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1.0 General

This documentescribes the specifications of the following IBM 2.5-inch, ATA interfdaad disk drives:
DDLA-21215 (1215 MB)
DDLA-21620 (1620 MB)

Note: The specifications arsubject to changevithout notice.

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
TBD To Be Defined

1.2 General Caution

Do not applypressing force on the top cov@8eeFigure 1 onpage 2).
Do not cover the breathinbole on the topcover (SeeFigure 2 onpage 3).
Do not touch thanterfaceconnector pins and theurface ofprintedcircuit board.

. 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 user's responsi-
bilities.
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1.2.1 Caution of usage
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Figure 1. Handling and attachment caution of DDLA-21215/21620
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2.0 General Features

2.5-inch,9.5mm Height MCC Compliance
1620MB / 1215MB formattedapacity
512 bytes/sector
« AT Interface(EnhancedDE) conforming toATA-3
Integrated controller
No-ID recordingformat
PRML channel
Multi Zone Recording
Enhanced ECC

— On The Fly correction : 6 Bytes/sector
— Offline correction : 9 Bytes/sector

96KB Segmenteduffer with Write Cache
P10 DataTransfer -Mode 4 (16.6 MB/sec)
DMA Data Transfer -Multiword DMA Mode 2(16.6 MB/sec)
Media datatransfer rate 66.7(outerone) -40.9(innerzone)Mbit/se
« Average seekime 13milliseconds for read
Closed-loop actuatoservo(EmbeddedSector Servo)
Rotary voice coilmotor actuator
- Automatic Actuator lock
Dedicated headandingzone
- Adaptive powersavecontrol (0.85Watt atlow-poweridle state)
2.8 sec Power on toeady
Shock

— Non-operation :500G/2ms
— Operation :100G/2ms

Note: Hole position of mounting screwis the sameas DTNA-2xxxx and DLGA-2xxxXx,
but different from DMCA-2xxxx, DCRA-2xxxx, DSOA-2xxxx, DPRA-2xxxXx, etc.
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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 3. DriveParameter

Descriptions DDLA-21215 DDLA-21620

Logical HeadNumber 16 16
Logical Sectors/Track 63 63
Logical CylinderNumber 2364 3152
Logical Sector Size 512 512

Total CustomeUsableData Sectors 2 382912 3177 216
Total CustometUsableData Bytes 1215 MB 1620 MB

(1,220,050,944) (1,626,734,592)

3.2 Data Sheet

Figure 4. Data Sheet

Mediatransfer rate Mb/sec] 40.9 - 66.7

Interface transfer rate [MBEc] 16.6 MB/sec Max ( P1O-4 DMA-2)
Data buffer size [KB] 96 KB ( Read /Write )
Rotationalspeed RPM] 4000

Average latency [msec] 7.5

Recordingdensity Kbpi] 160.9Maximum

Track density [TPI] 9000

Areal density [Gb/sq.in.] 1.44 Maximum
Number ofzone 8

Number ofdisks 2

Number ofheads 4/ 3

Servo desigmimethod Embeddedsector servo

0 Copyright IBM Corp. 1997




3.3 Performance Characteristics

File performance is characterized by tfodlowing 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 actigistem. This specification tries tefine the essentidile character-
istics, not thesystemthroughputwhich is dependent on thgystem 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 13 msec
AverageRandomSeekTime For Write 14 msec
RotationalSpeed 4000 rpm

Power On To Ready 2.8 sec
CommandOverhead 1.0 msec

Disk-Buffer Data Transfer 66.7 - 40.9 Mit/sec
Buffer-HostData Transfer 16.6 MB/sec

Figure 5. Performancarameter

3.3.1 Command Processing

Commandoverhead time islefined as thdotal time from when theeommand isreceived by the drive to the
start ofmotion of theactuator.

3.3.2 Average Seek Time (Including Settling)

Command Type Typical Max
Read 13 msec 16 msec
Write 14 msec 17 msec

Figure 6. 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.)
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The seektime is measured from the start afotion of theactuator to thestart of a reliable read or write
operation. Reliable read or write impliethat error correction/recovery is not employed to correct dorival
problems. TheAverage Seelime ismeasured as theeighted average of aflossibleseekcombinations.

max
SUM (max + 1 —n) (Tn.in + Tn.out)
n=1

Weighted Average =
(max + 1) (max)

Where:
max = Maximum Seek Length
n = Seek Lengt h é 1 to max )
Tn.in = Inward measured seek time fo ran track seek
Tn.out = Outward measured seek time fo ran track seek

3.3.3 Single Track Seek Time

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

Figure 7. SingleTrack SeekTime

Single track seek ismeasured as thaverage of one (1) singleack seekfrom everytrack in both directions
(inward and outward).
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3.3.4 Full Stroke Seek

Function Typical Max
Read 23.0 msec 30.0msec
Write 24.0 msec 31.0msec

Figure 8. Full StrokeSeekTime

Full strokeseek ismeasured as thaverage of 1000 fulstrokeseeks.

3.3.5 Average Latency

RPM Time for a revolution Average Latency

4000 15.0 msec 7.5 msec

Figure 9. Latency Time

3.3.6 Drive Ready Time

Condition Typical Max

Power On To Ready 2.8 sec 9.5 sec

Figure 10. 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

Spin —=Up
Seek
Write
Read

Active

Performa — :

nce idle

Low power :

idle

Standby

Sleep

Note —1

Description
Start up time period from spindle stop or power down.
Seek operation mode
Write operation mode
Read operation mode

The device is capable of responding immediately to .
media access requests, and commands complete execution
in the shortest possible time.

The device is capable of responding immediately to

media access requests. All electronic components
remain powered and full frequency servo remains
operational.

The device is capable of responding immediately to
media access requests. Some circuitry including servo
system and R/W electronics are in power saving mode.
The head is parked near the mid  —diameter of disk
without servoing.

A device in LPI mode may take longer to complete the
execution of a command because it has to activate
that circuitry.

The device interface is capable of accepting commands.
Spindle motor is stopped. All circuitry except host
interface are in power saving mode.

The execution of commands Is delayed until spindle
hecomes ready.

The device requires a soft reset or a hard reset to
be activated.

All electronics including spindle motor and host
interface are shut off.

. Upon power down or Spindle stopped, a head locking mechanism will

secure the heads in the ID parking position.

Figure 11. OperatingMode
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3.3.7.1 Mode Transition Time.

From To Transition Time

Standby Idle 2.8 sec typ, 9.5 sec max.

Figure 12.Mode Transition Time

3.3.7.2 Operating mode at power on

The device goes tédle mode aftelpower on or hardeset as an initial state. Initigtate may be changed to
Standby modausing pin 47 on the interfaceonnector. Refer t®.8, “ Drive Address Setting” on page 41 for
detail.

3.3.7.3 Adaptive power save control

The transient timing fromactive mode to Idle mode is adaptively controlled to drozesgattern of the host
system.
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4.0 Data Integrity

4.1 Data Loss by Power Off

« The driveretains recordedata under all non-write operations.

No more than onesector can be lost bpower downduring write operationwhile write cache is disa-
bled.

Power offduring writeoperation may make an incomplesector whichwill report hard datarror when
read. The sector can be recovered by a re-wafteration.

Hard reset does not cause any dépas.

4.2 Write Cache

Power offwhile write cache isznabled may causless of datawhich are remaining in the cache and have
not beenflushed onto the disknedia.

This means thathere is apossibility that power off even after writecommandcompletion maycause
loss ofdata.

« There is a way tocheck if all data in the write cache haweenflushed onto the diskChecking just
beforepower off is recommended to prevent ddoas.

— To confirm successfutompletion ofSoftwareReset.

4.3 Equipment Status

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

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

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 &VRITE FAULT condition.
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4.4 WRITE Safety

The driveensuregshat the data isvritten into the disk media properly. Following conditions araonitored
during a writeoperation.When one ofthose conditiongxceeds the criteria, the writgperation is terminated
and automatiaetry sequencevill be invoked.

Head off track

External shock

Low supplyvoltage
Spindle speed tolerance

45 Data buffer test

The data buffer is tested &ower-on-reset and whendive 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 erromrecovery procedures are reported to thest
system as non-recoverable errors.

