM Code P/N, in ASCII, the ROM codepart number. It ideft aligned andunusedfields are filled
with 20h.
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8.5.6 Inquiry Data Format when EVPD = 1 (Page Code = 80h)

BIT
BYTE 7 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 40.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.

. PageCodeis set to 80h, and thifield contains the samealue as in the page codield of the
INQUIRY command dscriptor block.

« Pagelength is set to 16, and thifield specifies thdength of the following pagelata.

« Serial Number gives thedrive serialnumber.
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8.5.7 Inquiry Data Format when EVPD = 1 (Page Code = 82h)

BIT
BYTE 7 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 82h
2 Reserved = 0
3 Page Length = 51 (33h)
4 ASCII Length = 28 (1Ch)
5-9 Product Type (ASCII)
10 0
11-15 Model Number (ASCII)
16 0
17-25 Serial Number (ASCII)
26 0
2731 Vendor IBM 'IBM'  (ASCII)
32 0
33-36 Product Type (EBCDIC)
37-39 Model Number (EBCDIC)
40 Reserved = 0
41-48 Serial Number (EBCDIC)
49-54 Vendor IBM 'IBM'"  (EBCDIC)

Figure 41.INQUIRY DATA - EVPD = 1 (PageCode = 82h)

« 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.

. PageCodeis set to 82h, and thifield contains the samealue as in the page codield of the
INQUIRY command dexiptor block.

- Pagelength field specifies thdength of the following pagelata.
« ASCII Length gives thenumber ofbytes of ASCII data tofollow.

« Product Type (ASCII) gives4-digit producttype code for thedrive. Thefield is left aligned andunused
bytes aréfilled with 20h.

« Model Number (ASCII) gives3-digit producttype code for thedrive. Thefield is left aligned and
unusedbytes arefilled with 20h.

SCSICOMMAND SET 57



« Serial Number (ASCII) gives a seriahumber og thelrive. Thefield is left aligned andunusedbytes are
filled with 20h.

« Vendor ID (ASCII) gives thevendor adBM. The field is left aligned andunusedbytes ardfilled with
20h.

Product Type (EBCDIC) gives a 4digit producttype code for thedrive. Thefield is left aligned and
unusedbytes arefilled with 40h.

Model Number (EBCDIC) gives3-digit producttype code for thalrive. Thefield is left aligned and
unusedbytes arefilled with 40h.

« Serial Number (EBCDIC) gives the fileserialnumber. Théefield is left aligned andunusedbytes are
filled with 40h.

« Vendor ID (EBCDIC) gives thevendor adBM. The field is left aligned andunusedbytes arefilled with
40h.
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8.6 LOG SELECT (4Ch)

BIT

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

Figure 42. LOGSELECT (4Ch)

The LOG SELECTcommandprovides ameans for the initiator telear statisticalnformation which are
reported and maintained by thiive.

PCR The Parameter Code Res#gtermines whether the Log§enseparameters igleared andinit atten-
tion is posted for all othemitiators. A value of 1 indicateshat theparameters should beeared, while a
value of zero (except when PC = 11b) indicatbat theparameters should not keared.

SP The SaveParameters bivalue of zero indicatethat thepageparameters are not tmaved. A value
of 1 indicatesthat saveable pagparameters arsaved aftethey have been changed.

PC The PageControl field defines thetype of parameters to bselected. The Pdield set to 11b(and
PCR is thenneglected) indicatethat theDefault Cumulativevalues are set toheir defaultvalues of 0. If
the PC field is set to 01b and PCR is set to 1, Gwrrent Cummulativeralues are also set tieir
default values.

As the drivedoes notsupport thethresholdpages, anythervalue in thisfield will cause theeommand
to end with aCHECK 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 thetarget during thepotentialDATA OUT phase.

If one or morefields of the CDB are not satorrectly thecommand igerminated withCHECK CONDI-
TION status. TheSense Key shall be set tlegal Request and thadditionalsensecode set to Invalid Field
in CDB.

The Log Selectommandwill reset thecountervariables to their defaukalues of zeroThesevariables are

listed in the Log Senseommand. The onexception to this is th@ower on hours countexhich can not be
reset.
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The target generatesumit attention condition tandicatethat parameters have changed for all initiators
except the onghatissued the Log Selecommand.
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8.7 LOG SENSE (4Dh)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command Code = 4Dh
BYTE 1 LUN RSVD = 0 |PPC | SP
BYTE 2 PC PAGE CODE
BYTE 3 RSVD = 0
BYTE 4 RSVD =0
BYTE 5 | (MSB)  Parameter pointer = 0
BYTE 6 (LSB)
BYTE 7 | (MSB)  Allocation length
BYTE 8 (LSB)
BYTE 9 Reserved = 0 FLAG | LINK

Figure 43. LOGSENSE(4Dh)

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

PPC The Parameter Pointer Control bitust be set tero. This specifiesthat thedrive start trans-
ferring datastartingfrom thefield specified in theparameter pointefield for the number obytesspeci-
fied by theallocation length. If the PPC bit is set to CHECK CONDITION status is returned with a
Sense Key ofllegal Request anadditionalsensecode of Invalid Field inCDB.

SP The SaveParameters bit set to €pecifiesthat thedrive does notsave any logparameters. If set to 1
all pageparameterghat aresaveablgthosepagesdenoted by a DS = 0 in the parameter headentrol
byte) aresaved.

PC The PageControl field defines thetype of parameters to bgelectedThis field must be set to 01b to
specify thecurrent cumulativevalues or 11b tespecify thedefault cumulativevalues.

As the drivedoes notsupport thethresholdpages, anythervalue in thisfield will cause theeommand
to end withCHECK CONDITION with asense key ofllegal request and an additionaensecode of
invalid field in CDB.

PageCode The PageCodefield identifieswhich page is being requested. THisld must be set to the
values indicated irPage 0. If the Pag€odevalue is invalildCHECK CONDITION status is returned
with a Sense Key olllegal Request anddditionalsensecode of Invalid Field in CDB.

Parameter Pointer Field The Parameter Pointd¥ield specifies thebeginningfield for the transfer.This
field must be set t®000h. If theParameter Pointefield is not zeroCHECK CONDITION status is
returned with aSense Key olllegal Request anddditionalsensecode of Invalid Field in CDB.

« Allocation Length The Allocation Lengthfield specifies themaximum number obytes thelnitiator has
allocated for returned Log Sen&mata. Nobytes are transfered if the length is zero. Thandition is not
considered an error. The target terminabesta-In phase when alhvailable Log Sense data hheen
transferred or when theumber ofbytes equals the allocation length, whicheveless.
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8.7.1 Log Page parameters

Each logpage beginsvith a four-bytepage header followed by zero arore 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 parameteegins 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 of each parameter header contaseseral fields.

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

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 parametéhsit are dataounters. The LP bit is set to 1 for
parametetists.
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8.7.2 Log Sense Page 0

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

1 Reserved

2-3 PagelLength = 0008h(Number ofPagesSupported)
4 First supportechage Oh

5 Secondsupportedpage 2h

6 Third supportedpage 3h

7 Fourth supportedpage 5h

8 Fifth supportedpage 6h

9 Sixth supportedpage 8h

10 Seventhsupportedpage 30h

11 Eigth supportecpage 35h

Page 0 indicates theupported logsense paged.his page is used to determine which additiopalges can be
requested by an Initiator.
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8.7.3 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 ofLBA's with harderror
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8.7.4 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 ofLBA's with harderror

The drivewill attempt toread data after aeekbefore thehead hadully settled on trackThis is done to aid
performance. However asrasult there is a higlincidence of errorecoveryinvoked which normallyuses
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 andthercauses.
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8.7.5 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 ofLBA's with harderror

The drivewill attempt toread data after aeekbefore thehead hadully settled on trackThis is done to aid
performance. However asrasult there is a higlincidence of errorecoveryinvoked which normallyuses
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 andthercauses.
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8.7.6 Log Sense Page 6

This pagecontains counters fonon-mediumerrors.This includes seelerrors 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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8.7.7 Log Sense Page 8

This pagecontains a counter for power on hours. This parametiédrNOT
command. It is theonly counterwhich isnot.

be cleared by a Log Select

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 08h

1 Reserved

2-3 PagelLength = 09h

4-5 Parameter Code = 00h

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

7 Parameter Length = 05h

8-12 Hours count

This counter is maintained igoftware and written to non-volatile storageeryhour as soorafter thehour
has passed as thirive hasbeenidle for 10 minute. Consequently for aidle drive everypower on/offcycle
can cause an error of Hour. For adrive in continual operationthis error can be muchreater.
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8.7.8 Log Sense Page 30

This pagecontains counterselating to servo and cache activity.

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 30h

1 Reserved

2-3 PagelLength = 30h

4-5 Parameter Code = 00h

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

7 Parameter Length = 2Ch

8-11 Zero length seeks

10-11 Seeks > = to 2/3

12 - 13 Seeks > = 1/3and < 2/3

14 - 15 Seeks > = 1/6 and < 1/3

16 - 17 Seeks > 1/12 and < 1/6

18- 19 Seeks >0 an&k1/12

20 - 23 Reserved = 0

24 - 25 Reserved = 0

26 - 27 Reserved = 0

28 - 31 Device cache read hits

32-35 Device cache partial read hits

36 - 39 Device cache write hits = 0

40 - 43 Device cachdast writes

44 - 51 Reserve = 0

The seekcounters are incremented once for emdmmandcausingaccess to the drive. Thisicludescom-
mandswhich perform operations in theeserved area of the disk, ie saving mode sense/sp&eimeters as
well as ordinary mediaccesscommands, igead and write.
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The values recorded may vafsom the expected due tadle time operations of thdile which will perform
seeks andhience move the head the position at which &t command was performed.

The names of theeekcounters, ie thdractionsgiven, relate to thdraction of afull strokeseekcommand
required toaccess the first LBA of theommand.

The cache parameters adefined as follows.

Device cacheread hits occur when all the data requested focammand ispresent in thébuffer on the
file as aresult of a previou®peration orread ahead.

Device cachepartial read hits occur when part of the datequested for &ommand ispresent in the
buffer on thefile as aresult of a previousperation orread ahead.

Device cachewrite hits occur whenwrite data replaces ocombines with data in theuffer so as to
eliminate a writeoperation. This counter iglways zero as théle does not perform thisorm of
caching.

Device cache fastrites occur when there isufficient bufferspace available toeturncommand com-
plete to a writecommandbeforeaccessing thenedia,although thatmediaaccess mayave already
started if thedrive was idle.
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8.7.9 Log Sense Page 35

Byte 7 6 5 4 3 2 1 0

0 Reserved Page code = 35h

1 Reserved

2-3 PagelLength = 28h

4-5 Parameter Code = 00h

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

7 Parameter Length = 24h

8-11 Device cache read hits

12 - 15 Device cache partial read hits

16 - 19 Device cache misses on read

20 - 43 Reserve = 0

The cache parameters adefined as follows.

Device cacheread hits occur when all the data requested focammand ipresent in thébuffer on the
file as aresult of a previouoperation orread ahead.

Device cachepartial read hits occur when part of the datequested for @ommand igresent in the
buffer on thefile as aresult of a previousperation orread ahead.

Device cachemissesoccur when a readommand is nosatisfaied, inwhole or in part, from théuffer.
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8.8 MODE SENSE (1Ah)

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

Figure 44.MODE SENSE(1Ah)

The MODE SENSE commangrovides ameans for thealrive to reportvariousdeviceparameters to the
initiator. It is thecomplement to theMODE 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 lengtimadler than themount avail-

able,then that portion of thelata up to the allocatiolengthwill be sent. It isnoted thatthis may result in
only a portion of amulti-byte field being sent.

8.8.1.1.1 Page Control Field: PCF (PageControl Field) defines thetype of PageParameteralues to be

returned.
PCF Meaning
00 Report current values.The drivereturns the currentaluesunder which thdogical unit is presently

01

10

configured for the page codspecified. Thecurrentvalues eturnedare:

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 drivewill not process theMlode Selectcommanduntil the completion of spin-up.
Therefore, the initiatocannot modify thecurrentvaluesprior to thesaved values being read in.

Report changeable valueThe drivereturns the changeabialues for the pageodespecified. The
page requestesdhall be returneaontaining informatiorthat indicate whichfields arechangeable.
All bits of parameterghat arechangeable shall be set to onParametershat aredefined by the
drive 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 théouffer ratios of page 2h, the biteld will not indicate the range
of supportedvalues butratherthat thefield is supported.

Report default value.The drivereturns thedefault values for the pageodespecified. Theparame-
ters notsupported by tharive are set taero.
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11 Report saved value.The drivereturns thesaved value for the pageodespecified.

Saved values are one of following :

- the values saved as a resultMODE SELECT command
identical to the default values
zero when the parameters are rsatpported
The Pagd.ength bytevalue of each pageeturned by the drive indicates up tehich fields are
supported on thapage.

8.8.1.1.2 Page Code:

This field specifiesvhich page ompages toreturn. Page codasage is defined in

Figure 45.
Page Code Description
01h — 38h Return sFecifiq page.
3Fh Return all available pages.

Figure 45. Page Code Usage
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8.9 MODE SELECT (15h)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 15h
BYTE 1 LUN PF=1 RSVD = 0 SP
BYTE 2 RSVD = 0
BYTE 3 RSVD = 0
BYTE 4 Parameter List Length

BYTE 5 VU =0 RSVD = 0 FLAG | LINK

Figure 46.MODE SELECT (15h)

The MODE SELECT commandprovides ameans for the initiator tehange LUN ordeviceparameters
shownbelow. For furtherdetails, please refer to thRdODE SENSE command.

- Vendor unigueparametergUnit attention)

Read/write ErroiRecovery parameters
Disconnect/Reconnect control parameters
FormatDevice parameters

Rigid Disk Geometryparameters

« Verify Error Recovery parameters

Caching parameters
Control ModePage
Power conditionparameters

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

PF

SP

A PF (PageFormat) bitvalue of 1 indicates the datgent by the initiatomafter the modeMode Select
Header and the Block Descriptor, if any, complies to the Plegemat. Thedrive ignoresthis field
since itonly accepts mode parameters in the P&gemat.

SavePage. This indicates;

0 b The drivedoes notsave the pagesent during theData Outphase, however they are used for all
following commandauntil the drive isturnedoff, reset oranotherMODE SELECT commnad is
received. which are sent during thBata Out Phase.

1b The drive saves tha data in the reseraegla of the disknedia. Thesaves data isised forfol-
lowing commandsuntil anotherMODE SELECT command igeceived. The savedarameters
are kept andactive evem after the drive tsirned off orreset.

Parameter List Length This specifies thenumber ofbytes to be senfrom the initiator. A parametelist

length of zero indicatethat no data igransferred and is not cosidered as an error.

The MODE SELECT parametetist contains a four-byte headeigllowed by zero or onélock descriptor,
and zero omore pages ashown in the subsequesections.
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8.9.1.1 Application Note

The initiator shouldssue aMODE SENSE commandequesting all Changeablalues (see PGield in byte
two of the CDB in 8.8/MODE SENSE(1Ah)” on page 75)prior to issuing aMODE SELECT
command. This isiecessary to find outvhich pages and how many length araplemented by thalrive.
The drivereturns thenumber ofbytessupported foreach Page in the Pages of tteODE SENSE
command. ThePagelLength set by thenitiator in the MODE SELECT command must be thexact value
as that returned by thdrive in MODE SENSEPage Length. Ithis is not true, thalrive returns Check
Conditionstatus withSense Key ofLLEGAL REQUEST. See3.8,"MODE SENSE(1Ah)” on page 75.

Note: If an initiator senddMODE SELECT command thathanges anyparameters applicable tmther
initiators, thedrive generates UniAttention Condition for allinitiators except for the onéhatissued the
MODE SELECTcommand. Thalrive setsAdditional SenseCode toPARAMETERS CHANGED
(2Ah).
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8.10 Mode select data

The drivesupports thdollowing mode page code:

Page Description PS
00h | Vendor Unique Parameters (Unit attention) 1
01h | Read-Write Error Recovery Parameters 1
02h | Disconnect/Reconnect Control Parameters 1
03h | Format Device Parameters 0
04h | Rigid Disk Geometry Parameters 0
07h | Verify Error Recovery Parameters 1
08h | Caching Parameters 1
0Ah | Control Mode Page 1
0Dh | Power Condition Parameters 1

Figure 47. Page Code Usage

The page lengtliield specifies thdength in bytes of the mode parametéhat follow. If the initiator does
not set this value to the valudat isreturned for thepage by theMODE SENSE command, thdrive will

terminate thecommand withCHECK CONDITION status.
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8.10.1 Page Oh (Vendor Unique Parameters)

BIT

7 6 5 4 3 2 1 0
BYTE 0| PS |RSVD=0 Page Code = 00h
BYTE 1 Page Length = OEh
BYTE 2|{RSVD=0| UQE DWD | UAI | RSVD =0
BYTE 3| ASDPE|RSVD=0] CMDAG RPFAE RSVD = 0 CPE
BYTE 4 lgnore
BYTE 5|RSVD=0| TCC DSN | FRDD | DPSDP|RSVD=0| CAEN | LITF
BYTE 6 RSVD = 0
BYTE 7 RSVD = 0
BYTE 8|RSVD=0| ADC QEMC | DRD LED
BYTE 9 RSVD = 0
BYTE 10 Command Aging Limit (Hi byte)
BYTE 11 Command Aging Limit (Low byte)
BYTE 12 RSVD = 0
BYTE 13 RSVD = 0
BYTE 14| DRRT | DNR RSVD = 0
BYTE 15 RSVD = 0

Figure 48. Page Oh
Fieldsmarked in the table a$gnore' are noused or checked by thérive. They will be initialised to zero
but may be set as desired. This is faympatibility with olderdrives.

Changeable Parameter Default Value

UQE
DWD
UAI
ASDPE
CMDAC
RPFAE
CPE
TCC

O B O O O O O Pk
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DSN
FRDD
DPSDP
CAEN
LITF
ADC
QEMC
DRD
LED

SO B O »r O »r O +» O

N
(o]

Command Aging Limit
DRRT
DNR 1

o

UQE, The UQE(untagged queuirgnable) bit controls whether or not untagged queuingllswved.

DWD, Disable Write Disconnect bit, is set &ero to indicatehat thedrive is allowed todisconnect
from the SCSI busfter receiving aWrite(6),Write extend(10), Write anderify or Write long command
and prior to starting the data out phas€lhe previousidentify messagenustgrant thedrive the privi-
lege ofdisconnection or therive does not disconnect.)

A DWD bit of one indicateghat thedrive is not allowed tadisconnect from th&SCSI busafter

receiving aWrite(6),Write extend(10), Write anderify or Write longcommand andgrior to the data out
phase is startedAfter the data oufphase is started, thdrive maydisconnect tdree theSCSI bus. This
occurs if the Target's internabntrol algorithms andather disconnect/reconnect control parameiads-
cate thatthis isappropriate angbermissible.

Within the drive, this bit is actually ignored. If nmther commands are iprogresshen thedrive will
not disconnect. Ibther commands are iprogress then the driveill disconnect to avoid possible dead-
lock conditions.

UAI, Unit Attention Inhibit bit. This bit is notused duringnormal operatiorwhile the UAI jumper is
removed from tharive. It mayhowever be changed by the user with aeffects. If the UAlIjumper is
added to thdrive thenthis bit controls the generation afnit attentionconditions.

- ASDPE, Additional SaveData Pointer Enablebit, is used tocontrol thesedning of additionasave data
pointersmessagesWhen set itwill cause asave datgointersmessage to bsent oneverydisconnection.
When not set ssave datgointersmessage is onlgent if the current connection contained a data phase
and a further data phaseill be required to complete theommand.This field must be set taero as this
function is not currentlysupported

CMDAC determines if an LED on thdrive is activated whilecommands aractive. As the drivadoes
not support an LEDxhis bit is allowed to be changed by the initiator foost systemdevice drivercom-
patibility.

RPFAE, ReportPredictiveFailure AnalysisError bit. This bit when seallows the drive toreport the
result of predictivefailure analysis. Aghis drive does notsupportpredictive failure analysishis bit is
ignored. It is allowed to be modified by the initiator fapstsystemdevice drivercompatibility.

