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1.0 General

This documentescribes the characteristics of the following IBM 2.5-in8G Sl interfacehard disk drives:

DPRS-20810(810 MB)
DPRS-212151215 MB)

1.1 Glossary

Word Meaning

Kbpi 1 000 Bit Per Inch

Mbps 1 000 000 Bit per second

MB 1 000 000 bytes

KB 1 000 bytes

32 KB 32 x 1 024 bytes

64 KB 64 x 1 024 bytes

Mb/sq.in 1 000 000 bits per square inch
MLC MachineLevel Control

1.2 General Caution

The drive can be easildamaged by shocks or ES(Electric Static Discharge), so any damages applied to
the drive aftertaking outfrom shippingpackage andpening ESD protective bag are usemsponsibilities.

0 Copyright IBM Corp. 1995 1



1.2.1 Caution of usage
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e DO NOT PRESS WHEN YOU TAKE OUT THE DRIVE.
e DO NOT PRESS WHEN YOU CARRY THE DRIVE.

o ATTACH THE DRIVE FREE FROM PRESSING FORCE.

oz

Figure 1. Handling and attachment caution of DPRS-20810/21215
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2.0 General Features

17 mm Height SFF Compliance
2.5-inchform factor
810/1215 MBformattedcapacity
512 bytes/sector
MR Head
No-ID (TM) Format
SCSI-2Fastinterface
Integrated controller
1:1 Interleave
1,7 Run-LengthLimited (RLL) Code
Multi Zone Recording (8)
Enhanced ECC On-The-Fly
— 128-bitReed Solomon Code operatid®-bit symbol.
- Multi Burst OTF correction.
- Automaticretry on errors
64 KB Segmenteduffer
Self-diagnostics irpower up and irexecute drive diagnostics
Media datatransfer rate 36.3 - 57.Mbit/second(4.5 - 7.1 MB/sec)
Interfacedatatransfer capability 10MByte/sec
« Average seekime 12milliseconds for read
Closed-loop actuatoservo(EmbeddedSector Servo)
Rotary voice coilmotor actuator
- Automatic Actuator lock
Dedicated headbndingzone
« All axis(6 directions)mountingpermitted
No preventivemaintenance required
1.6 Wattidle power
Motor speed4900 RPM
3.8 sec Power on toeady
MTTF 300 000power on hours
Shock Sensor foMaximum Operating Shock 100G/2msec
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Part 1. Functional Specification
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3.0 Drive Characteristics

This chaptemprovides the characteristics of tlugives.

3.1 Logical Drive Format

The customewusable data capacity is ahownbelow.

Figure 2. DriveParameter

Descriptions DPRS-20810 DPRS-21215
Bytes per Sector 512 512
Total CustometUsableData 1584 576 2 376 864
Sectors
Total CustometUsableData 810 MB 1215 MB
Bytes (811,302,912) (1,216,954,368)

3.2 Data Sheet

Figure 3. Data Sheet

Average latency [msec]

Mediatransfer rate Mb/sec] 36.3-57.0
Interface transfer rate [MBkc] 10 MB/sec
Data buffer size [KB] 64 KB (Read/Write)
Rotationalspeed RPM] 4900

6.1

Recordingdensity Kbpi]

110.3Maximum

Track density [TPI]

6350Maximum

Areal density Mb/sq.in.]

700 Maximum

Number ofzone 8
Number ofdisks

DPRS-20810 2
DPRS-21215 3

Servo desigmimethod

Embeddedsector servo
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3.3 Performance Characteristics

The driveperformance is characterized by tfadlowing parameters:

CommandOverhead

Mechanical Positioning

- SeekTime

— Latency

Data Transfer Speed

Buffering Operation

Note: All the above parameters contribute tofiee performance. There arether parametersvhich con-
tribute to the performance on the actisgistem. This specification tries wefine thebarefile characteristics,
not the systenthroughputwhich is dependent on thgstem and the application.

The following table gives atypical value of each parameter. Theetail descriptions are followed in the next
sections.

Function Typical

AverageRandomSeekTime For Read 12 msec
AverageRandomSeekTime For Write 13 msec
RotationalSpeed 4900 rpm
Power On To Ready 3.8 sec
CommandOverhead 1.0 msec
Disk-Buffer Data Transfer 36.3 - 57.0 Mbit/sec
Buffer-HostData TransferMaximum 10 MB/sec

Figure 4. Performancarameter

3.3.1 Command Processing

Commandoverhead time islefined as thdotal time from when theommand isreceived by the drive to the
start ofmotion of theactuator.
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3.3.2 Average Seek Time (Including Settling)

Command Type Typical Max
Read 12 msec 15 msec
Write 13 msec 16 msec

Figure 5. MechanicaPositioningPerformance

'Typical' and'Max" aregiventhroughout theperformancespecification by;

Typical Average of the drivgpopulationtested athominal environmental
and voltageconditions.
Max Maximum value measured on any onérive over thefull range of theenvironmental and

voltageconditions. (Seesection onEnvironment and D.CPower Requirements.)

The seektime is measured from the start afotion of theactuator to thestart of a reliable read or write
operation. Reliable read or write implieghat error correction/recovery is not employed to correct dorival
problems. TheAverage Seelime ismeasured as theeighted average of aflossibleseekcombinations.

max
Z (max+ 1-n) (Tn.in + Tn.out)
. _ n=1
WeightAverage= (max+ 1)(max)
Where:
max = MaximumSeekLength
n = SeekLength (1to max)
Tn.in = Inwardmeasuredseek time for a rirack seek

Tn.out = Outwardmeasuredseek time for a rirack seek

3.3.3 Single Track Seek Time

Function Typical Max
READ 4 msec 5.5 msec
Write 4 msec 6.5 msec

Figure 6. SingleTrack SeekTime

Singletrack seek ismeasured as thaverage of one (1) singlegack seekfrom everytrack with arandom head
switch in both directions (inward andutward).
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3.3.4 Full Stroke Seek

Function Typical Max
Read 23 msec 30 msec
Write 24 msec 31 msec

Figure 7. Full StrokeSeekTime

Full strokeseek ismeasured as thaverage of 1000 fulstrokeseeks.

3.3.5 Average Latency

RPM Time for a revolution Average Latency

4900 12.2 msec 6.1 msec

Figure 8. Latency Time

3.3.6 Drive Ready Time

Condition Typical Max

Power On To Ready 3.8 sec 10.0 sec

Figure 9. DriveReadyTime

Ready The condition in which thedrive is able toperform a mediaaccesscommand(e.g.
read, write) immediately.
Power On This includes the time required for the interrsalf diagnostics.
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3.3.7 Operating Modes.

Operating mode  Description

Spin —=Up : Start up time period from spindle stop or power down.
Seek . Seek operation mode

Write . Write operation mode

Read . Read operation mode

ldle . Spindle motor and Servo system are working normally.

Other modules except the servo control and Host
Interface are in sleep mode.

Commands can be received and

processed immediately.

Standby . Spindle motor is stopped. All modules except the Host
Interface are powered off. Commands can be received
and processed after a short delay.

Sleep . Spindle motor is stopped. Most modules are powered off and
power consumption is minimized.
The drive can get active by a soft reset or a hard reset.

Note =1 : Upon power down or Spindle stopped, a head locking mechanism will
secure the heads in the ID parking position.

Figure 10. OperatingMode

3.3.7.1 Mode Transition Time.

From To Transition Time
" Standby | e 2.3 sec typ, 9.5 sec max.
ldle Standby 1.7 sec typ, 5.0 sec max.

Figure 11.Mode Transition Time
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4.0 Data Integrity

4.1 Data loss on Power Off or Hard Reset

Power off or hardresetduring any operationexcept for writeoperationwill not cause anylataloss.

Power off or hardresetduring write operationcauses the loss of the datehich the drive has received
but not written on thalisk media.

« There is apossibility that power off or hardresetduring write operation might make anaximum of 1
sector ofdata unreadable. Thistate can be recovered by a re-writperation.

4.2 Write Cache

+ When write cache is enabledhere is apossibility that thewrite commandcompletes before the actual
disk write operationfinishes. Thismeans thathere is apossibility that power off or hardreset even
after write commandcompletion mightcause the loss of the datahich the drive has received but not
written on thedisk.

In order to prevent this datéoss, confirm the completion of the actualrite operation prior to the
power off or hardreset by issuing th®ecalibratecommand andonfirming itscompletion.

4.3 Equipment Status

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

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

Appropriateerror status is madavailable to thehost system if any of the followingconditions occurafter
the drive hasonce becomeeady:

Spindle speed outside requirements feliable operation.
Occurrence of A&WRITE FAULT condition.
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4.4 WRITE Safety

The verification process of writeperationusually involves a readack check of the ECC inconjunction
with WRITE FAULT detectioncircuits. TheWRITE FAULT detection circuitseveal conditions where a
write operation was intended and did not occur properly and the E€@ication occurred for old informa-
tion.

45 Data buffer test

The databuffer is tested aPower-on-reset and whendrive self-test isrequested by théost. Thetests are
consisted of write/reatD0'x and'ff'’x pattern on albuffer.

4.6 Error Recovery

Errors occurring on therive arehandled by the errorecoveryprocedure.

Errors that areuncorrectableafter application of the erromecovery procedures are reported to thest
system as non-recoverable errors.
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5.0 Specification

5.1 Environment

5.1.1 Temperature and Humidity

Operating Conditions

Temperature

RelativeHumidity

Minimum Dew Point

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

5to 55 deg C (*1)

8 to 90 % non-condensing
-18 deg C

29.4 deg Cnon-condensing
20 deg C / Hour

-300 to 3,000meter

Shipping Conditions

Temperature

Relative Humidity

Minimum Dew Point

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

-40 to 65 deg C

5t0 95 % non-condensing
-18 deg C

40 deg C non-condensing
20 deg C / Hour

-300 to 12,000meter

Storage Conditions

Temperature

RelativeHumidity

Minimum Dew Point

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

Oto 65deg C

5to 95 % non-condensing
-18 deg C

40 deg C non-condensing
20 deg C / Hour

-300 to 12,000meter

Note *1:

The system is responsible to providafficient airventilation to mantain surfacetemperature below 60
deg C at the center of top cover of tldeive.

0 Copyright IBM Corp. 1995 15



5.1.2 Magnetic Fields
The disk drivewill withstand the radiation & conductive noiseit shownbelow.
5.1.2.1 Radiation Noise

The disk drive shallwork without degradation of the soft error ratender thefollowing Magnetic Flux
Density Limits at the enclosursurface.

Frequency ( KHz ) Limits ( Gauss rms )
0-60 5.0
61 - 100 25
101 - 200 1.0
201 - 400 0.5

Figure 12. Magnetid-lux Density Limits

5.1.2.2 Conductive Noise

The disk drive shallwork without degradation of the soft error rate, with an A€urrent of up to 45
mA(p-p), in thefrequency rangdrom DC to 20 MHz, injected through any two of the mountingcrew
holes of thedrive via50o0hmresistor.
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5.2 DC Power Requirements

Item Requirements Notes
Nominal Supply +5 Volt
Power Supply Ripple ( 0- 20Mhz) 100 mv p-p max *1
Tolerance +/-5% *2
Supply Current Pop.Mean
(Nominal Condition)
Idle average 0.32 A RMS max(1.6W) *3
Read /Write 0.52 A RMS max(2.6W) *4
Seek average 0.52 A RMS max(2.6W) *5
Standby 0.12 A RMS max(0.6W)
Startup(maximumpeak) 1.20 A RMS max(6.0W) *6
(averagefrom power on toready) 0.80 A RMS max(4.0W)
Supply RiseTime 7 - 100 ms

Figure 13. Power Requirement

Notes (*):

(*1) The maximumfixed disk ripple ismeasured at 5VWnput of thedrive.

(*2) The disk drive shall notncur damage for an overoltage condition of+259% (maximum duration of
20 ms) on the 5-volhominal supply.

(*3) The idlecurrent isspecified at arinner track.

(*4) The read/write current ispecifiedbased on three operations of 68ctor read/write per 100 msec.

(*5) The seek averageurrent isspecifiedbased on three operations per I98ec.

(*6) The worstcaseoperating currenincludesmotor surge.
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Figure 14.Typical Current WaveForm atStart Up of DPRS-21215
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5.3 Reliability

5.3.1 Failure Rate

The failurerate islessthan 3.3fails permillion Device-hrs ofOperations.

5.3.2 MTTF

300 000 power-on hourP OH) under thefollowing conditions
- 4,000 POH per year (333 POH pbfonth)
- Seeking/Writing/Readingperation to bdess than 20% of POH
at 40 deg C or loweenvironmental temperature.

5.3.3 Contact Start Stop(CSS)

The disk drivewill meet thespecifiederror ratesafter the followingStart/Stop or Powe®©N/OFF cycles.

A) At a condition of Temperature/Humidity of 40C / 15 —20% : 52,000

B) At an extreme condition of Temperature/Humidity of 55C / 8 —15%: 10,400

5.3.4 Warranty

The warrantywill be covered bycontracts.

5.3.5 Useful Life

The usefullife of the drives is 5 years minimum.

5.3.6 Preventive Maintenance

None.

5.3.7 Error rate

« Probability of notrecovering data ....... 1 in 10bits read
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5.4 Mechanical Specifications

5.4.1 Mechanical Dimensions and Weight

The following chartdescribes thelimensions for the 2.5" hardisk driveform factor.

DPRS-20810/21215

Weight (gram)

Height (mm) 17.0 +0.0/-0.5
Width (mm) 69.85 £ 0.25
Length (mm) 100.2 + 0.25

186 Max

Figure 15.PhysicalDimension andWeight

5.4.2 Hole Locations

The Figure 16 orpage 20 shows theutline of DPRS-20810/21215 whidhcludes thehole locations.

(%) M 3.0

INNECTOR
i'\! 10. 1440.85
: i
2 ;
- '
3 | .....
3.86 10.2
VIEW A
X)) M 3
38,1 10.85 34,93 10,25
VIEW B

Figure 16.Outline of DPRS-20810/21215
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5.4.3 Mounting Orientation

The drivewill operate in allaxes (6directions). Thedrive will operate within thespecifiederror rates when
tilted + 5 degreefrom these positions.

Performance and error rateill stay within specification limits if the drive isoperated in the othepermis-
sible orientations from which it was formattedThus adrive formatted in a horizontal orientatiowill be
able to runvertically and viceversa.

The recommended mountirggrewtorque is 3 +/- 0.%gf.cm.
The recommended mountingcrewdepth is 3.5 +/- 0.5 mm fobottom and 5.0 +/- 0.5 mm for harontal

mounting.

The system is responsible fanounting thedrive securelyenough to prevent fronexcessivemotion or
vibration of thedrive at seekoperation orspindlerotation, using appropriate screws ogquivalentmounting
hardware.

Vibration test and shock test are to lwenducted by mounting thdrive to thetable usingbottom four
screws.

5.4.4 Shipping Zone and Lock

A "shipping" (or "landing")zone on thedisk, not on the data area of the diskpiovided to protect thelisk
dataduring shippingmovement, orstorage. Uporpower down, a heatbcking mechanismwill secure the
heads in this zone. Sé¥on-Operating Shockection for additionatietails.

5.5 Vibration and Shock

All vibration and shock measurements in thsisction shall be for the dis#rive without the mounting attach-
ments for thesystems. Thenput level shall beapplied to thenormal drive mountingpoints.

5.5.1 Operating Vibration
The disk drivewill operate without a hardrrorwhile beingsubjected to thdollowing vibration levels.

The testwill be 30 minutes ofrandomvibration using thepower spectral densitf{PSD) levels specified in
IBM Standard C-S1-9711-002 (1990-03) a¥5L. The vibration testlevel for V5L is 0.67G RMS (Root
Mean Square).

Random vibration PSD profile Breakpoint

5 Hz 2.0 x E-5 g¢**2/Hz
17 Hz 1.1 x E-3
45 Hz 1.1 x E-3
48 Hz 8.0 x E -3
62 Hz 8.0 x E -3
65 Hz 1.0 x E-3
150 Hz 1.0 x E -3
200 Hz 50 x E —4
500 Hz 50 x E —4

The specified levels armeasured at thenountingpoints.
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5.5.2 Non-Operating Vibrations
5.5.2.1 Random Vibration
The test consists of aandomyvibration applied in each of three mutually perpendicudaeswith the time

duration of 15 minutes peaixis. The PSDlevels for thetest simulates the shipping and relocation environ-
mentwhich isshownbelow.

Figure 17.RandomVibration PSDProfile Breakpoints (Non-Operating)

Hz Random Vibration PSD Profile Breakpoints (Non-Operating)
Hz 2 4 8 40 55 70 200
G**2/Hz 0.001 0.03 0.03 0.003 0.01 0.01 0.001

Overall RMSlevel of vibration is 1.04G(RMS).
5.5.2.2 Swept Sine Vibration

- 2 G (Zero to peak), 5 to 200 to 5 Hgne wave
- 0.5 oct/minsweep rate

- 15 minutesdwell at two major resonances

5.5.3 Operating Shock

The harddisk drive meets thefollowing criteria while operating in the conditionslescribed below. The

shock testconsists of tenshock inputs ineach axis anddirection for atotal of 60. Theremust be a
minimum 3 secondsdelay between shockpulses. Soft errors andutomaticretries are allowedluring the
test.

No data loss opermanentdamage : 100G, 2 msdwlf-sineshock pulse

The inputlevel shall beapplied to thenormal disk drive subsystemmountingpoints, asmounted in normal
system use.

5.5.4 Non-Operating Shock

The disk drivemustwithstand with no damage or degradation of performance, a 2flGsine waveshock
pulse of 11 mgduration and a 300@®alf-sine waveshock pulse of 2 msluration on sixsides wherheads are
parked. (When the power is notpplied to theunit, the heads are automatically located on the parked
position.)

All shocks shall beapplied in each direction of the drive's three mutually perpendicakas, one axis at a
time. Input levelsshall bemeasured at the frame of thiésk drive.
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5.6 Acoustics

5.6.1 Sound Power Levels

The upperlimit criteria of the octavesound powerevels aregiven in Bels relative to Ipico Watt and are
shown in thefollowing table with A-weightedevels.