4.7 Automatic Reallocation

The sectordhose show somerrors may be reallocatesmutomatically wherspecificconditions are met. The
spare sectors for reallocation are located at the endrigé. As a result ofreallocation, the physicdbcation
of logically sequenced sectomsill be dispersed. The driveloes notreport for auto-reallocation to thlkost
system. Theconditions for auto-reallocation adescribed below.

4.7.1 Non Recovered Write Errors

When awrite operation can not be completedter theError Recovery Procedur€ERP) isfully carriedout,
the sector(s) are reallocated to the sphryeation. An error is reported to thkost system only when the
write cache is disabled and tleaito reallocation isfailed.

4.7.2 Non Recovered Read Errors

When areadoperation isfailed after defined ERP idully carried out, ahard error is reported to théost

system. This location isegisteredinternally as a candidate for the reallocatiodVhen aregisteredocation

is specified as aarget of a writeoperation, asequence of mediaerification is performed automatically.
When theresult of thisverification meets thecriteria, this sector is reallocated.
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4.7.3 Recovered Read Errors

When areadoperation for asector failedoncethenrecovered at thepecific ERPstep, this sector is reallo-

cated automatically. A mediaerification sequence may be run prior to the reallocatimecording to the
pre-definedconditions.

Datalntegrity 17
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5.0 Specification

5.1 Environment

5.1.1 Temperature and Humidity

Figure 13. Environmental Condition

Operating Conditions

Temperature

Relative Humidity

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

5 to 55[°C] (Seenote)

8 to 90 [%RH]non-condensing
29.4[°C] non-condensing
20[°C / Hour]

- 300 to 3000 [m]

Non-Operating Conditions

Temperature

RelativeHumidity

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

~ 40 to 65[°C]

5to 95 [% RH]non-condensing
40[°C] non-condensing

20[°C / Hour]

~300 to 12,000 [m]

Note:

The system has to providaufficient ventilation tomaintain asurfacetemperature below 60[°C] at the

center of the top cover of thérive.

Non-operating condition should not continue beyond graer.

0 Copyright IBM Corp. 1997
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5.1.2 Magnetic Fields
The disk drivewill withstand radiation & conductive noise within thienits 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 14. 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

Connection to the product should be madedalated secondary circui{SELV). Thevoltage specifications
are applied at thgower connector of thdrive.

Iltem 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 averaggLow-poweridle) 0.17 A RMS max (0.85 W) *3

Idle average (Performanddle) 0.37 A RMS max (1.85 W)

Read /Write 0.46 A RMS max(2.3W) *4

Seek average 0.46 A RMS max(2.3W) *5

Standby 0.06 A RMS max(0.3W)

Sleep 0.02 A RMS max(0.1wW)

Startup(maximumpeak) 0.94 A RMS max (4.7 W) *6
(averagefrom power on toready) 0.70 A RMS max (3.5 W) *6
Supply RiseTime 7 - 100 ms

Figure 15. 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 +25% (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 l1f8ec.

(*6) The typicalcurrentwaveform at start up ishown inFigure 16 onpage 22.
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5.2.1 Start Up Current
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Figure 16. Typical currentwaveform at start up.
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5.3 Reliability

53.1 Contact Start Stop (CSS)

The drive is designed twithstand aminimum of 52,000contact start/stop cycles under 40°C with 15-20%
humidity.

The drive is designed tevithstand aminimum of 10,400contact start/stop cycles under 55°C wiBh15%
humidity.

5.3.2 Preventive Maintenance

None.

5.3.3 Data Reliability

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

ECC implementation

On-The-Flycorrection, performed as part of read channel functiomecovers up to &ymbols of error
in 1 sector. (1symbol is 8bits.)

Off-line correction, performed as part of retry procedure in tharive, recovers up to 8ymbols of error
in 1 sector.

5.3.4 Failure Prediction ( S.M.A.R.T.)

DDLA-2xxxx supportsS.M.A.R.T. function. Thedetails are described in 10.6,S.M.A.R.T. Function” on
page 63.

5.3.5 Cable Noise Interference

To avoid any degradation of performantieoughput orerror when theinterface cable isouted on top or
comes in contact with the HDAassembly, thalrive must begroundedelectrically to thesystem frame by
four screws. Theeommon modenoise or voltagdevel differencebetween the system frame apdwer cable
ground or AT interface cableground should be in thallowable level specified in thepower requirement
section.
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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.

DDLA-21215 / DDLA-21620
Height (mm) 95 + 0.2
Width (mm) 69.85 + 0.25
Length (mm) 100.2 £+ 0.25
Weight (gram) 99 Typical

Figure 17.PhysicalDimension andWeight

5.4.2 Hole Locations

The Figure 18 orpage 24 shows theutline of DDLA-21215/21620 whiclincludes thehole locations.

(4X) M 3.0

&
E‘ 10. 1440.85
" \
—itt)
VIEW A

VIEW B

Figure 18.Outline of DDLA-21215/21620
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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 3.0 +/- 0.3 mm fobottom and 3.5 +/- 0.5 mm for harontal
mounting.

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

Vibration test and shock test are to benducted by mounting thdrive to thetable using thebottom four
screws.

5.4.4 Shipping Zone and Lock

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

5.5.1.1 Random Vibration
The testwill be 30 minutes ofrandomvibration using thepower spectral densitf{PSD) levels specified in
the listshownbelow. The vibration testevel is0.67G 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.

5.5.1.2 Swept Sine Vibration
- 1 G (Zero to peak), 5 to 500 to 5 Hgine wave

- 0.5 oct/minsweep rate

5.5.2 Non-Operating Vibration
5.5.2.1 Random Vibration
The test consists of eandomyvibration applied in each of three mually perpendiculamxes with the time

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

Figure 19.RandomVibration PSDProfile Breakpoints (Non-Operating)

Hz Random Vibration PSD Profile Breakpoints (Non-Operating)
Hz 2.5 5 40 500
G**2/Hz 0.001 0.03 0.018 0.018

Overall RMSlevel of vibration is 3.01G(RMS).
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5.5.2.2 Swept Sine Vibration
- 25.4mm (peak to peak) displacement, 5to 10 to 5 Hz
- 5 G (zero to peak), 10 to 500 to 10 Hsine wave

- 0.5 oct/minsweep rate

5.5.3 Operating Shock

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

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

No data loss opermanendamage : 100G/2msedwalf-sineshock pulse, 10G/11msédmalf-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 128lssine waveshock
pulse of 11 m=duration and a 500@®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 Level
The criteria of A-weightedsound powetevel isdescribed below.
Measurements are to be taken ascordance with ISOY779. Themean of 40drives is to beless than the

typical value.Eachdrive is to belessthan the maximunvalue. Drives are taneet this requirement in both
board downorientations.

A-weightedSound Powe(Bels) Typical Maximum
Idle 3.3 3.6
Operating 3.6 3.9

Background powetevels of theacoustic testhamber foreach octavéband are to beecorded.

Soundpowertests are to be&onducted with thelrive supported byspacers sdhat thelower surface of the
drive belocated at 25 +/- 3mm heigtlitom the chambefloor. No soundabsorbing materiathall be used.

The acoustical characteristics of the didktve aremeasured under thi@llowing conditions.

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

Operating mode :
Continuous randonetylinder selection and seebperation of actuator with awell time ateach
cylinder. Seekrate for thedrive can be calculated ahownbelow.

Ns = 0.4/(Tt+ T1)

where:
Ns : Average seekate in seeks/s.
Tt : Publishedseek timefrom onerandomtrack toanother withoutincluding rotationallatency.
T1 : Equivalent time, irseconds, for thelrive to rotate by half aevolution.
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5.6.2 Discrete Tone Penalty

Discretetone penalties are added to the A-weightedund power (Lw)with following formula only when
determining compliance.

Lwt(spec)=Lw+0.1*Pt+0.3 < 4.@Bels)

where:

Lw . A-weightedsound powelevel.

Pt : Value of discrete tonpenalty = dLt-6.0 (dBA)

dLt : Tone-to-noise ratio taken iaccordance with ISQ779. ateach octavédand.
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5.7 Ildentification

5.7.1 Labels

The following labels araffixed to everydisk drive .

1. A label placed on the top of the HDAontaining the statemeriMade byIBM' or equivalent,Part
Number and MLCcode.

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

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

5.8 Electromagnetic Compatibility

The drive,wheninstalled in a suitable enclosure aedercised with aandomaccessingoutine atmaximum
datarate, shallmeet theworldwide EMC requirementfsted below.