CPE, Concurrentprocessing enable bit, is set to zero to indicétat onlyuntagged and unlinked
RequestSense ollnquiry can beexecuted concurrently.

A CPE bit of one indicateshat Read(6),Readextend(10), Write(6) and Write extend(10), as well as the
above 2 commands, can lexecuted concurrently.
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TCC Thermal Compensation bidontrols when tharive will perform thermal compensation. Akis
drive does not perform thermaompensationthis bit is ignored internally. It is allowed to be modified
by the initiator forhostsystemdevice drivercompatibility.

DSN Disable Target Initiated®ynchronous Negotiation is not supported by thive.

FRDD When setthis bit stops thalrive reporting a formadegradedcondition after a failedformat or
reassigncommand. Aghis drive does not have format degraded mode this bit is ignored. It is allowed
to be modified by the initiator fohostsystemdevice

DPSDP, DataPhaseSaveDataPointer bit, controls whether thérive sends asave datgointer
message at the end ofdata phaseWhen set thalrive will send themessage after every daphase.
Whenreset the messaggill only be sent ifanother data phase igquired to complete theommand.
This bit must be set t@aero as the function is not currentjupported.

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

in the commandjueue for an indefinatperiod. When command&ave been in thgueue for a period of
time greaterthan thetimer limit they will be re-ordered to be executed in orfiest comefirst served
basis.Whenthis bit isresetcommands aralways executethased on thejueuere-ordering rules.

LITF This bit disables the drivadle time function whichsaves the log selectounters. If this bit is set
thesecounters are not written tdisk and sowill be lost at the nexpower cycle.

« ADC Adaptive Cache Enable, wheset, allows the drive to modify theead-ahead caching algtm,
ignoring parameters in Page 8h. Tlagaption isbased on analysing thmostrecentcommandhistory
and the current contents of tlomche buffers.

QEMC, Queue Error Management Control, lefffects how thequeue is managedfter anerror has
occured. If the Qerr bit irpage OAh is zerdhenthis bit is ignored. If howeveRerr is setthenthis bit
controls the action taken with queuedmmandswhich originatedfrom initiators other than thatvhich
has experienced the error. If this bit is zetenthere is noeffect oncommanddrom otherinitiators. If
this setcommandsrom all initiators will be aborted. This bitmust be set taero as this function is not
currently supported.

DRD DisableReadDisconnect bit, wherset, disables the drivikeom dis-connectingrom the bus on a
read or read extendezbmmanduntil the contents of theache havebeenchecked. This bit is ignored
internally by the driveWhen areadcommandarrives the drivewill automatically disconnect if angther
command is inprogress. If nocommands are iprogresshen thedrive will stayconnected until the
cache hadbeenchecked. It is allowed to be modified by the initiator floost systemdevice drivercom-
patibility.

LED This field is designed tocontrol the operation of drive LED driver. As the drivedoes not
support an LED thdield is internally ignored. It is allowed to be modified by the initiator foost
systemdevice drivercompatibility.

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

DRRT DisableReadReassign Target, wheset,will stop thedrive attempting to move the data in a
sector to the new location, when the LBA is beirgassignedThis bit isinternally ignored by thalrive
which will alwaysattempt to move thelata. It isallowed to be modified by the initiator fdrostsystem
device drivercompatibility.

DNR Disable NestedReassigns, when set, disablesstedreassigns andheans only the target LBAwill
be moved on aeassigncommand. Thidrive neverperforms nestedeassigns, as it is naequired by the
disk format, so this bit isggnored internally. It is allowed to be modified by the initiator floostsystem
device drivercompatibility.
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8.10.2 Page 1h (Read/Write Error Recovery Parameters)
BIT

7 6 5 4 3 2 1 0
BYTE 0| PS RSVD=0 Page Code = 0lh
BYTE 1 Page Length = 0Ah
BYTE 2| AWRE | ARRE TB |RC = 0|EER=0 | PER DTE |DCR
BYTE 3 Read Retry Count
BYTE 4 Correction Span
BYTE 5 Head Offset Count (Not used)
BYTE 6 Data Strobe Offset Count (Not used)
BYTE 7 Reserved
BYTE 8 Write Retry Count
BYTE 9 Reserved
BYTE 10|(MSB)

Recovery Time Limit (Not Used) .

BYTE 11 (LSB)

Figure 49. Page 1h

Changeable Parameter Default Value

AWRE
ARRE
B
PER
DTE
DCR

Correction Span

Read Retry Count

Write Retry Count

O O O O O - P

01h
01h

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 indicttat thedrive shall not
perform automatiaeallocation ofdefective datablocks during writeoperations.
A AWRE bit is set to one tdndicatethat thedrive shallperform automatiaeallocation ofdefective
datablocks during writeoperations.
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ARRE, an Automaticread reallocation enabled bit is set to zero to indidhtet thedrive shall not
perform automatiaeallocation ofdefective datablocks during readperations.

A ARRE bit is set to one tandicatethat thedrive shallperform automatiaeallocation ofdefective data
blocks during readperations.

TB, Transfer Block bit, is set to one to indicatieat a dateblock that is notrecoveredwithin the
recovery limitsspecified shall bearansferred to the initiator befo@ 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 transferreggardless of thealue of the bit.

RC, A readcontinuous bit. Must be set tozero, indicatingthat theerror recoveryoperationshat cause
delays areacceptable during thdatatransfer.Datashall not be fabricated.

EER,An enableearly recovery bit. Must be set tozero, indicatingthat thedrive shall use arerror
recoveryprocedurethat minimizes therisk of mis-detection or mis-correction during tliatatransfer.
Datashall not be fabricated.

PER, Post Errorbit, is set to one to indicatthat thedrive reportsrecovered errors.

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

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

Read Retry Count sets a limit on theamount of dataecovery procedure(DRP) passes ffarget
attempts whemecovering read errors. One passough DRPinvolves executing all steps @RP. Only
values of 00h and 01h are valid. A value zdro disables akrror recoveryprocedures.

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. Thedrive will always use
it's default correctiorcapabilities.

Head Offset Countis not supported by thdrive.

Note: HeadOffset isimplemented in theead errorecoveryroutine. The user can not modify the
offset value.

Write Retry Count sets a limit on theamount of dataecovery procedure(DRP) passes fherget
attempts whemecovering write errors. One pasrough DRPinvolves executing all steps @RP.
Only values of 00h and 01h are valid. A value zdro disables alérrorrecoveryprocedures.
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The following summarizes/alid modes of operation. If afllegal mode is set the mode seleaimmandwill
completesuccessfully but thaction of thedrive 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 btmks
taining recovered errors.

hard err  Datatransferstops when amnrecoverable error is encountered. The
unrecoverable block is ndtansferred to the initiator. Thdrive 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 thteansfer.

no err The transfer length is exhausted.

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

hard err  Datatransferstops when amnrecoverable error is encountered. The
unrecoverable block igansferred to the initiator. Thdrive thencreates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

0 0 1 0 Retries areattempted but nerror correction(ECC) isapplied. Recovered 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 btaoks
taining recovered errors.

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

0 0 1 1 Retries areattempted 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 btaoks
taining recovered errors.

hard err  Datatransferstops when amnrecoverable error is encountered. The
unrecoverable block igransferred to the initiator. Thdrive thencreates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

lllegal Request-DTE must beerowhen PER iszero
lllegal Request-DTE must beerowhen PER iszero

lllegal Request-DTE must beerowhen PER iszero

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

lllegal Request-DTE must beerowhen PER iszero
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1 0 0 0 The highestevel error is reported at the end of transfer. 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 btaoks
taining recovered errors. Thiaformation byte in thesensedatawill
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.  Thdrive then
creates theCHECK CONDITION status with the appropriat8ense
Key.

1 0 0 1 The highestevel error is reported at the end of transfer. 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 thesensedatawill
contain thelogical block address of the last recovered error.

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block igansferred to the initiator. Thdrive thencreates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

1 0 1 0 The highestevel error is reported at the end of transfer. Retries atempted 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 thesensedatawill
contain the LBA of thelast recovered error.

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

1 0 1 1 The highestevel error is reported at the end of transfer. Retries attempted 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. Thieformation byte in thesensedatawill
contain the LBA of thelast recovered error.

hard err  Datatransferstops when an unrecoverable error is encountered. The
unrecoverable block igansferred to the initiator. Thdrive thencreates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

86 OEM Hard Disk Drive Specifications foDPE S-3xxxx



0

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

rection areattempted. Recovereand/orcorrected data (if any) igansferredwith
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. Theve then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

The highestevel error is reported at the end tfansfer. Retries and error cor-
rection areattempted. Recovereand/orcorrected data (if any) igansferredwith
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. Thdrive then creates the HECK
CONDITION status with the appropriat8enseKey.

The highestevel error is reported at the end tfansfer. Retries arattempted but
ECC is not applied. Recovered datatiansferredvith 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. 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. Theve then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

The highestevel error is reported at the end tfansfer. Retries arattempted but
ECC in not applied. Recoveremhd/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.  Therive then creates thEHECK
CONDITION status with the appropriat8enseKey.
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8.10.3 Page 2h (Disconnect/Reconnect Parameters)

BIT

7 6 5 4 3 2 1 0
BYTE 0| PS RSVD=0 Page Code = 02h
BYTE 1 Page Length = 0Ah
BYTE 2 Read Buffer Full Ratio
BYTE 3 Write Buffer Empty Ratio
BYTE Reserved=0
4 — 11

Figure 50. Page 2h

Changeable Parameter Default Value
Read Buffer Full Ratio 00h
Write Buffer Empty Ratio 00h

The disconnect / reconneptge provides the initiator themeans to tune thperformance of the SCSI bus.

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

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

Read Buffer Full Ratio is the numerator of &raction whosedenominator is 256. Thé&action indicates

how full the drive databuffer should be beforattempting to reconnect to the SCSI bus. If the ratio is

set to Oh, the targewill calculate 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 thedrive data buffer should be befoedtempting 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.

8.10.3.1 Reconnection to a disconnected read command

For a readcommand, theeconnect igddelayed relative to the availability of thfegst block in thedrive data
buffer by the fraction of thalrive data buffersize. If theremaining data transfer length lisss than the
fraction of thedrive data buffersize, the drivecontrol programcalculates theptimal reconnectiompoint to
complete the dat&ransfer as early agossible whileminimizing the time connected to th®CSI bus.

8.10.3.2 Reconnection to a disconnected  write command
For a writecommand, théNrite Buffer Ratio issignificantonly if the total datatransfer length is greater

than thesize of thedrive data buffer. Thdraction determines howempty thedrive data buffer should be
before reconnecting to begfilling the buffer again.
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8.10.4 Page 3h (Format Device Parameters)

BIT
7 6 5 4 3 2 1 0

BYTE O0|PS = 0| RSVD=0 Page Code = 03h
BYTE 1 Page Length = 16h
BYTE 2|(MSB)

Track per Zone = O01E4h
BYTE 3 (LSB)
BYTE 4|(MSB)

Alternate Sectors per Zone = 32h
BYTE 5 (LSB)
BYTE 6|(MSB)

Alternate Tracks per Zone = 1
BYTE 7 (LSB)
BYTE 8|(MSB)

Alternate Tracks per Logical Unit = 8
BYTE 9 (LSB)

BYTE 10|(MSB)
Sectors per Track = 6Ch
BYTE 11 (LSB)

BYTE 12|(MSB)

Data Bytes per Physical Sector = 200h
BYTE 13 (LSB)
BYTE 14|(MSB)

Interleave = 1
BYTE 15 (LSB)
BYTE 16|(MSB)

Track Skew Factor = 0Bh
BYTE 17 (LSB)
BYTE 18|(MSB)

Cylinder Skew Factor = OFh

BYTE 19 (LSB)
BYTE 20| SSEC | HSEC | RMB | SURF RESERVED
BYTE RESERVED

21-23

Figure 51. Page 3h

The formatdevicepagecontains parameters whicpecify themedium format.
SSEC Zero. Indicatesthat thedrive does notsupportsoft sectorformatting.
HSEC One.Indicatesthat thedrive support hardsector formatting.

RMB Zero. Indicatesthat themedia does nosupportremovable. Fixed Disk.
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SURF Zero. Indicatesthat progressive address are assigned tdagjical blocks acylinder prior to allo-
cating addressvithin the nextcylinder.
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8.10.5 Page 4h (Rigid Disk Drive Geometry Parameters)

BIT

7 6 5 4 3 2 1 0
BYTE 0| RSVD =0 Page Code = 04h
BYTE 1 Page Length = 16h
BYTE 2|(MSB)

Number of Cylinders = 1325h/1326h/1327h .
BYTE 4 (LSB)
BYTE 5 Number of Heads = 2/3/4
BYTE 6|(MSB)

Starting Cylinder ~ —Write Precompensation = 0 .
BYTE 8 (LSB)
BYTE 9|(MSB)

Starting Cylinder ~ —Reduced Write Current = 0 .
BYTE 11 (LSB)

BYTE 12|(MSB)
Drive Step Rate (Not used) .
BYTE 13 (LSB)

BYTE 14|(MSB)

Landing Zone Cylinder (Not used) .

BYTE 16 (LSB)
BYTE 17 RESERVED RPL = 0
BYTE 18 Rotational Offset = 00 (Not used)

BYTE 19 RESERVED

BYTE 20|(MSB)
Medium Rotation Rate = 1518h .
BYTE 21 (LSB)

BYTE 22
BYTE 23

RESERVED 1

Figure 52. Page 4h

The rigid disk drivegeometric pagespecifiesvarious parameters for thdrive.

RPL Zero. Indicatesthat thedrive does notsupportspindlesynchronization.
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8.10.6 Page 7h (Verify Error Recovery Parameters)

BIT

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

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

Figure 53. Page 7h

Changeable Parameter Default Value
PER 0

DCR 0

Verify Retry Count 01h

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 notthangeable, th&lode Select Commandaccepts only thevalues indicated for bytes
4-11.

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

« PER, See below for description of bitalues.

- DTE, This bit is Osince theTargetalwayscontinues 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 DCRbits. All
other combinations return Check Conditi®atus.
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PER DTE DCR
0 0 0
1 0 0
0 0 1
1 0 1

DESCRIPTION

Soft errors are noteported. ECC is applied toecover thedata.
Soft errors are@eported. ECC is applied tecover thedata.

Soft errors are noteported. ECC is not used tecover thedata.

Soft errors are@eported. ECC is not used tecover thedata.

Verify Retry Count sets a limit on theamount ofverify recovery procedure(VRP) passes fharget
attempts whemecoveringverify errors. TheVerify Retry Count of onecauses th&arget toattempt up
to one VRP pass paszommand when a mediumrror 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 the drivewill not use offline cor-
rection duringverify operations.
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8.10.7 Page 8h (Caching Parameters)

BIT
7 6 5 4 3 2 1 0

BYTE 0| PS RSVD=0 Page Code = 08h
BYTE 1 Page Length = 0Ch
BYTE 2 RESERVED = 0 WCE MF RCD
BYTE 3| Read Retention Priority=0 Write Retention Priority=0
BYTE Disable Pre —fetch Transfer Length

4-5
BYTE Minimum Pre —fetch

6—7
BYTE Maximum Pre—fetch

8-9
BYTE Maximum Pre—fetch Ceiling

10-11

BYTE 12 RESERVED = 0
BYTE 13 Number of Cache Segments

Figure 54. Page 8h

Changeable Parameter Default Value
WCE 1
MF 0
RCD 0

Disable Pre-fetchtransfer length 0
Minimum Pre-fetch 0
Maximum Pre-fetch 0
Maximum Pre-fetch Ceiling 0

Number of Cache Segments7

The cachingparameterpagedefinesparametershat affect the use of theache.

- WCE, Write Cacheenable bit, is set to zero to indicatleat 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 issuédso0od Status for &Vrite(6) or Write extend(10tommandafter
successfully receiving the data bhéfore writing it to themedia.

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

« MF, Multiplication Factordetermines how thdaximum Pre-fetchfield is interpreted Whenthis bit is
set the data tgre-fetch isgiven by thecommandlength multipled by thevalue in theMaximum Pre-
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fetch field. Whenthis bit isreset the value in th&aximum pre-fetchfield is used as the absolute length
to pre-fetch.

RCD, ReadCachedisable bit, of zero indicatethat thedrive mayreturn datarequested by a READ
command byaccessing either theache or theReadAheadBuffer, or media. A RCD bit of one indi-
catesthat thedrive shall transfer all dateequested by EAD command byaccessing thenedia(i.e.,
data cannot béransferredrom the cache orReadAheadBuffer).

Read Retention Priority, Demand Read RetentiorriBrity is not supported.

« Write Retention Priority , Write RetentionPriority 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 shoul@lways be pdormed.

Minimum Pre-fetch specifies theminimum number of LBA's that thdrive shouldreadaheadafter each
readcommand. Avalue of zero indicatethat readahead should be terminated immediately a new
commandarrives,except in thecasewhen the newcommand is on theurrent head and track. laddi-
tion pre-fetchwill be abandoned at the end of tleerrent track.

Maximum Pre-fetch specifies themaximum number of LBA's taeadaheadafter a reaccommand. This
field caneither be used as aabsolutevalue, if the MF bit is 0, orelse it will be multipled by the read
commandlength to give the actual length to read ahead.value of zero indicatethat readaheadwill

be performed until the segmentfisll of readahead data. If théength of a reaccommand idess than
the segmensizethenreadaheadwill be continued until thesegment ifull regardless othis setting
(exceptwhen thereadahead is pre-empted by a subsequemtnmand).

Maximum Pre-fetch ceiling specifies themaximum number oblocks thedrive shouldattempt toread
ahead. It is particularly relevant when the MF bitsist. A value of zero indicates no limit. If the length
of a readcommand idess than thesegmentizethenreadaheadwill be continued until thesegment is
full regardless othis setting (except when the reathead is pre-empted by a subsequemtnmand).
Number of Cache Segments

This field isused to indicate to thdrive how manysegments are requested by the initiator. Segments
can be either 32K or 64K isize and allsegmentanust be thesamesize. The drivewill attempt to
partition thebuffer into 64K segments but if there is n@noughspace for thenumber ofsegments
requested in thidield it will partition thebuffer as 32K segments.
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8.10.8 Page Ah (Control Mode Page Parameters)
BIT
7 6 5 4 3 2 1 0
BYTE 0| PS RSVD=0 Page Code = OAh
BYTE 1 Page Length = 6
BYTE 2 RESERVED = 0 RLEC
=0
BYTE 3| Queue Algorithm Modifier RESERVED = ( QErr DQue
BYTE 4| EECA RESERVED = 0 RAENP|UAAENP, EAENP
=0 = = =0
BYTE 5 RESERVED = 0
BYTE 6
Ready AEN Holdoff Period = 0 .
BYTE 7

Figure 55. Page Ah

Changeable Parameter Default Value

Queue Algorithm Modifier 0

QErr
DQue

00h
0

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

RELC, Report LogException Condition, bit okzerospecifiesthat the targeshall notreport logexcep-
tion conditions. This bitmust bezero.

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

taggedwith the SIMPLE QUEUE TAG message.

Oh : Restricted re-ordering. The target shall re-orderadhtial execution sequence of thaeued com-
mands fromeach initiator suchhat dataintegrity is maintained forthatinitiator.

1h : Un-restricted re-ordering allowed. The target may re-order the actual execution sequence of the
gueued commands in any mannesdects. Any data integrity exposures related to
commandsequence order amxplicitly 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 eérospecifiesthat theTarget suspends execution @fieued and

activecommanddrom any Initiator whichreceives aCheck Condition Sttus until pendingense data is
cleared. Those commandstill queuedafter theTarget has returned Chedkondition Status, continue
execution in anormal manner when theending 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
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set to Unit Attention and thadditionalsensecodewill be set to COMMANDS CLEARED BY
ANOTHER INITIATOR.

DQue, Disable Queuing, bit of zerepecifiesthat 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
rejectedwith a MESSAGEREJECTmessage and 1/O process shall be executed amsagged
command.

EECA, Enable Extended ContingeAllegiance, bitmust bezero.