Figure 18. Octavébandsound power levels

Octave Band Center Frequency(Hz)
Mode 125 250 500 1k 2k 4k 8k LwAu
Idle 4.8 4.1 3.6 3.6 3.9 3.9 3.6 45
Operating 5.0 4.3 4.2 4.2 4.2 4.2 3.8 4.8

Background powetevels of theacoustic testhamber foreach octavdband are to beecorded.

Soundpowertests are to beonducted with thalrive supported byspacers sdhat thelower surface of the
drive belocated at 25 +/- 3mm heiglitom the chambefloor. No soundabsorbing materiashall be used.
The acoustical characteristics of the didve subsystem are measured under thkowing conditions.

Idle mode :
Power on,disks spinning, trackfollowing, unit ready toreceive andrespond to controline com-
mands.

Operating mode :
Continuous randoneylinder selection and seebperation of actuator with a@well time at each
cylinder. Seekrate for thedrive can be calculated ahownbelow.

Dwell time = (0.5 + N) x60/RPM
Seek rate = 1/(Averageseektime + Dwell time)

Where N = number of maximum dataurfacesn=6 for DPRA-21215)

5.6.2 Sound Power Acceptance Criteria
Statisticalupperlimit (L ywocostar IS Calculatedwith following formula.

(LWoct)stat: (LWOCT)m + kx (St)Woct

where:

(Lwocdm is the mearnvalue of thesound poweltevel for asample of Ndrives.

(S)woct is the total standardeviation forsound powetevel ateach octavéand.
(SHwoct = SQRT( (RIwW? + (S)wocd )
(SR)w is the standard deviation of reproducibility feound poweltevel.
Assume (g)w = 0.075 B.
(SP)woct IS the standard deviation of the samples pmundpowerlevel ateach octavédand.
k is a coefficient degrmined 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 | 1.97 | 1.93 | 1.90 | 1.87

The calculatedeft hand side of thecriterion equation above is refred to as LWU and isounded to the
nearest 0.05 bel. The individugérms may be rounded to theearest 0.01 bel before calculation.

5.7 ldentification

5.7.1 Labels

The following labels araffixed to everydisk drive .

1. A label placed on the top of the HDAontaining the statemeritade bylBM' or equivalent,Part No.,
EC No. and FRU No.

2. A bar code label placed on thdisk drive based on user request. Thacation on thedisk drive is to be
designated in the drawing.

3. Labels containing the vendorisame,disk drive model number,serial number, place of manufacture
and UL/CSAlogos.

Except for the bar code, thiabels may be integrated.

5.8 Electromagnetic Compatibility

The fixeddisk, when installed in thédostsystem ancdexercisedwith a randomaccessingoutine atmaximum
data rateshall meet theworldwide EMC requirementbsted below.

IBM will provide technicabupport toassist users itomplying with the EMC requirements.
United States FederaCommunications CommissiofFCC) Rules and Regulation&Class B),Part 15.
European Economic Community (EEQlrective number 76/889 related to thecontrol of radio fre-

guency interference and the/erband Deutscher ElektrotechnikdW/DE) requirements ofGermany
(GOP).
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5.9 Safety

5.9.1 Underwriters Lab(UL) Approval

DPRS-20810/21215 complies with U1950.

5.9.2 Canadian Standards Authority(CSA) Approval

DPRS-20810/21215 complies with CSA22.2, #950-M89.

5.9.3 IEC Compliance

DPRS-20810/21215 complies with IEC 950.

59.4 German Safety Mark
DPRS-20810/21215 are approved by TUV on Test Requirement:

EN 60 950:1988/A1:1990/A2:1991.

5.9.5 Flammability

Printed Circuit boardsised in thisproduct are made ahaterial with a ULrecognized flammability rating of
V-1 or better. The flammability rating isnarked oretched on theboard. All other parts notonsidered
electricalcomponents are made afaterial with a ULrecognized flammability rating of V-1 obetter except
minor mechanical parts.

5.9.6 Safe Handling

The products arelesigned for safe handling in regardsdloarpedges andorners.

5.9.7 Environment
The productdoes notcontain anyknown orsuspected carcinogens.

Environmental controls meet @xceed allapplicablegovernmentregulations in thecountry of origin. Safe
chemical usage andchanufacturing control aresed toprotect the environment. An environmental impact
assessment hdseen done on the manufacturipgocess used to build thdrive, the driveitself and thedis-
posal of thedrive at the end of itdife.

Production also meets therequirements of the international treaty on chloroflurocard@+C) control
known as the United Nations Environment Program MontrBabtocol, and agatified by the member
nations. Material to be controllethclude CFC-11, CFC-12, CFC-113, CFC-114, CFC-115, Halb211,
Halon 1301 andHalon 2402. Although notspecified by theProtocol, CFC-112 islso controlled. In addi-
tion to the Protocol IBMrequires the following:

« All packaging used for theshipment of the product do not use controll€FCs in themanufacturing
process.

« All manufacturingprocesses foparts orassemblies, includingrinted circuit boards, does not useon-
trolled CFC materials aftedecember 311993.
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5.9.8 Secondary Circuit Protection

This productutilizes printed circuit wiring that must beprotectedagainst the possibility of sustainezbm-
bustion due tacircuit or componentfailure. Adequatesecondary over currergrotection is theresponsibility
of the using system.

.User must protect thedrive from it's eletrical short circuit problem . 10 Alimit is required for safety
purpose.

5.10 Packaging

Driveswill be shipped in appropriate containers apldced on pallets.

Drives are shipped in ESD protectiags.
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6.0 Electrical Interface Specifications

DPRS-20810/2121%ses single-ende&CSI| Busdrivers and receivers.

nationresistors are externallgquipped tainterface lines byUser.

The LoWwower SCSI Bugermi-

6.1 Connector

The SCSisignalconnector isdesigned tomate with AMP part numbef-176135 orequivalent. Figure 5 is
provided forreference toshow pin locations on the connectors.
| (J1) | r(J2) —
00 0000 00O00O0
00 0000 00O00O0
pin 3937 . ..o 31 7531
40 38 . . .. .o 4 2 86 4 2
Unused | 1 2 |-NO SPINUP ID1 ID2 D4 SCSI ID
—INDEX| 3 J2 4 |Unused
—-ID1| 5 6 |—-1D2 HI HI HI 0
—D4 | 7 8 |-LED LO HI HI 1
HI LO HI 2
KEY[NC NC KEY LO LO HI 3
HI HI LO 4
+5V 1 2 [+5V LO HI LO 5
RET| 3 4| RET HI LO LO 6
GND| 5 6 |—-DBO LO LO LO 7
GND| 7 J1 8 |-DB1
GND| 9 10 |-DB2
GND|11 12 |-DB3
GND|13 14 |-DB4
GND|15 16 |-DB5
KEY[NC 18(-DB6
GND|19 20 (-DB7
GNDj21 22 |-PARITY
GND|23 24 |TERM PWR
—-ATN|25 26 |-BSY
GND|27 28 |-ACK
—RST|29 30 |[-MSG
GND|31 32 |-SEL
—1/0 |33 34 |-C/D
GND|35 36 |[-REQ
RET|37 38 | RET
+5V |39 40 [+5V
Figure 19. 40 pin SCSConnector
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6.2 SCSI Interface Connector Pin Assignments

Signal Name Pin Number Signal Name
+5 1 2 +5
RET 3 4 RET
GND 5 6 -DB(0
GND 7 8 -DB(1
GND 9 10 -DB(2
GND 11 12 -DB(3
GND 13 14 —DB(4
GND 15 16 -DB(5
KEY 17 18 -DB(6
GND 19 20 -DB(7
GND 21 22 -DB(P)
GND 23 24 TERMPWR
—ATTN 25 26 -BSY
GND 27 28 —ACK
—RST 29 30 -MSG
GND 31 32 —SEL
-110 33 34 -CID
GND 35 36 -REQ
RET 37 38 RET
+5 39 40 +5

Figure 20. SCSI Drive Cabl8&ignal Lines.

Note:

« The minussign next to asignal indicates active low.

6.2.1 Signal Line Descriptions

The SCSI busonsists ofnine control and nine data line€achline is describedelow.

Name

BSY
SEL
C/D
/0

MSG
REQ
ACK

ATN
RST

Description

BUSY indicatesthat the bus is iruse.

SELECT isused by an Initiator to select a Target or by a Targetdselect arnitiator.
CONTROL DATA indicateswhether control (1) or data (0) information is on the bus.

INPUT/OUTPUT indicateswhether the data on the bus is amput (1) to thelnitiator or an
output (0) to theTarget. Thisline is alsoused todifferentiatebetweenSELECTION phase (0)
and RESELECTIONphase(1).

MESSAGE isdriven by Target andndicates a messageghase.
REQUEST isdriven by Target andindicates arequest for BREQ/ACK datatransferhandshake.

ACKNOWLEDGE isdriven by thelnitiator andindicates aracknowledgement of REQ/ACK
datatransferhandshake.

ATTENTION is driven by anlnitiator to inform a Targethat thelnitiator has amessage ready.
RESETclears allSCSldevicesfrom the bus andesetsthem.

Note: The targetwill not drive this line.

28 OEM 2.5"Hard Disk Drive specifications



DB(n) 8 databits are used to transfer data over tines. DB(7) is themostsignificant.

DB(P) PARITY bit associated wittDB(7-0). Data parity isodd.

6.2.2 Driver/Receiver Specification
The file supportssingle endeddrivers and receivers.
6.2.2.1 Output Characteristics.

Eachsignal driven by thefile will have thefollowing output characteristics whemeasured at théle con-
nector:

Signal assertion 0.0 volt DC to 0.5 volt DC
Minimum driver output capability 48 milliamps (sinking) at 0.5 volt DC
Signal negation 2.5 volt DC to5.25volt DC at 250 micro amperéopencollector)

6.2.2.2 Input Characteristics.

Eachsignal received by théile will have thefollowing input characteristicavhen measured at thie's con-
nector:

Signal true 0.0 volt DC to 0.8 volt DC
Maximum total input load -0.4 milliamps at 0.5 volt DC
Signal false 2.0 volt DC to5.25volt DC

Minimum input hysteresis 0.2 volt DC

6.2.3 SCSI Bus Cable

The maximumcable lengthfrom the hostsystem to thedrive is limited to 6 inches witkexternal 1K-ohm
pull up resistors.

In casethat appropriate terminatioresistors are externallgquipped to thanterface lines, the cable length
can be extended.

The stublength islessthan 0.1meter.

6.2.4 Signal Termination

The file does not haveermination nor pull upresistors forSCSlinterface.

6.2.5 Device Address Selection
To set the SCSHeviceaddress for thdile to 0 through 7, the hossystemmusthave aequipment to control
ID signal. This address setting is read during processing

Power Up
RST on SCSI BUSRESET).

This value is used by théle firmware as thedevice ID to

respond toselection
place thedevice ID on the busluring reconnection.
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Note: Changing the IDsetting afterPower On isneglecteduntil RST or another Power On. Thdefault
ID of the shippedfile is 0.

6.2.6 Parity Implementation

The file supports oddparity. Paritychecking may not beurnedoff. When aParity Error isdetected, the
file notifies to theinitiator to retry thelastoperation once. If therror persists, thefile will go into Bus Free
Phase. (See 10.4;SCSI Bus Related Error HandlinBrotocol” onpage 136 fomore detail.)

6.2.7 SCSI Bus Timings

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

6.2.8 Reset Implementation
The fileimplements theHard Resetoption asdefined in theSCSI-2 standard.

The fileresponds to RST by

1. Clear allcommands for allnitiators, includingcommands in theueue.
2. Release al6CSldevicereservations

3. GeneratdJnit Attention Condition

4. RestoreMode Parameters tdast saved values

5. Go into Bus Free Phase

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

The RST lineshould be heldactive for at least 25 usec to reset tlle. The file, however, mayrespond to a
resetwhich isactive forless than 25isec.

ACTION TYPE SELF-TEST |CLEAR CLEAR | UNIT ATTN
COMMAND QUEUE

RST Hardware no yes yes yes

Power On Hardware yes yes yes yes

BUS DEVICE RESET| Message no yes yes yes

ABORT Message no yes no no

SEND DIAGNOSTICS | Command yes no no no

Figure 21. Matrix ofresets/abort andelf testactions

6.2.9 Multi-Initiator Support

The file implements 'Untagged Queuing' apecified in SCSI-2 tosupport themultiple initiator environ-
ment.
The actual implementation @escribed as following;

- Only onecommand foreach Initiator may be accepted at a time. If the seconthmand isreceived,
the file will respond withCHECK CONDITION status andsense data o©OVERLAPPED COM-
MANDS ATTEMPTED. Both commands araborted.

If the disconnecprivilege is notgranted for thecommandother thanlisted below from an initiatorwhile
one or more commands are pmogressrom differentinitiator(s), thefile responds witBBUSY status.
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2.

TESTUNIT READY
INQUIRY
REQUESTSENSE

« The priority of execution is described &sllowing;

1.

TESTUNIT READY , INQUIRY or REQUESTSENSE commanavill be executed immediately

without disconnect.
All other commandswill be queued in thedrive internal stack, andwill be executed inFIFO

fashion.

. When alinked command hadveenexecuted, thdile wait for the thecommandfrom thelinked initi-

ator instead of processingpmmandfrom otherinitiators stacked in thelrive commandqueue.

. Separate requestnse data iprovided for each initiator.
. Separatesynchronous data period and offset are supportecefmh initiator bymeans of theSYN-

CHRONOUS DATATRANSFER REQUESTmessage.
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7.0 SCSI COMMAND SET

Summaries of the SCSilcommands supported by théile are listed below. where O=optional,
M=mandatory,E=extended, R=reserved ant=vendor uniqgue. The column “SCSI-1tefers to ANSI
version 1lstandard. Theolumn“CCS” refers to theANSI sub-committee Commogommand Shset for
DASD devices. Thecolumn “SCSI-2"refers toANSI version 2standard.

SCSI-1 | CCS | SCSI-2 | CODE | COMMAND

2Eh WRITE AND VERIFY
3Bh WRITE BUFFER
2Ah WRITE EXTENDED
3Fh WRITE LONG

Vv Vv Vv F6h DISABLE PASSWORD
Vv Vv Vv Fdh ERASE UNIT

M M M 04h FORMAT UNIT

Vv Vv Vv F5h FREEZE LOCK

E M M 12h INQUIRY

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 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
Vv Vv Vv Flh SET PASSWORD

0 0 0 1Bh START/STOP UNIT
R R 0 35h SYNCHRONIZE CACHE
0 M M 00h TEST UNIT READY
Vv Vv Vv F2h UNLOCK

0 0 0 2Fh VERIFY

M M M 0Ah WRITE

0 0 0

R 0 0

E M M

R R 0

Figure 22. SCSCommandsSupported. (In Alphabetical order)
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SCSI-1

CCS | SCSI-2 | CODE | COMMAND

<< <<<TVTTVTVOVOVTTOOOOMMMOOOOOOMO=ZT=ZOZTZOO

00h TEST UNIT READY
0lh REZERO UNIT

03h REQUEST SENSE
04h FORMAT UNIT

07h REASSIGN BLOCKS

08h READ
0Ah WRITE
0Bh SEEK
12h INQUIRY

15h MODE SELECT

16h RESERVE

17h RELEASE

1Ah MODE SENSE

1Bh START/STOP UNIT
1Dh SEND DIAGNOSTIC
25h READ CAPACITY
28h READ EXTENDED
2Ah WRITE EXTENDED
2Bh SEEK EXTENDED
2Eh WRITE AND VERIFY
2Fh VERIFY

34h PRE-FETCH

35h SYNCHRONIZE CACHE
37h READ DEFECT DATA
3Bh WRITE BUFFER

3Ch READ BUFFER

3Eh READ LONG

3Fh WRITE LONG

Flh SET PASSWORD
F2h UNLOCK

F4h ERASE UNIT

F5h FREEZE LOCK

F6h DISABLE PASSWORD

<< << <TTTOOTMITOOOOZZZZOOZTZOZTOSEZOZTZOZT
< <<<K<KOOOOO0OO0OO0O0O0OoZTZ=ZZOOZTZTOZTOSTZOTSTOT

Figure 23. SCSCommandsSupported. (ByCommandCode)

7.1 Flag and Link Bits

Many of
definedb

FLAG

LINK

the structures in this section havelds namesFLAG and LINK. The meaning of thesdields is
elow.

The Flag bitspecifieswhich message the target sha#iturn to theinitiator if the link bit is one and
the commandcompleteswithout any error. If Link iszero, Flagmustalso be zero. ILink is one
and the commanderminatessuccessfully, thefile will send either theLINKED COMMAND
COMPLETE message(FLAG=0) or the LINKED COMMAND COMPLETE WITH FLAG
messagdFLAG=1). Typically this bit is used to cause anterrupt in the initiator betweefinked
commands.

This bit is set to one to indicatthat theinitiator desires amutomaticlink to the next command
upon successfulcompletion of the currentcommand. Uponsuccessfulcompletion of the
command, thdile will returnINTERMEDIATE GOOD status and then send one of the two mes-
sagegdefinedunder Flag above.
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Upon unsuccessfutompletion of thecommand, thdile will return CHECK CONDITION status
or RESERVATION CONFLICT status andthen send theCOMMAND COMPLETE message.
No furthercommands in thehain areexecuted.

7.2 Abbreviations

These abbreviations are usddoughout thefollowing sections:

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

LBA. Logical Block Address.

RSVD. Reserved.

MSB. Most Significant bit.

LSB. LeastSignificant bit.

7.3 Byte ordering conventions

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

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 24.FORMAT UNIT (04)

This includes handling oflefectivesectors, and the overwriting of all data areas withoastant data pattern.
(Reserved areas of thmedia are notffected by the FORMATcommand.)

FmtDt set to one specifiethat a Data Outphasefollows the Commandphase. FmtDt set tozero
specifiesthat no Data Ouphasefollows.

Cmplt set to one specifiethat the GList (GrownDefect List) existing prior to the formatnot be used
and is discarded. The Drive rmatted with PList andDList (if specified).DList becomes the new
GlList.