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

guency interference and the/erband Deutscher ElektrotechnikdWDE) requirements ofGermany
(GOP).

581 CE Mark

The product iscertified for compliance to ECdirective 89/336/EEC. CE marking for theertification
appears on thdrive.
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5.9 Safety

5.9.1 Underwriters Lab(UL) Approval

DDLA-21215/21620 complies with UL1950.

5.9.2 Canadian Standards Authority(CSA) Approval

DDLA-21215/21620 complies with CSA C22.2, #950-M1993.

5.9.3 IEC Compliance

DDLA-21215/21620 complies with IEC 950.

59.4 German Safety Mark
DDLA-21215/21620 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 Secondary Circuit Protection

This productutilizes printed circuit wiring that must beprotectedagainst the possibility of sustainezbm-
bustion due tccircuit or componenffailure. Adequatesecondary over curremrotection is theresponsibility
of the using system.

User must protect thedrive from it's electrical shortcircuit 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

6.1 Cabling

The maximumcable lengthfrom the hostsystem to thedrive plus circuit patternlength in thehost system
shall not exceed 18ches.

6.2 Interface Connector

The signalconnector for AT Attachment idesigned tomate withDupontpart number69764-044 orequiv-
alent.
Figure 20 and Figure 18 show the connector location physical pinlocation.

N 5/

/NN

42 38 34 30 262218 14 10

PIN No.

VIEW A

Figure 20. AT Attachment connector of DDLA-21215/21620

Note 1: Pin position 20 ideft blank for correctconnectorinsertion.

Note 2 :  Pin position 47 through 50 angsed fordrive address setting(Refer to Figure 26 ompage 41
for address setting.)
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6.3 Signal Definition

The pin assignments of interfasggnals are as follows:

PIN | SIGNAL | /0 Type | PIN | SIGNAL | /0 Type
01 | —HRESET | | TTL 02 | GND

03 | HDO7 10 | 3-state 04 | HDO8 10 | 3-state
05 | HDO6 10 | 3-state 06 | HDOY 10 | 3-state
07 | HDO5 10 | 3-state 08 | HD10 10 | 3-state
09 | HDO4 10 | 3-state 10 | HDIl 10 | 3-state
11 | HDO3 10 | 3-state 12 | HDI2 10 | 3-state
13 | HDO02 10 | 3-state 14 | HDI3 10 | 3-state
15 | HDO1 10 | 3-state 16 | HD14 10 | 3-state
17 | HDOO 10 | 3-state 18 | HDI5 10 | 3-state
19 | GND (20) | Key

21 | DMARQ 0 | 3-state 22 | GND

23 | —HIOW | TTL 24 | GND

25 | —HIOR | TTL 26 | GND

27 | IORDY 0 oD 28 | CSEL | TTL
29 | —DMACK | TTL 30 | GND

31 | HIRQ 0 | 3-state 32 | -HIOCS16 | © oD

33 | HAOl | TTL 34 | —PDIAG 110 0D

35 | HA00 | TTL 36 | HA02 | TTL
37 | —HCSO | TTL 38 | —HCS1 | TTL
39 | -DASP 110 oD 40 | GND

41 | +5V LOGIC| PWR 42 | +5V MOTOR PWR

43 | GND 44 | (Resv)

Figure 21. Table obignals

Note:
"O" designates amutputfrom the Drive.
"I" designates annput to theDrive.
"I/O" designates amput/output common.
"PWR" designates @ower supply to thérive.
"OD" designate©Open-Drain output.
"(Resv)" designates reserveins whichmust beleft unconnected.
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6.4 Signal Description

HDO0O0-HD15

HAO00-HAO02
-HCSO

-HCS1

-HRESET

-HIOW
-HIOR

HIRQ

IORDY

CSEL

-HIOCS16

-DASP

16-bit bi-directional data bus between thest and thedHDD. The lower 8 lines,HD00-07,
are used for Register and ECé&ccess. All 16 linesHD00-15, areused for data transfer.
These are Three-Statmesthat have a 24 mA currensink capability.

Address used taelect theindividual register in theHDD.

Chip select signalgeneratedrom the Host addressbus. When active, one of theCommand
Block Registers(Data, Error{Features whemwritten}, Sector Count, Sector Number, Cyl-
inder Low, Cylinder High, Drive/Head and Status{Command whemitten} register) can be
selected.

(SeeFigure 27 on page 42 )

Chip select signalgeneratedfrom the Host addressbus. When active, one of theControl
Block Registerg(Alternate Status{Device&Control whenwritten} and Drive Addresgegister)
can be selected.

(SeeFigure 27 on page 42 .)

This line isused to reset théiDD. It shall be kept at a Low logistate duringpower up
and kept Highthereafter fomormal operation.

The rising edge clocks dattaom the host data bus to register ordataregister of theHDD.

When low,this signalenables datdrom aregister or data register of the drive ondata bus.
The data on the bus shall be latched on tising edge of HIOR.

Interrupt isenabled onlywhen thedrive is selected, and thikost activates the-IEN bit in
the DeviceControl Reg. Otherwise, thisignal is in highimpedance stateegardless of the
state of the IRQ bit. Thenterrupt is set when the IRQ bit is set by tdeive CPU. IRQ is
reset to zero by é&ostread of the statusegister or a write to th&CommandReg. This
signal is a3-Stateline with 24 mA sink capability.

Indication to hostthat thedrive is ready tocomplete current I/Ccycle. This line isdriven
low at the falling edge of-HIOR or -HIOW, when HDD needssome additional WAIT
cycle(s) toextend PIOcycle. This line can beconnected tchostIORDY signal inorder to
insert WAIT state(s) in thénost PIOcycle. This is an Open-Draimutput with 24 mAsink
capability.

This signal ismonitored todetermine thedrive addressMaster orSlave, when thgumper
on the interface&eonnector is at Position-3(Refer to Figure 26 ompage 41 fojumperposi-
tion.)

When CSEL igground or at a lowlevel, the HDDworks as a Master. ICSEL is open or a
high level, the HD Dworks as aSlave.

The signallevel of CSEL to one HDD should béelifferent from the signallevel to another
HDD on the same ATinterface cable, to avoidhaster-master oslave-slaveconfigurations.
Signallevel of CSEL should beconstantwhile HDD(s) are on the ATinterface.

Indication to the hosthat 16-bit wide data register haeenaddressed anthat thedrive is
prepared to send oreceive al6-bit wide dataword. Thissignal is anOpen-Drainoutput
with 24 mA sink capability and an external resistor is needed to pull lihesto 5 Volt.

This is a time-multiplexedsignal which indicatesthat adrive is active, orthat drive 1 is
present. Thissignal isdriven by an Open Collectadriver and internallypulled-up to 5 Volt
through10Kohmresistor.

During Power-Oninitialization or after-RESET is negated;DASP shall be asserted by
Drive 1 within 400 msec to indicatéhat drive 1 is present. Drive Oshall allow up to
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-PDIAG

KEY

5V Power

-DMACK

DMARQ

450msec for drive 1 to asseiDASP. If drive 1 is notpresentdrive 0 may assefDASP to
drive a LED indicator.

-DASP shall be negated followingcceptance of thérst valid command bydrive 1 or after
31 seconds, whichever comésst.

Anytime after negation of-DASP, eitherdrive may assertDASP toindicatethat adrive is
active.

This signal shall be asserted by drive litalicate to drive Othat it hascompleted diagnos-
tics. Thisline is pulled-up to 5 Volt in the HDDthrough alOKohmresistor.

Following a Power On Resesoftware reset orHRESET, drive 1 shallnegate-PDIAG
within 1 msec (to indicate talrive O that it is busy). Drive 1lshall then assertPDIAG
within 30 seconds to indicatthat it is nolonger busy, and is able to provide statuéfter
the assertion 0ofPDIAG, drive 1 may beunable toacceptcommandsuntil it hasfinished its
resetprocedure and iseady(DRDY=1).