RAENP, Ready AENPermissionmust bezero.

UAAENP, Unit Attention AEN Permissionmust bezero.

EAENP, Error AEN Permissionmust bezero.

Ready AEN Holdoff Period must bezero.
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8.10.9 Page 0Dh (Power Condition)

BIT
7 6 5 4 3 2 1 0
BYTE 0| PS |RSVD=0 Page Code = 0Dh
BYTE 1 Page Length = 0Ah
BYTE 2 Reserved = 0
BYTE 3 Reserved = 0 RSVD |Standby
=0

BYTE 4
BYTE 5

Reserved = 0 .
BYTE 6
BYTE 7
BYTE 8|(MSB)
BYTE 9

Standby Condition Timer .
BYTE 10
BYTE 11 (LSB)

Figure 56. Page 0Dh

The power conditiorpage provides the initiator thmeans to control théength of time a targewill delay
before changing itpower requirements. There is mwtification to the initiatorthat a target hasntered
into one of the poweconditions. On theeceipt of acommand, only the¢imer(s) controllingpower for the
commandshall be reset and then restarted ampletion of thattommand.

- Standby. A Standby bit of ondndicates a target shall use tis#andby Condition Timer taletermine
the length of inactivity time to wait before entering tis¢andby condition. A standby bit afero indi-
cates a target shall n@nter the Standby condition.

- The Standby Condition Timer. The Standby condition Timefield indicates the inactivity time in 100
millisecond incrementshat the targeshall wait before entering th8tandby condition.
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8.11 PRE-FETCH (34h)

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

Figure 57. Pre-Fetcli34h)
The PRE-FETCHcommandrequests tharive to transfer data to the cache. No data is transferred to the
initiator.
Immed Immediate.
When thelmmediate (Immed) bit of the CDB igero and:

If an error occurswhile reading,error recoveryprocedures arattempted. The
drive returnsGOOD status orCHECK CONDITION status based on the set
parameters of thfODE SELECT Page 1.

If there isenoughroom in thesegment for all of theRequestedata or if the
TransferLength iszero and no error occumshile reading, the driveeturns
CONDITION MET status when theommand completes.

If there is notenoughroom in thesegment and the Transfeength is notzero
and no error occurredhile reading, the driveeturnsGOOD status when the
command completes.

When thelmmediate (Immed) bit of the CDB is onend:

If there isenoughroom in thesegment for all of theRequestedata or if the
TransferLength iszero,thedrive returnsCONDITION MET status asoon as
the CDB is verified.

If there is notenoughroom in thesegment and the Transfeength is notzero,
the drivereturnsGOOD status asoon as the CDB igerified.

« The reading of data ikandledlike Read-Ahead operation. Thimplies the
PRE-FETCH isterminateduponreceipt ofanother command.

if an error is encountered:

1. The driveterminates the® RE-FETCHoperation andloes notattempt to
recover thedata.
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2. The error is not reported to the Initiator for the currenimmand. Theerror
is reported during the nexdxommand if thenextcommand is a Read
command andequests the block which encountered the error.)

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

RelAdr Relative Block AddressMust be set to zeroto indicatethat thelogical block address
field specifies the first logicablock of therange oflogical blocks to be operated by
this command. Relative address is na&upported.

Transfer length The transfer lengtliield specifies thenumber of contiguoudlocks of datathat are to
be transferrednto the cache. A transfer length of zero indicatdsat logical blocks are
to be transferrednto the cache until the segment fdled or there are nanore blocks
on the media.
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8.12 READ (08h)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command Code = 08h
BYTE 1 LUN (MSB) LBA
BYTE 2 LOGICAL BLOCK ADDRESS
BYTE 3 LOGICAL BLOCK ADDRESS (LSB)
BYTE 4 TRANSFER LENGTH
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 58. READ(08h)

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

Logical block address This field specifies the logicdblock addresdrom which thereadoperationbegins.

Transfer length

This field specifies thenumber ofblocks to be transferred. A value of zero implies
that 256blocks (512 bytes/block) are to béransferred.

Note: Errors are handled by ERP (Error Recovery Procedure). ERP is controlled ritvarecovery
parameterspecified byMODE SELECT command.

SCSICOMMAND SET 101



8.13 READ CAPACITY (25h)

BIT

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

Figure 59.READ CAPACITY (25h)

The READ CAPACITY commandreturns informatiorregarding a capacity of the drive.
- RelAdr. A Relative Address is nosupported and must be set rero.
« Logical Block Addressis used inconjunction with the PMI bit.
« PMI, PartialMedium Indicatorindicates;

0 The drivereturns thelast logicalblock address.

1 The drivereturns thelast logicalblock address on theame track where the LBA in the
command idocated. This option provides theinformationinitiators need to determine the
amount ofspace available on theame track which isccessiblavithout a headswitch or
seek.

8.13.1.1 Returned Data Format

The data returned to the initiator in response to the REABPACITY command idescribed here. The
data is returned in th®ATA IN phase.
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BIT
7 6 5 4 3 2 1 0

(MSB) Logical Block Address

BYTE
BYTE
BYTE
BYTE

BYTE
BYTE
BYTE
BYTE

(LSB)

(MSB) Block Length = 200h
= 512

~No o> LW O

(LSB)

Figure 60.Format of READ CAPACITY commandeply

« Block Length specifies thdength in bytes of the block. It is set to 20@512).
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8.14 READ DEFECT DATA (37h)

BIT

7 6 5 4 3 2 1 0
BYTE 0 COMMAND CODE = 37h
BYTE 1 LUN Rsvd = 0 0
BYTE 2 Rsvd = 0 Plist Glist Defect List Format
BYTE 3
BYTE 4
BYTE 5 Rsvd = 0
BYTE 6
BYTE 7 Allocation length (MSB)
BYTE 8 (LSB)
BYTE 9 VU = 0 RSVD = 0 FLAG | LINK

Figure 61.ReadDefectData (37h)

The READ DEFECTDATA commandrequestghat thedrive transfers thenediumdefect data to initi-
ators.

If the drive isunable toaccess anynediumdefectdata, it returns ChecKondition status with theappro-
priate sense key. The sense key is set to eitldEDIUM ERROR(03h) if amediumerror occurred or NO
SENSE(00h) if thelist does notexist with theadditionalsensecode set tADEFECTLIST ERROR (19h).

Plist The PrimaryDefect List (Plist) bit set to one indicatékat thedrive returns the primaryist of
defects. APlist bit of zero indicateshat thedrive does notreturn the PrimaryDefectlist.

Glist The GrownDefect List (Glist) bit set to one indicatébat thedrive returns theGrown Defect
List. A Glist bit of zero indicategshat thedrive does notreturn theGrown Defect List ofdefects.

Note: When bothbits are set to one, both Plist and Glist are return®dhen bothbits are set
to zero, thedrive returns a four-byte Defect Liddeader only.

DefectList Format The Defect List Format Field is used by initiators to indicate pneferredformat for the
defect list.

The Defect List Format ofL00b (Bytesfrom IndexFormat) ' and101b(Physical SectoFormat)' are sup-
ported. If the requested format is nstipported by thalrive, it returns thedefect list in itsdefaultformat
'101' and terminates theommand withCheck Conditionstatus. Thesense key is set tRecovered
Error(01h) and the AdditionabenseCode is set tdefect List NotFound(1Ch).

The drive send®efect Descriptorafter afour-byte Defect List Header.

The drive transfers all of thReadDefectData up to the number diytes allocated by the initiator.

Note: The driveterminates théData Inphase when the Allocation Length has baensferred omwhen all
available DefecData hasbeentransferred to the initiator, whichever lisss.

The ReadDefectDatacontains a four-byte headeigllowed by zero ormore defect desriptors.
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8.14.1 Defect List Header

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

Figure 62.Defect ListHeader

8.14.2 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 63.Defect Descriptors oBytesfrom Index Format

Defect Bytesfrom Index is gotterusing the followingequation:
Defect Bytes from Index = (Physical Sector Numbers) X N
Where: N = Bytes per sector (512 bytes)

8.14.3 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)

8—byte sets of defect list follow.

Figure 64.DefectDescriptor ofPhysical Sector Format

The Defect ListLength field of Defect ListHeaderspecifies theength in bytes of thedefectdescriptorsthat
follow. The DefectList Length is equal teeight times thenumber ofdefect descriptors.

If the Allocation Length isinsufficient to transfer all of the defect descriptors, thefect ListLength is not
adjusted toreflect the tuncation and the driveeturnsCHECK CONDITION status.
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8.15 READ EXTENDED (28h)

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

Figure 65.ReadExtended(28h)

The READ EXTENDED commandrequests thalrive to transfer data tanitiators. The Transfetength
field specifies thenumber ofcontiguouslogical blocks of datathat istransferred.

DPO Disable Page Outmust be set to zeroDisable Page Out is nadupported.

FUA Force UnitAccess. An FUA bit of 1 indicateshat the data iseadfrom the media
and not from thecache. An FUA bit of 0 allows the data to be relxdm either the
media or the cache.

RelAdr Relative Block Addressmust be set to zergto indicatethat thelogical block address
field specifies the first logicablock of logical blocks to be operated by thtsommand.
Relative Address is nosupported.

Transfer length The number of contiguoublocks to be transferred. If the transfer length is zero, the
seek isnade but no data igansferred. This condition is notconsidered an error. If
readahead is enabledeadahead is startedfter the seek completes.
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8.16 READ BUFFER (3Ch)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 3Ch
BYTE 1 LUN RSVD = 0 MODE
BYTE 2 Buffer ID = 0
BYTE 3| (MSB) Buffer Offset
BYTE 4
BYTE 5 (LSB)
BYTE 6| (MSB) Allocation length
BYTE 7
BYTE 8 (LSB)
BYTE 9 VU = 0 RSVD = 0 FLAG | LINK

Figure 66.READ BUFFER (3Ch)

The READ BUFFER command isused inconjunction with theWRITE BUFFER command as aliag-
nostic function fortesting thememory of thedrive and theSCSI busintegrity.

The function of thiscommand and theneaning offields within the command desdptor block depend on
the contents of thé¢1ODE field.

MODE Description

000 Read ombinedheader and data
010 Read Data
011 ReadBuffer Descriptor

All others Not supported.

8.16.1 Combined Header And Data (Mode 000b)

In this mode, afour-byte headerfollowed by data bytes areeturned to initiators during th&®ATA IN
phase. Thebuffer ID and the buffer offsefield arereserved.

The driveterminates theDATA IN phase when allocation length bytes of header glatahave been trans-
ferred orwhen theheader and alhvailable data havbeentransferred to an initiator, whichever lisss.

The four-byte READBUFFER header (Figure 67 ompage 109) is followed by dathytesfrom the data
buffer of the drive.
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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 67. READBUFFER Header

The buffer capacityspecifies thetotal number of datebytesthat areavailable in thedatabuffer of the drive.
This number is notreduced toreflect theallocation length nor is it reduced teflect theactualnumber of
bytes written byWRITE BUFFER command.

Following theREAD BUFFER header, tharive transfers datérom its databuffer.

8.16.2 Read Data (Mode 010b)

In this mode, theDATA IN phase containbuffer data.

Buffer ID This field must be set tazero. If other value isspecified, CHECK CONDI-
TION status is returned witlsense Key todLLEGAL REQUEST andAddi-
tional SenseCode tolLLEGAL FIELD IN CDB.

Buffer Offset This specifies the offset of thenemory spacespecified by the Buffer ID. The
initiator should conform to the offset boundaryequirements returned in the
READ BUFFERdescriptor. If the valuexceeds the buffer specifie@ HECK
CONDITION status is returned witlsense Key tdLLEGAL REQUEST and
Additional SenseCode tolLLEGAL FIELD IN CDB.

Allocation Length The driveterminates theDATA IN phase when allocation length bytes of data
have beernransferred owhen theheader and alavailabledatahave been trans-
ferred to theinitiator, whichever idess.

8.16.3 Descriptor (Mode 011b)

In this mode, a maximum ofour bytes of READBUFFER descriptor are returned. Thdrive returns the
descriptorinformation for thebuffer specified by the buffer ID. (SE®READ DATA' mode for thebuffer
ID.)

Buffer 1D If there is nobuffer associated with thepecified buffer ID, the driveeturns all
zeros in the READBUFFER descriptor.

Buffer Offset This field isreserved.

Allocation Length This must be set to four ogreater. The drive transfers the lesser of the allo-

cation length or four bytes of READBUFFER descriptor. The READ
BUFFER descriptor islefined inFigure 68 onpage 110.
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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 68.READ BUFFERDESCRIPTOR
The valuecontained in theBuffer Offsetfield of subsequenWRITE BUFFER and READ BUFFERom-

mands should be aultiple of two to the power of theftset boundary. The offset boundary @ways set
to nine, i.e. sectoboundary of 512 bytes.
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8.17 READ LONG (3Eh)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 3Eh
BYTE 1 LUN Reserved CORT|RelAdr
=0 =0 =0
BYTE 2 | (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS
BYTE 4
BYTE 5 (LSB)
BYTE 6 Reserved
BYTE 7 | (MSB)
BYTE 8 Byte Transfer Length (LSB)
BYTE 9 VU =0 RSVD = 0 FLAG | LINK

Figure 69. READLONG (3Eh)

The READ LONG commandrequests tharive to transferone block of data to the initiator. The transfer
dataincludes;

- 512 bytes ofdata

ECC fielddata

« CORT

0 A corrected bit of zero causes tHegical block to be readwithout any Error Correction Code
(ECC) made by thedrive.

1 Not supported. Acorrected bit of one causes the data to be corrected by ECC before transferring
the data to the initiator.

RelAdr Relative Block Address is nagupported.
LOGICAL BLOCK ADDRESS field specifies the logicablock at which the readperation is made.

Byte Transfer Length field must exactly specify thenumber of bytes of datathat are available for
transfer. If anon-zero byteransfer length does nahatch theavailable data length, thdrive terminates
the command withCHECK CONDITION status,Sense key set toLLEGAL REQUEST andAddi-
tional SenseCode set tdNVALID FIELD IN CDB.

The transfer length is calculated &slows:
Transfer length =logical block size + 16 = 528
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8.18 REASSIGN BLOCKS (07h)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 07h
BYTE 1 LUN RSVD = 0
BYTE 2 RSVD = 0
BYTE 3 RSVD = 0
BYTE 4 RSVD = 0
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 70.REASSIGNBLOCKS (07h)

The REASSIGN BLOCKScommandrequests thedrive to reassign a logicablock to anavailable spare.
The REASSIGN BLOCKScommandattempts toallocate spare blocks. Thlegical block address is trans-
ferred to the driveduring theDATA OUT phase. One to four block(s) may lspecified forrelocation per
REASSIGN BLOCKScommand.

Reassignment completagpon thecompletion of theREASSIGN BLOCKScommand. Atthis time, the
defective logicalblock address habeen added to th&rown (“G” list) Defect List.

Data contained at thédogical block address being reassigned is not preserved by the drive, dillédswith a
constant pattern.

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

112 OEM HardDisk Drive Specifications foDPES-3xxxx



BIT
7 6 5 4 3 2 1 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 Logica
BYTE 6 Block
BYTE 7 Address No.1 (LSB)
BYTE 8 [(MSB) Defective
BYTE 9 Logica
BYTE 10 Block
BYTE 11 Address No.2 (LSB)
BYTE 12|(MSB) Defective
BYTE 13 Logica
BYTE 14 Block
BYTE 15 Address No.3 (LSB)
BYTE 16|(MSB) Defective
BYTE 17 Logica
BYTE 18 Block
BYTE 19 Address No.4 (LSB)

Figure 71.Format of REASSIGNBLOCKS data
Note: |If the drive finds a defectiveblock by verifying ECC, the drive does not start theREASSIGN
BLOCKS process, andeturnsCHECK CONDITION status withSense Key oMEDIUM ERROR.

. DefectList Length must be4,8,12 or 16. Otherwise, thedrive returns CheckCondition with Sense Key
of lllegal request.

- Defective logicalblock addressis four-byte length. The initiator caspecify from one to fourDefective
logical blocks. Defective logicalblock addressesnust beordered in ascendingrder or thedrive returns
Check Conditionstatus.
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8.19 RECEIVE DIAGNOSTIC (1Ch)

BIT

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

Figure 72. RECEIVE DIAGNOSTIC(1Ch)

The Receive Diagnosticommandrequeststhat analysis dataequested by a Send Diagnhosticemmand be
sent to the initiator.

- Parameter List Length specifies theamount of data to beeturned to the initiator. Thizvalue may be
zero and this is not considered an error. The target terminateD &lt@ In phase when alavailable data
has beenransfered or when theumber ofbytes transferred equals thRarametet.ist Length.

8.19.1 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

8.19.2 Receive Diagnostic Page 40h

translate address. Using the Send

Using the Send Diagnosticsommand anaddress, in either physical dogical format, is supplied to the
drive. This page ishenused toretrieve the addressanslatedinto 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 SuppliedFormat

5 RA ALTS| ALTT| Reserved = | Translate Brmat
0

6 - 13 TranslatedAddress

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

— 000bblock format

— 101bphysical sectoformat

It specifies theformat in which theaddress habeen supplied.

« Translate Format is the value supplied by the Send Diagnostemmand it may take either of the two
formatsspecifiedabove andspecifies thformat that theaddress habeen translatedhto List.

RA (Reserved Area)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 notused
by the drive.

- Translated Address contains theaddress in the translafermat. If it is alogical block address it iscon-
tained within thefirst 4 bytes of thefield, ie 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 HeadNumber
10 - 13 SectorNumber
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8.20 RELEASE (17h)

BIT

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

Figure 73.RELEASE (17h)

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 Thisreleaseprocess is for a thirgharty which isspecified by 3rdParty ID.
0 Thisreleaseprocess 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.

+ Reservation Identification field is ignored.

2 Refer8.22,"RESERVE (16h)” on page 118
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8.21 REQUEST SENSE (03h)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 03h
BYTE 1 LUN RSVD = 0
BYTE 2 RSVD = 0
BYTE 3 RSVD = 0
BYTE 4 ALLOCATION LENGTH
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 74.REQUESTSENSE(03h)
The REQUESTSENSE commandequests thalrive to transfer sense data of 32 bytes.

The sensalata isavailable on followingconditions,

« The previouscommand to thespecifiedl _T_L nexus terminated wittCHECK CONDITION status.
|_T_L nexusexistsbetween an initiator, a targétirive) and a logicalnit.
Other information(e.g. medium position ) isavailable in anyfields.

« The previouscommand to thespecifiedl_T_L nexus ended unexpected BUFREE error.

If REQUEST SENSE command with amvalid LUN is received, the driveeturns GOOD status with
Sense Key ofILLEGAL REQUEST andAdditional Sense Code of LOGICAL UNIT NOT SUP-
PORTED.

If the drive has no sens#ataavailable toreturn, it returnsSense Key of NOSENSE andAdditional Sense
Code of NOADDITIONAL SENSEINFORMATION.

The sensedata shall be preserved by the drive for theitiator 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.

Separatesensedata is maintained by thdevice foreach initiator. Therefore there is no requirement for an
initiator to expeditiouslyclear CHECK CONDITION status as this does naiffect other initiators in a
multi-initiator system.

The drivereturns thenumber ofbytes in the allocation length or 32 bytes whicheveless.
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8.22 RESERVE (16h)

BIT
7 6 5 4 3 2 1 0

BYTE 0 Command Code = 16h

BYTE 1 LUN 3rdPty 3rd Party ID Ext=0
BYTE 2 Reservation Identification

BYTE 3| (MSB) Extent List Length = 0

BYTE 4 (LSB)
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 75.RESERVE(16h)

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

« the initiator which sends thisommand.
.- the third party which ispecified bythis command.

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

« The reservation is superseded byothervalid RESERVE commandfrom the initiatorthat made the
reservation.

« The LUN is released by RELEASE commandfrom the same initiator.

« A hardresetconditionoccurs. (ASCSI bus Resedssertion)

- A BUS DEVICE RESETmessage is receivéfdom any initiator.
Power off/onoccurs.