Note: The file manages two internadefect lists and onexternal. Theprimary defect list(“P"List) is

created at time ofmanufacture andcannot bealtered. Thegrown defect list (“G”List) is built after
manufacture by the Initiators use of tiREASSIGN BLOCK command and the AutomatiReallocate
functions. The datalefect list(“D"List) is an externallist. It is supplied by the initiator in thdATA

OUT phase of the FORMATUNIT command.

List Format specifies theformat of thedefect ascriptor transferred to th&éarget whenFmtData bit is
set to one. Thivaluemust be set t@ero as the onlhysupported format isogical block. If the FmtData
bit is set to zero thidield mustalso be zero otherwise theommandwill complete with acheck condi-
tion with a sense key ofllegal request and an additionaknsecode ofinvalid field in CDB.

Interleave Factor may be zero or one, either of whicépecifies aninterleave ofl:1. Other Interleave
Factors aragnored because of thextensive bufferingmplemented in thdile.

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

Figure 25.Format ofDefect ListHeader. Format of the defelist headersentduring thedata outphase when
FmtDt set toone.

The Target has éimited implementation of thdcormatOption bits located in Bits Zhrough 7 ofByte 1 of
the Defect ListHeader(SeeFigure 25). If the Initiator attempts to alect anyfunction not implemented by
the Target, the Target terminate tkemmandwith CheckCondition Status The sense key is set titlegal
Requestand the additionasensecode is set tdnvalid Field in Parametellist.

FOV (Format Options Valid) bit of zero causes thdarget to verify that the setting for theDPRY
(Disable Primary) DCRT (DisableCertification), STPF (stop Format), IP(Initialize Pattern), and DSP
(Disable Saving Parameters) bits areero. If any of these bits are not zero, the Target terminates the
commandwith CheckCondition Satus The sense key is set tilegal Requestand the additionakense
code is set tdnvalid Field in ParameterList.

Note: When FOV bit is onethere is only onecombination of theDPRY, DCRT,STPF, IP and DSP
bits allowed. Anyother combinations return &heck Condition StatusWith a sense key ofillegal
Requestand an additionakensecode of Invalid Field In ParameterList. The supported combination
are:

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

DPRY (Disable Primary) bit set t@zero indicateghat the Target does not usportions of the medium
identified as defective in th@rimary defectPList for Initiator addressabldogical blocks. If the Target
cannotlocate thePList or it cannotdetermine whether &List exists, the teget terminates the Format
Unit command aslescribed foISTPF=1.

DCRT (Disable certification) bitmust be set to one. Th€arget does nogenerate aCList (certification
list ) nor perform acertification process while executing thf®rmat Unit Command.

STPF (stop Format) bit must be set to one. If one or both of tfwlowing conditions occurs, the
Target terminates the Format Unttommandwith Check Condition Status The sense key is set to
Medium Error and the additionabensecode is set to eithebefect List NotFoundif the first condition
occurred, orDefect ListError if the second condition occurred.

— The Targetcannotlocate a requirediefect list nordeterminethat thelist exists.

— The Target encounters an unrecoverable ewbile accessing aequireddefect list.

IP (Initialization Pattern) bit must be set trero. The Targeinitializes all datawith zeros.

DSP (Disable SavingParameters) bitmust be set t@ero. The Targesaves all theMode 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 requedtsat status be returned immediatelyGood Statuss returnedfol-
lowing the CDB validation and transfer of data in tBata Outphase. If the immediate format opera-
tion terminates in error, DeferreHrror Sense data is generatedWith the immediate bit set to one, the
Link bit must be set tazero.

SCSICOMMAND SET 39



The Defect ListLength field specifies thetotal length in bytes of thedefect descriptorsthat follow. The
Target has an implementation limitation faumber ofdefect desdptors. Thenumber ofdefect éscriptor
shall beless than128 The defect lisiength must beequal to four times the@umber ofdefectdescriptors to
follow, otherwise thecommand isterminated withCheck Condition StatusThe sense key is set tblegal
Requestand the additionakensecode is set tdnvalid Field In ParameterList. The defectdescriptorsmust
specify the defecbased on the current FormBevice parameters reported by tiMode Sensecommand.

The only format for thedefect listsupported by thdile is by logical block where the location oflefective
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 26. Format oDefect List.

Format of the defedist sentduring thedata outphase wherFmtDt set toone.
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75 INQUIRY (12)

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 27.INQUIRY (12)
The INQUIRY commandrequests the parameters of the target to be sent to the initiator.
An EVPD bit of one specifiesthat thefile shall return thevital product datapage identified by thePage

Code field in the CDB?! Page code specifieswhich page ofvital product data information thdile shall
return.

EVPD PAGE Description
CODE

0 0 The filereturns the standarlNQUIRY data.

0 Non Zero The filereturnsCHECK CONDITION status with thesense key of
ILLEGAL REQUEST and thexdditionalsensecode ofINVALID FIELD
IN CDB.

1 Supported The file returns thevital product data opage code requested.

1 Unsupported | The filereturnsCHECK CONDITION status with thesense key of
ILLEGAL REQUEST and thedditionalsensecode ofINVALID FIELD
IN CDB.

Allocation Length specifies thenumber ofbytesthat theinitiator has allocated foINQUIRY data to be
returned. An allocation length of zerionplies that no data is to beeturned. Thefile will terminate the
DATA IN phase when alhvailableINQUIRY data hasbeentransferred or when allocation length bytes
have beertransferred, whichever iess.

If an INQUIRY command isreceivedfrom an initiator with a pendinginit attention conditionbefore the
targetreportsCHECK CONDITION status), thefile processes théNQUIRY command. The unit atten-
tion condition is notcleared bythis action.

1 The available VPD pages are defined in the secgatitled Inquiry Data Format.
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7.5.1 Inquiry data

Two differentformats for theINQUIRY data aredefined.

« The firstformat is returned when amvalid LUN is specified by thenitiator.
- The second format is returned whervalid LUN is specified by thenitiator.

Each ofthese formats islescribed in the following sections.

Note: Fields with avalue shown inside quotes(e.g. Value = 'xyz') are charactefields. A value not in
guotes is a numerivalue. Characterfields arealpha-numeric and represented in eit®e8CIl or EBCDIC
as stated.
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7.5.1.1 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 28.INQUIRY DATA Invalid LUN Specified

Qualifier is set to 011b. This indicates the LU8pecified 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 Eaprean Computer
Manufacturers Association (ECMAJersion of SCSI (ECMA-111).

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

SCSlversion 2.

RDF is set to two to indicatghat the InquiryData Format asspecified in ANSI SCSI version 2 is
supported by thdile.

2 For all commandsexcept inquiry and requesense, if an invalid lun is specified@eck conditiornwill be returned.
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7.5.1.2 Inquiry Data Format - EVPD = 0

Figure 29 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 = 143 (8Fh)
5-6 Reserved = 0
7 REL_A|Wb_32|Wb_16|Sync |Link [TTD |CmdQu|SftRe

=0 | =01|=0]=1]=1]=01]=11]=0
8-15 Vendor 1D = 'IBM ' (ASCII)
16-29 Product ID (ASCII)
30-31 Reserved (ASCII)
32-35 Product Revision Level (ASCII)
3643 Unit Serial Number (ASCII)
44-95 Reserved
9697 Password Status
98-147 | Reserved. Contents are changed without notice.

Figure 29.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.

- 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 9316).

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

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

- RDF is set to two to indicataghat the InquiryData Format aspecified in ANSI SCSI version 2 is
supported by thdile.

- Additional Length indicates thenumber ofbytes of inquiryinformationthat follows.
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REL_A is set to zero to indicatehat thefile does notsupport'Relative Address Mode'.
« Wb_32is set to zero to indicatthat thefile does notsupport32-bit wide data transfers.
- Wb_16is set to zero to indicatthat thefile does notsupport16-bit wide data transfers.

Syncis set to one to indicatéhat thefile supports synchronous dateansfer.

Link is set to one to indicatthat thefile supportslinked commands.

.« TTD is set to zero to indicatéhat the file does notsupport theCONTINUE I/O PROCESS and
TARGET TRANSFERDISABLE message fothis logical unit.

CmdQu is set to one to indicatthat thefile supportscommandqueuing
SftRe is set to zero to indicatthat the target supportdard Reset only.
« Vendor ID is 'IBM' padded withASCII blanks.

Product ID is specified inASCII character.

Product ID DPRS-20810 DPRS-21215
Physical Layout
Bytes per Sector 512 512
Number ofheads 4 6
Number ofdisks 2 3
Maximum LBA 182DBFh 24449Fh
(decimal) (1584575) (2376863)
Number ofBlocks 182DCO0Oh 2444A0h
(decimal) (1584576) (2376864)

Figure 30.Product ID vs. Formatte€apacity

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

Password Status indicates thestatus of the password for thdrive. Pleaserefer to 8.2.6, “Inquiry
Commanddata” onpage 124.
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7.5.1.3 Inquiry Data Format - EVPD = 1 - Page Code = 00

BIT

BYTE 7 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 00h

2 Reserved = 0

3 Page Length = 04h

4 First Supported Page Code = 0lh
5 Second Supported Page Code = 03h
6 Third Supported Page Code = 80h
7 Fourth Supported Page Code = 82h

Figure 31.INQUIRY DATA - EVPD = 1 (PageCode = 00)

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

. PageCodeis set to 0, and thidield contains the samealue as in the page codeld of the INQUIRY
commanddescriptor block.

. Pagelength is set to 02h, and thifeld specifies thdength of the following pagelata.

« The Supported Page Code field contains the Page Codesipported by thdarget. Thelist is ascending
order.
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7.5.1.4 Inquiry Data Format - EVPD = 1 - Page Code

01

BIT
BYTE 7 6 5 4 3 2 1 0
0 Qualifier = 0 Peripheral Dev Type = 0
1 Page Code = 01h
2 Reserved = 0
3 Page Length = 47 (2Fh)
4 ASCIl Length = 24 (18h)
5-16 Reserved
17 0
18-27 Reserved
28 0
2940 Reserved
41-50 Reserved

Figure 32.INQUIRY DATA - EVPD = 1 (PageCode = 01)

« 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 codeld of the INQUIRY
command dexiptor block.

« Pagelength is set to 47, and thifield specifies thdength of the following pagelata.

« ASCII Length gives thenumber ofbytes of ASCII data tofollow.
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7.5.1.5 Inquiry Data Format - EVPD = 1 - Page Code = 03

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  (24h)
471 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 33.INQUIRY DATA - EVPD = 1 (PageCode = 03)

« 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 codeld of the INQUIRY
commanddescriptor block.

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

- LOAD ID field is used toverify that the RAM code to be downloaded is compatible with tlewel 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 code part number. It isleft aligned andunusedfields are filled
with 20h.
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7.5

1.6 Inquiry Data Format - EVPD = 1 - Page Code = 80

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 34.INQUIRY DATA - EVPD = 1 (PageCode = 80)

« Qualifier is set to zero to indicatthat the LUN specified in theCommandBlock is currentlysupported.

« Peripheral Device Typeis set to zero to indicatthat thedevice is aDirect-Access.

- Page Code is set to 80h, and thidield contains the samealue as in the page codield of the

INQUIRY command dexiptor block.

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

« Serial Number gives thedrive serialnumber.
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7.5.1.7 Inquiry Data Format - 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 ASCIl Length = 28 (1Ch)
5-9 Product Type (ASCII)
10 0
11-15 Model Number (ASCII)
16 0
17-25 Serial Number (ASCII)
26 0
27-31 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 35.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.

. Page Code is set to 82h, and thidield contains the samealue as in the page codield of the
INQUIRY command dscriptor block.

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

« Product Type (ASCII) gives a 4digit product type code for thedrive. The field is left aligned and
unusedbytes arefilled with 20h.

« Model Number (ASCIIl) gives a 3digit producttype code for thedrive. The field is left aligned and
unusedbytes arefilled with 20h.
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« Serial Number (ASCII) gives the fileserialnumber. Thefield is left aligned andunusedbytes arefilled

with 20h.

« Vendor ID (ASCII) gives thevendor asIBM. The field is left aligned andunusedbytes arefilled with

20h.

Product Type (EBCDIC) gives a 4digit product typecode for thedrive. The field is left aligned and
unusedbytes arefilled with 40h.

Model Number (EBCDIC) gives a 3digit producttype code for thedrive. Thefield is left aligned and
unusedbytes arefilled with 40h.

« Serial Number (EBCDIC) gives the fileserial number. Thefield 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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7.6 MODE SENSE (1A)

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 36.MODE SENSE(1A)

The MODE SENSE commangrovides ameans for thdile to reportvariousdeviceparameters to thaiti-
ator. It is the complement to thlODE SELECT command.

Allocation Length indicates themaximum number ofbytes the initiator has sedside for theDATA IN

phase.

A value of zero is not considered an error. If the allocation lenggmaler than theamount avail-

able,then that portion of the data up to tlalocation lengthwill be sent. It isnoted thatthis may result in
only aportion of amultitbytefield being sent.

7.6.1.1.1 Page Control Field: PCF (PageControl Field) defines thetype of PageParametewalues to be

returned.
PCF Meaning
00 Report current values. The file returns the currenvaluesunder which thelogical unit is presently

01

10

11

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 noteen executed since the last
power-on, hardRESET condition, or BUSDEVICE RESETmessage .

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

Report changeable valueThe file returns the changeabhalues for the pageode specified. The
page requesteghall be eturned containing informatiothat indicate whichfields arechangeable.
All bits of parameterghat arechangeable shall be set to ond2arametershat aredefined by the
file shall be set to zero. If angart of afield is changeable all bits ithat field shall be set to one.

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

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

Report saved value.The file returns thesaved value for the pagepdespecified.

Saved values are one of following :
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- the values saved as a result dODE SELECT command
identical to the default values
« zerowhen the parameters are not supported

The PagelLength bytevalue of each page retued by thefile indicates up towhich fields are sup-
ported on thapage.

7.6.1.1.2 Page Code: This field specifieswhich page orpages toreturn. Page codesage is defined in
Figure 37.

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

Figure 37. Page Code Usage

7.6.2 Mode Parameter List

The mode parametdist contain aheader, followed by zero omore block descriptorsfollowed by zero or
more variabletlength pages.

7.6.2.1 HEADER

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

Figure 38.MODE Parametelist (Header)

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

Medium Type field is always set to zero in théle. (Defaultmediumtype)
« WP. Whenused with theMODE SELECT command, thewrite protect (WP) bit isreserved.

When used with theMODE SENSE command, avrite protect (WP) bit ofzero indicatesthat the
medium iswrite enabled.

Block Descriptor Length. This field specifies théength in bytes of the block descriptors.
Whenused with theMODE SELECT command,zero or eight aresupported by thdile.
Whenused with theMODE SENSE command, théle returnseight to indicatethat only asingleblock

descriptor isavailable.

7.6.2.2 Block Descriptor
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BIT
7 6 5 4 3 2 1 0
BYTE 0 Density code = 0
BYTE 1 Number of Blocks (MSB)
BYTE 2
BYTE 3 (LSB)
BYTE 4 RSVD = 0
BYTE 5 Block Length
BYTE 6
BYTE 7

Figure 39.MODE ParameteBlock Descriptor
The Block descriptor provides formattinjpformation about the Number oBlocks (user addressable) to
format at thespecifiedBlock Length.

Number of Blocks

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

— Zero toindicate all available blocks
- The exactnumber ofblocks in the data area of thile, which can be obtained with th®fODE
SENSE command.

Any othervalue is invalid, and causes tltemmand tofail with CHECK CONDITION status.
Whenused with theMODE SENSE command, thiéeld containexactnumber ofblocks.
Block Length

When used with theMODE SELECT command, theBlock length field must contain 512 orzero, or
the file will terminate thecommand withCHECK CONDITION status.

Whenused with theMODE SENSE command, thiéeld will returnalwayscontain 512 .

7.6.2.3 Page Descriptor

BIT
7 6 5 4 3 2 1 0
BYTE 0| PS |RSVD=0 Density code = 0
BYTE 1 Page Length
EBYJE Mode Parameters

Figure 40.MODE Parameter Pageormat

Each modepagecontains apage code, a page length, and a set of mode parameters.
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Whenusing theMODE SENSE command, parameteisavable(PS) bit of oneindicatesthat the modepage
can be saved by thie in the reserved area of thiée.

A PS bit of zero indicateshat the supportedarameterscannot besaved. When using the MODE
SELECT command, the PS bit ieservedzero).
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7.6.3 Mode Select Data

The file supports 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
0Dh | Power Condition Parameters 1
38h | Standby Timer Parameters 1

Figure 41. Page Code Usage
The page lengtHield specifies thelength in bytes of the mode parametdhat follow. If the initiator does

not set this value to the valuthat is returned for thepage by theMODE SENSE command, théle will
terminate thecommand withCHECK CONDITION status.
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7.6.3.1 Page 0 (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| CMDAQ 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 42. Page 0
Fields marked in the table a$gnore' are noused or checked by thile. They will be initialized to zero but
may be set as desired. This is foompatibility with olderdrives.

Changeable Parameter Default Value

UQE
DWD
UAI
CMDAC
RPFAE
CPE
TCC

O B O O +» O P
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DSN
FRDD
CAEN
LITF
ADC
QEMC
DRD
LED

o O ©O B P B O O

N
o5}

Command Aging Limit
DRRT
DNR 0

o

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

DWD, Disable Write Disconnect bit, is set to zero to indicabat 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 phaséThe previousidentify messaganust grant thedrive the privi-
lege ofdisconnection or thelrive does not disconnect.)

A DWD bit of one indicatesthat the drive is not allowed todisconnect from theSCSI bus after

receiving aWrite(6),Write extend(10), Write anderify or Write longcommand andrior to the data out
phase is started After the data oufphase is started, thdrive maydisconnect to free th&CSI bus. This
occurs if the Target's internalontrol algorithms anather disconnect/reconnect control parameiads-

cate thatthis isappropriate angermissible.

Within the file this bit is actually ignored. If naother commands are iprogressthen thefile will not
disconnect. Ifother commands are iprogressthen thefile will disconnect to avoid possible deadlock
conditions.

UAI, Unit Attention Inhibit bit, is set tozero to indicatehat thedrive posts Unit Attentionconditions.
A UAI bit of one indicateshat thedrive does notpost Unit Attentionconditions.