Following thereceipt of a validExecute Drive Diagnosticcommand,drive 1 shallnegate
-PDIAG within 1 msec to indicate talrive Othat it isbusy and has not ygqiassed itdrive
diagnostics. If drive 1 ipresent therdrive 0 shall wait for up to Seconddrom the receipt
of a valid Execute Drive Diagnosticeommand fordrive 1 to assertPDIAG. Drive 1
shouldclear BSY before assertingPDIAG, as -PDIAG isused to indicatehat drive 1 has
passed its diagnostics and is readyptmst status.

If -DASP was notasserted by drive Huring reset initialization, drive 0 shalpost its own
status immediatelyafter it completesdiagnostics, and clear the drive taSusregister to 00h.
Drive 0 may beunable toacceptcommandsuntil it has finished its reseprocedure and is
ready(DRDY=1).

Pin position 20 has no connection pin. It is recommended to key or blankrgbgective
position of thecableconnector in order t@void wrong insertion by mistake.

There are two inputpins for +5V power supply, "+5VLOGIC" and"+5V MOTOR".
"+5V LOGIC" is connected to the internddgic circuits and "+5VMOTOR" is connected
to the spindlemotor and motordriver.

It is possible toturn on and off"+5V LOGIC" by an external switch circuit to reduce
powerconsumption to thdeast possible. Irthis mode, avoltagedrop out due to the motor
spin up current can be reduced by connecting "+BNDTOR" line into the systempower
sourcedirectly.

If the above power managementused, allsignal linesthat will be electrically active in the
host systemwhile the HDD isdisconnected from powdine shall be isolated by{hree-State
line drivers.Internal leakagethrough ESD protectiorcircuit may pull downLPUL (Least
Positive Up Level) oflogic signalbelow thespec.

Use both lines in parallel, for regular HD Bpplications.

This signal shall beused by thehost in response tdDMARQ to either acknowledgethat
data has beeaccepted, othat data isavailable.This signal isinternally pulled up to 5 volts
through 15Kresistor(tolerance of the resistor value is -50%+b00%).

This signal,used for DMA data transferbetweenhost anddrive, shall be asserted by the
drive when it is ready to transfer data to from the host. Thedirection of data transfer is
controlled by -HIOR and-HIOW. This signal is used on ahandshake manner with
-DMACK. This signal is a3-state linewith 24mA sink capability and internallpulled-down
to GND throughl0KOhmresistor.
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6.5 Interface Logic Signal Levels

The interface logic signdtave thefollowing electrical specifications:

Inputs :  Input High Voltage - 2.0 V min./ Vcc+0.7 V max.
Input Low Voltage - —0.5 V min./ 0.8 V max.
Outputs :  Output High Voltage - 2.4 'V min.
Output Low Voltage - 0.5 V max.
Current :  Driver Sink Current - 24 mA min.
Driver Source Current — —400 uA min.
6.6 Reset timings
HDD reset timing.
-HRESET
<— T0 —>|
READY XXXXXXX | y
|< T1 >
[
BUSY XXXXXXX
< T1 >
PARAMETER DESCRIPTION Min Typ Max
(usec) |(sec) [(sec)
T0 —HRESET low width 25 — —
T1 —HRESET high to READY/Not BUSY — 2.3 9.5

Figure 22.SystemResettiming
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6.7 PIO Timings

The PIO cycletimings meetMode 4 of theATA-3 description.

-HCS0,-HCS1
+HAQ0-2
|<—T9—> |
<—T1->|< T0 > |
—HIOR, —HIOW
< T2 > < T2l > |
Write data
+HD00-15
< T3 >|<=T4—>|
Read data
+HD00-15
<—T5——>|T6Z <~
| 17 |<- T6 —> T8 |<~
—HIOCS16
|<-TA—>
—> |TRD|<~
+HIORDY
|<—TB—> |
MIN MAX |Note
PARAMETER DESCRIPTION (nsec) [(nsec)
T0 Cycle time 120 -
Tl | -HCS0-1, +HA00—-02 valid to  —HIOR,—-HIOW active 25 -
T2 | —HIOR,—-HIOW pulse width 70 -
T2l | —HIOR,-HIOW recovery 25 -
T3 | +HD00-15 setup to —HIOW high 20 -
T4 | —HIOW high to +HDO00 —15 hold 10 —
T5 | +HD00-15 setup to —HIOR high 20 - *1
T6 | —HIOR high to +HD00 —15 hol 5 -
T6Z| —HIOR high to +HDOO-15 tristate - 30
T7 | —HCS0-1, +HA00—-02 valid to  —HIOCS16 assertion - 30
T8 | —HCS0-1, +HA00 02 invalid to —HIOCS16 negation - 30
T9 | —HIOR,-HIOW high to -HCS0-1, +HA00—02 hold 10
TRD| Read data valid to +HIORDY active 0 -
TA | —HIOR,-HIOW low to +HIORDY low - 35
TB | +HIORDY pulse width - | 1250
Note *1 : egated. When +HIORDY

This value is applied onlﬁ( when +HIORDY is not n
is negated, TRD is applied.

Figure 23. P1Ocycletimings
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6.7.1 DMA Timings (Single Word)

The SingleWord DMA timing meetsMode 2 of theATA-3 description.

+DMARQ ~ — | |
<—TC—> |
< TO >
—> [Tl |<— —>|T) [<—
—HIOR/-HIOW | |
< TD >
<—TE—> | —>| TF |<—
READ DATA
|< TG > TH [<-
WRITE DATA
PARAMETER DESCRIPTION MIN MAX [Note
(nsec) [(nsec)
T0 Cycle time 240 -
TC | —DMA active to +DMARQ inactive - 80
TD | —HIOR,-HIOW pulse width 120 -
TE | —HIOR data access - 60
TF | —HIOR data hold 5 -
TG | —HIOW data setup 35 -
TH | —HIOW data hold 20 -
Tl —DMACK to —HIOR/—HIOW setu 0 -
TJ —HIOR/—-HIOW to —DMACK hol 0 -

Figure 24. DMA (SingleWord) cycle timings
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6.7.2 DMA Timings (Multiword)

The Multiword DMA timing meetsMode 2 of theATA-3 description.

5
DMARQ S |
‘<—TL—>|
~DMACK |
< T0 > =T <~
=>|Tl |[<——TD—> [<—TK—>
]
—~HIOR/~HIOW |
|<-TE>|TF|<— —>|TZ|<~
READ DATA —
|<—TG—>[TH|<~
WRITE DATA —
PARAMETER DESCRIPTION MIN MAX [Note
(nsec) [(nsec)
T0 Cycle time 120 -
TD | —HIOR,-HIOW pulse width 70 -
TE | —HIOR data setup 20 -
TF | —HIOR data hold 5 -
TG | —HIOW data setup 20 -
TH | —HIOW data hold 10 -
Tl —DMACK to —HIOR/—HIOW setu 0 -
TJ —HIOR/-HIOW to —DMACK hold 5 -
TK | —HIOR/—-HIOW nagated pulse width 25 -
TL | —HIOR/-HIOW to —DMARQ delay - 35
TZ | -DMACK to tristate - 25

Figure 25. DMA (Multi Word) cycle timings
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6.8 Drive Address Setting

A jumper is available at the interfaceonnector to determine thdrive address. The sgiosition of the

jumper is as shown ifrigure 26.

Using CableSelection, the drive addresepends on the condition of pin 28 of the Afterface cable. In the
case when pin 28 iground or low, thedrive is aMaster. If pin 28 isopen or highlevel, the drive is a Slave.

Jiuimper
No Jumper Jumper Position-4 Never Attach
Jumper Position-1  Position-3 (Reserved) A Jumper
Vg, ¥ PO {SQlaval {Cahla Salaction) (=MTagéns) Hapa!
(Master) {Slave} {Lanie Selection} (=Master) Herel
T — T T —— T W S
rd N pd ™~ yd N yd N ) v Y 4
s/ 49 47 N\ S/ N V4 N S/ AN Va | F 2N
/I M\ /7 M Al /7 M m \ /1M Ay /IRl B\
[ L Y Lol I Y A L T A el R Y A L, VI R |
[ 11 11 || 11 1 W& |
50 48
EEEEEEEEEEEEEEEEEEEEEE/EEN
EEESEEEEEEEEN EEEEEEEEER\EN

49-pin: When grounded, no spin-up at POR.
When open/pull-up, normal spin-up at POR.

Figure 26. Addressetting by ajumper for DDLA-21215/21620.