« 3rdPty bit is to indicateghat :
1 Thisreservation is for a thirgharty which isspecified by 3rdParty ID.
0 Thisreservation is for the initiatoitself.
« 3rd Party ID specifies the ID of thehird party for which the LUN igeserved.
Note: The LUN may be only released by theitiator who sent th(RESERVEcommand.
Extentsmust be 0. Extension is not supported.
Reservation Identification is ignored.

Extent List lengthmust bezero.ExtentList length is ignored.

8.22.1 Command Processing While Reserved
When areservation for a LUN is made by an initiator for the same odifierent initiator ( Third Party
option ), thefollowing rulesapply.

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

— All commands arepermitted.
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If the issuinginitiator is neither the onéhat made theeservation nor the onthat receive the reserva-
tion then :

- A REQUESTSENSE orINQUIRY command argermitted.
- A RELEASE command igpermitted but isgnored.
— Any othercommandresult in aRESERVATION CONFLICT status.

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

- A REQUESTSENSE,INQUIRY, RELEASE or RESERVEcommand argermitted.
— Any other commandsesult in aRESERVATION CONFLICT status.

If the issuinginitiator is not the onghat made theeservation but is the one teeceive thereservation
then :

- RESERVEcommandresult in aRESERVATION CONFLICT status.
- A RELEASE command igpermissible but is ignored.
- Any othercommand isxecuted.

Note: A 3rdPty bit has no meaning if the initiatalesignatedtself.
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8.23 REZERO UNIT (01h)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 01h
BYTE 1 LUN RSVD = 0
BYTE 2 RSVD = 0
BYTE 3 RSVD = 0
BYTE 4 RSVD = 0
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 76.REZERO UNIT (01h)

The REZERO UNITcommandrequestghat thedrive seeks to logicablock address 0.
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8.24 SEEK (0Bh)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command Code = 0Bh
BYTE 1 LUN (MSB) LBA
BYTE 2 LOGICAL BLOCK ADDRESS
BYTE 3 LOGICAL BLOCK ADDRESS (LSB)
BYTE 4 Reserved
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 77.SEEK (0Bh)

The SEEKcommandrequests thalrive to seek to the specified logichlock address.
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8.25 SEEK EXTENDED (2Bh)

BIT

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

Figure 78.SEEKEXTENDED (2Bh)

The SEEKEXTENDED commandrequests thalrive to seek to the specified logichlock address.
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8.26 SEND DIAGNOSTIC (1Dh)

BIT
7 6 5 4 3 2 1 0

BYTE 0 Command Code = 1Dh

BYTE 1 LUN PF RSVD=0 |SIfTst |DevOfl |UntOfl
BYTE 2 RSVD = 0

BYTE 3| (MSB) Parameter List Length

BYTE 4 (LSB)
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 79.SEND DIAGNOSTIC(1Dh)

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 Initiatocomform to thepagestructure as
specified inSCSI-2 standard. This bihust be set to 1 if th&IfTst bit is set to 0. This bit isignored by
the Target if theSIfTst bit is set.

SIfTst set to 1 indicates théevice shouldperform it's internalself test. If set to Othen aparameteiist
should be sent by the initiator.

DevOfl this bit is ignored by thealrive for compatibility.
UntOfl this bit is ignored by tharive for compatibility.

Parameter List Length is ignored by thedrive if the SIfTst bit is setOtherwise it should be set to the
length of the page to be transfered in tBbata Outphase of thecommand. If itdoes notmatch the
expected length of the page @HECK CONDITION statuswill be generatedwith a Sense Key of
lllegal Request anddditionalsense ofinvalid Field in CDB.

If the SIfTst bit is setupon commandcompletion, thefollowing status is returned:

GOOD status forsuccessfutestcompletion.
CHECK CONDITION status forunsuccessful testompletions.

The selfdiagnostics consists of twparts 3

« 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 spindlmotor is sarted. This includes dislaccess (seek), R/W
channel, and error correctiagircuitry verification. A reserved area on the diskuised for this test.

3 See 11.20.27DiagnosticsCommand” onpage 179 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.

8.26.1 Send Diagnostic Page 0

This page requestthat thefile return alist of supportedpages on thaextreceivediagnosticccommand.

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

1 Reserved = 0

2-3 PageLength = 0

8.26.2 Send Diagnostic Page 40h

the translate address page. This

This allows theinitiator to translate dogical block address or physical sector address to thker format.
The address to be translated is passed to the target with the Send Diagrmsticand and theesults are
returned to the initiator by th®eceive Diagnosticeommand.

The target willread theparametedist from the initiator and if noerrors are detected in thgarameterlist
Good Statuswill be returned. The data translatiomill be performeduponreceipt of the Receive Diagnostic
command.

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

1 Reserved = 0

2-3 PagelLength = 0Ah

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

Supplied Format may take either of the twéollowing values
- 000bblock format

— 101bphysical sectoformat

It specifies theformat in which theaddress habeen supplied.

- Translate Format may take either of the two formatspecifiedabove andspecifiesthat format that the
addressshould be translated into. If thier of theformat fields isinvalid or they specify thesame format
the commandwill terminate withCHECK CONDITION status with aSense oflllegal Request and
lllegal Field in ParametelL.ist.

124 OEM Hard Disk Drive Specifications foDPES-3xxxx



- Address to Translate contains theaddress to translate.

If thiegical block format isspecified then the

first 4 bytes of thefield, ie bytes 6 to 9,contain the LBA and the remaindenust bezero. For the

physicalformat theaddresamust bespecified as follows.

Byte 7 6 5 0
6-8 Cylinder Number

9 HeadNumber

10 - 13 | SectorNumber
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8.27 START/STOP UNIT (1Bh)

BIT
7 6 5 4 3 2 1 0

BYTE 0 Command Code = 1Bh

BYTE 1 LUN RSVD = 0 Immed
BYTE 2 RSVD = 0

BYTE 3 RSVD = 0

BYTE 4 RSVD = 0 Start
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 80.START/STOP Unit(1Bh)
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 beused to determine when thdrive becomesready after a
spin-up.

« Start bit is to specify:

0 Stop the spindle.
1 Start thespindle.

Note: Once the drive habecomeready (after gpower on ) the Start/StoPNIT command can besed
without anyerrors,regardless of thstate of themotor, i.e. stopped ospinning.
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8.28 SYNCHRONIZE CACHE (35h)
BIT

7 6 5 4 3 1 0
BYTE 0 Command Code = 35h
BYTE 1 LUN RSVD = 0 Immgd ReIAOdr
BYTE 2|  (MSB)
BYTE 3 Logical Block Address
BYTE 4
BYTE 5 (LSB)
BYTE 6 Reserved
BYTE 7|  (MSB)
BYTE 8 Number of Blocks (LSB)
BYTE 9 VU = 0 RSVD = 0 FLAG | LINK

Figure 81.SYNCHRONIZE CACHE(35h)

The SYNCHRONIZE CACHECommandensuresthat logical blocks in the cache have theimost recent

datavalue recorded on the media.

Logical Block Addressis to specify:
where theoperationbegins.

Number of Blocks specifies:

The totalnumber of catiguouslogical blocks within therange. Number of Blocks of zero indicates

that allremaininglogical blocks on thdogical unit sarewithin the range.

Immed (immediate)must bezero.

An immediate bit of zerandicatesthat the statusshall not be eturned until the operation hasom-

pleted.
If the Immed bit is set to one, thdrive returns CheckCondition status withSense Key oflllegal

Request andAdditional SenseCode sofinvalid Field inCDB.

RelAdr (relative addressinust bezero.

The drivedoes notsupport therelative addressing.

If the RelAdr bit is set to one, thealrive returns CheckCondition status withSense Key oflllegal
Request andidditional SenseCode ofinvalid Field in CDB.
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829 TEST UNIT READY (00h)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 00h
BYTE 1 LUN RSVD = 0
BYTE 2 RSVD = 0
BYTE 3 RSVD = 0
BYTE 4 RSVD = 0
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 82. TESTUNIT READY (00h)

The TESTUNIT READY commandallows theinitiator to check if thedrive isREADY. The SCSlspec-
ification definesREADY as theconditionthat thedrive accepts media-acces®mmands withouteturning
CHECK CONDITION status.

The driveverifiesthat themotor isspinning at thespecifiedspeed(4500RPM).

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

The TESTUNIT READY command is nointended as aiagnostic. Noself diagnostic is performed by the
device as aesult of thiscommand.

The TESTUNIT READY command hasspecial significance forpower sguencing using theSTART
UNIT commandwith an Immediate 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 idefault. The drivedoes not execute angommands other than
TEST UNIT READY, INQUIRY or REQUEST SENSE commandintil the the Power Onsequence is
completed. Thedrive returnsCHECK CONDITION status withSense Key of NOTREADY and Sense
Code of INPROCESS OBBECOMING READY for all other commandsluring thePower Onperiod.
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8.30 VERIFY (2Fh)

BIT

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

Figure 83.VERIFY (2Fh)
The VERIFY commandrequests thalrive to verify the datawritten on the media. Averification length of
zero indicateghat no datawill be transferred. This condition is notconsidered an error.

- ByteChk indicates;

0 The verification isperformed by ECC check. No data transfieom the initiator is per-
formed in thiscase. If an ECCerror is detectedCHECK CONDITION status is returned
with sense key oMEDIUM ERROR.

1 Byte-by-bytecomparison is not supported.
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8.31 WRITE (0Ah)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command Code = 0Ah
BYTE 1 LUN (MSB)  LBA
BYTE 2 LOGICAL BLOCK ADDRESS
BYTE 3 LOGICAL BLOCK ADDRESS (LSB)
BYTE 4 TRANSFER LENGTH
BYTE 5 VU = 0 RSVD = 0 FLAG | LINK

Figure 84.WRITE (0Ah)

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

See 8.12'READ (08h)” onpage 101 for the parameters.
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8.32 WRITE EXTENDED (2Ah)
BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 2Ah
BYTE 1 LUN ng FUA RSVD = 0 Rm%m
BYTE 2| (MSB) Logical Block Address
BYTE 3
BYTE 4
BYTE 5 (LSB)
BYTE 6 RSVD = 0
BYTE 7| (MSB) Transfer Length
BYTE 8 (LSB)
BYTE 9 VU = 0 RSVD = 0 FLAG | LINK

Figure 85.WRITE EXTENDED (2Ah)

The WRITE EXTENDED commandrequests thedrive to write the data transferreftom the initiator.
This command igprocessedike the standardWRITE commandexcept for the longer transfer length.

DPO
FUA

RelAdr

Disable pageout. must be set to zeroDisable page out is nadupported.

Force unitaccess. A FUA bit of 1 indicateghat the drive must write the data to the media
before returning Goodstatus. An FUA bit of Oindicates the drive mayeturn Good Status
prior to writing the data to the media.

Relative Block Addressmust be set to zerg indicatingthat thelogical block addressfield speci-
fies the first logical block of therange oflogical blocks to be operated on by thisommand.
Relative address is n@upported.

Transfer length The number ofcontiguous blocks to béransferred. If the transfer length is zero, theek

occurs but no data is transferredhis condition is notconsidered an error.
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8.33 WRITE AND VERIFY (2Eh)

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

Figure 86.WRITE AND VERIFY (2Eh)

WRITE AND VERIFY commandrequests thalrive to write the data transferredom the initiator to the

medium and toverify that the data iorrectly written.

« ByteChk the options:

ByteChk
0

1

Description

The data is readback from thedisk andverified using ECC after thesuccessful writeopera-
tion. If an ECC error isdetected in theverify process, CHECK CONDITION status is
returned withsense key oMEDIUM ERROR.

Not supported.

- DPO(Disablepageout) must be set to zeraDisable page out is nagupported.

- Relative Block Addressnust be set to zerandicatingthat thelogical block addresdield specifies the first
logical block of logical blocks to be operated by thtsommand. Relative address is nupported.

« A transfer length of zero indicatdbat no data igransferred.

If caching is enabled, theommandperforms an impliedorce UnitAccess(FUA) and animplied Syn-
chronize Cachdefore starting the@peration. Thisnsuresthat the medium, not theache, is beingreri-

fied.
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8.34 WRITE BUFFER (3Bh)

BIT

7 6 5 4 3 2 1 0
BYTE 0 Command Code = 3Bh
BYTE 1 LUN RSVD = 0 MODE
BYTE 2 Buffer 1D
BYTE 3| (MSB) Buffer Offset
BYTE 4
BYTE 5 (LSB)
BYTE 6| (MSB) Parameter list length
BYTE 7
BYTE 8 (LSB)
BYTE 9 VU = 0 RSVD = 0 FLAG | LINK

Figure 87.WRITE BUFFER (3Bh)

The WRITE BUFFER command isused inconjunction with the READBUFFER command as aliag-
nostic function fortesting the drivememory and the SCSI buisitegrity. This commanddoes not alter the
medium of thedrive. 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 command descpitor block depend on
the contents of the modkeld.

MODE Description
000 Write combined header and data

010 Data
100 DownloadMicrocode
101 DownloadMicrocode andSave

- All other modes are not supported by thdve.

8.34.1 Combined Header And Data (Mode 000b)

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

Buffer ID This field must bezero. Ifanothervalue isspecified, no downloadunction are
performed and theommand igerminated withCHECK CONDITION status.
And the drive shall set sense key tbLEGAL REQUEST andadditionalsense
code tolLLEGAL FIELD IN CDB.
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Buffer Offset

Parameter List Length

This field must bezero. If anothervalue isspecified, no downloadunction are
performed and theommand igerminated withCHECK CONDITION status.
And the drive shall set sense key tbLEGAL REQUEST andadditionalsense
code tolLLEGAL FIELD IN CDB.

This field specifies thenumber of bytes that shall be transferredluring the
DATA OUT phase. Thisnumberincludes four bytes of header, so the data
length to be stored in thdrive buffer is transfefength minusfour.

The four-byte header consists of aflserved bytes.

BIT

7 5 4 3 2 1 0
BYTE 0 RSVD = 0
BYTE 1 RSVD = 0
BYTE 2 RSVD = 0
BYTE 3 RSVD = 0

Figure 88. WRITE BUFFER Header

8.34.2 Write Data (Mode 010b)

In this mode, theDATA OUT phase containbuffer data.

Buffer ID

Buffer Offset

Parameter List Length

This field must be set tozero, indicating the data transfer buffer. dhother
value is specified, thecommand isterminated withCHECK CONDITION
status. Thedrive shall set sense key td LEGAL REQUEST andadditional
sensecode tolLLEGAL FIELD IN CDB.
This specifies the offset of thenemory spacespecified by the Buffer ID. The
initiator should conform to the offset boundaryequirements returned in the
READ BUFFER descriptor. If the valueexceeds the buffer specified, the
command isterminated withCHECK CONDITION status. thedrive shall set
sense key tdLLEGAL REQUEST andadditional sensecode to ILLEGAL
FIELD IN CDB.
This field specifies theParametelList 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 isterminated withCHECK CON-
DITION status. thedrive shall set sense key ti.LEGAL REQUEST and
additionalsensecode tolLLEGAL FIELD IN CDB.

8.34.3 Download Microcode (Mode 100b)

In this mode, themicrocode istransferred to thecontrol memoryspace of thefile. Once downloaded the
drive will operate with thenewly downloaded code until the nepbwer cycle.

Buffer ID

The buffer ID field is used to indicate whiclportion of themicrocodeimage is
being downloaded. If it is set to '00then the mainmicroprocessor code is
updated. If thebuffer ID is'01'x then the HD Cpico code isupdated.

Any other value for the buffer ID except00'x and '0O1'xwill cause the
command toterminate withCHECK CONDITION status. Thedrive shall set
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sense key tdLLEGAL REQUEST andadditional sensecode to ILLEGAL
FIELD IN CDB.

Buffer Offset This specifies the startingddress of thedownloaded Microcode. Imust be
zero. If an invalid value ispecified, thecommand iserminated withCHECK
CONDITION status . Thedrive shall set sense key it LEGAL REQUEST
and additionakensecode tolLLEGAL FIELD IN CDB.

Transfer Length The total microcoddength must be0x8000 for both themain microprocessor
and the HDC pico processor updates. It mago be set to '0000'x in which
case nocode isupdated. If aninvalid value isspecified, thecommand isermi-
nated with CHECK CONDITION status. Thedrive shall set sense key to
ILLEGAL REQUEST andadditional sensecode to ILLEGAL FIELD IN
CDB.

This process generatesumit attention condition foMICROCODE HASBEEN CHANGED for all initi-
atorsexcept the one which sent therite buffer command.Once thewrite buffer command hadveen com-
pleted the new microcode is immediately ready dgreration.

Note: This option is documentedithin this spec to indicatehat thedrive will accept acommand ofthis
form though it is notexpectedthat a customerwill ever issuesuch acommand. To use therite buffer
command inthis manner aspecialmicrocode versionwill be required from development. If such a micro-
code is rebasedrom development then ivill includeappropriate instructions on the function of new micro-
code and iteffect on theoperationsafter downloading.

If the write buffercommand isexecuted with thioption and thecode downloaded is notalid for the drive
then it is to be expectethat thedrive will hang on this or aubsequentommand. Thishould normally be
recoverable by gower on/offcycle.

8.34.4 Download Microcode and Save (Mode 101b)

In this mode, themicrocode istransferred to the drive and savatto the Systemreserved area on the disk.
The downloaded code becomeffectiveimmediately after dawnload andafter eachPower On Resetintil it
is overwritten byanother downloadnicrocode andsaveoption.

The codemust bedownloaded to thalrive in 5separate blocks.Each ofthese beind32KB in size, giving a
total code size of 160KB. The 5 blocksmust besent in the correct sequential order bather commands
may be interspersed betweémem, however if power iscycled or a resebccures the dwnload procedure
must berestarted. As the blocks areceivedthey are storednto areserved area of thdrive - atthis stage
they DO NOT overwrite theurrent microcode.When thelast of the 5 blocks iseceived the dwnloadwill
be checked viachecksum and signature fantegrity and compatibility with the ROM code. Once these
checks have passed thigive will overwrite the old code stored on thiisk with the newdownload. The
new downloadwill also be loadednto memory.

Buffer ID The buffer ID field is used to indicate whiclportion of themicrocodeimage is
beingdownloaded.

The buffer ID must be set td00'x on thefirst block, '01'x on the second block
etc. The blocksmust besent to thedrive in the correctlogical order, with no
omissions or resends of blocks. On all writeffer commandsexcept thefinal
one the drive merelystores the code and naction is taken. When thefinal
block is received, the driveattempts to use the newicrocode. In between
downloading the code blocks trdrive will continue toaccept and processther
commandsfrom this and anyother initiator. It is not until thefinal block of
code has beemeceivedthat thecode the processors isinning ischanged. In
addition it is legal to send some but not all of thecode andthen to start
sending a differentevel of code as long as this seconelvel of code is started
from the beginning, ie buffer ID'00'x.
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Any value for the buffer ID excep00'x or anincrementing value based on the
last block sentwill cause thecommand toterminate withCHECK CONDI-
TION status. Thedrive shall set sense key thLEGAL REQUEST andaddi-
tional sensecode tolILLEGAL FIELD IN CDB.

Buffer Offset This specifies the startingddress of thedownloaded Microcode. Imust be
zero. If an invalid value ispecified, thecommand isterminated withCHECK
CONDITION status . Thedrive shall set sense key i LEGAL REQUEST
and additionakensecode tolLLEGAL FIELD IN CDB.

Transfer Length Total microcode lengthmust bespecified. Thisvalue siould be0x8000. It may
also be set '0000'x in whicbase nocode isupdated. If aninvalid value is spec-
ified, the command isterminated withCHECK CONDITION status. The
drive shall set sense key ic LEGAL REQUEST andadditionalsensecode to
ILLEGAL FIELD IN CDB.

Note: New code to be downloaded to thkive will be provided by develop-
ment either inrequest to a customers request for additional function or as a
result of a bug fix to acritical drive function. Please note howevéhat not all
possiblefixes or newfunction can be applied to thdrive in this manner and
that there is avery considerable dependancy on thevel of ROM code con-
tained within thedrive. If invalid code or codehat is notcompatible with the
ROM code is downloaded thérive will normally reject this code anavill con-
tinue normal operationHowever there is aery small possibility of invalidcode
being acceptedabout 1 in4E9) and if this occures thenit will usuallybecome
inoperable and have to be returned to the manufacturer tedevered.