- ASDPE, Additional SaveData Pointer Enable bit, isised tocontrol thesedning of additionakave data
pointersmessageswWhen set itwill cause asave datgpointersmessage to beent oneverydisconnection.
When not set asave datgpointersmessage is onlgent if the current connection contained a data phase
and a further data phasell be required to complete theommand.This field must be set t@ero as this
function is not currentlysupported

CMDAC determines if an LED on théle is activated whilecommands areactive. Asthis file does not
support an LEDthis bit is allowed to be changed by the initiator foost systemdevice drivercompat-
ibility.

RPFAE, ReportPredictiveFailure Analysis Error bit. This bit when seallows the drive toreport the

result of predictivefailure analysis. Asthis drive does notsupportpredictive failure analysighis bit is
ignored. It is allowed to be modified by the initiator fapstsystemdevice drivercompatibility.

CPE, Concurrentprocessing enable bit, is set to zero to indicabat only untagged 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.

TCCThermal Compensation bitontrols when thedrive will perform thermal compensation. Athis
drive does not perform thermalompensatiorthis bit is ignored internally. It is allowed to be modified
by the initiator forhostsystemdevice drivercompatibility.
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DSN Disable Target InitiatedSynchronous NegotiationWhen this bit is set thedrive will perform a
synchronous negotiation if one is natitiated by the initiatorafter power on,reset etc. Asthis bit is
read from the disk only after themotor hasbeen started the targetill not initiate a negotiation until
this point in time after thepower isapplied.This bit isignored internally.

FRDD When setthis bit stops thedrive reporting a formatdegradedcondition after a failedformat or
reassigncommand. Aghis drive does not have #ormat degraded mode this bit is ignored. It is allowed
to be modified by the initiator fohostsystemdevice. This bit isgnored internally.

DPSDP, Data Phase Save Data Pointer bit, controls whether thdrive sends asave datapointer
message at the end of a dgpthase.When set thedrive will send themessage after every dagshase.
When reset the messageill only be sent if another data phase igequired to complete theommand.
This bit is ignored internally.

CAEN When setthis bit causes th€ ommand AgelLimit timer to be used to avoidcommandswaiting
in the commandqueue for anindefinite period. When commandséave been in thgueue for a period of
time greater than thdimer limit they will be re-ordered to be executed in onfiast come first served
basis.Whenthis bit isresetcommands aralways executethased on thejueuere-ordering rules.

LITF This bit disables thdile idle time function whichsaves the log seleatounters. If this bit is set
thesecounters are not written tdisk and sowill be lost at the nexpowercycle.

- ADC Adaptive Cache Enable, wheset, allows thefile to modify the read-ahead caching algorithm,

ignoring parameters in Page 8. Thadaption isbased on analyzing thmost recentcommandhistory
and the current contents of tloeache buffers.

QEMC, Queue Error Management Control, teffects how thequeue is managedfter anerror has
occurred. If the Qerr bit irpage 0Ah is zerdhenthis bit is ignored. If howeveRerr is setthenthis bit
controls the action taken with queuedmmandswhich originatedfrom initiators other than thawhich
has experienced the error. If this bit is zaten there is noeffect oncommandsrom otherinitiators. If
this setcommanddrom all initiators will be aborted. This bitmust be set t@ero as this function is not
currently supported.

DRD Disable Read Disconect bit, whenset, disables thdile from dis-connectingfrom the bus on a
read or read extendecommanduntil the contents of theache havebeenchecked. This bit is ignored
internally by thefile. When aread commandarrives thefile will automatically disconnect if angther

command is inprogress. If nocommands are iprogressthen thefile will stay connected until theache

has beenchecked. It is allowed to be modified by the initiator foost systemdevice drivercompat-

ibility.

LED This field is designed tacontrol the operation of &ile LED driver. Asthis file does notsupport an
LED the field isinternally ignored. It is allowed to be modified by the initiator foost systemdevice

driver compatibility.

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

DRRT Disable Read Reassign Targetwhen set, will stop thefile attempting to move the data in a
sector to the new location, when the LBA is beingassigned. This bit is internally ignored by tfile
which will alwaysattempt to move thelata. It isallowed to be modified by the initiator fanostsystem
device drivercompatibility.

DNR Disable Nestedreassigns, when set, disablesstedreassigns ananeans only the target LBAwill
be moved on aeassigncommand. Thidile never performs nestegkassigns, as it is naequired by the
disk format, so this bit iggnored internally. It is allowed to be modified by the initiator foost system
device drivercompatibility.
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7.6.3.2 Page 1 (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 43. Page 1

Changeable Parameter

AWRE
ARRE
B
PER
DTE
DCR

Correction Span

Read Retry Count

Write Retry Count

The Read-Writerecoveryparameterghat will be used during anycommand thatperforms a read owrite

operation to the medium.

- AWRE, an Automaticwrite reallocation enabled bit is set to zero to indicabeit the file shall not

Default Value

O O O O O - P

01h
01h

perform automatiaeallocation ofdefective datablocks during writeoperations.

A AWRE bit is set to one tdndicatethat thefile shall perform automatiaeallocation ofdefective data

blocks during writeoperations.

- ARRE, an Automaticread reallocation enabled bit is set to zero to indicttat the file shall not

perform automatiaeallocation ofdefective dateblocks during readperations.
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A ARRE bit is set to one tandicatethat thefile shall perform automatiaeallocation ofdefective data
blocks during readperations.

TB, Transfer Block bit, is set to one to indicatbat a datablock that is notrecoveredwithin the
recovery limits specified shall betransferred to the initiator beforEHECK CONDITION status is
returned.

A TB bit of zero indicatesthat such a data bloclshall not be transferred to thiaitiator. Data blocks
that can beecoveredwithin the recovery limits are always transferreggardless of thealue of the bit.

RC, A readcontinuous bit. Must be set tozero, indicatingthat theerror recoveryoperationsthat cause
delays areacceptable during the data transfBrata shall not be fabricated.

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

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

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

DCR, Disable Correction bit, is set to one indicatethat Error Correction Code is notused for data
error recovery.
A DCR bit of zero indicateshat ECC isapplied to recover thdata.

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

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

Head Offset Countis not supported by théle.

Note: Head Offset isimplemented in theread errorrecoveryroutine. Theuser can not modify the
offsetvalue.

Write Retry Count sets a limit on theamount of datarecovery procedure(DRP) passes tharget
attempts whenrecovering write errors. One pashrough DRPinvolves executing all steps dRP.
Only values of 00h and 01h are valid. A value zdro disables alérrorrecoveryprocedures.
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The following summarizessalid modes of operation. If aillegal mode is set the mode selemtmmandwill
completesuccessfully but thaction of thefile when anerror occurs is undefined.

PER DTE DCR TB

0

o O O o

0

B R R R

0

= — O O

0

= O +» O

DESCRIPTION

Retries andError Correction are attempted. Recoveredand/or corrected 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 blooks
taining recovered errors.

hard err  Data transferstops when an unrecoverable error is encountered. The
unrecoverable block is notransferred to the initiator. Thdile then
creates theCHECK CONDITION status with the appropriat&ense
Key.

Retries andError Correction are attempted. Recoveredand/or corrected 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 blocks
taining recovered errors.

hard err  Data transferstops when an unrecoverable error is encountered. The
unrecoverable block isransferred to the initiator.  Théle then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

Retries areattempted but naeerror 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 blocks
taining recovered errors.

hard err  Data transferstops when an unrecoverable error is encountered. The
unrecoverable block is notransferred to the initiator. Théile then
creates theCHECK CONDITION status with the appropriat&ense
Key.

Retries areattempted but narror correction(ECC) isapplied. Recovered 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 blooks
taining recovered errors.

hard err  Data transferstops when an unrecoverable error is encountered. The
unrecoverable block isransferred to the initiator.  Théle then creates
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

lllegal Request-DTE must beerowhen PER iszero
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0

0 The highestlevel error is reported at the end dfansfer. Retries and error cor-

rection areattempted.  Recovereand/orcorrected data (if any) iransferred with
CHECK CONDITION status andRECOVERED ERROR 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 blogks
taining recovered errors. Thimformation byte in thesense datawill
contain thelogical block address of the last recovered error.

hard err  Data transferstops when an unrecoverable error is encountered. The
unrecoverable block is notransferred to the initiator. Théile then
creates theCHECK CONDITION status with the appropriat&ense
Key.

The highestlevel error is reported at the end dafansfer. Retries and error cor-
rection areattempted.  Recovereand/orcorrected data (if any) iransferred with
CHECK CONDITION status andRECOVERED ERROR 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 blogks
taining recovered errors. Thimformation byte in thesense datawill
contain thelogical block address of the last recovered error.

hard err  Data transferstops when an unrecoverable error is encountered. The
unrecoverable block itransferred to the initiator.  Théle then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.

The highestlevel error is reported at the end tfansfer.  Retries arattempted but

ECC is not applied. Recovereand/or corrected data (if any) isransferred with

CHECK CONDITION status andRECOVERED ERROR 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 blochks
taining recovered errors. Thimformation byte in thesense datawill
contain the LBA of thelast recovered error.

hard err  Data transferstops when arunrecoverable error is encountered. The
unrecoverable block is notransferred to the initiator. Théle then
creates theCHECK CONDITION status with the appropriat&ense
Key.

The highestlevel error is reported at the end tfansfer.  Retries arattempted but

ECC is not applied. Recovereand/or corrected data (if any) isransferred with

CHECK CONDITION status andRECOVERED ERROR 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 blochks
taining recovered errors. Thimformation byte in thesense datawill
contain the LBA of thelast recovered error.

hard err  Data transferstops when arunrecoverable error is encountered. The
unrecoverable block isransferred to the initiator.  Théle then creates
the CHECK CONDITIONSstatus with the appropriat8enseKey.
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1 1 0 0 The highestlevel error is reported at the end of transfer. Retries and error cor-
rection areattempted.  Recovereand/orcorrected data (if any) iransferred with
CHECK CONDITION status andRECOVERED ERROR Sense Key set at the
end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thefirst soft error detected. = Theformation in
the sense data shalbntain the LBA of the block irerror.

hard err  Datatransferstops on the unrecoverable error.  Tfile thencreates the
CHECK CONDITION status with the appropriatéenseKey.

1 1 0 1 The highestlevel error is reported at the end of transfer. Retries and error cor-
rection areattempted.  Recovereand/or corrected data (if any) isransferred with
CHECK CONDITION status andRECOVERED ERROR Sense Key set at the
end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thefirst soft error detected. Theformation in
the sense data shalbntain the LBA of the block irerror.

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

1 1 1 0 The highestlevel error is reported at the end tfansfer.  Retries arattempted but
ECC is not applied. Recovered datatmnsferred withCHECK CONDITION
status anRECOVEREDERROR Sense Key set at the end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thefirst soft error detected. @ The recovered error
block is returned to the initiator. The information in tleense data
shall contain thelogical block address of thévlock in error.

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

1 1 1 1 The highestlevel error is reported at the end of transfer.  Retries attempted but
ECC in not applied. Recoverednd/or corrected data (if any) isransferred with
CHECK CONDITION status andRECOVERED ERROR Sense Key set at the
end of the transfer.

no err The transfer length is exhausted.

soft err The transferstops on thefirst soft error detected. = Theformation in
the sense data shalbntain thelogical block address of thélock in error.

hard err  Data transferstops on the unrecoverable error. The unrecoverable error
block is returned to the initiator. Théle then creates theCHECK
CONDITION status with the appropriat8enseKey.
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7.6.3.3 Page 2 (Disconnect/Reconnect Parameters)

BIT

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

Figure 44. Page 2

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

The disconnect / reconneptge provides the initiator theeans to tune the performance of the SCSI bus.

An initiator may use thdDENTIFY message tagrant thefile the general privilege ofdisconnecting. (Dis-
connectrequests maygtill be selectivelyrejected by thenitiator by issuing aMESSAGE REJECT).

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

Read Buffer Full Ratio is the numerator of draction whosedenominator i256. Thefraction indicates

how full the file 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 draction whosedenominator is 256. Théraction indi-
cates howempty thefile databuffer should be beforattempting 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.

7.6.3.3.1 Reconnection to a disconnected read command: For a readcommand, theeconnect iglelayed
relative to the availability of the firsblock in thefile databuffer by the fraction of thdile databuffer size. If
the remaining data transfer lengthless than thdraction of thefile databuffer size, thefile control program
calculates theoptimal reconnectiompoint to complete the dat&ransfer as early apossible whileminimizing
the time connected to the SCSI bus.

7.6.3.3.2 Reconnection to a disconnected write command: For a writecommand, théNrite Buffer Ratio

is significantonly if the total datatransfer length is greater than tiseze of thefile data buffer. The fraction
determines howempty thefile databuffer should be beforeeconnecting to begifilling the buffer again.
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7.6.3.4 Page 3 (Format Device Parameters)

BIT
7 6 5 4 3 2 0

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

Track per Zone = 01E4h
BYTE 3 (LSB)
BYTE 4|(MSB)

Alternate Sectors per Zone = 0032h
BYTE 5 (LSB)
BYTE 6|(MSB)

Alternate Tracks per Zone = 0001h
BYTE 7 (LSB)
BYTE 8|(MSB)

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

Sectors per Track = 003Fh
BYTE 11 (LSB)
BYTE 12|(MSB)

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

Interleave = 0001h
BYTE 15 (LSB)
BYTE 16|(MSB)

Track Skew Factor = 000Bh
BYTE 17 (LSB)
BYTE 18|(MSB)

Cylinder Skew Factor = 000Fh
BYTE 19 (LSB)
BYTE 20| SSEC | HSEC | RMB SURF RESERVED

= =1 =0 =0
BYTE RESERVED
21-23

Figure 45. Page 3

The formatdevicepagecontains parameters whidpecify themedium format.

SSEC
HSEC
RMB
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Zero. Indicatesthat thefile does notsupportsoft sectorformatting.

One.Indicatesthatfile support hardsector formatting.

Zero. Indicatesthat themedia does nosupportremovable. Fixed Disk.




SURF Zero. Indicatesthat progressive address are assigned toaglical blocks acylinder prior to allo-
cating addressvithin the nextcylinder.
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7.6.3.5 Page 4 (Rigid Disk Drive Geometry Parameters)

BIT
7 6 5 4 3 2 1 0
BYTE 0| RSVD =0 Page Code = 04h
BYTE 1 Page Length = 0016h
BYTE 2|(MSB)
Number of Cylinders = 0624h (DPRS —20810 .
BYTE 4 0936h (DPRS-21215) (LSB)
BYTE 5 Number of Heads = 010h
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 = 1306h .
BYTE 21 (LSB)
BYTE 22
RESERVED 1
BYTE 23

Figure 46. Page 4

The rigid disk drive geometric pagepecifiesvarious parameters for thide.

RPL
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7.6.3.6 Page 7 (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
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 47. Page 7

Changeable Parameter Default Value
PER 1

DCR 0

Correction Span 00h

Verify Retry Count 01h

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

+ Verify

« Write andVerify - the verify portion of the commananly.

Sincebytes4-11 are notchangeable, th&lode Select Commandaccepts only thevalues indicated for bytes
4 -11.

- EER, This bit is 0 since th&arget 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.
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PER, DTE, and DCR bhit ¢8ngs in page 7 overridehose 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.

PER DTE DCR DESCRIPTION

0 0 0 Soft errors are noteported. ECC is applied teecover thedata.
1 0 0 Soft errors areeported. ECC is applied toecover thedata.

0 0 1 Soft errors are noteported. ECC is not used tecover thedata.
1 0 1 Soft errors areeported. ECC is not used tecover thedata.

- Verify Retry Count sets a limit on theamount ofverify recovery procedure(VRP) passes tharget
attempts whemrecoveringverify errors. TheVerify Retry Count of onecauses thélarget toattempt up
to one VRP pass pecommand when a mediurarror occurs during aerify operation. Onlyvalues 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. THield may be set to anyalue but thefile will not use offlinecorrection
during verify operations.
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7.6.3.7 Page 8 (Caching Parameters)

BIT
7 6 5 4 3 2 1 0

BYTE 0| PS RSVD=0 Page Code = 08h
BYTE 1 Page Length = 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 48. Page 8

Changeable Parameter Default Value
WCE 0
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 Segments4

The cachingparameterpagedefinesparametershat affect the use of theache.

« WCE, Write Cacheenable bit, is set to zero to indicathdat the drive must issue Good Status for
Write(6) or Write extend(10xommandonly after successfully writing the data to tmeedia. A WCE bit
of one indicateghat thedrive may issue Good Status forVerite(6) or Write extend(10xommandafter
successfully receiving the data bbéfore writing it to themedia.

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

« MF, Multiplication Factordetermines how thé&laximum Pre-fetchfield is interpreted. When this bit is
set the data t@re-fetch isgiven by thecommandlength multipled by thevalue in theMaximum Pre-
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fetch field. When this bit isreset the value in th&aximum pre-fetchfield is used as the absolute length
to pre-fetch.
RCD, ReadCachedisable bit, of zero indicateghat thefile may return datarequested by a READ
command byaccessing either theache or theRead AheadBuffer, or media. A RCD bit of one indi-
catesthat thefile shall transfer all dataequested by a REAommand byaccessing thanedia(i.e.,
data cannot béransferredrom the cache orReadAheadBuffer).
Read Retention Priority, Demand Read Retention Brity is not supported.

« Write Retention Priority , Write Retention Priority is not supported.
Disable Pre-fetchTransfer Length specifies anumber of LBA'swhich if a readcommandlength exceeds
will cause thdile not to performreadaheadbuffering after thecommand hagsompleted. Avalue of zero
specifiesreadahead shoul@lways beperformed.
Minimum Pre-fetch specifies theminimum number of LBA's that thdile shouldread aheadafter each
read command. Avalue of zero indicateghat read ahead 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 indicateshat readaheadwill
be performed until the segment figll of readahead data. If théength of a reaccommand idess than
the segmensize thenread aheadwill be continued until thesegment isfull regardless ofthis setting
(exceptwhen thereadahead is pre-empted by a subsequemtmand).
Maximum Pre-fetch ceiling specifies themaximum number ofblocks thefile should attempt toread
ahead. It is particularly relevant when the MF bitsist. A value of zero indicates no limit. If the length
of a readcommand isless than thesegmentsizethen readaheadwill 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 is used to indicate to théle how manysegments are requested by the initiator. Segments can
be either 32K or 64K irsize and allsegmentamust be thesamesize. Thefile will attempt topartition

the bufferinto 64K segments but if there is na@noughspace for thenumber ofsegments requested in
this field it will partition thebuffer as 32K segments.