6.8.1 Default Setting

The default setting ofumper at shipment is No JumpéMaster).
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6.9 Addressing of drive Registers

The hostaddresses the drivhrough a set ofegisters called & ask File. Theseregisters arenapped into
the host's I/Ospace. Twochip select lines (HCSO and -HCS1) anthreeaddress linegHA00-02) are used

to select one of theseegisters, while aHIOR or -HIOW is provided at thespecifiedtime.

The -HCSO isused to addres€ ommandBlock registers. while theHCS1 isused to addres€ontrol Block

registers.

The following table shows the standard |/@ldress range for IBMPC-AT machines.

Addr. |-CSO|[-CS1|HA2|HA1|HAO| —HIOR = 0 (Read) —HIOW = 0 (Write)
Command Block Registers

1F0 0 1 10| 0 | 0 | Data Reg. Data Reg.

1F1 0 1 0|0 |1 ] Error Reg. Features Reg.

1F2 0 1 0|1 |0 | Sector count Reg. Sector count Reg.

1F3 0 110 |1 | 1 | Sector number Reg. Sector number Reg.

1F4 0 11110 | 0 | Cylinder low Reg. Cylinder low Reg.

1F5 0 1110 | 1 | Cylinder high Reg. Cylinder high Reg.

1F6 0 1 |11 |1 |0 | Drive/Head Reg. Drive/Head Reg.

1F7 0 111 |1 |1 | Status Reg. Command Reg.
Control Block Registers

3F6 1 0 |1 |1 |0 | Alt Status Reg. Device control Reg

3F7 1 0 |1 |1 |1 | Drive address Reg. -

Figure 27.RegisterAddress

Note: "Addr." field is shownjust as an example.
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7.0 General

7.1 Introduction

This specification describes tHestinterface toDDLA-XXXXX.

The interfaceconforms to the Workingdocument ofInformationtechnology - AT Attachment-3interface
(ATA-3) Revision 6 dated orDctober 26,1995. withcertain limitations described i8.0, “ DeviationsFrom
Standard” onpage 47.
DDLA-xxxxx supports thefollowing functions included byATA-3 standard.

SecurityMode Feature Set

S.M.A.R.T.(Self-Monitoring,Analysis, andReporting Technologyfunction
DDLA-xxxxx supports thefollowing function as VendoSpecificFunction.

Format Unit Function
Protected Aredunction

7.2 Terminology

Device Device indicate D DLA-XXXXX.
Host Hostindicates the systerthat thedevice is atached to.
First Command The commandwhich is executedirst right after power onreset orhard reset when

the initial power mode at power on is Standby mode.
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8.0 Deviations From Standard

BBK(Bad Block) Bit7 of Error Register issupported as BADBLOCK bit. This bit will be set when
BAD BLOCK is reported onRead commands.

Check Power Mode CHECK POWER MODEcommandreturns FFh to Secto€ount Register when
the device is indle mode. Thiscommanddoes notsupport 80h as the retunmalue.

Write Verify WRITE VERIFY commanddoes not include read verification after writgeration.
The function isexactlysame asVRITE SECTORScommand.

Standby Timer Even if IDLE command orSTANDBY command isissuedwith SectorCuont reg-
ister valueOOh, Standby Timer is nodisabled, but it sets default value 1@8nutes.
In caseSectorCountregistervalue isotherthan 00h,Standby Timer is set t¢Sector
Countregister value) x Seconds.

SMART Return Status SMART RETURN STATUS subcommanddoes not check advisory attributes.
That is, thedevice will notreport thresholcexceededcondition unless prefailurettri-
butesexceedtheir corresponding thresholds. For exam@@wer-On HourdAttribute
never results in negative reliabilitytatus.
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9.0 Registers

Addresses Functions
CS0- | CS1- | DA2 | DALl | DAO READ(DIOR-) WRITE(DIOW-)
N N X X X Data bus high imped*l Not used
Control block registers
N A 0 X X Data bus high imped Not used
N A 1 0 X Data bus high imped Not used
N A 1 1 0 Alternate Status Device Control
N A 1 1 1 Device Address Not used
Command block registers

A N 0 0 0 Data Data
A N 0 0 1 Error Register Features
A N 0 1 0 Sector Count Sector Count
A N 0 1 1 Sector Number Sector Number
A N 0 1 1 *2 LBA bits 0 — 7 *2 LBA bits 0 — 7
A N 1 0 0 Cylinder Low Cylinder Low
A N 1 0 0 *2 LBA bits 8 -15 *2 LBA bits 8 -15
A N 1 0 1 Cylinder High Cylinder High
A N 1 0 1 *2 LBA bits 16 —23 *2 LBA bits 16 —23
A N 1 1 0 Device/Head Device/Head
A N 1 1 0 *2 LBA bits 24 =27 *2 LBA bits 24 =27
A N 1 1 1 Status Command
A A X X X Invalid address Invalid address

*1 "imped" stands for "impedance".

*2 Mapping of registers in LBA mode
Logic conventions : A = signal asserted

N = signal negated
x = does not matter which it is

Figure 28.Register Set

Communication to offrom the device isthrough an I/ORegisterthat routes theinput or output data to or
from registersaddressed by thsignalsfrom the host({CS0-, CS1-, DA2, DAL1, DAODIOR- andDIOW-).

The CommandBlock Registers are used for sendicgmmands to thelevice orposting status from the
device.

The ControlBlock Registers are used falevicecontrol and to posalternate status.

0.1 Alternate Status Register
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Alternate Status Register

7 6 5 4 3 2 1 0
BSY | RDY | DF DSC | DRQ | COR | IDX | ERR

Figure 29. Alternate StatuRegister

This registercontains the same information as the StaRegister. The onlyifference isthat reading this
registerdoes not implyinterrupt acknowledge orclear apending interrupt. Se8.13, “ StatusRegister” on
page 53 for the definition of the bits in thiegister.

9.2 Command Register

This registercontains thecommandcode being sent to thdevice.Commandexecutionbegins immediately
after this register iswritten. Thecommand set is shown iRigure 45 onpage 81.

All other registersrequired for thecommand must be set ugefore writing theCommandRegister.

9.3 Cylinder High Register

This registercontains the high order bits of the startigglinder address for any disk access. At the end of
the commandthis register isupdated toreflect thecurrentcylinder number.

In LBA Mode this registercontainsBits 16-23. At the end of theommand this register isupdated toreflect
the current LBABIts 16-23.

The cylindernumber may bdrom zero to thenumber ofcylindersminus one.

9.4 Cylinder Low Register

This registercontains the low order 8 bits of theasting cylinder address for any disk access. At the end of
the commandthis register isupdated toreflect thecurrentcylinder number.

In LBA Mode this registercontainsBits 8-15. At the end of theommand this register isupdated toreflect
the current LBABIts 8-15.

The cylindernumber may bdrom zero to thenumber ofcylindersminus one.

9.5 Data Register

This register isused to transfedata blocks between thadevice data buffer and thigost. It isalso theregister
throughwhich sectorinformation istransferred on a &rmatTrack command, anaonfiguration information
is transferred on an ldentify Devieeommand.

All data transfers are 16 bitwide, except for EC Chyte transfers,which are 8 bitswide. Datatransfers are
P10 only.

The registercontainsvalid data only wherDR Q=1 in theStatusRegister.
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9.6 Device Control Register

Device Control Register

5 4 3 2 1
- - 1 |SRST |-IEN

-
| o
(e Nan)

Figure 30.Device Control Register

Bit Definitions
SRST (RST)

-IEN

SoftwareReset. Thedevice is held reset wheRST=1. SettingRST=0 re-@ables
the device.

The host must seRST=1 and wait for atleast 5 microseconds before setting
RST=0, toensurethat thedevice recognizes the reset.

Interrupt Enable. When IEN=0, and thedevice is selected, devidaterrupts to the
hostwill be enabled. WhenlEN=1, or thedevice is not selected, devideterrupts to
the hostwill be disabled.

9.7 Drive Address Register

Drive Address Register

7 6 5 4 3 2 1 0
HIZ |-WTG | —H3 | -H2 | —H1 | —HO |-DS1 |-DS0

Figure 31. Drive Addres®fegister

This registercontains thenverteddrive select andhead selecaddresses of theurrently selected drive.