This process generates umnit attention condition oMICROCODE HASBEEN CHANGED for all initi-

ators except the one sending the last write buffermmand (It islegal to send thedifferent blocks of code
from varying initiators as long as thegrrive at the drive in thecorrectlogical order - althoughthis is not
recommended). Once thfinal write buffer command hasompleted the new code is immediatedyailable
and will beused for processinépllowing commands. There is ndelay requiredafter thecompletion of the
write buffer commandbefore the drive carstart accepting newommands. However thénal write buffer
command may take up to $econds to complete.
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8.35 WRITE LONG (3Fh)

BIT

7 6 5 4 3 1 0
BYTE 0 Command Code = 3Fh
BYTE 1 LUN Reserved = 0 RelAd

=0

BYTE 2 | (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS
BYTE 4
BYTE 5 (LSB)
BYTE 6 Reserved = 0
BYTE 7 | (MSB)
BYTE 8 Byte Transfer Length (LSB)
BYTE 9 VU =0 RSVD = 0 FLAG | LINK

Figure 89.WRITE LONG (3Fh)

The WRITE LONG commandrequests thalrive to write one block of data transferredrom the initiator.
The transfedatamustinclude;

- 512 bytes ofdata
16 bytes of ECC data

Parametersre,
+ RelAd (Relative Block Address). This is naupported.
. LOGICAL BLOCK ADDRESS field specifies the logicablock at which the rea@dperationshall occur.

- Byte Transfer Length. This field must exactly specify thenumber ofbytes of datathat areavailable for
transfer. If anon-zero bytetransfer length does nonatch theavailable data lengthCheck Condition
status is returned witlsense Key ofLLEGAL REQUEST andAdditional SenseCode of INVALID
FIELD IN CDB.
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9.0 SCSI Status Byte

Upon thecompletion of acommand, 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 90. SCSI StatuByte. Format of theSCSISTATUS byte. All Reservedields(R) are set taero.

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 command should bissued todetermine thenature of the

condition.
04h CONDITION MET

This statusindicatesthat therequestedperation issatisfied. (SeéPre-Fetch"Command)
08h BUSY

This condition is returned when disconngwivilege 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.

14h INTERMEDIATE/CONDITION MET
This status is theombination of CONDITION MET and INTERMEDIATE /GOOD.
18h RESERVATIONCONFLICT

This status is returned whenever 8&SI| deviceattempts toaccess thdile, but it hasbeen
reserved byanotherinitiator. (See 8.22'RESERVE (16h)” on page 118.)

28h QUEUE FULL
This statusindicatesthat thetargetscommandqueue isfull. If tagged commandqueuing
feature is enabled and there is moom on the commandjueue,this status is returned
when theinitiator sends &command. Fothis statussense is not valid.
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10.0 SCSI MESSAGE SYSTEM

This chapterdetails how the messaggystem isimplemented on thdile. Included is a functional description
of the supportednessages.

10.1 Supported Messages

The messagsupported by thdile is shows in Figure 91.

MESSAGE CODE Direction Negate ATN
(hex) Before last ACK

COMMAND COMPLETE 00 IN —
SYNCHRONOUS DATA TRANSFER REQUEST 010301 IN ouT Yes
SAVE DATA POINTER 02 IN —
RESTORE POINTERS 03 IN —
DISCONNECT 04 IN —
DISCONNECT 04 ouT Yes
INITIATOR DETECTED ERROR 05 ouT Yes
ABORT 06 ouT Yes
MESSAGE REJECT 07 IN ouT Yes
NO OPERATION 08 ouT Yes
MESSAGE PARITY ERROR 09 ouT Yes
LINKED COMMAND COMPLETE 0A IN —
LINKED COMMAND COMPLETE (w/FLAG) 0B IN —
BUS DEVICE RESET 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
IDENTIFY 80 —FF IN —
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
X = Queue Tag

Figure 91. Supportedlessages

If an unsupportednessage is received, the drivell send theMESSAGEREJECTmessage to thaitiator.
When unsupportednessages are received to a vahéxus of thedrive, the drive executes a following
command. When unsupportedessages are received to an invaligius of thedrive, the drive goes to BUS
FREE phase.
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10.1.1 COMMAND COMPLETE (00)
The file sends thismessage to thanitiator to indicatethat theexecution of acommand haderminated and

that valid status has been sent to the initiatokfter successfullysending thismessage, théle releases all bus
signals and goes to BUBREE phase.

10.1.2 SYNCHRONOUS DATA TRANSFER REQUEST (01,03,01H)

Byte Value  Description

0 01H Extended message

1 03H Extended message length

2 01H SYNCHRONOUS DATA TRANSFER REQUEST code
3 M Transfer period (M times 4 nanoseconds)

4 X REQ/ACK offset

Figure 92. SynchronouBata Transfer Request.

A pair of SynchronoudData TransferRequest{SDTR) messageshown inFigure 92 are exchanged between
an initiator and a Target t@stablish thesynchronous dataransfer mode between the twaevices. The
message exchange establishes the permissible trapsfeod andREQ/ACK offset for asynchronous data
transfer between the twdevices. Theinitiator may initiate asynchronous dataéransfernegotiation at any
time after the LUN hasbeenidentified. A SynchronousData TransferRequest(SDTR)message exchange
shall be initiated by anSCSI device whenever a previously arranged data transfer agreement may have
becomeinvalid. The agreement becomésvalid after any conditiorwhich may leave theata transfer agree-
ment in anindeterminate statsuch as;

1. after aPower-on Reset
2. after aSCSI Bus"hard" resetcondition
3. after a Bus Devic&Resetmessage

In addition, a SCSdevice mayinitiate aSDTR message exchange whenever iajgpropriate tonegotiate a
new datatransfer agreement(eithsynchronous or asynchronous).

M The transferperiod(M above) is thaninimum time allowed betweerleadingedges of successive
REQ pulses and o$uccessive ACKpulses tomeet thedevicerequirements fosuccessfurecep-
tion of data. Thefile supportstransferperiod in the range 100 nSec to 475 nSec in 25 nigere-
ments.

REQ/ACK Offset
The ACK/REQ offset(X above) is themaximum number of REQpulses allowed to beut-
standing before thdeading edge of itscorresponding ACK pulses iseceived at thefile. A
REQ/ACK offset value of zero indicateasynchronous dataransfer mode. Thefile supports
REQ/ACK offset values in theange Othrough 15.

If ATN is negated before all bytes of a multiple-byte extendedssage is received, tiie will go to BUS
FREE to signal acatastrophic error.
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10.1.2.1 Synchronous Negotiation Started by the Initiator

The fileresponds to each Initiator requestidnsferperiod asshown in thefollowing figure Figure 93:

Target Maximum
[nitiator Target Transfer Burst
Request Response  Period Rate

0 <= Mi <= 25 Mt =25 100 nSec 10.00 MB/s
26 <= Mi <= 31 Mt = Mi 125 nSec 8.00 MBIs
32 <= Mi <= 37 Mt = Mi 150 nSec 6.67 MBIs
38 <= Mi <= 43 Mt = Mi 175 nSec 5.71 MB/s
44 <= Mi <= 50 Mt = Mi 200 nSec 5.00 MBIs
51 <= Mi <= 56 Mt = Mi 225 nSec 4.44 MB/s
57 <= Mi <= 62 Mt = Mi 250 nSec 4.00 MB/s
63 <= Mi <= 68 Mt = Mi 275 nSec 3.64 MBIs
69 <= Mi <= 75 Mt = Mi 300 nSec 3.33 MBIs
76 <= Mi <= 81 Mt = Mi 325 nSec 3.08 MBIs
82 <= Mi <= 87 Mt = Mi 350 nSec 2.86 MBIs
88 <= Mi <= 93 Mt = Mi 375 nSec 2.67 MBIs
94 <= Mi <= 100 Mt = Mi 400 nSec 2.50 MBIs
101 <= Mi <= 106 Mt = Mi 425 nSec 2.35 MB/s
107 <= Mi <= 112 Mt = Mi 450 nSec 2.22 MB/s
113 <= Mi <= 118 Mt = Mi 475 nSec 2.11 MB/s
119 <= Mi <= 255 Mt = Mi (Asynchronous mode) N/A

Figure 93. Initiator Request/Target Response
10.1.2.2 Synchronous Negotiation Started by the Target

If the file recognizethat negotiation is required, théle sends a SDR message to timétiator with transfer
period equal to 200Sec (M = 50). Thefile interprets the Initiator correspondirtgansferperiod asshown
in the following figure Figure 94:

Target Maximum

Initiator's  Transfer Burst

Response Period Rate

0 <= Mi <= 24 Send Message Reject(Async mode) N/A
25 <= Mi <= 25 100 nSec 10.00 MB/s
26 <= Mi <= 31 125 nSec 8.00 MBIs
32 <= Mi <= 37 150 nSec 6.67 MBIs
38 <= Mi <= 43 175 nSec 5.71 MBIs
44 <= Mi <= 50 200 nSec 5.00 MBIs
51 <= Mi <= 56 225 nSec 4.44 MB/s
57 <= Mi <= 62 250 nSec 4.00 MBIs
63 <= Mi <= 68 275 nSec 3.64 MBIs
69 <= Mi <= 75 300 nSec 3.33 MBIs
76 <= Mi <= 81 325 nSec 3.08 MBIs
82 <= Mi <= 87 350 nSec 2.86 MBIs
88 <= Mi <= 93 375 nSec 2.67 MBIs
94 <= Mi <= 100 400 nSec 2.50 MBIs
101 <= Mi <= 106 425 nSec 2.35 MBIs
107 <= Mi <= 112 450 nSec 2.22 MBIs
113 <= Mi <= 118 475 nSec 2.11 MBIs

119 <= Mi <= 255  Send Message Reject(Async mode) N/A

Figure 94. Target Response to Initiator's Transferiod
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10.1.3 SAVE DATA POINTER (02)

This message isent from thefile to direct the initiator tocopy the active datapointer to thesaved data
pointer. The SAVEDATA POINTER message is onlysent 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 aanother data phase iequired tosuccessfullycom-
plete thecommand.

10.1.4 RESTORE POINTERS (03)

This message isent from thefile to direct an initiator tocopy themostrecently savegointers to the corre-
spondingcommand,data, and status pointersCommand andstatus pointers should beestored to the
beginning of the presemdommand andstatusareas. The datpointer should beestored to the value at the
beginning of thedataarea in the absence of ®AVE DATA POINTER message or to the value at tpeint
at which thelast SAVE DATA POINTER messageccurred. Also se&0.4,“SCSI Bus Related ErroHan-
dling Protocol” onpage 149.

10.1.5 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 théus. These mes-
sages ar®nly sent if the initiatorpreviously indicated (via théDENTIFY message) the ability taccommo-

date disconnection and reconnection.

The DISCONNECTmessage may also beent from the initiator to thdile to disconnect from theSCSI
bus. If thefile supportsdisconnecting at the time theISCONNECT message is receivddom the initiator,
the file will switch to theMESSAGE IN phase, send ®ISCONNECT message to thénitiator (possibly
preceded by &SAVE DATA POINTER message), anthen go to the BUSFREE phase. Thdile will not

participate inanotherARBITRATION phase for ateast adisconnectiordelay. If thefile does notsupport
disconnecting at the time the Discoect message is receiveftom the initiator, thefile will respond by
sending aMESSAGEREJECTmessage to thaitiator.

10.1.6 INITIATOR DETECTED ERROR (05)

This message isent from an initiator to inform thdile that anerror has beerdetectedthat does not pre-
clude thefile from retrying the previouCOMMAND, DATA and STATUS phase. The source of the error
may be either related to previoagtivities on the SCSI bus or may béternal to the initiator and unrelated
to any previousSCSI busactivity

If the initiator intends to send thimessage, thénitiator must a&sert the ATN signaprior to its release of
ACK for the lastbyte transferred in theénformation phasehat is to be retried. Thiprovides 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 previorGOMMAND, DATA, or STATUS phase.
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10.1.7 ABORT (06)

This message isent from the initiator todirect thefile to clear thepresent operation fothis initiator and
logical unit, including queued command(s). If bgical unit has beeridentified, then all pending data and
status for theissuinginitiator and thislogical unit will be cleared and thdile will go to the BUS FREE

phase. Pending data and status ddher 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 logicalnit 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.

10.1.8 MESSAGE REJECT (07)

This message isent fromeither the initiator or thdile to indicatethat thelast message received wasap-
propriate or has not been implemented.

If the initiator intends to send thimessage, thénitiator must assert the ATN signaprior to its release of
ACK for the REQ/ACK handshake of thenessagdyte that is to berejected. This provides an interlock so
the 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 signalThis provides an interlock so the
initiator can determine whicimessage is rejected. After tliee sends aESSAGEREJECTmessage and if
ATN signal is stillasserted then it shatleturn to theMESSAGE OUT phase. the subsequeMESSAGE
OUT phaseshall begin withfirst byte of amessage.

10.1.9 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.

10.1.10 MESSAGE PARITY ERROR (09)

This message isent from the initiator to inform thdile that the last messagdyte received had garity
error.

If the initiator intends to send thimessage, thénitiator must a&sert the ATN signaprior to its release of
ACK for the REQ/ACKhandshake of thenessagédyte that has theparity error. This provides an interlock
so the file candetermine whichmessagédyte has the parity error.

If the file receivesthis messagainder any othecircumstance, thdile will change to BUSFREE tosignal a

catastrophic error.After receivingthis message, théle will retry sending the previousiessage to the initi-
ator.
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10.1.11 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.

10.1.12 LINKED COMMAND COMPLETE WITH FLAG (0B)

The file sends thismessage to thanitiator to indicatethat theexecution of a linkeccommandwith flag bit
set to one has completed amldat valid status has been sent to the initiatoAfter successfullysending this
message, théle goes toCOMMAND phase toreceive thenextcommand.

10.1.13 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.

10.1.14 ABORT TAG (0D)

When thetargetreceivesthis message successfully, it clears tberrent 1/0O process and go to Busee. If
the target has alreadstarted execution of 1/O process, the executidgh be halted. Pending status, data and
commands for otheactive orqueued I/Oprocess shall not baffected.

10.1.15 CLEAR QUEUE TAG (OE)

All 1/O process for all initiators shall beleared. All active 1/O process shall herminated. The targethall
go to the Bus Free phadellowing successfullyreceipt of thismessage.

10.1.16 QUEUE TAG MESSAGES(20h, 21h, 22h)

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 95. Queue Tallessages

Queue Tagnessages aresed tospecify an identifier, called QueueTag, for an I/O process whichstablish
the |_ T L Q rexus. Thequeue tadfiled is an 8-bit unsignedinteger assigned by thiitiator during an
initial connection. The Queue Tag fewery 1/0O process for each _T_L nexusmust beunique. If the target
receives aQueue Tag that icurrently in use for thel_T_L nexus itwill respond as "Incorrect Initiator
Response". A Queue Tadmgecomesavailable 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 Tamessaganust besent immediately

following the Identify message amdithin the sameMESSAGE OUTphase toestablish thd_T_L_Q nexus
for the I/O process.
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Whenever the target reconnects to an initiator dontinue 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.

10.1.16.1 SIMPLE QUEUE TAG (20h)

The SimpleQueue TagMessagespecifiesthat thecurrent I/O process bplaced in thecommandqueue. The
order of execution, witlrespect toother I/O processes receivedith Simple Queue TagMessages, is up to
the discretion of the target. The targeill send a Simpl€Queue TagMessages after reselection for |/j@oc-
essedhat were received with eitheSimple, Ordered, or Head @ueue Tagnessages.

10.1.16.2 HEAD OF QUEUE TAG (21h)

Commandswith this tag should bdansertedinto the head of the queueWhen a command ibeing exe-
cuted, thistaggedcommandwill be inserted to thehead of queue to bexecuted after theommandbeing
currently executed. The previouwmmandbeing executedwvill not terminated by thistaggedcommand.
This taggedcommandwill wait until the previouscommand ighrough. Ifplural head-of-queugaggedcom-
mands argeceived,thosecommandwill be executed inLIFO(Last in First out) order.

10.1.16.3 ORDERED QUEUE TAG (22h)

This taggedcommand isexecuted in the ordereceived. All commandsreceivedbefore thiscommand
should beexecuted before thisommand, and all commandgceived afterthis commands lsould beexe-
cutedafterthis command.

10.1.17 IDENTIFY (80 - FF)

This message is set by either th@tiator 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 tfile 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 ldentify message iseceived withthese bits not equal to zerthen thefile
sends aMESSAGEREJECT message to thaitiator andgoes to the Bu$ree phase taignal a
catastrophic error condition.

Bits 2-0  These bitsspecify the logicaunit number(LUN).

Only one LUN may beidentified for any one selectioeequence. 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 totoggledisconnect/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.
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10.2 Supported Message Functions

The implementation of the supportedessagewvill also include the followingunctions.

Retry SCSICommand,DATA IN, DATA OUT, or STATUS phase
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 In, Data Out or StatBtase)

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 anitiator
detectedSCSI Busparity error during the Message In phase.

Receipt of multipleldentify message

— The initiator is allowed to send a multipléDENTIFY message out inorder to toggle the
disconnect/reconnect permission bifThis may be used to selectively enable or disable
disconnect/reconnect permission duripgrtion of a command. Note thahis 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 permissiomhis is equivalent toreceiving anIDENTIFY messageavith 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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10.3 Attention Condition

The attention conditiorallows aninitiator to inform thefile that aMESSAGE OUTphase idesired. The
initiator may create theattention condition byasserting the ATN signal at angime except 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 lasbyte transferred in a buphase to guarantethat the attentiorcondition will be
honouredbefore transition to a new bus phase. Thigll guarantee a predictabfde response tanessage
receivedduring theMESSAGE OUT phase for thisattention condition. If the ATNsignal is asserted later,
it might be honoured in thecurrent bus phase or the next bus phase treth may notresult 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 orlagical 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 anoffset 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 onemessagéedyte is to betransferred during
the MESSAGE Outphase. Thdile will process eaclmessagéyte (multiple-bytes for an extendadessage)
prior to receive thenext messagdrom the initiator. Thefile will continue to handshake amtocess byte(s)
in the MESSAGE OUTphase until ATNgoesfalseunless one of the followingondition occurs:

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.

10.4 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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10.4.1 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 initiator shuld interpretthis
as a catastrophic error condition.

If the LUN was identified by thdile prior to the error conditionthen thefile 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 tahis LUN.
Note however,that theREQUESTSENSE command mafail if the catastrophic error conditiopersists.

If the LUN was not identified by thdile prior to the error conditionthen thefile will not affect the sense
data or the operation of angurrently executinggommand forthis initiator or anyotherinitiator.

10.4.2 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 .

10.4.3 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 .

10.4.4 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 .

10.4.5 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.

4 The action for a particulafile model isdefined in the interface spemddendum foreach model.
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10.4.6 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.

10.4.7 MESSAGE REJECT Message

The file will take the following actionsafter receiving theMESSAGE REJECT message irresponse to mes-
sages listedelow.

DISCONNECT The file will not disconnect but remains connected.

COMMAND COMPLETE No error,continue to budree.

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 caised theRESTORE 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. This occurswhen thefile has notsent amessage, but gets a
MESSAGEREJECTfrom the initiator.
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11.0 Additional Information

This chapterprovides additionalinformation or descriptions of various functions, features, operating
models supported by the Targ#tat are noffully described in previous chapters.

11.1 SCSI Protocol

There arevarious operating conditionshat prevent the Target fronexecuting aSCSI command. This
sectiondescribesach of these operating conditions and threiative priority.