72 OEM 2.5"Hard Disk Drive specifications



7.6.3.8 Page 0D (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 | RSVD
=0 =0

BYTE 4
BYTE 5

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

Reserved = 0 .
BYTE 10
BYTE 11 (LSB)

Figure 49. Page 0D

The power conditionpage provides the initiator themeans to control théength of time a targewill delay
before changing itpower requirements. There is nuotification to the initiatorthat a arget has entered
into one of the poweconditions. On theeceipt of acommand,only the timer(s) controllingpower for the
commandshall be reset anthenrestarted orcompletion of thatommand.
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7.6.3.9 Page 38 (Standby Timer Parameters)

BIT

7 6 5 4 3 2 1 0
BYTE 0 PS |[RSVD=0 Page Code = 38h
BYTE 1 Page Length = 04h
BYTE 2 Reserved = 0
BYTE 3 Auto Standby Time (Minutes)
BYTE 4 Reserved = 0
BYTE 5 Reserved = 0
Figure 50. Page 38
Changeable Parameter Default Value
Auto Standby Time 6Dh (109minutes)

The file will enter the standby condition automaticadfter thetimer counts up toAuto Standby Time. The
timer will be resetwhen thefile receives anjcommandexceptinquiry, RequestSense and Tedinit Ready
command. Zero ofAuto Standby Timeindicatesthat thefile disablesAuto Standby function.

- Auto Standby Time. Auto Standby Timefield indicates thetime that the drive changes tcStandby
mode automatically. The range of thisld is from 00h to OFFh(255min) in minutes.
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7.7 MODE SELECT (15)

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 51.MODE SELECT (15)

The MODE SELECT commandprovides ameans for the initiator tespecify LUN or deviceparameters to
the Target. It alsallows anlnitiator to specifyoptions theTarget uses in errorecovery andCaching.
There is asingle set ofMode Page parameters shared by all initiators.

PF A PF(Page Format) bivalue of 1 indicates the datsent by the Initiatorafter the Mode Select
Header and the Block Descriptor, if any, complies to the PEgemat. TheTargetignores this
field since it onlyaccepts mode parameters in the P&gemat.

SP Save PagesThis indicates;

0 The drive shall not save the pagesnt during theData Outphase buwill use them for all

following commandsuntil the power is removed, eeset is received or a new mode select

command igeceived.

1 The drivewill save the data in the reservadea of the disk. Iwill be used for allfollowing
commandsuntil another mode seleatommand isissued, thisinformation is maintained
over apowercycle orreset of théefile.

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

The MODE SELECT parameteiist contains a four-byte headefgllowed by zero or onéblock descriptor
followed by zero ormore pages. The pageshich arevalid with this command aredefined in theaddendum
under theheadingMode SelectData. as they varywith the file model.

7.7.1.1 Application Note

The initiator shouldissue aMODE SENSE commandequesting all Changeabhalues (see PCHield in

byte two of the CDB in 7.6,MODE SENSE (1A)” on page 52)prior to issuing aMODE SELECT
command. This is necessary to find outvhich pages ardmplemented by thdile and thelength of those
pages. Thdile will return, in thePages of theMODE SENSE command, the number bftes supported
for each Page. The Padeength set by thanitiator in the MODE SELECT command must be thexact
value asthat returned by thdile in MODE SENSE Page Length. Ifthis is not true, thefile will return
CHECK CONDITION status withsense key ol LLEGAL REQUEST. See7.6,"“MODE SENSE(1A)”

on page 52.
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Note: If an initiator sends aMODE SELECT command thatthanges anyarameterghat apply to other
initiators, thefile shall generate amnit attention condition for alinitiators except the on¢hat issued the
MODE SELECT command. Théefile shall set theadditional sensecode toPARAMETERS CHANGED
(2Ah).
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7.8 PRE-FETCH (34)

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 52. Pre-Fetck34)
The PRE-FETCHcommandrequests thdile to transfer data to the cache. No data is transferred to the
initiator.
Immed Immediate.
If the Immediate (Immed) bit of the CDB izero:

If an error occurswhile reading,error recoverprocedures arattempted. The
Drive returns GOOD status or CHECK CONDITION status based on the
setting of theMODE SELECT Page 1 parameters.

If there isenoughroom in thesegment for all of theRequestedData or if the
Transfer Length is zero and no error occurgvhile reading,the Drive returns
CONDITION MET status when theommand completes.

If there is notenoughroom in thesegment,the Transfdrength is notzero, and
no error occurredwhile reading,the Drive returnd'GOOD status when the
command completes.

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

If there isenoughroom in thesegment for all of theRequestedData or if the
TransferLength iszero,the Drive return€ONDITION MET status asoon as
the CDB is verified.

If there is notenoughroom in the segment and the Transfdrength is not
zero,the Drive return§& OOD status asoon as the CDB igerified.

« The reading of data ifandled the same diead-Ahead operation.Thisnplies
the prefetch may béerminateduponreceipt ofanother command.

if an error is encountered:

1. The fileterminates thePre-Fetch operation andoes notattempt torecover
the data.
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2. The error is not reported to the Initiator for the curremmmand.(the error
will be reportedduring the nextcommand if thenext command is a Read
command thatequests the block which encountered the error.)

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

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

Transfer length The transfer lengttield specifies thenumber of contiguoudlocks of datathat are to
be transferrednto the cache. A transfer length of zero indicatdsat blocks are to be
transferredinto the cache until the segment fdled or there are nomore blocks on
the media.
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7.9 READ (08)

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 53. READ(08)

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

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

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

Note: Errors are handled bYERP(errorrecovery procedure).ERPs are controlled by therror recovery
parameterspecified byMODE SELECT command.

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

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 54.READ CAPACITY (25)

The READ CAPACITY commandreturns informatiorregarding the capacity of thide.
- RelAdr. A Relative Address is nosupportedMust be set tazero.
« Logical Block Addressis used inconjunction with the PMI bit.

- PMI, PartialMedium Indicatorindicates;

PMI Description
0 The drivereturns thelast logicalblock address of thdile.
1 The drivereturns thelast logical block address andlock length in bytes arehat of the

logical block address aftewhich a substantiadelay in data transfewill be encountered.
This returnedlogical block address shall be greatéran orequal to thelogical block address
specified by theRelAdr andlogical block addresdfields in thecommanddescriptor block.
This option provides theinformation the initiatorneeds to determine themount ofspace
available on thesame track which isiccessiblavithout a headswitch or seek.

7.10.1.1 Returned Data Format

The data returned to the initiator in response to the REGRPACITY command isdescribed 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 55.Format of READ CAPACITY commandeply

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

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 56.ReadDefectData (37)

The READ DEFECTDATA commandrequeststhat the Targettransfers themedium defect data to the
initiator.

If the target isunable toaccess anynmedium defect data itwill return a Check Conditiorstatus with the
appropriatesense key. The sense keyll be set toeitherMedium Error(03h) if amediumerror occurred or
No Sense(00h) if thdist does notexist and theadditionalsensecodewill be set toDefect List Error(19h).

Plist The PrimaryDefect List (Plist) bit set to one indicatdbat the targetreturns the primaryist of
defects. APIlist bit of zero indicateghat the targetshall not return the PrimaryDefect list of
defects.

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

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

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

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

The Defect List Format of '100 (Bytesom Index Format) ' and'101 (Physical SectoFormat)' are sup-
ported. If the requested format is neupported by thdile, it will return thedefect list in itsdefaultformat
'101' thenterminates thecommand withCheck Conditionstatus. Thesense keywill be set to Recovered
Error(01h) and the additionalensecodewill be set toDefect List NotFound(1Ch).

The file sendsdefect list (Defect Descriptors) in a four byte ABA (absolute bloekidress)format which
follows a fourbyte Defect List Header.

The targetwill transfer all of theReadDefectData up to the number diytes allocated by the initiator.

Note: The file will terminate theData In phase when the Allocation Length has beesnsferred or when
all available DefecData hasheentransferred to the initiator, whichever lisss.
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The ReadDefectDatacontains a four byte headefigllowed by zero ormore defect desriptors.

7.11.1 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 57.Defect ListHeader

7.11.2 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 58.Defect Descriptors oBytesfrom Index Format

Defect Bytesfrom Index is gotterusing the followingequation:
Bytes from Index = (Physical Sector Number) * N

Where: N = Bytes per sector (512 Bytes)

7.11.3 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 59.Defect Descriptors of Physical Sector Format
The defect lisformat field specifies theformat of thedefect list datareturned by thdarget.

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

If the Allocation Length ignsufficient to transfer all of the defect degutiors, the Defect List.ength will not
be adjusted taeflect thetruncation. The targewill not create aCHECK CONDITION status.
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7.12 READ EXTENDED (28)

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 60.ReadExtended(28)

The READ EXTENDED commandrequests thdile to transfer data to the initiator. Thkarger Logical
Block Address and Transfdrength fields permit greater giantities of data to be requested pswmmand
thanwith the READ command and areequired toaccess the full LBArange of thelargercapacitydrives.

DPO
FUA

RelAdr

Transfer length

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

Force unitaccess. A FUA bit of 1 indicatethat the data iseadfrom the media and
not from thecache. A FUA bit of O allows the data to be rekdm either the media
or the cache.

Relative Block AddressMust be set to zerg indicatingthat thelogical block address
field specifies the first logicablock of therange oflogical blocks to be operated on by
this command. Relative address is naupported.

The number of contiguoublocks to be transferred. If the transfer length is zero,the
seekoccurs,but no data iransferred. Thisondition is notconsidered an error. If
readahead is enabled, @adahead is startedfter the seek completes.
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7.13 READ BUFFER (3C)

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 61. READ BUFFER(3C)

The READ BUFFER command isused inconjunction with theWRITE BUFFER command as aliag-
nostic function fortesting thefile's memory and the SCSI buisitegrity. This commanddoes not alter the
medium.

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

MODE Description

000 Read ombinedheader and data
010 Data
011 Descriptor

All others Not supported.

7.13.1 Combined Header And Data (Mode 000)

In this mode, a fourbyte headeffollowed by data bytes areeturned to the initiator during th®ATA IN
phase. Thebuffer ID and the buffer offsefield arereserved.

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

The four-byte READBUFFER header (Figure 62 opage 87) is followed by data bytédsom the file's data
buffer.
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BIT
7 6 5 4 3 2 1 0
BYTE 0 RSVD = 0
BYTE 1|(MSB) Buffer Capacity
BYTE 2
BYTE 3 (LSB)

Figure 62. READBUFFER Header

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

Following theREAD BUFFER header, thdile will transfer datdrom its databuffer.

7.13.2 Read Data (Mode 010b)

In this mode, theDATA IN phase containbuffer data.

Buffer ID This field must be set tozero, indicating the data transfer buffer. dhother
value is specified, thecommand isterminated withCHECK CONDITION
status. Fileshall set sense key ti.LEGAL REQUEST andadditionalsense
code 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 BUFFER descriptor. If the valueexceeds the buffer specified, the
command isterminated withCHECK CONDITION status. Fileshall set
sense key tdLLEGAL REQUEST andadditional sensecode to ILLEGAL
FIELD IN CDB.

Allocation Length The file terminates theDATA IN phase when allocation length bytes of data
have beertransferred omwhen theheader and alhvailabledatahave been trans-
ferred to theinitiator, whichever idess.

7.13.3 Descriptor (Mode 011b)

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

Buffer ID This field should normally be set taero indicating thdfile datatransfer buffer.
If any othervalue isspecified thefile returns allzeros in the READBUFFER
descriptor.

Buffer Offset This field isreserved.

Allocation Length This must be set to four ogreater. Thdfile transfers the lesser of thadlocation

length or four bytes of READBUFFER descriptor. The READBUFFER
descriptor isdefined inFigure 63 onpage 88.
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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 63.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, whichindicates Sector(512 byte8oundaries.
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7.14 READ LONG (3E)

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 64. READLONG (3E)

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

- 512 bytes ofdata
16 bytes of ECC data

« CORT
0 A corrected bit of zero causes thagical block to be readvithout anycorrection made by théle.

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

RelAdr Relative Block Address is nagupported by thédile.
LOGICAL BLOCK ADDRESS field specifies the logicablock at which the readperationshall occur.

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

The transfer length is calculated &slows:
transfer length =logical block size + 16
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7.15 REASSIGN BLOCKS (07)

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

Figure 65.REASSIGNBLOCKS (07)

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

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

relocation peREASSIGN BLOCKScommand.

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

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

Following is the format of the data sent by the initiathuring theDATA OUT phase:
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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 66.Format of REASSIGNBLOCKS data

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

- Defectlist length must be4,8,12 or 16. Otherwise, thedrive returns CheckCondition with Sense key =
lllegal request.

- Defective logical block addressis 4 bytes in length. The initiator caspecify from 1 to 4 Defective
logical block address according to the Defelist length from 4 to 16, respectively. Defective logical
block addressemust beordered in ascending order, or theive returns Check Condition.
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7.16 RELEASE (17)

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 67.RELEASE (17)

The RELEASEcommand isused torelease a LUNpreviously reserved.
Note: It is not an error for an initiator toelease a LUNthat is notcurrentlyreserved.
« 3rdPty bit indicatesthat :
1 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 by tHite.

+ Reservation Identification field is ignored.

4 Refer7.18,"RESERVE (16)” on page 94
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7.17 REQUEST SENSE (03)

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

Figure 68. REQUESTSENSE(03)
The REQUESTSENSE commandequests thdile to transfer sensdata.

The sensalatashall be available when followingonditions,

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

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

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

The sensedata shall be preserved by théle for the initiator until retrieved by theREQUEST SENSE
command oruntil any othercommand for thesamel_T_L nexus.Sense data shall be clearegon receipt
subsequentommandincludingREQUESTSENSE to thesamel _T_L nexus.

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

The file will return thenumber ofbytes in the allocation length or 32 bytes whicheveless.

The contents of theensedata isdefined in 12.0,'SCSI SENSEDATA” on page 161.

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

SCSICOMMAND SET 93



7.18 RESERVE (16)

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 69. RESERVE(16)

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

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

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

« The reservation is superseded 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 by tHide.
Reservation Identification is ignored.

Extent List lengthmust bezero.ExtentList length is notsupported.
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7.19 REZERO UNIT (01)

BIT
7 6 5 4 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 70.REZERO UNIT (01)

The REZERO UNITcommandrequestghat the targeseek to logicablock address 0.
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7.20 SEEK (0B)

BIT

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

Figure 71.SEEK (0B)

The SEEKcommandrequests thdile to seek to the specified logicallock address.
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7.21 SEEK EXTENDED (2B)
BIT

7 6 5 4 3 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 72. SEEK EXTENDED (2B)

The SEEKEXTENDED commandrequests thdile to seek to the specified logichllock address.
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7.22° SEND DIAGNOSTIC (1D)

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 73.SEND DIAGNOSTIC(1D)

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

PF(PageFormat) bit set to 1 indicates the datsent by the Initiatocomform to thepagestructure as
specified inSCSI-2 standard. This bihust be set to 1 if the &fst bit is set to 0. This bit is ignored by
the Target if the 8Tst 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 the target for compatibility.
UntOfl this bit is ignored by the target for compatibility.

Parameter List Length is ignored by the Target if the 8ist bit is set. Otherwise ishould be set to the
length of the page to be transferred in tbata Outphase of thecommand. If itdoes notmatch the
expected length of the page @HECK CONDITION statuswill be 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 ©

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

6 See 11.16.2/DiagnosticsCommand” onpage 158 for adetailedlisting of the operations carried out by the Diag-
nosticsCommand.
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Both tests areperformed as a result of thEEND DIAGNOSTICcommand. TheSEND DIAGNOSTICS
will fail with CHECK CONDITION status if it isissued while the spindlenotor is notturning. (Such as
after STOPcommand hadveenreceived.)

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

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

7.22.1 Send Diagnostic Pages 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

7.22.2 Send Diagnostic Pages 40

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

The targetwill read theparametedist from the initiator and if noerrors are detected in thgarameterlist
Good Status will bereturned. The data translatiomill be performedupon receipt of the Receiv®iagnos-
tics 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 Brmat
6-13 Address toTranslate

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

— 101bphysical sectoformat

It specifies theformat in which theaddress habeen supplied.

« Translate Format may take either of the twdormats specifiedabove andspecifiesthat format that the
addressshould be translated into. If either of the fornfalds isinvalid or they specify thesame format
the commandwill terminate withCHECK CONDITION status with aSense oflllegal Request and
lllegal Field in ParametelL.ist.
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- Address to Translate contains theaddress to translate. |If thlegical block format isspecifiedthen the
first 4 bytes of thefield, i.e. bytes 6 to 9,contain the LBA and the remaindenust bezero. For the
physicalformat theaddresamust bespecified as follows.

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

10 - 13 SectorNumber

100 OEM 2.5"Hard Disk Drive specifications



7.23 START/STOP UNIT (1B)

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 74.START/STOPUnit (1B)
The START/STOPUNIT command isused to spin up ostop thespindlemotor.

Immed bit is to specify

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

« Start bit is to specify:

0 Stop the spindle.
1 Start thespindle.

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

The SYNCHRONIZE CACHECommandensuresthat logical blocks in the cache have theimost recent

datavalue recorded on the media.

Logical Block Addressis to specify:
where theoperation is tobegin.

Number of Blocks specifies:

the totalnumber of cotiguous logical blocks within therange. Number of Blocks of zero indicates

that allremaininglogical blocks on thédogical unit shall bewithin the range.

Immed (immediate)must bezero.

An immediate bit of zerandicatesthat the statusshall not be returnedintil the operation hagom-
pleted.

If the Immd bit is set toone, thedrive returns a CheclCondition status. Thesense key shall be set to
lllegal Request and thadditionalsensecodeshall be set to Invalidrield in CDB.

RelAdr (relative addressinust bezero.