Bit Definitions
HIZ

-WTG
-H3,-H2,-H1,-HO

-DS1

-DSO

High Impedance. This bit is nadevice and willalways be in a highmpedance state.
-Write Gate. This bit is 0 whenwvriting to the disk device is irprogress.

-Head Select. These four bits are thene's complement of thbinary codedaddress
of the currentlyselectechead. -HO is thdeast significant.

-Drive Select 1. Drive select bit fordevice 1, active low. DS1=0 whendevice 1
(slave) is selected and active.

-Drive Select 0. Drive select bit fordevice 0, activelow. DS0=0 when device 0
(master) is selected and active.

9.8 Device/Head Register
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Device/Head Register

——

6 5 4 3 2 1 0
L 1 DRV | HS3 | HS2 | HS1 | HSO

Figure 32. Device/Hea®egister

This registercontains thedevice andhead numbers.

Bit Definitions

L

DRV

HS3,HS2,HS1,HSO

Binary encodedaddress mode seleciWhenL=0, addressing is by CH&ode. When
L=1, addressing is by LBAmode.

Device. When DRV =0, device 0 (naster) isselected. When DRV=1, device 1
(slave) is selected.

Head Select. These four bitdndicate binary encodedddress of thdead . HSO is the
least significantbit. At commandcompletion,these bits araipdated toreflect the
currently selectechead.

The headhumber may bdrom zero to thenumber ofheadsminus one.

In LBA mode, HS3 through HSO contaibits 24-27 of the LBA. Atcommand com-
pletion, these bits arapdated toreflect thecurrent LBA bits 24-27.

9.9 Error Register

Error Register

7 6
BBK | UNC

4 3 2 1 0
IDNF| 0 ABRT|TKONF| AMNF

o ol

Figure 33.Error Register

This registercontains status from thiastcommandexecuted by the&levice, or adiagnostic code.

At the completion of anjcommandexcept Execute Device Diagnostic, tkentents ofthis register are valid
always even ilERR =0 in the Statufegister.

Following a power on, aeset, orcompletion of an Execut®evice Diaghosticcommand,this registercon-
tains a diagnostic code. S&égure 37 onpage 57 for the definition.

Bit Definitions

BBK
UNC

IDNF (IDN)
ABRT (ABT)

Bad Block. BBK=1 indicates a badlock mark wasdetected in the requested sec-
tor's ID field.

UncorrectableData Error. UNC=1 indicates anuncorrectable data error has been
encountered.

ID Not Found. IDN=1 indicates the requested sector's fild could not be found.

Aborted Command. ABT=1 indicates the requestedommand hasheen aborted
due to a devicestatus error or afnvalid parameter in amutputregister.
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TKONF (TON) Track 0 NotFound. TON=1 indicatestrack 0 was not foundluring a Recalibrate
command.

AMNF (AMN) Address Mark NotFound. AMN=1 indicates the data addressark has not been
found after finding thecorrect ID field for the requested sector.

0.10 Features Register

This register iscommandspecific. This isused with the SeFeaturescommand.

90.11 Sector Count Register

This registercontains thenumber ofsectors of data requested to be transferred on a read or apieation
between théhost and thalevice. If thevalue in theregister is set to 0, aount of 256sectors isspecified.

If the register iszero atcommandcompletion, thecommand wassuccessful. If not successfuliyompleted,
the registercontains thenumber ofsectors which need to be transferredoirer to complete the request.

The contents of theegister are definedtherwise onsome commands. Thegefinitions are given in the
commanddescriptions.

90.12 Sector Number Register

This registercontains the starting sectomumber for anydisk data access for theubsequentommand. The
sectornumber isfrom one to themaximum number ofectors per track.

In LBA mode, this registercontainsBits 0-7. At the end of theeommand,this register isupdated toreflect
the current LBABIts 0-7.

0.13 Status Register

Status Register

7 6 5 4 3 2 1 0
BSY | DRDY| DF DSC | DRQ | CORR IDX | ERR

Figure 34. StatuRegister

This registercontains thedevice status. The contents dhis register areupdatedwhenever an error occurs
and at the completion afachcommand.

If the hostreads thisregister when annterrupt is pending, it ixonsidered to be thanterrupt acknowledge.
Any pending interrupt i€learedwhenever thigegister isread.

If BSY=1, no otherbits in theregister are valid.
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Bit Definitions
BSY

DRDY (RDY)

DF

DSC

DRQ

CORR (COR)
IDX

ERR

Busy. BSY=1 whenever thedevice is accessing the registers. Thest should not
read or write anyregisters whenBSY=1. If the host reads anyregister when
BSY=1, thecontents of the StatuRegisterwill be returned.

Device Ready. RDY=1 indicatesthat the device iscapable of responding to a
command. RDYwill be set to 0during power on until thedevice isready to accept
a command. If thedevicedetects an errowhile processing &ommand, RDY is set
to 0 until the Status Register is read by thest, at which time RDY is set back to 1.

Device Fault. DF=1 indicatesthat thedevice hasdetected a write faultondition.
DF is set to O after the Status Register is read byHhbst.

Device SeekComplete. DSC=1 indicatesthat aseek hascompleted and thelevice
head issettled over a track. DSC is set to 0 by tHevicejust before aseek begins.
When anerror occurs, this bit is not changed until the Status Register is read by the
host, at which time the biagain indicates theurrentseekcomplete status.

When thedeviceentersinto or is in Standby mode oBleepmode,this bit is set by
device inspite of not spinning up.

Data Request. DRQ=1 indicatesthat thedevice isready to transfer avord or byte
of data between théost and thedevice. Thehost should notwrite the Command
register wherDRQ=1.

CorrectedData. Always 0.

Index. IDX=1 once per revolution.SincelDX=1 only for a very short timeduring
each revolution, thénost may not see it set to dven if thehost isreading the Status
Registercontinuously. Therefore thhost should not attempt to use IDX foiming
purposes.

Error. ERR=1 indicatesthat anerror occurred during execution of the previous
command. The ErroRegister should be read to determine the error type. The
device set£E RR=0 when thenextcommand igeceivedfrom the host.
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10.0 General Operation Descriptions

10.1 Reset Response

There are threg¢ypes of reset in ATA agollows:
Power On Reset(POR)

The deviceexecutes a series of electrical circuitry diagnostics, spins up the
HDA, tests speed anather mechanical parametrics, ansets default
values.

Hard Reset (Hardware Reset) RESET-signal isnegated in ATA Bus.

The deviceexecutes a series of electrical circuitry diagnostics, spins up the
HDA, tests speed andther mechanical parametrics, ansets default
values.

Soft Reset (Software Reset) SRST bit in theDevice Control Register is setthen isreset.
The device resets the interfaagrcuitry according to the Set Faakes

requirement.

The actions of eacheset isshown inFigure 35

POR |hard |soft
reset |reset
Aborting Host interface - 0 0
Aborting Device operation - 1(*1)  [(*1)
Initialization of hardware 0 0 X
Internal diagnostic 0 0 X
Spinning spindle (*6) [(*6) X
[nitialization of registers (*2) 0 0 0
DASP handshake 0 0 X
PDIAG handshake 0 0 0
Reverting programmed parameters to default 0 0 |(*3)
— Number of CHS
(set by Initialize Device Parameter)
— Multiple mode
— Write cache
— Read look —ahead
— ECC bytes
Disable Standby timer 0 0 X
Power mode (*6) [(*6) [(*4)
Reset Standby timer value (*5) 0 0 X
0 — execute
X — not execute
Figure 35. Reset Response Table
Note.
(*1) Executeafter the data in write cache hégen written.
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(*2) Defaultvalue on POR ishown inFigure 36 onpage 57.

(*3) The Set Features command witheatureregister = CChenables thedevice to revert these
parameters to the power atefaults.

(*4) In the case of sleepnode, thedevice goes to idlenode. In othercase, the deviceloes not
change curreninode.

(*5) After reset theStandby timewalue, it is set to 109ninutes.

(*6) According to the initialpower mode slection.
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10.1.1 Register Initialization

Register Default Value
Error Diagnostic Code
Sector Count 01h
Sector Number 01h
Cylinder Low 00h
Cylinder High 00h
Device/Head AOh
Status 50h
Alternate Status 50h

Figure 36. DefaulRRegister Values

After power on, hardeset, or software reset, thegister values are initialized ahown inFigure 36.