11.1.1 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, Busy or Reservation Conflict Statu3here areseveral differentinternal
conditions to beactive at thesame time. The order in which the Targetecks for each of theseonditions
determines their priority(highest prioritfirst) as follows:

1. Check Conditiorstatus forinvalid Logical Unit Number(se€ll.1.2,“Invalid LUN in Identify Message”)

2. Check Conditionstatus for Incorrect Initiator Connection(sdé.1.3,“Incorrect Initiator Connection”
on page 154)

3. Busy Status oQueue FullStatus, or addcommand to commandueue(seell.1.4,“CommandProc-
essingDuring Execution ofActive I/O process” on pagéd54)

4. Check Conditionstatus for Unit Attention condition(see11.1.5, “Unit Attention Condition” on
page 157)

5. Check Conditionstatus duringStart-up andFormat operations(seell1.1.6, “Command Processing
During Start-up and Format Operations” page 157)

6. Check Conditionstatus for InternalError Condition(seell.1.7, “Internal Error Condition” on
page 158)

7. Check Conditiorstatus for Deferredrror Condition(seel1.1.8,“Deferred error” onpage 159)
8. Check Conditiorstatus for DegradeMode Condition(seel1.1.9,"DegradedMode” on page 159)
9. Reservation Conflicstatus(sed 1.1.11,"CommandProcessing While Reserved” on pagé0)

10. Check Conditiorstatus forinvalid commandopcode

11. Check Conditiorstatus forinvalid commanddescriptor block

The highest priority internatonditionthat prexentscommandexecution 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 iscleared by theTarget upon receipt of anysubsequenctommand to the LUNfrom the initiator
receiving theCheck Condition.
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11.1.2 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.

11.1.2.1 Case 1 - Selection message sequence with Inquiry command

The INQUIRY command is aspecial case it8CSl. It is used taonfigure the busvhenfile IDs andLUNs
are not known. The propeaesponse is taeturn the inquiry data with aeripheraldrive type of 1Fh which
indicatesthat thespecified LUN is notsupported.

11.1.2.2 Case 2 - Selection message sequence with any other command

Any other commandsexceptREQUEST SENSE, return CHECK CONDITION status when arnnvalid

LUN is specified in the messagesequencefollowing selection. Inresponse to aBREQUEST SENSE
command thetarget shallreturn sensedata. Thesense key shall be set it LEGAL REQUEST and the
additionalsensecodeshall be set td. OGICAL UNIT NOT SUPPORTED.

11.1.2.3 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 Bug-ree Phase.

11.1.3 Incorrect Initiator Connection

It is an Incorrect InitiatorConnectionerror if any of thefollowing occurs:

an Initiator attempts t@stablish an_T_L nexus when an I/O process (eithgueued oractive) with an
|_T_L nexus alreadexistsfrom 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 sammitiator.

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 InitiatoilConnection tosend aRequestSensecommand without a Queue
tag messageavhen sense ispending on thelogical unit for the Initiatorthat issues theRequestSense
command.

an Initiator attempts t@stablish al_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 totOVERLAPPED COMMANDS ATTEMPTED.Status is only returned for the current I/O
process.

154 OEM Hard Disk Drive Specifications foDPES-3xxxx



11.1.4 Command Processing During Execution of Active 1/0O process

When theTarget is notexecuting any active 1/O processes, a new |/O procegelimitted toexecute (unless
execution is prevented bgnotherinternal Target conditiodisted in 11.1.1,“Priority of SCSI StatusByte
Reporting” onpage 153).

If an active I/O processloesexist when theTargetreceives a newommand, then th&arget determines if:

Check Condition Status wittsense Key = Aborted Command isreturned for an Overlapped Com-
mands Attemptearror

- the command ipermitted toexecute
« the command iadded to theommandqueue
Queue Full Status iseturned
Busy Status is returned
If an active 1/O processloesexist when theTargetreceives a hewcommand, then th&arget determines
how the new command should @ndled based on thiellowing rules:

Check Condition Status ieeturned withSense Key set té\borted Command for arOverlapped Com-
mands Attempteckrror if:

— See 11.1.3fIncorrect InitiatorConnection” onpage 154
« the command ipermitted toexecute if

— the command is atnquiry or RequesSensecommand

Check Condition Status ieturned withSense Key set to LogicdJnit Not Ready if:

- the start-up operation or format operation is a&ative process.
« the command ipermitted toexecute if

— the conditions teexecuteconcurrently are metSee 11.5,Concurrent I/OProcess” orpage 166)
« the command isadded to theommandqueue for an |_T_Lnexus if:

- no Queue Tagnessage was receivelliring theconnection which
established the I/O process,and
Untagged Queuing isnabled(UQE =1),and
disconnection isllowed for thecurrent 1/O process, and
— there is noqueued I/Oprocess or active |/O proces®rresponding to the
|_T_L nexus for the current I/Qrocess, and
- the command is nolinked to a previousommand.

« the command iadded to theommandqueue foran |_T_L_ Quexus 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 imllowed 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 previouzommand.

Note: Both Tagged andJntagged Queuingnust be enabled(DQue = 0 and UQE = 1) for fharget
to the queudagged I/O processdsom multiple Initiators.
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Queue Full Status is retoed if:

- the commandvould otherwise be queued(according to thaes described
above)but thecommandqueue isfull and all slots are utilized, or

the commandwvould otherwise be queued(according to thdes described
above)but all of theavailablecommandqgueueslots not reserved for use
by anotherinitiator areutilized, or

TaggedQueuing is enabled(DQue = 0) and arffat Unitcommand was
previouslyqueued but has not yet begenecution, or

TaggedQueuing is enabled(DQue = 0) and a Stdrit command was
previouslyqueued but has not yet begemecution.

Busy Status is returned if:

TaggedQueuing is disabled(DQue = 1) andF@rmatUnit command was
previouslyqueued but has not yet begenecution, or

TaggedQueuing is disabled(DQue = 1) and a Start Uodtimmand was
previouslyqueued but has not yet begemecution, or

- the commandvould otherwise be queued(according to thaes described

above)butdisconnection is noallowed for thecurrent I/Oprocess, or

- the commandvould otherwise be queued(according to thaes described

above)but Untagged Queuing is disabled(UQE = 0) and anpi@ess

(either active orqueued)exists at theTarget from adifferent Initiator.

If a command isqueued,commandexecution maystill be prevented at a latetime when thecommand is
dequeued to become aactive 1/0O processThis occurs if commandexecution is prevented bgnother
internal Target conditiodisted in 11.1.1,“Priority of SCSI StatusByte Reporting” onpage 153 at the time
the command islequeued.
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11.1.5 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 initiattirat has queued commands, if ...

- ClearQueueMessage igeceived.
— ContingentAllegianceCondition isclearedwhenQERR (inMode Page 0A) is 1.
— DQue is set to While queuedcommandexist.

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 theommandwith GOOD status andoreserves thenit attention con-
dition.

REQUEST SENSE

If the file has anavailablependingsense data for thaitiator, thefile sends the pending
sense data and preserves tlrét attention condition for thénitiator.

If the file does not have an availabfendingsense data for thaitiator, the file sends
sense data for thanit attention condition andlear theunit attention condition for the
initiator.

ALL OTHER The file terminates th&eommandwith a CHECK CONDITION status andpreserve the
unit attention condition.

If the file receives acommandform 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 clear theunit attention condition for thénitiator.

ALL OTHER The file execute thecommandwith GOOD status andlear theunit attention condition
unlessanother unit attention conditioexists. And then the sense data for theit
attention condition idost.

11.1.6 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 a inquiry data an@turns appropriate status.
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REQUEST SENSE Execute thecommand,returns aSense key of NOTREADY and an Additional
SenseCode of LOGICAL UNIT NOT READY andreturnGOOD STATUS.

The Additional SenseCode Qualifier that is eturned dependent on type of 1/O proc-
esseghat areactive:

For the START/STORUNIT and the Auto-starbperation, thequalifier reurned is
LOGICAL UNIT ISIN PROCESS OBBECOMING READY. For theFORMAT
UNIT command, the qualifier returned is LOGICAL UNIT NOT
READY,FORMAT IN PROGRESS, and th&ense keyspecific bytes are set to
return theprogress indication.

START/STOP UNIT If Untagged Queuing i®nabled(UQE = 1), and the start-up operation isative
process and &tart/Stop Unit command(eithaictive orqueued)does notexist at the
Target from this initiator, and disconnection alowed for thecurrent 1/O process
then: Thecommand isadded to thecommandqueue.

Otherwise: Do not execute theommand andeturn Check ConditiorStatus. The
Sense data generated is describedRaquestSenseabove.

ALL OTHER The file terminates thecommand withCHECK CONDITION status. TheSense
data generated is describedRequestSenseabove.

11.1.7 Internal Error Condition

The Targetgenerates ainternal Error condition for allnitiators when:

an internally initiatedoperations with an unrecoverable error. floowing is a list of internally initiated
error conditions:

— During the execution of the start-ugequence folAuto Start after the SCSI bus has beeanabled
and prior to completion of the bring-upequence.

- Following a SCSI H/Wreset or aSCSI BusDevice Resetmessage if the reset was receivéaring a
start-upsequence with théuto Start function enabled. Thetart-upsequence is executed if it has
not beenpreviously executed andompleted.

an recoverable error occurs during an intermatgetidle time function

An Internal Error conditioncauses Sense data to be generated and saved forité@ditors. 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. AaytstandingDeferredError condition iscleared for allinitiators and
the associated Senskata islost.

The Internal Error conditionpersists for eachnitiator until that Initiator clears thecondition from the
logical unit as described below. Severalcommands arénandled asspecial casesluring an InternalError
condition. Thesecases aralso discussed.

If the Targetreceives acommandfrom an Initiatorwhile anlInternal 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 theernal 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.
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11.1.8 Deferred error

Error code (71h) ofsense data indicatabat the Check Conditiostatus returned is theesult of an error or
exception conditionthat occurred during execution of a previowmmand forwhich Good status has
alreadybeen returned.

The drive creates an Deferrégtror 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.

11.1.9 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 possibMso, in mostcasessome action on the part of
the initiator may be used to restorrmal operation. This mode dimited operation iscalled Degraded
Mode.

11.1.10 Degraded mode handling

If any of degrade modeonditionoccurs, an initiator cameceive the sense key éfardware error (4h).After
clearing the sense key, the drimeceptscommandsaccording to the status of trdegrademode.

The following table shows thalegrade modestatus, acceptableommand andadditional sensecode. If the
degrade mode exists, théard ware errorcondition caused by thdegrade modewill be recreated any time
after POR, SCSI Reset or BuBevice Resetmessage.Following list shows the variousperation mode.

11.1.10.1 Degrade Mode Entry Condition/Consequence State

Degrade- Entry Reason Accepting Description and sense code
Mode Request
Power on The integrity of the drive igjuestionable.
Self Test « Failure of a - Request Sensecode = 4080 (diagnosticfail),
fall Send Diag- Sense Sensecode = 4081 (HDC),
nostic self- 4082 (HIC),
test « Inquiry 4083 (other)
4084 (RAM error)
Failure of a .« Start/Stop
start-up unit
sequence
- Write
Buffer(except
download
and save)
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Degrade- Entry Reason Accepting Description and sense code
Mode Request
Spin-up Can not start up ReturnSpin-upDegradeMode.
motor Request Sensecode = 0400
Sense
Inquiry
Start/Stop
unit
« Write
Buffer(except
download
and save)
U-code Can not read Same as Spin-up| Return U-codeDegradeMode.
u-code Degrade Sensecode = 4085(u-code downloadail)
Reserved All commands. Reserved area sectwalid checkfailed. Defective
Area Fail to read sectorfound inreserved aregHard Error) The
PushTable integrity of the drive isquestionable.
Sensecode = 4080 (diagnosticfail),
Fail to read 1900 (Defectlist error),
savedMode
Parameter
Fail to read
Defectlist
Config Fail to read All commands Configuration sectowalid checkfailed. The
Drive Configura- integrity of the drive isquestionable. May return
tion Table blanks in InquiryCommand.
Sensecode = 4CO0Q(Self configurationfail)

11.1.11 Command Processing While Reserved

A logical unit is reserved after successfekecution of the Reserveommand. Each time Reservecommand
is executedsuccessfully, thelarget 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 commands should permitted or if the Reservation Conflict Status should be reported. The

Initiator that made theaeservation is thénitiator thatissued theReservecommand. Thdnitiator to receive
the reservation may be either the same dtiféerent 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 areermitted.

160 OEM Hard Disk Drive Specifications foDPES-3xxxx




2. If the issuinglnitiator is neither the on¢hat made theaeservation nor the one taeceive thereservation
then:

A RequestSense ofnquiry command ispermitted.
A Releasecommand igpermitted but iggnored.
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, Request Sens®eserve, or Releassommand igpermitted.
Any othercommandresults in aReservation Conflict Status.

4. If the issuinglnitiator is not the onehat made theaeservation but is the one tieceive thereservation
then:

An Reservecommandresults in aReservation Conflict Status.
A Releasecommand igpermitted but iggnored.
Any othercommand ipermitted.
If a Reservation Conflict Status is not reported and teenmand ispermitted,then theTargetchecks the

next highest priority internatondition to determine whether executionaowed. See 11.1.1iPriority of
SCSI StatusByte Reporting” onpage 153

11.2 Priority Commands

Certain SCSIcommandsalways executewithout returning a Busy Status, Reservation Conflict Status in
response to theommand. Thesecommandsare:
Inquiry

RequestiSense

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 InitiatorConnectionstill apply to priority commands.(se&1.1.3, “Incorrect Initiator
Connection” onpage 154)

11.3 Command gueuing

When the initiator specifiesthat the file shall disablecommand queuing, the initiatormust send only
untaggedcommand. When thénitiator 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 executedmmediately
following the previouscommandfrom the same initiator. N@ther
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Initiator's command arallowed to be executed between two linkedmmands.)

Commands fowhich disconnection is not allowed.(These may result in
a Busy Status.)

Commands inwhich a SCSI busrror occurred betweeselection and
first disconnectiorfollowing the receipt of the CDB.

Commands for annvalid LUN.

Commandswhich cause a®VERLAPPED COMMANDSATTEMPTED
error(see 11.1.3Incorrect InitiatorConnection” onpage 154)

11.3.1 Queue depth

The file has 32queueelements. Seven of these areserved for the seven possibieitiator's that may
connect to thdile. This leaves a pool of 25ueueelements which are shared by all initiators offirat come
first servedbasis. Anyinitiator canqueue atleast onecommand at any timérespective of theactions of
any otherinitiators in the system. /Asingleinitiator mayqueue up to 26 commands, if no othi@itiator has
more than one command in thgueue, although atimes thismaximum may bereduced as thdile can
reservecommandblocks for internal use.

11.3.2 Tagged queuing

Commandswith a tagmessage are saved in ttemmandqueue. Queuedommandswill be reordered in
the method of'Single side elevator'. See the section on Reorderitd.4, “Command reordering” on
page 164 for details.

11.3.3 Untagged queuing

When Untagged Queuing is enabled, the targapports queuing one I/@rocessfrom each initiator. If the
target receives anuntagged /O processvhile executing an I/O procesfrom a different initiator, the
untagged I/O process may logieued.

Untagged I/O process are treated by the targethasigh they were receivedvith Simple 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.

11.3.4 Command queuing rule

Commands can beeceivedduring anactive 1/O process if Bus ifree. If CPE (concurrentprocess enable)
bit of Mode page 0 is 0, only asingle commandexcept 2commands(lnquiry and RequesBense) can be
executed at the same time. that case, acommandstarts to be executed after tipgeviouscommand has
completed. If CPE (concurremrocess enable) bit oMode page 0 is 1, I/O process dRead(6),Read

extend(10), Write(6) and Write extend(10) can betive at thesame time. Sedl.5, “Concurrent 1/O

Process” orpage 166 for details.

When thetargetreceives a newwommand, the target do tHellowing things.

1. Check if thecommand isoverlapped. A targethat detects arincorrect InitiatorConnectionshall abort
all (queued andactive) 1/O processes for thimitiator and shall return Check Conditiorstatus. The
sense key shall be set tobort Command(OBh) and the additionadensecodeshall be set tadOverlapped
CommandsAttempted(4EQ00h).
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An incorrect initiatorconnectionoccurs when an initiator:

a. attempts toestablish anl_T_L nexuswhen an |I_T_Lnexus alreadyexistsfrom a previouscon-
nection.
(For example, an initiator sends an untaggetmmandwhen anuntaggedcommand isqueued or
being currently executed for the initiator.) or,

b. attempts toestablish anl_T_L_Q nexuswhen an |I_T_Lnexus alreadyexistsfrom a previouscon-
nection.
(For example, an initiator sendstaggedcommandwhen anuntaggedcommand isqueued orbeing
currently executed for the initiator.) or,

c. attempts toestablish anl_T_L nexus when an_T_L_Q nexus alreadyexistsfrom a previouscon-
nection.
(For example, an initiator sends an untaggesmmand when @aaggedcommand isqueued orbeing
currently executed for the initiator.) or,

d. attempts toestablish anl_T_L_Q nexus when the same T_L_Q nexus alreadyexistsfrom a pre-
vious connection.
(For example, an initiator sendstaggedcommand when daaggedcommand with thesameQueue
Tag is queued obeing currently executed for the initiator.)

It is not an Incorrect InitiatorConnection toreconnect to aralready established T_ L or I_ T L Q
nexus if the initiator sends aibort, Abort Tag, ClearQueue, BusDevice Resetduring the same
Message Ouphase as thédentify message.

2. Check if thecommand isvalid.

a. Check if thecommandcode isvalid. If the commandcode is invalid, the target sen@heck Condi-
tion and sets the sense key lllegakéquest (05h) and the additionakensecode Invalid command
(2000h).

b. Check ifLINK = 0 and FLAG = 1. If LINK = 0 and FLAG = 1 then the tget sendCheck
Condition andsets the sense key lllegatquest (05h) and the additionaénsecode Invalid CDB
(2400h).

c. Check if parity error occurred on CDBeceipt. If parity error occurred, the target serRRlestore
pointer messagg03h) to retry. If parity error occurred again, the target se@teck Condition and
sets the sense kéyborted Command(0Bh) and the additionadensecode SCSI Parity(4700h).

d. Check if thereservedbits areoff. If any reserved bit in CDB is on, the targeendsCheck Condi-
tion andsets the sense key lllegRlequest05h) and the additionadensecode Invalid CDB (2400h).

3. Check if thecommand must bammediately executed. If theommand is one of eithemquiry or
RequestSensesent as untagged and unlinkedmmand, it must bexecuted immediatelwithout dis-
connecting Bus.

4. Check if the queue iull. If the commandqueue isfull, the targetsendsQueue Full Satus (28h).
5. Check if Busy. Busy Statu@8h) is returned if:

disconnection is noallowed for the incomingaggedcommand.
disconnection is noallowed whenqueued oractive procesgxists.

6. If all above issatisfied, add theommandinto the queue.

11.3.5 Queue Full status

This status is returned when Simple Queuetag, 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 doesnitauselncorrect Initiator
Connectionwill not causeQueue Fullstatus.
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11.3.6 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 é&her one of taggecommand oruntaggedcommandexclusively at thesame
time. There canexistotherinitiator using theother.

3. WhenDQue Qisable queue) of mode page OAh is 1, if an initiatssues a taggedommand, thedrive
returns"MessageReject" messag€07h) andreceivesthat command as anntaggedcommand.

4. Queue Tag number doesaffect theorder toexecute.

5. An initiator issues a&aommandwith a queue tagvhich is same as the current I/O processqureued I/O
process, the targeeturns Incorrect Initiator connection.

6. A series of linkedcommands are aingle 1/0O process, and are assigned theeue tagestablished in the
initial selection. Acommandreceivedwith a Head-of-Queue taghessage shall noduspend a series of
linked commands fowhich the target has begun execution.

7. If DQue ischanged to Wwhile queued commands ist, all queued commands for the IThexusissuing
the mode select will baborted. All futurecommandseceived,from any initiator, with aqueue tagwill
be processed as untaggedmmands, with anessage reject message beirturned immediatelwfter the
gtag is received by th&arget.

11.4 Command reordering

Commandreorderingfunction is supported undgaggedcommandqueuing enabledDQue = 0). Reorder
feature reorderfRead/Write commands inrder to minimizeseektime betweencommands. Thidunction
will improve totalthruput of thedrive.

11.4.1 Reorder method

The reorderingalgorithm of thedrive is 'Singleside elevator'. Thequeued commands anmeordered as
ascendingorder of the requesting LBArom the LBA of the currentommand. Commands aimaller LBA
will be queuedafter thecommands ofyreater LBA.