The drivedoes notsupport therelative addressing.

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

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

Figure 76. TESTUNIT READY (00)

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

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

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

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

The TESTUNIT READY command hasspecial significance forpower ®quencing using th&sTART
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 taleterminewhen themotor hasreached thegroperspeed.

Note: The spindle automatically starts imutomatic spintugMode. Thefile does not execute angom-
mands other thaMEST UNIT READY, INQUIRY or REQUESTSENSE commandintil the thePower
On sequence is complete. Tlike will returnCHECK CONDITION status with NOTREADY sense key
and IN PROCESS OBECOMING READY sensecode for allother commandsuring the Power On
period.
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7.26 VERIFY (2F)
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 77.VERIFY (2F)

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

- ByteChk indicates;

0

The verification isperformed by ECC check. No data transfieom the initiator is per-
formed in thiscase. If an ECCcheck is detected on all refreads and theta was not
corrected(either because it was uncorrectable or the correction waatteshpted), a Check
Condition status is returned with Medium Errorsense key.

Bytetbytbytecomparison is not supported.

104 OEM 2.5"Hard Disk Drive specifications



7.27 WRITE (0A)

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 78.WRITE (0A)

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

See 7.9,'READ (08)” on page 79 for the parameters.
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7.28 WRITE EXTENDED (2A)

BIT
7 6 5 4 3 2 1 0
BYTE 0 Command Code = 2Ah
BYTE 1 LUN DPO FUA RSVD = 0| RelAdr
=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 79.WRITE EXTENDED (2A)

The WRITE EXTENDED commandrequeststhat the file write the data transferrekom the initiator.
This command iprocessedike the standardWRITE commandexcept for the longer transfer length .
DPO Disable pageout. Must be set tozero Disable page out is nogupported.

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

RelAdr Relative Block AddressMust be set to zero, 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 of ontiguous blocks to béransferred. If the transfer length is zero,theek
occurs,but no data igsansferred. This condition is notconsidered an error.
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7.29 WRITE AND VERIFY (2E)

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 80.WRITE AND VERIFY (2E)

WRITE AND VERIFY commandrequeststhat thefile writes the data transferrefdlom the initiator to the
medium and therwverify that thedata iscorrectly 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 with sense key set MEDIUM ERROR.

Not supported by théile.

- DPO(Disablepageout) Must be set tozero Disable page out is nadupported.

- Relative Block AddresdMust be set to zero, indicating that thelogical block addressfield specifies the
first logical block of therange oflogical blocks to be operated on by thtdmmand. Relative address is
not supported.

« A transfer length of zero indicatdbat no data igransferred.

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

fied.
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7.30 WRITE BUFFER (3B)

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 81.WRITE BUFFER (3B)

The WRITE BUFFER command isused inconjunction with the READBUFFER command as aliag-
nostic function fortesting thefile's memory and the SCSI buisitegrity. This commanddoes not alter the
medium of thefile. Additional modes argrovided for downloading microcode and for downloading and
savingmicrocode.

This commandwill cause the entire cache to be emptied.

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

MODE Description
000 Write combinedheader and data

010 Data
100 DownloadMicrocode
101 DownloadMicrocode andSave

- All other modes are not supported by tfile.

7.30.1 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 danload function are
performed and theommand igerminated withCHECK CONDITION status.
And File shall set sense key toLLEGAL REQUEST andadditional sense
code tolLLEGAL FIELD IN CDB.
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Buffer Offset

Parameter List Length

This field must bezero. If anothervalue isspecified, no dwnload function are
performed and theommand igerminated withCHECK CONDITION status.
And File shall set sense key toLLEGAL REQUEST andadditional sense
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 théle's buffer istransfer lengthminusfour. If the length
exceeds the buffesize, thecommand isterminated with CHECK CONDI-
TION status. And Fileshall set sense key tllLEGAL REQUEST andaddi-
tional sensecode tolLLEGAL FIELD IN CDB.

The four-byte header consists of aflservedoytes.

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 82.WRITE BUFFER Header

7.30.2 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. Fileshall set sense key ti LEGAL REQUEST andadditional sense
code tolLLEGAL FIELD IN CDB.
This specifies the offset of thememory 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. Fileshall set
sense key tdLLEGAL REQUEST andadditional sensecode toILLEGAL
FIELD IN CDB.
This field specifies thd?arametelList 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. Fileshall set sense key ti. LEGAL REQUEST andaddi-
tional sensecode tolLLEGAL FIELD IN CDB.

7.30.3 Download Microcode (Mode 100b)

In this mode, themicrocode istransferred to theontrol memoryspace of thdile. Once downloaded thdile
will operate with thenewly downloaded code until the nepbwercycle.
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Buffer ID The buffer ID field is used to indicate whiclportion of themicrocodeimage is
being downloaded. If it is set to '00'x then the mamicroprocessor 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 'O1'xwill cause the
command toterminate withCHECK CONDITION status. Thefile shall set
sense key tdLLEGAL REQUEST andadditional sensecode tolILLEGAL
FIELD IN CDB.

Buffer Offset This specifies the strting address of thelownloaded Microcode. Imust be
zero. If an invalid value ispecified, thecommand igerminated withCHECK
CONDITION status . Fileshall set sense key tiLEGAL REQUEST and
additionalsensecode 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 igermi-
nated with CHECK CONDITION status. File 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-
ators except the one which sent therite buffer command. Once therite buffer command hasveen com-
pleted the new microcode is immediately ready é@reration.

Note: This option is documentewithin this spec to indicateahat thefile will accept acommand ofthis
form though it is notexpectedthat acustomerwill ever issuesuch acommand. To use thwrite buffer
command inthis manner aspecialmicrocode versiorwill be required from development. If such a micro-
code isreleasedrom development then will includeappropriate instructions on the function of new micro-
code and iteffect onfile operationsafterdownloading.

If the write buffercommand isexecuted with thioption and thecode downloaded is notalid for this file
then it is to beexpectedthat thefile will hang on this or ssubsequentommand. Thisshould normally be
recoverable by g@ower on/offcycle.

7.30.4 Download Microcode and Save  (Mode 101b)

In this mode, themicrocode istransferred to thdile and savedinto the Systemreserved area on the disk.
The downloaded code becomeHectiveimmediately after danload andafter eachPower On Reseuntil it
is overwritten byanother downloadnicrocode andsaveoption.

The codemust bedownloaded to thdile in 5 separate blocksEach ofthese being32KB in size, giving a
total code size of 160KB. The 5 blocksmust besent in the correct sequential order bather commands
may be interspersed betwee¢hem, however if power iscycled or a resebccurs the dwnload procedure
must berestarted. As the blocks ameceivedthey are storednto areserved area of théle T at this stage
they DO NOT overwrite theeurrent microcode.When thelast of the 5 blocks iseceived the downloadill

be checked viechecksum and signature fantegrity and compatibility with the ROM code. Once these
checks have passed tfie will overwrite the old code stored on thisk with the new download. 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 thefile in the correctlogical order, with no
omissions or resends of blocks. On all writeffer commandsexcept thefinal
one the filemerely stores the code and mation is taken.When thefinal block
is received thdile then attempts to use the newicrocode. In betweedown-

110 OEM 2.5"Hard Disk Drive specifications



Buffer Offset

Transfer Length

loading the code blocks thféle will continue toaccept and processther com-

mands fromthis and anyotherinitiator. It is not until thefinal block of code

has beerreceivedthat thecode the processors isinning ischanged. In addi-
tion it is legal to sendsome but not all of theode andthen tostart sending a
different level of code as long as this seconelvel of code is started from the
beginning,i.e. buffer ID '00'x.

Any value for the buffer ID excep®00'x or anincrementing value based on the
last block sentwill cause thecommand toterminate withCHECK CONDI-
TION status. Thefile shall set sense key ti. LEGAL REQUEST andaddi-
tional sensecode tolLLEGAL FIELD IN CDB.

This specifies the startingddress of thedownloaded Microcode. Imust be
zero. If an invalid value ispecified, thecommand igerminated withCHECK
CONDITION status . Fileshall set sense key ti.LEGAL REQUEST and
additionalsensecode tolLLEGAL FIELD IN CDB.

Total microcode lengttmust bespecified.This value slould be0x8000. It may
also be set '0000'x in whicbase nocode isupdated. If aninvalid value is spec-
ified, the command isterminated withCHECK CONDITION status. File
shall set sense key toLLEGAL REQUEST andadditional sensecode to
ILLEGAL FIELD IN CDB.

Note: New code to be downloaded to tHiée will be provided by development
either in request to a customers request for additional function or rest of
a bug fix to a criticalfile function. Please note howevehat not all possible
fixes or newfunction can be applied to fle in this manner and thathere is a
very considerable dependency on tlevel of ROM code contained within the
file. If invalid code or codeahat is notcompatible with the ROM code idown-
loaded thefile will normally reject this code andavill continue normal opera-
tion. However there is avery small possibility of invalidcode being accepted
(about 1 in4E9) and if this occurs thenit will usuallybecome inoperable and
have to be returned to the manufacturer torbeovered.

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 thefile in the correctlogical order - although this is not
recommended). Once thfinal write buffer command hasompleted the new code is immediatedyailable
and will beused for processinfpllowing commands. There is ndelay requiredafter thecompletion of the
write buffer commandbefore thefile can start accepting newommands. However thénal write buffer
command may take up to $econds to complete.
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7.31 WRITE LONG (3F)

BIT

7 6 5 4 3 2 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 83.WRITE LONG (3F)

The WRITE LONG commandrequests thdile 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 not supported by thigle.
LOGICAL BLOCK ADDRESS field specifies the logicablock at which thewrite operationshall occur.

Byte Transfer Length. This field must exactly specify thenumber ofbytes of datathat areavailable for
transfer. If anon-zero byteransfer length does nahatch theavailable data length, the targetrminates
the commandwith CHECK CONDITION status, thesense key is set toLLEGAL REQUEST and
an additionalsensecode set tdNVALID FIELD IN CDB. Thevalid and ILI bits is set to one and the
informationfield is set to the difference of theequested lengtiminus theactual length in bytes. Nega-
tive values arendicated bytwo's complement notation.
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7.32 SET PASSWORD (F1)

7 6 5 4 3 2 1 0
BYTE 0 Command Code = F1h
BYTE 1 LUN Reserved = 0
BYTE 2
: Reserved = 0
BYTE 8
BYTE 9 VU = 0 Reserved = 0 FLAG| LINK

Figure 84. Set Passwordr1)

The Set Passwordommandrequests to transfer 34 bytes ddtam the hostincluding information specified
in Figure 85. Set Passwordommandupdate Password an8ecurity Level. And ifUser Password is
selected, the drivéock functionwill be enabled from the next power oBettingMaster Passwordoes NOT
affect to the drivdock function.

This command is notwvailable in drive frozemode.

If host set Highlevel andUser password is forgotten, the only Master Password can unlocKrifae. If host
setsMaximum level andUser password is forgotten, only Eras@mit command isavailable.

7 6 5 4 3 2 1 0
BYTE 0 Reserved = 0 [dentifier
BYTE 1 Reserved = 0 Security
Level
BYTE 2
: Password
BYTE 33

Figure 85. Set Password Information

Identifier ~ Zero indicatesthat drive regardsPassword as User Password. Oindicatesthat drive regards
Password as Master Password.
Security Level ZeroindicatesHigh level, oneindicatesMaximum level.

Password On shipping fromdrive MFG, all '20'h (blank in ASCII) arefilled.
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7.33 UNLOCK (F2)

7 6 5 4 3 2 1 0
BYTE 0 Command Code = F2h
BYTE 1 LUN Reserved = 0
BYTE 2
: Reserved = 0
BYTE 8
BYTE 9 VU = 0 Reserved = 0 FLAG| LINK

Figure 86. Unlock(F2)

The Unlock commandequests to transfer 34 bytes ddtam the hostincluding information specified in
Figure 87. Then thedrive comparedransferred password arghved one. IUser Password or Master Pass-
word is matched, thalrive entersdrive unlockedmode andenables allcommand. Ifneither passwords are
not matched, tharive returns CheckCondition status. IfUnlock commandfails 5 times, thedrive rejects
all commandwith Check Condition status until power offexceptinquiry, RequestSense, and Test Unit
Ready commands.

This command is notvailable in drive frozemode.

The Unlock commanavill NOT allow Master Password gecuritylevel ismaximum.

7 6 5 4 3 2 1 0
BYTE 0 Reserved = 0 [dentifier
BYTE 1 Reserved = 0
BYTE 2
: Password
BYTE 33

Figure 87. Unlock Information

Identifier  Zero indicatesthat drive regardsPassword as User Password. Oindicatesthat drive regards
Password as Master Password.
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7.34 ERASE UNIT (F4)

7 6 5 4 3 2 1 0
BYTE 0 Command Code = F4h
BYTE 1 LUN Reserved = 0
BYTE 2
: Reserved = 0
BYTE 8
BYTE 9 VU = 0 Reserved = 0 FLAG| LINK

Figure 88. Erase UnifF4)

This commandrequests to transfer 34 bytes ddtam the hostincluding information specified inFigure 89.
This commandexecutes erase all usdata. Itwill take about 5Sminutes to completerasure.

This command is notvailable in drive frozemode.

If password is not matchedirive rejectsthis commandwith CheckCondition status.

If host setsMaximum level andUser password is forgotten, only Erase Undmmand isavailable.

7 6 5 4 3 2 1 0
BYTE 0 Reserved = 0 [dentifier
BYTE 1 Reserved = 0
BYTE 2
: Password
BYTE 33

Figure 89. Erase Uniinformation

Identifier

Password as Master Password.

Zero indicatesthat drive regardsPassword as User Password. Oindicatesthat drive regards
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7.35 FREEZE LOCK (F5)

7 6 5 4 3 2 1 0
BYTE 0 Command Code = F5h
BYTE 1 LUN Reserved = 0
BYTE 2
: Reserved = 0
BYTE 8
BYTE 9 VU = 0 Reserved = 0 FLAG| LINK

Figure 90. Freezéock (F5)

The FreezeL.ock Command make thdrive enterdrive frozenmode. Andafterthis commandcompletion,
following commandswhich canupdatedrive lock condition terminate with Checkondition status. This
command isalso not available in drive frozemode.

- Set Password

- Unlock

- EraseUnit

« Freezelock

- Disable Password

Drive cannotquits frozen mode untibower off.
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7.36 DISABLE PASSWORD (F6)

7 6 5 4 3 2 1 0
BYTE 0 Command Code = F6h
BYTE 1 LUN Reserved = 0
BYTE 2
: Reserved = 0
BYTE 8
BYTE 9 VU = 0 Reserved = 0 FLAG| LINK

Figure 91. Disable Passwol6)

Disable Passwordommandrequests to transfer 34 bytes ddtam hostincluding information specified in
Figure 92. Then thedrive compares transferrgzhssword. If User Password or Master Password is matched,
the drive disables drive lockunction. Thiscommanddoes notaffect to User Password or Master Password.
This command is notwvailable in drive frozemmode.

If password is not matchedlrive rejectsthis commandwith CheckCondition status.

This commandwill NOT allow Master Password gecuritylevel ismaximum.

7 6 5 4 3 2 1 0
BYTE 0 Reserved = 0 [dentifier
BYTE 1 Reserved = 0
BYTE 2
: Password
BYTE 33

Figure 92. Password Information for Passwalidablecommand

Identifier ~ Zero indicatesthat drive regardsPassword as User Password. Oindicatesthat drive regards
Password as Master Password.
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8.0 PASSWORD COMMAND USAGE

8.1 Overview

8.1.1 Drive Lock

Drive Lock is powerful security feature.With a drive lock password, user can prevent unauthorizedess
to harddisk drive even if the drive isemoved from thecomputer.

New commands are supported fibiis feature as below.

Set Password ('F1'h)
Unlock (‘F2'h)
EraseUnit (‘F4'h)
Freezelock (‘F5'h)

Disable Password ('F6'h)

8.1.2 Terminology
Term Definition

Drive Locked mode
In this mode, thedrive disablesmediaaccesscommands. Atpowering on, automaticallygrive
enters this mode ifdrive lock function is enabled. Anddrive quits this mode byUnlock
command orErase Unitcommand.

Drive Unlocked mode
In this mode, thedrive enables alcommands. Drive enter this mode bynlock command.

Drive Frozen mode
In this mode, thedrive enables allcommandsexceptcommandswhich canupdatedrive lock
function. Drive enters this mode by Freekeck command. Anddrive cannotquits this mode
until power off.

8.2 Operation

8.2.1 Default setting

Master Password is set as &5CII blanks (20h) and the lock function @isabled on shippindrom Drive
MFG.

System manufacturer/dealer can set néaster Password by Set Passwardmmand, withouenabling the
lock function.
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8.2.2 Initial Setting user password by
< Setting password >
POR

|
v

Set Password CMD

(Freeze|Lock CMD)
Vv

Normal operation

Power off

Next POR —> Drive locked mode
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System user
( Ref.)
< No setting password >

POR

|
v

Normal operation

v
Power off

Next POR —> Drive unlocked mode



8.2.3 Operation from POR after User Password is set

When drive lock is enabled, thalrive rejectsmediaaccesscommanduntil an Unlock command isuccess-
fully completed.

P(l)R
v
Set Counter = 5
. v
Drive L(|)cked mode
<
v No
Counter > 0 ?
Yes
[ I ]
v V. v o
| ' | Media Non —media
v V access access
Erase Unlock command (*)  command (*)
Unit Command
Command
d d
Passwor
Match ? No
V >
Yes Decrement
Counter
>
Format Check Complete
Complete Condition
(data lost)
v v
S | |
v
Enter Drive Unlock mode
v
Normal operation : All commands are available
v
Freeze Lock command
v

Enter Drive Frozen mode .
Normal Operation except Set Password, Disable Password,
Erase Unit, Freeze Lock, Unlock commands.

(*) refer to command table in Command Table
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8.2.4 Password Lost

If the user password is forgotten arntigh securitylevel is set, the usecan'taccess anylata. However the
drive can beunlockedusing themaster password.

If a user forgets the usgrassword andMaximum securitylevel is set, dataaccess igmpossible. However
the drive can bainlockedusing the Erase Unitommand tounlock thedrive and erase all usetata.