Code Description

01h No error detected

02h Formatter device error

03h Sector buffer error

04h ECC circuitry error

05h Controller microprocessor error
8xh Device 1 failed

Figure 37. Diagnostic Codes

The meaning of theError Register diagnostic codes resultiigbom power on, hardreset or theExecute
Device Diagnosticommand are shown iRigure 37.
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10.2 Diagnostic and Reset considerations

For eachReset and ExecutBevice Diagnostic, the diagnostic @&ne asollows:

Power On Reset

DASP- isread by Device 0 to determine if Device 1 is present. If Device firesent
Device 0 shall read®DIAG- to determinewhen it isvalid to clear the BSY bit and
whether Device 1 haspowered on orresetwithout error, otherwise Device @lears
the BSY bit whenever it is ready to acceppbmmands. Device 0 may assefASP-

to indicate device activity. If Device 1 is not present, Device 0 does not Assert
DASP- atPOR.

Soft Reset,Hard Reset

If Device 1 ispresentDevice 0 shall read®DIAG- to determine when it isvalid to
clear the BSY bit andwhether Device 1 has resewithout any errors, otherwise
Device 0 shall simply reset andlear the BSYbit. DASP- is asserted by Device 0
(andDevice 1 if it is present) irorder to indicatedevice active.

Execute Device Diagnostic

If Device 1 is present, Device 6hall readPDIAG- to determinewhen it isvalid to
clear the BSY bit and if Device passed ordiled the EXECUTE DEVICE DIAG-
NOSTIC command,otherwise Device 0 shall simply execute its diagnostics and then
clear the BSY hit.DASP- isasserted by Device Qand Device 1 if it is present) in
order to indicate thalevice is active.

In all the abovecases:Power on,RESET-, Soft reset, and thee XECUTE DEVICE DIAGNOSTIC
command theDevice OError register isshown inFigure 38.

Device 1 PDIAG— Device 0 Error
Present? Asserted? Passed Register
Yes Yes Yes 01h
Yes Yes No 0xh
Yes No Yes 81h
Yes No No 8xh
No §notread; Yes 01h
No not read No 0xh

Where x indicates the appropriate Diagnostic Code for
the Power on, RESET-, Soft reset, or Device Diagnostic

error.

Figure 38. Reseerrorregister values
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10.3 Sector Addressing Mode

All addressing ofdatasectors recorded on the deviceedia is by alogical sector address. Thlegical CHS
address foDDLA-xxxxx is different from the actualphysical CHSlocation of the data sector on thdisk
media.

DDLA-xxxxx support both Logical CHS AddressingMode and LBA AddressingMode as thesector
addressingnode.

The hostsystem mayselect ether the currentlyselected CHSranslationaddressing or LBA addressing on a
command-by-commandtasis by using the L bit in th®EVICE/HEAD register. So éhostsystemmust set
the L bit to 1 if the host uses LBAddressingmode.

10.3.1 Logical CHS Addressing Mode

The logical CHS addressing is made uptbfeefields: thecylindernumber, theheadnumber and thesector
number. Sectors arsmmumbered from 1 to thenaximumvalue allowed by theurrent CHS translation mode
but can not excee@55(0FFh). Heads are numbered from 0 to thaximumvalue allowed by thecurrent
CHS translation mode buf can nexceed 15(0Fh).Cylinders arenumbered from 0 to thenaximumvalue
allowed by thecurrent CHS translation mode buannotexceed65535(0FFFFh).

When the hostselects a CHStranslation modeusing the INITIALIZE DEVICE PARAMETERS
command, the hostequests thenumber ofsectors perogical track and thenumber ofheads pedogical
cylinder. The devicgahen computes the number lafgical cylinders available imequestednode.

The default CHStranslation mode islescribed in the Identify Devicenformation. The current CHS trans-
lation modealso is described in the Identify Devidaformation.

10.3.2 LBA Addressing Mode

Logical sectors on thelevice shall be linearlymappedwith the first LBA addressed sector (sector 0) being
the same sector as tHest logical CHS addressed sector ( cylinder Bead O,sector 1). Irrespective of the

logical CHS translation mode currently ieffect, the LBAaddress of a givetogical sector does not change.

The following is alwaysrue:

LBA = ( (cylinder * heads_per_cylinder + heads)
* sectors_per trac k) + sector - 1

where heads_per_cylinder and sectors_per_track
are the current translation mode values.

On LBA addressingnode, the LBAvalue is set to the followingegister.

Device/Head <--- LBA hits 27-24
Cylinder High <~ LBA bits 23-16

Cylinder Low < LBA hits 15- 8
Sector Number < LBA hits 7-0
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104 Power Management Feature

The power managemerieature setpermits ahost to nodify the behavior of anannerwhich reduces the
powerrequired to operate. Thpower managemerfeature set provides a set obmmands and &mer that
enable adevice toimplement low poweiconsumptionmodes.

DDLA-xxxxx implement thefollowing set offunctions.
1. A Standby timer
2. Idlecommand

Idle Immediatecommand

3

4. Sleepcommand

5. Standbycommand
6

Standby Immediateommand

10.4.1 Power Mode

The lowestpowerconsumption when thdevice ispowered on occurs isleepMode. When insleepmode,
the devicerequires a reset to be activated. The timeréspond could be as long as the powerresettime.

In StandbyMode thedevice interface ixapable of acceptingommands, but as thmedia may not imme-
diately accessiblethere is adelay while waiting for the spindle toeach operatingpeed.

In Idle Mode thedevice iscapable of responding immediately to mediecesgequests.

In Active Mode thedevice isunderexecuting acommand oraccessing the disknedia with readook-ahead
function orwrite cachefunction.

10.4.2 Power Management Commands

The Check PoweMode commandallows ahost todetermine if adevice iscurrently in,going to or leaving
standby mode.

The Idle and Idlelmmediate commands movedgvice to idle modémmediatelyfrom the active orstandby
modes. Thdadle commandalso sets thestandby timercount andstarts thestandby timer.

The sleepcommandmoves adevice to sleepmode. Thedevice's interfacebecomesinactive at thecom-
pletion of thesleepcommand. Areset isrequired to move alevice out of sleepgnode. When aevice exits
sleep mode iwill enteridle mode.

The Standby and Standby Immediate commands mowewce to standby modeimmediately from the
active or idlemodes. The standbgommandalso sets thestandby timercount.

10.4.3 Standby/Sleep command completion timing
1. Confirm the completion of theached writecommands

2. Set INTRQ(completion of thecommand)

3. Move heads topark position

4. Activate the spindldrake tostop thespindlemotor
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5. Wait 1.5 Sec tepindlemotor isstopped

6. Perform posprocess

10.4.4 Standby timer

The standby timeprovides amethod for thedevice toautomatically enter standby mode fronther active

or idle modefollowing a host programmegeriod of inactivity. If the device is in the active or idlenode,

the devicewaits for thespecified timeperiod and if nocommand isreceived, the devicautomatically enters
the standby mode.

If the value of SECTORCOUNT register onldle command orStandbycommand is set to 00h, th@evice
will automatically set the standby timer to 109 minutes.

10.4.5 Status

In the active,idle and standby modes, thdevice shallhave RDY bit of the statusegister set. If BSY bit is
not set, thedevice shall beeady to accept angommand.

In sleepmode, thedevice's interface is not active. Bhostshall notattempt toread the device'status orissue
commands to thelevice.

10.4.6 Interface Capability for Power Modes

The eachpower modeaffects thephysical interface as defined in the following table:

Mode BSY RDY Interface active Media
Active X X Yes Active
ldle 0 1 Yes Active
Standby 0 1 Yes Inactive
Sleep X X No Inactive

Figure 39. Poweronditions

Ready(RDY) is not gpower condition. Adevice maypostready at the interface eveahough themedia may
not be accessible.

Though theinterface is inactive in sleemode, theaccess to the interface registers and the validitydT RQ
is guaranteed for two seconadter Sleepcommand iscompleted.After this period, thecontents ofinterface

registers may béost. Since thecontents ofinterface registers may be invalidlpst should NOTcheck Status
register norAlternate Statusegisterprior to issuing soft reset tavake up adevice.