For example supposethat a Read commanckequesting LBA1000 isbeing executed. And theommands
gueued are ...

Read of LBA100.
Read of LBA400.
Read of LBA 1200.
Read of LBA 1400.

Thesecommands must beeordered ...

1. Read of LBA1200.
2. Read of LBA1400.
3. Read of LBA100.
4. Read of LBA400.

While executing thecurrentcommand, if theincomingcommands are Read of LBA500,Read of LBA 120,
and Read of LBA 35after thecommands areeceived, the nevqueue becomes ...

1. Read of LBA1200.
2. Read of LBA1400.
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Read of LBA1500.
Read of LBA 35.

Read of LBA 100.
Read of LBA 120.
Read of LBA 400.

Nookow

Reordering is doneach time acommand igeceived. Theorder of thecommandsreviouslyreceived,reor-
dered andqueuedwill not be changed. Reordering done only byinserting aincoming commandinto the
best place in theommandqueue.

11.4.2 Command ageing

If the commandageingfunction of thedrive is enabled, via mode page Oh, then the re-ordefimgction of
the queuewill be modified based on the length of timecammand hasemained in the queue.

Until the userspecified timelimit a commandwill remain in the queue and may or may not éeecuted
based on thether commands in the queue at the time a@helir relativelocations - aglescribedabove.

Once the timelimit for a command hasxpired it will be executed next, i.ewhen thedrive hascompleted
the currentcommand inprogress. Ifmore than one commanexpires then theseommandswill be exe-
cuted in the order thewere received by théarget.

11.4.3 The restriction of reordering
11.4.3.1 SCSI restriction

11.4.3.1.1 Tag message: The initiator can send an untaggedmmand or 3kinds of tagged message to
definereorderingmanner.

Untaggedcommand.

The initiator does notcare the reordering feature. An untaggedmmandmight be passed by a
commandsent byanotherinitiator. Untaggedcommandwill not create data integrityproblem by the
same initiator, because the initiatoannotsendmore than onaintaggedcommand at thesame time.

Simple Queue Tagmessage (20h).
This taggedcommand can beeordered by thalrive unless it violates the rule of theead-of-queue tag
and the Ordered-queue tagessage.

Head of Queue Tagessage (21h).

Commands with this tag should besertedinto the head of the tag queué/lhile acommand isbeing
executed, thisaggedcommandwill be inserted to thehead of queue to bexecuted after theommand
being currently executed. The previoatemmandbeing executedvill not be terminated by thigagged
command. If theplural head-of-queuéaggedcommands areeceived,thosecommandswill be executed
in LIFO (Last in Firstout) order.

OrderedQueue Tagnessage (22h).

This taggedcommand isexecuted in the ordereceived. Allcommandsreceivedbefore thiscommand
should beexecuted before thisommand, and all command®ceived afterthis commands should be
executed aftethis command.

11.4.3.1.2 Mode parameter (Control Mode page OAh): Queue Algorithm modifier (7-4 bit obyte 3)speci-
fies restriction on the algorithm used foreorderingcommands that ardéagged with Simple-queue tag
message.

Oh : Restricted reordering. The targshall order the actual execution sequence of theeued commands
from each initiator suclthat dataintegrity is maintained forthat initiator.
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1h : Un-restricted reordering allowed. The target may reorder the actual execution sequenceqoie thesl
commands in any manner it sets. Any data integrityexposures related to the
commandsequence order amxplicitly handled by the initiator.

2h-7h : Reserved. Thdrive accepts these values, but tbhpeartion is nodefined.
08h Commandeordering is not performed.

9h-Fh :Reserved. Thalrive accepts these values, but tbhpeartion is nodefined.
11.4.3.2 Implementation restriction

There are someestrictionsthat are nofclearly stated inSCSI specifications, buthey are implemented in the
drive.

1. Priority commands.Untagged and unlinke®equestsense andnquiry
These areexecuted immediately aftereceiving CDB without disconnectingSCSI bus. They do not
follow the rule of reordering. Thexecution of theseommandwill not affect dataintegrity.

2. Commandsther than Read/Write.
Commands such aslode Select,Reserve, Release or Start Stomit may affect thecondition of exe-
cution or data ofcommands thafollows. If Queuealgorithm modifier is O (Restricted reordering), all
commands including these commands except Read/Write and priority commands (untagged and
unlinked Requestsense andnquiry) will not be reordered even if untagged or Simplrieuetagged. In
that case,thesecommandswill be alwaystreated as Orderethggedcommand.

3. Concurrent/O.
Commands with Head of Queue tag @rderedQueue tagwill not be executed concurrently.Only
untagged and Simple-quet@ggedRead/Writecommand can bexecuted concurrently.

11.4.4 Reordering general rules
1. Reorderingollows SCSlrestrictions andmplementationrestrictions.

2. If queue algorithm mdifier = 1 (Unrestricted reordering), untagged and Simple-quiggedRead and
Write commandswill be reordered in 'Singleside elevator'method of LBA, regardless obreaking data
integrity. Non Read/Write commandwill be passed by &Read/Writecommandunless it violates tag
message restrictions.

3. If queue algorithm modifier = @ Restricted reordering), untagged and Simple-quaggedRead and
Write commandswill be reordered in 'Singleside elevator'method of LBA, as far as itnaintains data
integrity. It impliesthat a Read commandhose requestetiBAs overlap those of a Writeommand
previously receivedwill not pass theWrite command. AWrite commandwill be the same. Non
Read/Write commandwill not be passed by anjrRead/Write or non Read/Write command.

11.5 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 starts the daltase of an 1/Oprocess 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)
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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 11.18pntingent allegianceCondition” on
page 177 for details. If an I/O proce$B-1) encounters an erravhile another I/Oprocess(P-2) is active,
the drivereturns CheckCondition to P-1 and P-2. Thedrive maycontinue P-2 until its conveniermgoint 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 thesensedataseparately
from the sensedata for P-1. Thesense data for P-@vill be set after the ContingentAllegiance condition
caused by P-1 is cleared.

11.6 Back to Back Write

Back to Back Writeallows plural write commandsrequesting sequential LBA to writevithout losing a
motor revolution.

The target willwrite back to back under thillowing conditions:
Two Write(6) or Write extend(10fommandsexecuted consecutively.

The write commandsaddress consecutive LBA. The LBApecified by the 2ndvrite command is the
next to thelast LBA by the 1st writecommand.

The data of the LBA for the 2nd writeommand isreceived before the last LBA of the 1st write
command iswritten to the media.

The CPE (Concurrenprocess enable) bit is 1 or the WCE (Wri@acheenable) bit is 1.

If the CPE (Concurrenprocess enable) is 1 and the WCE (Write cache enable) is OD#ta phase of the
2nd writecommand isstartedafter theData phase of the 1strite command butbefore the Statuphase of

it. After seekcomplete, the data dfoth 1st and 2ndvrite commandwill be written onto the media.Then

the drivereconnects to the nexus of the 1st wrdtemmand tosend Status before sending Status to the 2nd
write command.

If the CPE (Concurrenprocess enable) is 0 and the WCE (Write cache enable) is 1drike returns Good
Status immediatelhafter theData phase of the 1sivrite command butbefore actually writing the data to the
media. The I/O process of the 2nd wrtcemmandbegins after the drive sends Goodafits to the 1lstrite
command. And therGood Status is returned to the 2mdite command. After seekcomplete, the data of
both 1st and 2ndvrite commandwill be written onto the media.

If the drive returns CheckCondition to the lswrite command ancdenters the contingerallegiancecondi-
tion, execution of the 2ndvrite command issuspended. The 2ndrite commandwill resumed execution
when the contingenallegiancecondition iscleared.

11.7 Write Cache

If the WCE (Write cache enable) bit is 1, thorive returns Good Status an@ommandCompletemessage
and goes to Bu$reeimmediately afterreceiving the data of the lastector before actually writing the data
onto themedia. Thedrive will accept andjueue a command, but it can netart to execute thecommand
after sending a Good Status except the followaundition.

The incomingcommand is one opriority commands.

The CPE (Concurrenprocess enable) is 1 and the incomingmmand isRead(6),Read extend(10),
Write(6) Write extend(10).
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The drivebehaviouraccording to the modparameter.

WhenWrite Cache is enabled an@oncurrent 1/Oprocess is enabled,
the drive maystart and completéollowing Read/Write commandbefore the actualrite opera-
tion (writing on the media) is completed. So, anfpllowing Read/Write commands opriority
commandgeturning a Good Status. do not guarantee ¢henpletion of theWrite command.
Under thecurrent implementation, @ommandexcept Read/Write commands opriority com-
mandsreturning a Good Statulllowing a Write command carguaranteethat the data isvritten
to the media.
A Synchronize Cacheommandalwaysperforms this functiorregardless of theurrent implemen-
tation.

When Write Cache is enabled andoncurrent I/Oprocess is disabled,
the drive may notstart anyfollowing commandsexcept priority commandsbefore a previous
Write command iscompleted and therive sends &tatus. So, under the current implementation,
any following commandsexcept prioritycommandsreturning a Good Status guarantedmst the
data is written to the media.
A Synchronize Cacheommandalwaysperforms this functiorregardless of theurrent implemen-
tation.

When Write Cache isdisabled andConcurrent I/Oprocess is enabled,
the drive maystart and completefollowing Read/Write commanddefore a previous Write
command iscompleted. But the Writeommandwill not be completedbefore the data is written
to the media.
A Synchronize Cach&ommand is notneeded in order to assumbat the data isvritten to the
media.

When Write Cache isdisabled andConcurrent I/Oprocess is disabled,
the drive may notstart anyfollowing commandsexcept priority commandsbefore a previous
Write command iscompleted and thelrive sends &tatus. And the Writeommandwill not be
completedbefore thedata is written to the media.
A Synchronize Cache&ommand is notneeded in order to assuntbat the data iswritten to the
media.

If the drive detects arerror after it returns a Good Status, thdrive sets a DifferecError (Error Code of
sensedata = 71h) and afollowing commandwill be returnedwith Check Condition and the Contingent
allegiancecondition isestablished.Under the Contingenallegiancecondition, all queuegrocesses including
commanddrom otherinitiators are suspended.

11.8 Power Saving Mode

11.8.1 Overview

Powersavefunction will savepower consumptionwhile the drive is idle. The drivautomaticallytransfers
its operating mode according to the event and timer.

11.8.1.1 Mode Transition
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Power On

Stopped > ldle ————> Standby
A <

Mode Characteristics
Mode Name Idle Standby Stopped
HDC On Off Off
SRV On Off Off
R/W Channel Off Off Off
Content ofsector Kept Lost Lost
buffer (Write Cache,
Look Ahead &etc.)
Spindlemotor On Off Off
Status Good Good Not Ready
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Trigger of Mode Transition

To Idle Standby Stopped
From
Idle --- Expiration of SCSI Stop
Standby Timer | Unit
& Read/Write Command
Idle
Standby Any SCSI --- SCSI Stop
Command Unit
Command
Stopped SCSI Start N/A
Unit
Command
Action for Mode Transition
To Idle Standby Stopped
From
Idle Act_Lock Act_Lock
Channel_off Channel_off
VCM_off VCM_off
Stop_spindle Stop_spindle
Standby Channel_on Not Ready
VCM_on Status
HDC_on
Start_spindle
Stopped Channel_on N/A ---
VCM_on
HDC_on
Start_spindle

11.9 Automatic Rewrite/Reallocate

The targetsupports Auto and RecommendedReallocate forREAD, WRITE, WRITE and VERIFY,
VERIFY.

Automatic andRecommendReallocate operate from within the read/wrtemmand. When an automatic
reallocation occurs, the read or writemmandtakes longer to complete. Thigperation is sometimesalled
"Auto-Reassign" due to itsimilarity to Reassigrcommand. During this time, the target disconnectsom
the SCSI bus, ihllowed, and reconnects before ending teenmand.

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 determined to needewriting or reassignment during a readastomatically
rewritten or reallocated at theonclusion of the read and prior ®ending thestatus. If the

site cannot beautomatically rewritten or reallocated, then a recommendatiorrdassign-
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ment isgiven. The sitewill be automatically rewritten oreallocated only if thedata has
beensuccessfullyread.

ARRE=0: An error site cetermined to needewriting or reassignment during a readriscommended
for rewriting or reassignment at thmonclusion of the read.
The setting of theARRE bit is checked and the targetill automatically rewrite/reallocate aecommend
rewrite/reassign for the followingommands.
Read(6)
Read(10)

Targetwill recommendewrite/reallocate buwill not autorewrite/ reallocate for the followingommands.
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 théargetbehaviour for eaclsetting of AWRE. AWRE settingeffects only No
SectorFound Errors onwrites.

AWRE=1": An error site determined to need reassignment duringvidte is automaticallyreallocated at
the conclusion of thevrite andprior to sending thestatus. If thesite cannot be automat-
ically reallocated, then a recommeniba for reassignment igiven. The sitewill be auto-
matically reallocated only if the write recovery succeeded atdbeclusion of thewrite.

AWRE=0 : An error site cetermined to need reassignment duringviate is recommended 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)
Write portion of Write andVerify

For all other commands thAWRE setting is ignored and the targetill not automaticallyreallocate or
recommendeassign.

Auto/RecommendReallocate information is communicated via thsense data returned following a
commandduring which asite was @termined to needewriting or reassignment. The LBA ratwed in the
sense data is the LBAhat determined to needewriting or reassignment.

The sensalata combinations witlauto/recommendewrite/reallocate arésted below.

Key Code Qual Description

1 17 00 RecoveredDatawithout ECC.

1 17 06 RecoveredDatawithout ECC -Auto Reallocated.

1 17 07 RecoveredDatawithout ECC -RecommendReassign.
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Key Code Qual Description

1 17 09 RecoveredDatawithout ECC -DataRewritten.

1 18 00 Recoveredatawith ECC.

1 18 02 Recoveredatawith ECC - Auto Reallocated.

1 18 05 Recoveredatawith ECC - Recommendreassign.
1 18 07 RecoveredDatawith ECC - DataRewritten.
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11.10 Segmented Caching

11.10.1 Overview

Segmented Cashinglivides the data bufferinto several smaller buffers. Each buffer is used as
Read/Write/Read-Ahealduffer.

The size ofsegmented buffer is contled by number of segmented buffefield of read cache page (page
08h). Butfile may adaptsize of segmented buffer by checkiragcesgattern.

11.10.2 Read Ahead

The ReadAhead functionconsists of reading datéhat thelnitiator has not yet requested to tliike buffer.
This function is intended to improve performance for an initiatbat frequently accessesequential data
with successivesCSlreadcommands. The Rea#lhead function works when RCD (theead cache disable)
bit of read cache page (page 08h) is set to 0.

The file will continue toreadsubsequentogical blocksfollowing the rulesbelow.

1. At least thesamenumber ofsectors succeeding the sectoegjuested by théast Read commanavill be
read automatically if they are na@vailable on the sector buffer.

2. The drive has at least gmenteduffers. Datastored by themostrecentReadahead functiorwill not
be discarded by Writeommand.

3. Data in thesegmentedufferswill not be replaced unless it is against the rule 1.

4. The ReadAhead operations continue rass all physicaboundaries ( such asacks and cylinders).
Commands thaaffects theReadahead function.

The drive initiates thdReadahead function

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.

The action of eacttommand forpreviously startedReadahead function idisted below. If SCSIlreset or
bus device reset message is receivedcalitents ofsegmented buffer is flushed.

Code | Command Action

00h | Test Unit Ready No Effect

0lh | Rezero Unit Abort ReadAhead

03h | RequestSense No Effect

04h | Format Unit Abort Readahead andlush all segments
07h | Reassign Blocks Abort Readahead andlush all segments
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Code | Command Action

08h | Read(6) Abort Readahead if data not imctive segment
0Ah | Write(6) Abort Readahead andlush the LRU segment
0Bh | Seek(6) Abort ReadAhead

12h | Inquiry No Effect

15h | Mode Select(6) Abort Readahead andlush all segments

16h | Reserve No Effect

17h | Release No Effect

1Ah | Mode Sense(6) Abort Readahead andlush all segments

1Bh | Start/Stop Unit Abort Readahead andlush all segments

1Dh | Send Diagnostic Abort Readahead andlush all segments

25h | ReadCapacity No Effect

28h | Readextended(10) | Abort Readahead if data not imctive segment
2Ah | Write extended(10) | Abort Readahead andlush the LRU segment
2Bh | Seek extended(10) | Abort ReadAhead

2Eh | Write andVerify Abort Readahead andlush the LRU segment
2Fh | Verify Abort Readahead andlush the LRU segment
34h | Pre-Fetch Abort Readahead if data not imctive segment
35h | Synchronize Cache| Abort Readahead andlush all segments

37h | ReadDefectData Abort Readahead andlush all segments

3Bh | Write Buffer Abort Readahead andlush all segments

3Ch | ReadBuffer Abort ReadAhead
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Code| Command Action

3Eh | Read Long Abort Readahead andlush the LRU segment
3Fh | Write Long Abort Readahead andlush the LRU segment
4Dh | Log sense Abort Readahead andlush all segments

Figure 96.ReadAheadhandling per eacltommand

Even if an erroroccurs duringRead ahead, the errowill not be reported to the Initiator. The datead
before the error occurwill be stored as aalid data byReadahead.

11.11 Reselection Timeout

When thedrive attempts toreselect theinitiator and the initiator does notespond within aSelection
TimeoutDelay, thedrive continuesasserting the SEL and 1/O signals and releas®&ITA BUS signals. If

the drive has nodetected the BSYsignal to betrue after at least a selectioabort time plus two deskew
delays, the drive shall release SEL and I/O sigrslswing SCSI bus go to BUSFREE phase. The initiator
that respond to theRESELECTION phaseshall ensurethat reselection wasstill valid within a selection
aborttime of assertion of the BSgignal. The drive retrieshis process After 250 mafter the drivewent to

BUS FREEphase.

11.12 Reselection

A reselectiontimeout error occurs when the targattempts toreselect aninitiator and the initiator does not
respond within aSelectionTimeout delay(250 n$ec). If this occurs, the targetleases th&CSI bus to the
Bus Freephase(following the reselectiaimeout procedure) andhenretries the reselection up to lfnes.

If a 16th reselectiontimeout error occurs, the targetleases thesCSI| bus to the Bus Freghase(following
the reselectiortimeout procedure) and does natttempt toreselect thenitiator again. This errorcondition
causes the target to generate sense data with a Sense Ke&loosfed Command and amdditional Sense
code of Select/Reselect failure(45h). If a reselectiosuscessfulcommandexecution is resumed and no
sense data is generated.

11.13 Single Initiator Selection

For singleinitiator systems, it is not an error to have only the target ID bit present duringtselebBiscon-
nection is notallowed for Single Initiator Selectionwith only one ID bit present duringelection. The initi-
ator must notsend an ldentifymessagevith the disconnect permission bit(6) on.

11.14 Non-arbitrating systems

The Targetcannotdetectwhether other SCSdevices on theSCSI bus use arbitration prior to selen. As
a consequence, the Targallows disconnect permission to be enabled by the Identifgssagendependent
of the initiators use of arbitration prior toekection. Anon-arbitrating initiatormust ensurethat disconnect
permission in the Identify message is disab{bd 6=0)for proper operation.
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11.15 Selection without ATN

If the target is selectedithout ATN signal active, noldentify 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. Thetarget alsoknows the use ofinked commands if
selectedwithout ATN. The targetdoes not initiatesynchronous dat&ransfernegotiation ifselectedwithout
ATN.

Phaseretries and target initiatedegotiations may be allowed if subsequentdentify message iseceived.

11.16 Multiple Initiator Environment

11.16.1 Initiator Sense Data

Separatesense data is reserved feach initiator. Each initiator's sense data isnaintained independent of
commanddrom otherinitiators.

11.16.2 Initiator Mode Select/Mode Sense Parameters

A single shared copy of theMode Select/ModeSenseparameters is maintained by tHi#e. This includes
both the current andavedparameters.