Password Lost

LEVEL ? High ———> Unlock CMD with Master Password
Maximum
Vv Vv
Erase Ulnit Command Normal operation
Vv

Normal operation but data lost
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8.2.5 Command Table

This table showslrive's response forommand wherDrive lock function is enabled.

Command

Drive
Locked
Mode

Power on
to
Unlock

Drive
Unlock
Mode

unlock
to
freeze

Drive
Frozen
Mode

freeze
to
Power off

Disable Password
Erase Unit
Format Unit
Freeze Lock
[nquiry

Mode Select
Mode Sense

Pre —fetch

Read

Read Buffer
Read CaPacHy
Read Defect Data
Read Extended
Read Long
Reassign Block
Receive Diagnostics
Release

Request Sense
Reserve

Rezero Unit
Seek

Seek Extended
Send Diagnostics
Set Password
Start/Stop Unit
Synchronize Cache
Test Unit Ready
Unlock

Verify

Write

Write Buffer
Write Extended
Write Long

Write and Verify

XX XXX XOOXOXXXXXXOXXXXX>XX>X>X>X>X>X>OXXXxOXx

[eNeNeoNeoNeoNeoNeNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNolNolNolNolNolNo]

OO O0OO0OO0OO0OXOOOXO0OOODODODODODODODODODODODODODOO OO XO XX

0 — Drive executes command normally N
x —— Drive terminates command with Check Condition
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8.2.6 Inquiry Command data

The byte 96,97 ofnquiry Dataindicates DriveLock Information.

Byte Description

9697 Drive Lock Information
Bit 0 . Capability 01 - SupBort,O — Not support
Bit 1 Enable/Disable ; 1 — Enable ,0 — Disable
Bit 2 Lock 1 — Locked ,0 — Unlocked
Bit 3 Freeze 1 — Frozen ,0 — Not frozen
Bit 4 Expire ; 1 — Expired,0 — Not expired
Bit 8 . Security Level ;1 — Maximum,0 — High
Bit 9 —15 : Reserved ;

Figure 93. InquiryCommand DatgAdditional)

Capability Zeroindicates Notsupportdrive lock function. Oneindicatessupportdrive lock function.
Enable/DisableZero meandrive lock function isdisabled. Onemeansdrive lock function is enabled.

Lock Zero meangurrently mode igdrive unlocked. One meansurrently mode igrive lockedmode.
Freeze Zeroindicates Not drive frozemode. Onendicates drive frozemode.

Expire Zeroindicates retrycount is notexpired. One indicates retryount isexpired.

Security Level Zero indicatesHigh level, oneindicatesMaximum level.

If auto spin-up function isdisabled, the drivecannotload saved parameters from thalisk until Start

commandcompletessuccessfully. Inthis case,only bit O is available andfrom bit 1 to bit 15 arereserved
which value is 0.
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8.2.7 Command Error Table

This table showslrive's response when Drive terminategh Check Condition.

Security Level Mode
Command Password Maximum High Locked Frozen
Master 0 0
Set Password Errl Err2
(F1h) User 0 0
Master Err3 0
Unlock 0 Err2
(F2h) User 0 0
Master 0 0
Erase Unit 0 Err2
(F4h) User 0 0
Master 0 0
Freeze Lock Errl Err2
(F5h) User 0 0
Master Err3 0
Disable Password Errl Err2
(F6h) User 0 0
0 —— Drive executes command normally
Figure 94.Command ErrofTable
Sense Sense
Key Code Description
Errl 05h 8200h Drive is locked.
Err2 05h 8201h Drive is frozen.
Err3 05h 8205h Security level is maximum.
Errd 05h 8203h Incorrect Password.
Err5 05h 8204h Password is expired.
Err6 03h 8202h Password table error. The drive fails to
save password and lock information to disk.

Figure 95.Command ErrorCodelList
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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 96. 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 7.18;RESERVE (16)" on page94.)

28h QUEUE FULL
This statusindicatesthat thetarget'scommandqueue isfull. If tagged commandqueuing
feature is enabled and there is moom on the commandjueue,this status is returned
when theinitiator sends &aommand. 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 97.

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
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 97. Supportedlessages
If an unsupportednessage is received, thige will send theMESSAGEREJECTmessage to thaitiator. If

at the time theunsupportedmessage is received a valIEXUS exists then thdile will continue with the
command. If novalid NEXUS exists then thdile will go to Bus Free.

10.1.1 COMMAND COMPLETE (00)

The file sends thisnessage to thénitiator to indicatethat theexecution of acommand hagerminated and
that valid status has been sent to the initiatokfter successfullysending thismessage, théle releases all bus
signals and goes to BUBREE phase.

10.1.2 SYNCHRONOUS DATA TRANSFER REQUEST (01,03,01H)
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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 98. SynchronouPataTransfer Request.

A pair of Synchronou®Data TransferRequesi{(SDTR) messageshown inFigure 98 are exchanged between
an initiator and a Target t@stablish thesynchronous dataransfer mode between the twaevices. The
message exchange establishes the permissible trapefedd andREQ/ACK offset for asynchronous data
transfer between the twdevices. Theinitiator may initiate asynchronous datéransfernegotiation at any
time after the LUN hasbeenidentified. A SynchronousData TransferRequest(SDTR)nessage exchange
shall be initiated by anSCSI device whenever a previously arranged data transfer agreement may have
becomeinvalid. The agreement becomésvalid after any conditionwhich may leave théata 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(eitheynchronous 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 niece-
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 extendudssage is received, tHie 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 99:

Target Maximum
[nitiator Target Transfer Burst
Request Response  Period Rate

0 <= Mi <= 25 Mt =25 100 nSec 10.00 MT/s
26 <= Mi <= 31 Mt = Mi 125 nSec 8.00 MT/s
32 <= Mi <= 37 Mt = Mi 150 nSec 6.67 MT/s
38 <= Mi <= 43 Mt = Mi 175 nSec 571 MT/s
44 <= Mi <= 50 Mt = Mi 200 nSec 5.00 MT/s
51 <= Mi <= 56 Mt = Mi 225 nSec 4.44 MT/s
57 <= Mi <= 62 Mt = Mi 250 nSec 4.00 MT/s
63 <= Mi <= 68 Mt = Mi 275 nSec 3.64 MT/s
69 <= Mi <= 75 Mt = Mi 300 nSec 3.33 MTIs
76 <= Mi <= 81 Mt = Mi 325 nSec 3.08 MT/s
82 <= Mi <= 87 Mt = Mi 350 nSec 2.86 MT/s
88 <= Mi <= 93 Mt = Mi 375 nSec 2.67 MT/s
94 <= Mi <= 100 Mt = Mi 400 nSec 2.50 MT/s
101 <= Mi <= 106 Mt = Mi 425 nSec 2.35 MT/s
107 <= Mi <= 112 Mt = Mi 450 nSec 2.22 MTIs
113 <= Mi <= 118 Mt = Mi 475 nSec 2.11 MT/s
119 <= Mi <= 255 Mt = Mi (Asynchronous mode) N/A

Figure 99. Initiator Request/Target Response
10.1.2.2 Synchronous Negotiation Started by the Target

If the file recognizeshat negotiation is required, théile 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 100:

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 MT/s
26 <= Mi <= 31 125 nSec 8.00 MT/s
32 <= Mi <= 37 150 nSec 6.67 MT/s
38 <= Mi <= 43 175 nSec 5.71 MTIs
44 <= Mi <= 50 200 nSec 5.00 MT/s
51 <= Mi <= 56 225 nSec 4.44 MT]s
57 <= Mi <= 62 250 nSec 4.00 MT/s
63 <= Mi <= 68 275 nSec 3.64 MT/s
69 <= Mi <= 75 300 nSec 3.33 MTIs
76 <= Mi <= 81 325 nSec 3.08 MT/s
82 <= Mi <= 87 350 nSec 2.86 MT/s
88 <= Mi <= 93 375 nSec 2.67 MT/s
94 <= Mi <= 100 400 nSec 2.50 MT/s
101 <= Mi <= 106 425 nSec 2.35 MT/s
107 <= Mi <= 112 450 nSec 2.22 MTIs
113 <= Mi <= 118 475 nSec 2.11 MT/s

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

Figure 100. Target Response to Initiator's Transfeeriod
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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 136.

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 still asserted then it shateturn to theMESSAGE OUT phase. The subsequeRtESSAGE
OUT phaseshall begin with thefirst 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.

SCSIMESSAGESYSTEM 133



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 IDENTIFY (80 - FF)

This message is set by either thmtiator or thefile to establish thdogical path connection between the two
devices.

The IDENTIFY message is defined as follows:
Bit 7 This bit isalways set to one to distinguish thBENTIFY 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 Identify message iseceivedwith these bits not equal to zerthen thefile
sends dMESSAGEREJECTmessage to thaitiator andgoes to the Bus$ree phase t@ignal a
catastrophic error condition.

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

Only one LUN may beidentified for any one selectiosequence. If thdile receives anDEN-
TIFY message with a new LUN after the LUN had previoublgenidentified, thefile will go to
the BUS FREEphase tosignal acatastrophic error. The initiator may semdore than one
Identify messageluring a selection sequence ander totoggle disconnect/reconnect permission if
the specified LUNremains the same.

When the IDENTIFY message issent from thefile to the initiator during reconnection, an implied
RESTORE POINTERSnessagenust beperformed by the initiator.
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10.2 Supported Message Functions

The implementation of the supportedessagesvill 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 multipldDENTIFY messages out inorder to toggle the
disconnect/reconnect permission bit. This may be used salectively enable or disable
disconnect/reconnect permission duripgrtions of a command.Note thatthis function does not
effect theoperation of the Forced Disconneftinction.

MESSAGEREJECTduring TargetDisconnection

- If the Initiator rejects the SAVE DATA POINTER message, thefile will disable
disconnect/reconnect 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.This function may beused toselectivelydisable 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 any timexcept during the
ARBITRATION or BUS FREE phases.

The initiator must create theattention condition byasserting the ATN signal least two deskew delag$ore
releasing ACK for the lasbyte transferred in a buphase to guarantethat the attentiorcondition will be
honoredbefore transition to a new bus phase. Thigll guarantee a predictablide response tanessage
receivedduring theMESSAGE OUT phase for thisattention condition. If the ATNsignal is asserted later,
it might be honored in thecurrent bus phase or the next bus phase and then mayesatt in the expected
action.

After the initiatorasserts the ATN signal, thfde will respond with theMESSAGE OUT phase agollows:
Current Phase Response

COMMAND Message Ouphasewill occurafter part or all of theCommandDescriptor Block has
been transferred to thefile. The initiator must continue REQ/ACK handshakes
during theCommandphase until thdile enters theMESSAGE OUTphase.

DATA The MESSAGE OUTphasewill occur after part or all of the databytes havebeen
transferred and not necessarily 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 extendaedessage)
prior to receive the next messadem the initiator. Thefile will continue to handshake amtocess byte(s)
in the MESSAGE OUTphase until ATNgoesfalseunless one of the followingonditionoccurs:

1. The file receives an illegal oinappropriatemessage and goes to tMESSAGE IN phase to send a
MESSAGEREJECTmessage.
2. The filedetects acatastrophic error condition amgbes to the BUS-REE phase.

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 initiatorhould 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 fitis initiator/LUN to descibe the cause of theatastrophic
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 condition, then thile will not affect the sense
data or the operation of angurrently executinggommand forthis initiator or anyotherinitiator.

10.4.2 MESSAGE OUT Phase Parity Error

If the file detects a parity error during ti dESSAGE OUT phase, thdile will retry the MESSAGE OUT
phase one time a®llows:

1. Continue theREQ/ACK handshakes until the initiator dropATN. The file will ignore all the
remainingMESSAGE OUTphase byteseceived after thgarity error.

2. Assert the REGsignalprior to changing to anyother phase. After detecting thiscondition, the initiator
mustresend all of the previousmessage byte(sent during thisMESSAGE OUTphase.

3. Repeat thdaransfer of theMESSAGE OUT phasebytes(s). If thefile receives all of themessage byte(s)
successfully, thdile will change to:

« Any other informationtransferphase andransfer at least onbyte.
BUS FREEphase if themessage received w#BORT or BUSDEVICE RESET.

If a second parity error is detected, the targeli abort thecurrentcommand withCHECK CONDI-
TION status andsensedata of ABORTED COMMAND / SCSIPARITY ERROR .

10.4.3 MESSAGE IN Phase Parity Error (Message Parity Error)
If the file receives aMESSAGEPARITY ERROR message, it is considered a retrievable error. Tileewill
do the following onetime if no previousretrievableerror and if aMESSAGE IN phase has just occurred:
1. Change phase tMESSAGE IN.
2. Send thdast message again.
If this is the secondetrievable error, théile will terminate the currencommand agollows:

1. Change to the BUSREE phaseregardless of thstate of the ATNsignal.
2. Abort theactive command forthis initiator/LUN and set thesense data t&dBORTED COMMAND /
SCSIPARITY ERROR.

10.4.4 COMMAND Phase Parity Error
1. Change phase tMESSAGE IN andsend aRESTORE POINTERSnessage.

2. If RESTORE POINTERSmessage is acceptethen change phase t€OMMAND OUT and receive
the commandgain.

If a second parity error is detected, tlike will abort thecurrentcommand withCHECK CONDITION
status andsensedata of ABORTED COMMAND / SCSIPARITY ERROR .
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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 ochRBORTED COMMAND / SCSIPARITY ERROR.
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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 recovery folCOMMAND and STATUS phaseconsists of:
1. Change phase tMESSAGE IN andsend aRESTORE POINTERSnessage
2. Repeafrevious information phase .
If a secondINITIATOR DETECTED ERROR message is received in treameselection, the targewill

abort the current command with CHECK CONDITION status and aSense key of ABORTED
COMMAND with additionalsensecode ofINITIATOR DETECTED ERROR.

If a INITIATOR DETECTED ERROR message is receivetliring aDATA IN/OUT phase, the targetill
abort the current command with CHECK CONDITION status and aSense key of ABORTED
COMMAND with additionalsensecode ofINITIATOR DETECTED ERROR.

10.4.7 MESSAGE REJECT Message

The file will take the following actionsafter receiving theMESSAGEREJECT message imesponse to mes-
sages listedelow.

DISCONNECT The file will not disconnect but remains connected.
COMMAND COMPLETE No error,continue to budree.
IDENTIFY Commandaborted - budreed - Sense data set MESSAGEREJECTERROR.

LINKED CMD CMPLT Commandaborted -link broken - busfreed - sense data set tWESSAGE
REJECTERROR.

MESSAGE REJECT Commandaborted -STATUS phaseexecuted withCHECK CONDITION - sense
data set to MESSAGIREJECTERROR.

RESTORE POINTERS Commandaborted - status set tGHECK CONDITION - sensewill be set with
the errorthat caised theRESTORE POINTERSmessage to be issuedAssuming
that errorrecovery is in progress)

SAVE DATA POINTER The file will not disconnect from theésCSI bus. [twill 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 Invalid LUN in Identify Message

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

11.1.1.1 Case 1 - Selection message sequence with Inquiry command

The INQUIRY command is aspecial case it5sCSl. It is used taonfigure the busvhenfile IDs and LUNs
are not known. The propeaesponse is taeturn the inquiry data with @eripheraldrive type of 1Fh which
indicatesthat thespecified LUN is notsupported.

11.1.1.2 Case 2 - Selection message sequence with any other command

Any other commandsexceptREQUEST SENSE, return CHECK CONDITION status when arinvalid

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

11.1.1.3 Case 3 - After selection message sequence

It is permissible for the initiator tassuemultiple IDENTIFY messagesluring asingle commandsequence
provided to LUN remains the same. If the LUN is altered, fitee goes to a Bud-ree Phase.

11.1.2 Incorrect Initiator Connection

It is an Incorrect InitiatorConnectionerror if any of thefollowing occurs:

an Initiator attempts testablish an_T_L nexuswhen an I/Oprocess (eithequeued oractive) with an
|_T_L nexus 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 tABORTED COMMAND and theadditional sense
code is set totOVERLAPPED COMMANDS ATTEMPTED. Status is onlyeturned for the current 1/0O
process.
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11.1.3 Command Processing During Execution of Active I/O process

When theTarget is notexecuting any active 1/O processes, a new |/O procegelmitted toexecute (unless
execution is prevented bgnotherinternal Target condition. Sekl.2,“Priority Commands” ornpage 148).
If an active I/O processloesexist when theTargetreceives a newwommand, then th&arget determines if:

Check ConditionStatus withSense Key = Aborted Command isreturned for an Overlapped Com-
mands Attempteckrror

the command ipermitted toexecute

the command isdded to thecommandqueue

Queue Full Status is retoed

Busy Status is returned
If an active 1/O processloesexist when theTargetreceives a newcommand, then th&arget determines
how the new command should h@ndled based on thiellowing rules:

Check Condition &tus is returned wittsense Key set téA\borted Command for anOverlapped Com-
mands Attemptedcrror if:

- See 11.1.2fIncorrect InitiatorConnection” onpage 141

the command ipermitted toexecute if

- the command is atnquiry or RequesSensecommand

Check Condition Status is returned wifense Key set to LogicdJnit Not Ready fif:

- the start-up operation or format operation is agtive process.

the command ipermitted toexecute if

- the conditions teexecuteconcurrently are metSee 11.3;Concurrent I[/OProcess” orpage 148)
the command isdded to thecommandqueue 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 I/O proces®rresponding to the
|_T_L nexus for the current I/Qrocess, and
— the command is nolinked to a previouxommand.

the command iedded to thecommandqueue for an |_T_L_Qexus if:

- a Queue Tagnessage was receivelliring theconnection which
established the 1/0 process, and

TaggedQueuing is enabled(DQue = 0), and

an 1/O process(either active gueued)exists at theTarget for this
Initiator, and

disconnection isllowed for thecurrent 1/O process, and

there is noqueued I/Oprocess or active I/O proces®rresponding to the
I_T_L_Q nexus for the current I/Qrocess, and

— the command is nolinked to a previouxommand.

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

Queue Full Status is retoed if:
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the commandwvould otherwise be queued(according to thdes described
above)but thecommandqueue isfull and all slots are utilized, or

- the commandvould otherwise be queued(according to thaes described
above)but all of theavailablecommandqueueslots not reserved for use
by anotherinitiator areutilized, or

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

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

Busy Status is returned if:

TaggedQueuing is disabled(DQue = 1) and afmatUnit command was
previouslyqueued but has not yet begenecution, or

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

- the commandvould otherwise be queued(according to thaes described
above)butdisconnection is noallowed for thecurrent I/Oprocess, or

the commandwvould otherwise be queued(according to thaes described
above)but Untagged Queuing is disabled(UQE = 0) and anpr@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 process. Thioccurs if commandexecution is prevented bgnother
internal Target condition at the time theommand isdequeued. Sedl.2, “Priority Commands” on
page 148
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11.1.4 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 to dowlmad microcode. Irthis case, aunit attention
condition isgenerated for all initiators except the otteatissued thecommand.

Commands areleared byanotherinitiator.
This condition isgenerated against the initiattitat has queued commands, if ...

- ClearQueueMessage igeceived.
— ContingentAllegianceCondition iscleared whem@QERR (inMode Page 0A) is 1.
— DQue is set to While queuedcommand eist.

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

If the file receives acommandfrom each initiator before reporting EHECK CONDITION status for a
pendingunit attention condition fothatinitiator , thefile's responsevaries with thecommand agollows.

INQUIRY The file executes theommand withGOOD status andoreserves thenit attention con-
dition.
REQUEST SENSE

If the file has anavailablependingsense data for thaitiator, thefile sends the pending
sensedata andpreserves thenit attention condition for thénitiator.

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

ALL OTHER The file terminates thecommand with aCHECK CONDITION status andpreserves
the unit attention condition.

If the file receives acommandfrom each initiatorafter reporting aCHECK CONDITION status for a

pendingunit attention condition fothatinitiator , thefile's responsevaries with thecommand agollows.

REQUEST SENSEThe file sends the sense data fopandingunit attention condition andeturnsGOOD
status. And thdile clears theunit attention condition for thénitiator.

ALL OTHER The file executes theommand withGOOD status andclears theunit attentioncondi-
tion unlessanother unit attention conditioexists. And then the sense data for tineit
attention condition idost.

11.1.5 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 respons@rieswith the command adollows:

INQUIRY The file sends inquiry data anceturns appropriate status.
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REQUEST SENSE Executes thecommand,returns aSense key of NOTREADY and an Additional
SenseCode of LOGICAL UNIT NOT READY andreturnsGOOD STATUS.

The Additional SenseCode Qualifier that isreturned depends on type of I/O proc-
esseghat areactive:

For the START/STORUNIT and the Auo-start operation, theualifier returned is
LOGICAL UNIT ISIN PROCESS OBECOMING READY. For the FORMAT
UNIT command, the qualifier returned is LOGICAL UNIT NOT
READY,FORMAT IN PROGRESS, and th&ense keyspecific bytes are set to
return theprogress indication.

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

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

ALL OTHER The file terminates thecommandwith CHECK CONDITION status. TheSense
data generated is describedRequestSenseabove.

11.1.6 Internal Error Condition

The Targetgenerates ainternal Error condition for allnitiators when:

an internally initiatedoperationends with an unrecoverable error. Thalowing is a list of internally
initiated error conditions:

— The start-upsequence forAuto Start enabled terminateafter the SCSI bus has beeanabled and
prior to completion of the bring-ugequence.

- Following a SCSI H/Wreset or aSCSI BusDevice Resetmessage if the reset was receiviaring 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 Sense data is lost.

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 theommandwith GOOD 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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11.1.7 Deferred error

Error code (71h) ofsensedataindicatesthat 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 Deferréttror 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 Writecommandwith WCE (write cache enable) bit of one ends with an error.

11.1.8 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.

11.1.9 Degraded mode handling

If any degraded modeondition occurs an initiatorwill receive asense key ofHardware error (4h) in the
next sensedata requested After clearing the sense key, the driaeceptscommandsaccording to the status
of the degradednode.

The following table shows thelegraded modeatatus with acceptableommands anddditional sense codes.
If a degraded modexists, theHardware error condition caused by tdegrade modevill be recreated after
every POR, SCSI Reset or Budevice Resetmessage. The following lisshows the variousoperation
modes.

11.1.9.1 Degraded Mode Entry Condition/Consequence State

Degraded | Entry Reason Accepting Description and sense code
Mode Request
Power on The integrity of the drive igjuestionable.
Self Test « Failure of a - Request Sensecode =
fail Send Diag- Sense 4080 (diagnosticfail),
nostic self- 4081 (HDC fail),
test « Inquiry 4082 (HIC fail),
4083 (otherfailure),
Failure of a .« Start/Stop 4084 (RAM error)
start-up unit
sequence
« Write
Buffer(except
download
and save)
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Degraded | Entry Reason Accepting Description and sense code
Mode Request
Spin-up Can not start up ReturnSpin-upDegradedvode.
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-codeDegradedVode.
u-code Degrade Sensecode = 4085(u-code downloadail)
Reserved All commands. Reserved area sectwalid checkfailed. Defective
Area + Fail toread sectorfound inreserved aregHard Error) The
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)

11.1.10 Command Processing While Reserved

A logical unit is reserved after successfekecution of the Reserveommand. Eaclime a Reserveommand
is executedsuccessfully, thelarget records th&sCSI ID of the Initiatorthat made thereservation and the
SCSI ID of the Initiatorthat is toreceive thereservation.This information isneeded to determine whether
subsequent commands should permitted or if the Reservation Conflict Statsbould be reported. The
Initiator that made theeservation is thénitiator thatissued theReservecommand. Thdnitiator to receive
the reservation may be either the same datiféerent Initiator(third-partyreservation).

If the logical unit is reserved when a newommand isreceived, theTarget examines theommandopcode
and the SCSI ID of theissuing Initiator to determine whether a Reservation Conflict Status should be
returned based on thellowing rules:

1. If the issuinglnitiator is the onethat made theeservation and also the one teceive thereservation
then:

« All commands areermitted.
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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 the Targethecks the

next highest priority internalcondition to determine whether execution alowed. See 11.27Priority
Commands”

11.2 Priority Commands

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

Inquiry

RequesiSense

Thesecommands do notlisconnect from theSCSI bus prior to completion.They areexecutedprior to
attempting to complete the execution of aather pendingcommand that hadisconnected from th&CSI
bus. Therefore, a second priorigppmmand cannot beeceivedduring the execution of a prioritgommand.
The rule for anlncorrect Initiator Connectionapply to priority commands.(se&l.1.2,“Incorrect Initiator
Connection” onpage 141)

11.3 Concurrent 1/O Process

The Concurrent I/Qprocess ighat plural I1/O processes aractive on thesamelogical unit at thesame time.
The target may start the data phase of an Pfcess whileanother I/Oprocess is not completed. The
following I/O processes are allowed to executazhcurrently.

Unlinked RequesBense andnquiry during execution obther commands.

When CPE (Concurremnrocess enable) bit is 1, one of tik@lowing commands can bexecuted during
another one or theame one of théollowing commands ideing executed.

- 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 11.1@pntingent allegianceCondition” on
page 156 for details. If an I/O proce$B-1) encounters an erravhile another |/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.

11.4 Back to Back Write

Back to Back Writeallows plural write commandsequesting sequentialBAs to bewritten without losing a
motor revolution.

11.5 Write Cache

If the WCE (Write cache enable) bit is 1, tiorive 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 exceptder thefollowing conditions.

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).

The drivebehavior according to the modmrameter.

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 orpriority command
returning a Good Status does not guaranteect@pletion of thewWrite command.
Under thecurrent implementation, @ommandexcept Read/Write commands opriority com-
mandsreturning a Good Statulllowing a Write command carguaranteehat 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 thérive sends &tatus. So, under the current implementation,
any following commandsexcept priority commandsreturning a Good Status guarantethat 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 may start and completdollowing Read/Write commanddefore a previous Write
command iscompleted. But the Writeommandwill not be completedbefore the data is written
to the media.
A Synchronize Cache&ommand is notneeded in order to assuntbat the data iswritten to the
media.
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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.

11.6 Power Saving Mode

Powersavefunction will savepower consumptionwhile the drive is idle. The drivautomaticallytransfers
its operating mode according to the event and timer.

11.7 Automatic Rewrite/Reallocate

The targetsupports Auto and RecommendedReallocate forREAD, WRITE, WRITE VERIFY and
VERIFY.

Automatic andRecommendReallocate operate from within the read/wrtcemmand. When an automatic
reallocation occurs, the read or writemmandtakes longer to complete.

This operation is sometimes referred to as autoreassignment due somtlarity to theoperation performed
by the reassigrcommand. During this time, the target disconnects from ti&CSI bus, ifallowed, and
reconnects before ending ttemmand.

Following is a description of the target behavior for ea#iting of ARRE. ARRE setting effects all data
errors.(NoSectorFound, DataSync Byte Errors andata ECCErrors.)

ARRE=1: An error site determined to needewriting or reallocation during a read asutomatically
rewritten or reallocated at theonclusion of the read and prior ®ending thestatus. If the
site cannot beautomatically rewritten or reallocated, then a recommendatiorrdassign-
ment isgiven. The sitewill be automatically rewritten oreallocated only if the data has
beensuccessfullyread.

ARRE=0: An error site determined to needewriting or reassignment during a readrescommended
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 butwill not auto rewrite/ reallocate for the followingommands.
Verify
- Verify Portion of Write and Verify
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For all other commands thARRE setting is ignored and the targeill not automatically rewrite/reallocate
or recommendewrite/reassign.

Following is a description of the target behavior for eaditing of AWRE. AWRE settingeffects only No
SectorFound Errors onwrites.

AWRE=1: An error site cetermined to need reassignment duringvi@te is automaticallyreallocated at
the conclusion of thewrite and prior to sending thestatus. If thesite cannot be automat-
ically reallocated, then a recommendation for reassignmegivesn. The sitewill be auto-
matically reallocated only if the write recovery succeeded atdbteclusion of thewrite.

AWRE=0 : An error site determined to need reassignment duringréte is recommended foreassign-
ment at theconclusion of thewrite.
The setting of theAWRE bit is checked and the targstill automaticallyreallocate orecommendreassign
for the following commands.
« Write(6)
« Write(10)
« Write portion of Write and Verify

For all other commands thAWRE setting is ignored and the targetill not automaticallyreallocate or
recommendeassign.

Auto/RecommendReallocate information is communicated via thsense data returnedfollowing a
commandduring which asite was determined toaeed rewriting or reassignment. The LBA returned in the

sense data is the LBAhat determined to needewriting or reassignment.

The sensa@lata 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 Recoveredatawithout ECC -RecommendReassign.
1 17 09 RecoveredDatawithout ECC -DataRewritten.

1 18 00 Recoveredata with ECC.

1 18 02 Recoveredata with ECC - AutoReallocated.

1 18 05 Recoveredata with ECC - RecommenReassign.

1 18 07 RecoveredData with ECC - DataRewritten.
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11.8 Segmented Caching

11.8.1 Overview

Segmented Cachingdivides the data bufferinto several smaller buffers.Each buffer is used as
Read/Write/ReadtAheabluffer.

The size of thesegmented buffer isontrolled by the segmentduuffer numberfield of read cache page (page
08h). But thefile may adapt thesize of thesegmented buffebased on theaccesspattern if the Adaptive
Caching bit is set irMode Select page 0.

11.8.2 Read Ahead

The ReadAhead functionconsists of reading datéhat thelnitiator has not yet requested to thike buffer.
This function is intended to improve performance for an initiatbat frequently accessesequential data
with successivessCSlreadcommands. The Reaflhead 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 navailable on the sector buffer.

2. The drive has at leastsegmenteduffers. 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 continugcross all physicaboundaries ( such asacks and cylinders).

The drive initiates theReadahead function when

RCD is 0, and
Read(6),Readextended(10)ReadVerify, and Write andVerify is received, and
« The consecutive LBA of the requested LBA is natailable on the buffer.

The action of eacttcommand forpreviously startedReadahead function idisted below. If SCSlreset or
bus device reset message is receivedcalitents ofsegmented buffer is flushed.

Code Command Action

00h Test Unit Ready No Effect

01h Rezero Unit Abort ReadAhead

03h RequestiSense No Effect

04h Format Unit Abort Readahead andlush all segments

07h Reassign Blocks Abort Readahead andlush all segments

08h Read(6) Abort Readahead if data not imctive segment
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Code Command Action

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

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 101. ReadAheadhandling per eackommand

Even if an erroroccurs duringReadahead, the errowill not be reported to the Initiator.

before the error occunwill be stored as avalid data byReadahead.

The datead
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11.9 Reselection

A reselectiontimeout error occurs when the targattempts toreselect annitiator and the initiator does not
respond within aSelectionTimeoutdelay(250 mSec). Ithis occurs, the targetleases th&CSI busgoing to
the bus free phase andaits 250ms. Itwill then retry the reselection up to 16 times. If the initiatstill does
not respond thecommand isterminated and thearget generates sense datith a Sense Key ofAborted
Command and ardditional Sensecode of Select/Reselect failure(45h). If any of the reselectiiempts is
successfuthen the command isesumed.

11.10 Single Initiator Selection

For singleinitiator systems, it is not an error to have only the target ID bit present dw@hection.Discon-
nection is notallowed for Single Initiator Selection with only one ID bipresent duringselection. The initi-
ator must notsend an ldentifymessage with theisconnect permission bit(6) on.

11.11 Non-arbitrating systems

The Targetcannotdetectwhether other SCSdlevices on theSCSI bus use arbitration prior to selien. 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 ldentifynessage is disablgtit 6=0)for proper operation.

11.12 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 th€Eommandphase.That is a Command
phase parity error or datal messageerror 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.

11.13 Multiple Initiator Environment

11.13.1 Initiator Sense Data

Separatesense data is reserved feach initiator. Eachinitiator's sense data isnaintained independent of
commanddrom otherinitiators.

11.13.2 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.
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11.13.3 Initiator Data Transfer Mode Parameter

A separatedatatransfer modeparameters area igserved andnaintained for each initiator.
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11.14 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 thdault.

By issuing anAbort message to thé T_x nexusthat reported thdault. This will alsoabort thecurrent
and queued I/Qrocessrom that initiator.

By issuing a Bus DevicdResetmessage to th&arget. Thiswill alsoabort all current and queued 1/0
processes.

By generating &ESET condition on the bus. This MUST be tHast resort.
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11.15 Reset

The Reset condition issed toclear all SCSIdevicesfrom the bus. This conditiobakes precedence over all
other phases and conditionsAfter a resetcondition isdetected and the resattions completed, the target
returns to &SCSI busenabled' statéhat allows the target to acce@CSI commands.

This deviceuses theHard resetoption asdefined in theSCSI-2 standard.

11.15.1 Reset Sources

There are foursources ofesetsdetected by the target:
Reset Name ReseSource
Power-On Reset  This is the signabenerated by the hardware iaitial power-on

Self-Initiated reset This is a software-generated reddéft occurs when a catastrophic error is detected by
the microcode.

SCSI BusReset  This is a reset generated when tBESI bus controline RST goes active.

SCSI BusDevice ResetMessageThis is the reset generated by tB€S| BusDevice Reset Message(0Ch).

11.15.2 Reset Actions

The action taken by th®rive following a reset isdependent on the source of theset.
11.15.2.1 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
11.15.2.2 SCSI Bus reset and SCSI Bus Device Reset message

These tworesetconditionscause the following to be perfmed.
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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11.16 Diagnostics

The file will execute aself test atpower on or when a Sendiagnosticscommand isssued with theself test
bit set.

The diagnostics are to assure the corm@geration of thefile and toverify that thecheck circuits detect fault
conditions.

11.16.1 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.
Initialize and check the servo systenfisictioning correctly.

Check thespindle's RPM.

© N o g &

Seek to aorrect cylinder.

11.16.2 Diagnostics Command

The tests executed as a result of the Send Diagnostiosmand with theself test bit set to a onéiffers from
the tests executed gtower on. Thespindle motor must be at thecorrect speed for the Diagnostics
command to beexecuted. If themotor is not at thecorrect speed, a NOREADY statuswill be returned
in the sensédyte.
The Diagnosticcommandwill execute the following tests:

1. Test the adapter section of tfile as follows:

a. 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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11.16.3 Diagnostics Fault Reporting

Faults detected beforeuccessfucompletion of the adaptesection could prevent thféle from responding to
a selection.

Faults detected after theuccessfulcompletion of the adaptesectionwill be reported asCheck Condition
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.

Faults detected during a Send Diagnosticsnmandwill report a Check Condition as ersdatus.
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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 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) Reserved

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 Physical Error Code
=27
BYTE 28 Reserved = 0
-31

Figure 102. Format of SensPata. Format of the&SenseDatareturned by thdile in response to th@REQUEST

SENSE command

0 Copyright IBM Corp. 1995
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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 11.1.4/'Unit Attention
Condition” onpage 144.)

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 Reserved

Byte 8 - 11
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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 02 00 Recovered nseek comp

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 retwmed 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
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Key Code Qual Description

2 4C 00 DegradedMode - Self Configuration FailConfiguration/RAMMicrocode
not loaded

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 Blockcommand can not
proceed the process because all spare sectorsheeused, 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. Invalidield in CDB.

5 25 00 Illegal request. Invalidun.

5 26 00 Illegal request. Invalidields in theparametedist.

6 28 00 Unit attention. Notready to readytransition.(Format completed)

6 29 00 Unit attention. Power omeset or Bus device resetcurred.
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Key Code Qual Description

6 2A 01 Unit attention.Mode selecparameter changed.

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 103. Field PointerBytes

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 104. 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 105. 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
ILI = 1 - This field containszeros.

ILI = 0 - Thesebytescontain thephysicallocation of the error incylinder, head andsector. Byte 24

and 25 are Cylinder high and cylinder lorespectively.Byte 26 is the heachumber andbyte 27 is the

sector. If theheadand/orsector isundetermined, thealue is set to FFh. If the Cylinder value ishde-

termined, both bytes 24 and 25 are set to FFFhis field is valid with Sense Key 1, 3 and dnly.
12.1.1.14 Reserved

Byte 28 - 31
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