11.16.3 Initiator Data Transfer Mode Parameter

A separatedatatransfer modeparameters area igserved andnaintained for each initiator.

11.17 Options Jumper Block

The Drive provides amptions JumpeBlock which allows the drive to beustomized usingumpersinstead
of software settings. Refer to theroduct HardwareSpecifications for detailednformation on the location
and function of thesgumpers.
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11.18 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 thefault.

By issuing anAbort message to thé T_x nexusthat reported thefault. This will alsoabort thecurrent
and queued I/Qrocessrom thatinitiator.

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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11.19 Reset

The Reset condition issed toclear all SCSIdevicesfrom the bus. This conditiomakes precedence over all
other phases and conditionsAfter a resetcondition isdetected and the resattions completed, the target
returns to &SCSI busenabled' statéhat allows the target to acce@CSI commands.

This deviceuses theHard resetoption asdefined in theSCSI-2 standard.

11.19.1 Reset Sources

There are foursources ofesetsdetected by the target:
Reset Name ReseSource
Power-On Reset  The is the signayenerated 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 ResetMessageThis is thereset generated by tH@CS| BusDevice Reset Message(0Ch).

11.19.2 Reset Actions

The action taken by th®rive following a reset isdependent on the source of theset.
11.19.2.1 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
11.19.2.2 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-gspquence 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.
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11.20 RAS Characteristics

The file will execute aself test atpower on or when a Sendiagnosticscommand isssuedwith the self test
bit set.

The diagnostics are to assure the corm@geration of thefile and toverify that thecheck circuits detect fault
conditions.

11.20.1 Power on Diagnostics

At power on time thefollowing tests are executed:
1. Test the microprocessor's:
a. Internal Timers.
b. InternalRAM.
2. Do a sum check on the microprocessor's exteR@M.
3. Test the adapter section of tfike asfollows:

a. Test the registers.
b. Test HDC.

Do a read/write test on the microprocessor's exteR¥aM.
Do a read/write test on sectbuffer RAM.

Check if the 12 volline is active.

Initialize and check the servo systenfisictioning correctly.

Check thespindle's RPM.

© © N o 0 &

Seek to aorrect cylinder.

11.20.2 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 sensdyte.
The Diagnosticcommandwill execute the following tests:

1. Test the adapter section of tfie as follows:

a. Test the registers.
b. Assure the ECC circuitaork correctly.
c. Do a read/write test on sectbuffer RAM.

2. Check thespindle's RPM.
3. Seek to aorrect cylinder.

4. Write the CEcylinder.

5. Readfrom the CEcylinder.
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11.20.3 Diagnostics Fault Reporting

Faultsdetected beforsuccessfucompletion of the adaptesection could prevent thféle from responding to
a selection.

Faults detected after thesuccessfulcompletion of the adaptesectionwill be reported as Checkondition
status to the initiator on thérst 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.

Faultsdetected during a Send Diagnosticemmandwill report a Check Condition as ersdatus.

11.21 Idle Time Function

The execution of a function by thdrive during idle times may result indelays ofcommandsrequested by
SCSilinitiators while idle time functions are irprogress.ldle time' isdefined astime spent by thealrive not
executing acommandrequested by &CSlinitiator. The type of a function performed durindle time is

RandomSeek ldle

11.21.1 Random Seek Idle

The RandomSeek Idlefunction is builtinto the drive microcode to prolonglisk life. It is designed to move
the heads over thdisk surfaceduringidle periods to prevendisk lubrication migration problems.

If the drive hasbeenidle for about 30 min, thénternal microcode moves the heads to tamdomly selected
location for 1 second.

The execution timeéhat a SCSkkommandcould bedelayed is typicalljessthan 1second.
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12.0 SCSI SENSE DATA

12.1 SCSI Sense Data Format

Format of thesense dataeturned 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 [LI 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 Unit Error Code
BYTE 21
BYTE 22 Reserved = 0
BYTE 23
BYTE 24 Product Specific Information

=27
BYTE 28 Reserved = 0

=31

Figure 97.Format ofSenseData. Format of the&SenseDatareturned by thdile in response to th@REQUEST

SENSE command

0 Copyright IBM Corp. 1994
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12.1.1 Sense Data Description
12.1.1.1 Valid Bit

Bit 7 of byte 0
0 The InformationBytes are not defined.
1 The InformationBytes contain avalid logical block address.

12.1.1.2 Error Code

Bit 6 - 0 of byte 0.

70h Current Error. Thisndicates an error for theurrentcommand.

71h DeferredError. This indicatesthat theerror is for a previouxommand that haalready
returned aGOOD status. Sucltommands aressociatedvith the immediate bit, omwrite
caching. FORMATUNIT command is anexample of acommand that mayeturn a
deferrederror.
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12.1.1.3 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.

0

NO SENSE
There is nosense keynformation to be reported for thiegical unit.

RECOVEREDERROR
The last command completed successfullywith some recovery action performed by thdile.
More detailedinformation isavailable in theAdditional SenseCode.

NOT READY
The logical unit addressedcannot beaddressed. More detailddformation isavailable in the
Additional SenseCode.

Medium Error

The commanderminated with an unrecoverable error conditicaused by dlaw in the media
or an error in the recorded data. Modetailedinformation is contained in the Addition&ense
Code.

HARDWARE ERROR
The file detected a unrecoverable hardware emuile performing acommand orduring adiag-
nostic test. Moredetailedinformation is contained in the Addition&@enseCode.

ILLEGAL REQUEST

There was arillegal parameter in theommanddescriptor block or additional parameter supplied
as data. If aninvalid parameter is found in the CDB, then ttemmand isterminated without
altering themedium. If aninvalid parameter is found in parametesspplied as data, then the
file might havealtered themedium.

UNIT ATTENTION
Indicatesthat thefile entered in the'Unit Attention Condition'. (See 11.1.5/'Unit Attention
Condition” onpage 157.)

Not used
Vendor Specific
Not used

ABORTED COMMAND
The file aborted the command.

Not Implemented
Not Used

Reserved
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12.1.1.4 Information Bytes

Byte 3 -6
This field is only valid when Valid Bit is one, anadontains the unsigned LBAssociatedvith the sense key.

12.1.1.5 Additional Sense Length

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

12.1.1.6 Command Specific Information
Byte 8 - 11

The values inthis field vary by product.Please see thproductspecificspecification formore details.
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12.1.1.7 Additional Sense Code/Qualifier

Byte 12 / 13

Key Code Qual Description

0 00 00 No error.

1 01 00 Recoverednrite error no index

1 03 00 Recoverednrite error - write fault

1 14 01 Recoverednrite error 1d notfound

1 16 00 Recoverednrite error DAM notfound

1 17 00 Recovered read erravithout ECCapplied.

1 17 01 Recovered read error wittetries.

1 17 06 Recovered read erravithout ECCapplied. Auto reallocated.

1 17 07 Recovered read erravithout ECCapplied. Recommendedeassign. This
value can be returnednly whenARRE = 0.

1 17 09 Recovered read erravithout ECCapplied. Datare-written. This value
can be returned only wheARRE = 1.

1 18 00 Recovered read error with ECC applied@his value can be retwed only
when ARRE = 0.

1 18 02 Recovered read error with ECC applieduto reallocated. This value can
be returned only when ARRE = 1.

1 18 05 Recovered read error with ECC applieRecommendedeassign. This
value can be returnednly whenARRE = 0.

1 18 07 Recovered read error with ECC appliefhata Rewritten. Thisvalue can
be returned only when ARRE = 1.

1 1C 01 Primary Defectlist Not Found. Requestedefect List Format is not sup-
ported. Default Lsi Brmat isreturned.(ReadefectData Only)

1 1C 02 Grown Defectlist Not Found. Requestedefect List Format is not sup-
ported. Default Lsi Brmat isreturned.(ReadefectData Only)

1 44 00 Internaltargetfailure

2 04 00 Not ready.Startspindlemotor fail.

2 04 01 Not ready. In process dfecomingready.

2 04 02 Not ready. Initializingcommandrequired. (StartJnit)

2 04 04 Not ready. Format in progress.

2 31 00 Not ready.Media format corrupt. A format operation was interrupted
(power down,reset)prior to completion of a Format Unicommand. The
Format Unit command should bre-issued ananust completesuccessfully
for this errorcondition to be removed.

2 40 80 Diag Fail -Bring-Up Fail

2 40 85 Diag Fail - RAM Microcode NotLoaded

2 4C 00 DegradedVvode - Self Configuration FailConfiguration/RAMMicrocode
not loaded
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Key Code Qual Description

3 10 00 Medium error. ID CRC error.

3 11 00 Medium error.Unrecovered read error.

3 14 01 Medium error. Record not found.

3 16 00 Medium error. Datasynchronizatiormark error. (DAM error)

3 19 00 Medium error.Defectlist error. A defect listerror occurswhen a dataerror
is detected while reading thmanufacturingdefect list or whilereading or
writing the grown defect list.

3 31 01 Medium error. Medium Format CorrupteRleassign Failed

4 01 00 H/W error. No index or sector.

4 02 00 H/W error. No seekcomplete.

4 03 00 H/W error. Write fault.

4 09 00 H/W error. Track following error.

4 11 00 H/W error. Unrecovered read error reserved area.

4 31 00 Degrademode. Format corrupt.

4 32 00 H/W error. No defectspare locatioravailable. A no defecspare location
available senseode indicateshat theReassign Blocicommand can not
proceed the process because all spare sectorsbeseused, or itwill
exceedimplementation limitation oflefect handling of théile.

4 40 80 DegradeMode. Diagnostic Fail. Configuration sectmalid checkfail.
Reserved area sectwalid checkfail.

4 40 81 Degrademode. HDC error.

4 40 82 Degrademode. HIC error.

4 40 83 Degrademode. Other LSI error.

4 40 84 Degrademode. RAM error.

4 40 85 DegradeMode. RAM Microcode Not Loaded

4 44 00 H/W error. Internal targeffailure

4 47 00 H/W error. SCSl parity error.

5 1A 00 Illegal request.Parametetist length error. Thenumber ofparameters sup-
plied is notequal to thevalue the expected.

5 20 00 Illegal requestlllegal commandoperationcode. This command isalso
returned when an unsupported commanudie isreceived.

5 21 00 Illegal request. Logicablock address out of range.

5 24 00 Illegal request. Invalidfield in CDB.

5 25 00 Illegal request. InvalidcUN.

5 26 00 Illegal request. Invalidields in theparametetist.

6 28 00 Unit attention. Notready to readyransition.(Format completed)

6 29 00 Unit attention. Power omeset or Bus device resetcurred.

6 2A 01 Unit attention.Mode select parameter changed.
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Key Code Qual Description

6 2F 00 Unit attention.Commandcleared byanotherinitiator.

6 3F 01 Unit attention. Microcode has been changed.

B 1B 00 Aborted command. Synchronous ddtansfer error. (Extra ack detected)

B 25 00 Aborted command. UnsupportddJN. The drive supports LUN Oonly.

B 43 00 Aborted commandMessage reject error. Message reje@rror occurs
when an inappropriate or unexpectegssage reject is receivébm theini-
tiator or the initiatorrejects a message twice.

B 45 00 Aborted commandSelection/Reselectiofailed. A selection/reselection
error occurs when the initiatdails to respond to aeselectionwithin 250
milliseconds after the drivetarts reselection. The reselectioraidempted a
second time before setting selection/reselection faleusecode.

47 00 Aborted commandSCSl parity error.

48 00 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 netegsage aecond time.
The drivethensetscheckcondition status with Initiator Detected Error.

B 49 00 Aborted commandlnappropriate/illegamessage. Annappropriate or
illegal messageccurs when the initiator sentraessagehat either is not
supported or is not in &gical sequence.

B 4E 00 Aborted commandOverlappedcommands attempted.
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12.1.1.8 FRU (Field Replaceable Unit)

Byte 14
The FRU (Field Replaceablénit) field valuewill always be zero.

12.1.1.9 Sense Key Specific

Byte 15 - 17
The definition of thisfield is daermined by the value of theense keyfield.

12.1.1.9.1 lllegal Request Case: Error filed pointer is returned.

BIT
7 6 5 4 3 2 1 0

BYTE 15 [SKSV | C/D Reserved BPV Bit Pointer

BYTE 16 | (MSB) Field Pointer
BYTE 17 (LSB)

Figure 98. Field PointeBytes

SKSV Sense-keyspecific valid
C/D Command/Data
0 Indicatesthat theillegal 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 Indicates the bipointerfield is not valid.
1 Indicates the bipointerfield is significant.
Bit Pointer Bit Pointer indicateswhich bit of the bytenumberreported in FieldPointer is

the bit in error. When amultiple-bit field is in error, thepointer point to the
mostsignificant bit of thefield.

Field Pointer Indicates which bytes of theommand dscriptor block or of the parameter
data was in error. Bytes areumbered starting fronzero, asshown in the
tables describing theommands angharameters.When amultiple-bytefield id
in error, the pointer point to theostsignificantbyte of thefield.
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12.1.1.9.2 Recovered, Hardware or Medium Error Case: Actual Retry Count isreported.

BIT
7 6 5 4 3 2 1 0
BYTE 15 |SKSV Reserved
BYTE 16 | (MSB) Actual Retry Count
BYTE 17 (LSB)
Figure 99. Actual RetryCountBytes
SKSV Sense-keyspecific valid

0 Indicatesthat Actual Retry Count is notvalid.
1 Indicatesthat Actual Retry Count isvalid.
Actual Retry Count Actual number ofretriesused inattempting torecoverfrom the error condition.

12.1.1.9.3 Not Ready Case: Progress indication is returne@hesefields are onlydefined for the FORMAT
UNIT commandwith the Immediate bit set to one.

BIT
7 6 5 4 3 2 1 0
BYTE 15 |SKSV Reserved
BYTE 16 | (MSB) Progress Indication
BYTE 17 (LSB)
Figure 100. Format PPogress IndicatiorBytes
SKSV Sense-keyspecific valid
0 Indicatesthat Progress Indication is notalid.
1 Indicatesthat Progress Indication isalid.
Progress Indication Indicates a percent complete in which the returnadue is thenumerator that

has 10000h as itdenominator.
12.1.1.10 Reserved
Byte 18 - 19
12.1.1.11 Unit Error Code(UEC)
Byte 20 - 21

The UEC givesdetailedinformation about the error. Itcontains a uniqueode whichdescribeswhere the
error was detected and whigliece ofhardware or microcode detected the error.
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12.1.1.12 Reserved

Byte 22 - 23

12.1.1.13 Physical Error Record

Byte 24 - 27

The values irthis field vary by product.Please see thproductspecificspecification formore details.
12.1.1.14 Reserved

Byte 28 - 31
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13.0 Recovery Procedure

The following sections describe the recovepyocedure for each of the various types afrors for which
recovery isattempted.

13.1 Data Recovery Procedure for Data Field Errors

The following table lists the stepsthat have beerdefined for data recovery.Theserecoveryactions are for
Sync Byte,Data ECC and NdSectorFounderrors on read , Verify(2Fh) and Write and Verify(2E&Qm-
mands.
Definitions for following tables.

Reread -Read with noparametersltered.

Rewrite - Write with no parametemsltered.

« Track ofiset - Movement of the Headlightly off center. Thenumbersindicate relativedegree of offset 1
= smallest, 3 = largest.

ECC Correction

An error correction code ( ECC ) is used terify and correct data in sector buffer. The 128 bit
ECC Read Solomomrode ( non-interleaved code akgree 8,0perating on 10bit symbols ) is used
for this code. This code is capable of correcting four 10bit symbols error atedecting up to 8
symbols error ( 71biburst ). It isguaranteed to correct one 31litirst error.

- OTF - On The Fly data correction. The hardware calculation for OTF data correctiimiied to
4 symbols on adjacent or non-adjacestor. It will correct a 10 bit error andndercertain condi-
tions can correct up to 20 bit error.

- OFL - Off Line data correction. Offine datacorrection is limited to 5 symbols on adjacent mon-
adjacent error to reduce the probability of mis-correction.will correct a 21 bit error andinder
certain conditions can correct up to 30 bit error.

Equalizer - The adaptiv€hannelEqualizer Burstievel is set to avalue altered by theamountshown.
- Threshold - The adaptive Channel Threshaklel is set to a value altered by tlmountshown.

Data window - The adaptive Channddata Window Register is set to a value altered by thenount
shown.

Dummy write - Dummy write operation at non datarea and read data with no parameteaitered.
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13.1.1 Read commands
DRP Steps Action ECC cor- Miscellaneous
rection
0 Initial Read OTF
1-4 Reread OTF
5-6 + 0 trackoffset OTF/OFL
7-8 -0 trackoffset OTF/OFL
9-10 +1 trackoffset OTF/OFL
11-12 -1 trackoffset OTF/OFL
13-14 + 2 trackoffset OTF/OFL
15-16 -2 trackoffset OTF/OFL
17-18 + 3 trackoffset OTF/OFL
19-20 -3 trackoffset OTF/OFL
21-23 dummy write OTF
24 0 Equalizer OTF
25 1 Equalizer OTF
26 2 Equalizer OTF
27 3 Equalizer OTF
28 0 Threshold OTF
29 1 Threshold OTF
30 2 Threshold OTF
31 3 Threshold OTF
32 0 DataWindow OTF
33 +1 DataWindow OTF
34 -1 DataWindow OTF
35 +2 DataWindow OTF
36 -2 DataWindow OTF
37 +3 DataWindow OTF
38 -3 DataWindow OTF
39 +4 DataWindow OTF
40 -4 DataWindow OTF
41-76 Repeat5-40
77-112 Repeat5-40
13-148 Repeat5-40
149 + 0 trackoffset OTF

Figure 101. ReadRecoverySteps.
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Note: The trackoffsets may beestored to zero at the conclusion of the errecovery process. Ithere are
additional sectors to process in a multiple seatperation,offsetsremain as isOffsets arerestored if there
is an error on the next sector ( and entrexovery process begiitom the top). Offsets arealso restored at
the beginning of the next newperation.

Note: When retries aredisabled(ReadRetry Count = 0 in ModePage 1), the abovhsted recoverysteps
are not taken.

13.1.2 Write Commands

DRP Steps Action ECC cor- Miscellaneous
rection

0 Initial Write

1-80 Rewrite

Figure 102. WriteRecoverySteps.

Note: Whenretries are disabled(WritRetry Count = 0 in ModePage 1), the abovésted recoverysteps
are not taken.

13.2 Error Recovery for Non-Data Errors

Errors other than datarrors as describedbove invokeError Recovery Proceduresalled ERP. ERPerrors
fall into 2 classes:

Position(Servo)

SpindleMotor

13.2.1 Position (Servo)

DRP Steps Action ECC cor- Miscellaneous
rection

0 Initial Seek

1-20 ReSeek

Figure 103. ServoRecoverySteps.

13.2.2 Spindle Motor Error

13.2.2.1 POR
DRP Steps Action ECC cor- Miscellaneous
rection
0 Initial Spindle start
1-forever Spindle restart

Figure 104. Spindlestart Recoverysteps.

Note: Not Readysense keystatewill continue until themotor speed reach to the targeitationalspeed.
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13.2.2.2 Start/Stop unit command

A spindlemotor error is generated whemotor speed can not be controlled. Timeotor will be stopped and
a Not Readysense key iseturned. There is ngelfinitiated recoverytaken by theDrive for this error.

13.3 Priority of Error Reporting

Multiple errors canoccur during the execution of @@mmand.Sinceonly one error is reported in theense
data, a priority scheme for determining which errorraport isused. Following are theules for reporting
sense

Hard Errors

— An unrecovered (hard) errowill always bereported inplace of any soft errothat may have
occurred during the samaperation.

— If multiple harderror conditions rist, the firstharderror detectedvill be reported.
Soft Errors

- When PER=0 (Mode Select dataformat page 1),recovered data amnmbon-dataerrors are not
reported.

- WhenPER=1(Mode Selectdata formatpage 1),thdasterror detectedvill be reported.

Note: Error will not be reportedeven ifPER=1when OTFrecoveryprocedurerecovereddata.

If an correctable error occurs durindle time,it is reported by the nextommandprocessed evethough the
error may seeninappropriate fothat command.
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