10.4.7 Initial Power Mode at Power On

After power on or hardeset the device goes tWLE mode orSTNADBY modedepending on theption.
Refer3.3.7.2, “Operating mode at power on” omage 14 for the intiapbower modeselection.
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10.5 Adaptive Power Management Feature

This feature is developed tamprove the powerconsumption andgerformance in mobile hardrives. This
power managemertechnologyintelligently manages power modes within tllevice byadapting to thandi-
vidual users recent diskccesgattern. DDLA-xxxxx supporthis feature.

This feature has two-stagille mode. One is Performandele mode. The other is Low PowgiLP) Idle
mode.

10.5.1 Performance Idle mode

This mode isusually entered immediatelgfter Active modecommandprocessing iscomplete, instead of
conventionalidle mode. In Performancédle mode, allelectroniccomponentgemain powered anfull fre-
guencyservo remainsperational. This providemstantaneous response to the nesimmand. Thedura-
tion of this mode isintelligently managed aslescribed below.

10.5.2 Low Power (LP) Idle mode

In this mode, powerconsumption is 15-20%ess than converntinal idle mode. Additional electronics are
poweredoff, and thehead is parked near the mid-diameter of thek without servoing. Recovery time to
Active mode isabout40ms.

10.5.3 Transition Time

The transition time islynamicallymanaged by user's receatcesgattern,instead offixed times. The algo-
rithm monitors thefrequency ofcommandsover intervals of interest, usuallseveralseconds. The algorithm
judges how long thecurrent burst ofcommandswill continue by maintaining a distribution afommand
frequencies. After eacltommand, thealgorithm calculates theprobability that the current burst ofcom-
mands is completbased on thestatistics of thedistribution.

Eachtime this algorithmdecidesthat thecurrent burst otommands is not yetomplete, itplaces the device
in Performancddle mode. This means anotheommandwill arrive verysoon, and theaesponse to it can
now be instantaneous without thielay associatewith conventionalidle. Sinceburstsusually contain tens
of commandsperformance is improved.

Whenthis algorithmdecides thecurrent burst ocommands icomplete, it knows with high probabilitthat
the next commanahill not occur for arelatively long time(seconds). To consery@ower, thisfeature places
the device in LPIdle mode, themperforms aseek to themid-band andenters a lowpower state.

The optimal time toenter LP Idle isvariable depending on the users receehavior. It is not possible to
achieve thesamelevel of savings with a fixedentry timeinto LP Idle because each user's data aautess
pattern isdifferent. Theoptimum entry time changes over time.

To recover to Active moddrom LP Idle requiresabout 40 ms.This does not represent significant per-
formance impactbecause it is aelatively rareevent, and because a ndwrst of commands almostlways
beginswith a seek to a newocation which requires the time anywaVhroughput ismaintained because LP
Idle is enteredonly when a longdle interval is anticipatied.
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10.6 S.M.A.R.T. Function

The intent of Self-monitoring, analysis andreporting technology(S.M.A.R.T) is to protect user data and
prevent unscheduled systedowntime that may becaused by predictable degradatiand/or fault of the
device. By monitoring and storing critical performance and calibration paramete3,M.A.R.T devices
employsophisticated datanalysisalgorithms to predict the likelihood aifear-term degradation dault con-
dition. By alerting thehost system of a negativeeliability status condition, thédiost system canwarn the
user of the impendingisk of a data loss and advise the userapfpropriate action.

SinceS.M.A.R.T. utilizes theinternal device microprocessor andther deviceresources, there may me
small overhead associated with itgperation. Howeverspecial care hadeen taken in thalesign of the
S.M.A.R.T. algorithms to minimize the impact thostsystem performance. Actuamnpact of S.M.A.R.T.
overhead is dependent on tlspecific devicedesign and the usageatterns of the hossystem. To further
ensure minimaimpact to theuser,S.M.A.R.T. capabledevices areshipped from thedevice manufacturer's
factory with the S.M.A.R.T. feature disabled. S.M.A.R.T. capabledevices can benabled by the system
OEMs attime of system integration or in thigeld by aftermarket products.

10.6.1 Attributes

Attributes are thespecific performance or calibration parameteisat areused in analyzing thatatus of the
device. Attributes areselected by the devicemanufacturer based othat attribute'sability to contribute to
the prediction of degrading or faultyonditions forthat particulardevice. The specific set dadttributesbeing
used and the identity of these attributesyéndorspecific andproprietary.

10.6.2 Attribute values

Attribute values are used toepresent theelative reliability of individual performance or calibration attri-
butes. Higher attributealues indicate¢hat theanalysisalgorithms being used by th@evice arepredicting a
lower probability of adegrading or faultondition existing. Accordingly,lower attributevalues indicatghat
the analysisalgorithms being used by thaevice arepredicting a highemprobability of adegrading or fault
condition existing. There is noimplied linearreliability relationshipcorresponding to the numerical relation-
ship betweerdifferent attributevalues for anyparticular attribute.

10.6.3 Attribute thresholds

Each attributevalue has a correspondirggtribute thresholdimit which is used for itect comparison to the
attribute value to indicate the existence of a degrading or fagkydition. The numericavalue of the attri-
butethresholds are determined by tdevicemanufacturer througldesign and reliability testing and analysis.
Each attribute thresholdepresents the lowest limit to which its correspondattyibute value can besqual
while still retaining a positivereliability status. Attribute thresholds are set at tlevice manufacturer's
factory andcannot bechanged in thefield. The validrange forattribute thresholds is from fhrough 253
decimal.

10.6.4 Threshold exceeded condition

If one or more attributevalues arelessthan orequal to their corresponding attribute thresholds, then the
device reliabilitystatus isnegative, indicating aimpendingdegrading or faultycondition.

10.6.5 S.M.A.R.T. commands

The S.M.A.R.T. commandgrovide access toattribute values, attribute thresholds andther logging and
reporting information.
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10.6.6 S.M.A.R.T. operation with power management  modes

It is recommended that, when a hoststemutilizes both thepower management and.M.A.R.T. features,
the system enable thdevice'sattribute autosavdeature to allow the device'automatic attributesaving
upon receipt of STANDBY IMMEDIATE or SLEEPcommands. If thedevice hasbeen set toutilize the
standby timer, thelevce alscsavesattributesvaluesprior to going from anldle state toStandbystate.
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10.7 Security Mode Feature Set

SecurityMode Feature Set ipowerful security feature With a device lockpassword, user can prevemhau-
thorizedaccess tdhard disk deviceeven if thedevice isremoved from thecomputer.

New commands are supported fibvis feature as below.

Security Set Password
Security Unlock
Security ErasePrepare
Security EraseUnit

Security Freeze Lock

(F1'h)
(F2'h)
(F3'h)
(F4'h)
(F5'h)

Security Disable Password ('F6'h)

10.7.1 Security mode

Following securitymodes argrovided.

Device Locked mode

Device Unlockedmode

Device Frozen mode

10.7.2 Security level

The device disablemediaaccesssommandsafter power on. Mediaaccesscom-
mands aresnabled by either agecurityunlock command or asecurity erasenit
command.

The deviceenables alcommands. If gpassword is not set this mode is entered
after power on,otherwise it is entered by a securitynlock or asecurity erase
unit command.

The deviceenables allcommandsexceptthose which canupdate thedevice
lock function, set/change password. THeviceenters this mode via a Security
FreezeLock command. It cannot quihis mode untilpower off.

Following securitylevels areprovided.

High level security

Maximum level security

10.7.3 Password

When thedevicelock function is enabled and th&ser Password is forgotten
the device can benlocked via a Master Password.

When thedevice lock function is enabled and thdser Password is forgotten
then only the Master Password with Security Erase Unitcommand can
unlock thedevice. Then user data isrased.

This function canhave 2 types of passwords as described below.

Master Password

User Password

When theMaster Password iset, thedevicedoes NOT enable the Devideock
Function, and theadevice can NOT bdocked with theMaster Password, but
the Master Password can lised for unlocking thelevicelocked.

The User Password should lggven or changed by a system useMVhen the
User Password iset, thedeviceenables the Devicéock Function. And then
the device idocked on nexfpower onreset orhardreset.
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The system manufacturer/dealer who intend to enabledthice lockfunction to the endusers,must be set
the master passworeven if only single levelpassword protection isequired. Otherwise, the 'default’ master
password which is set by IBM can unlock tllevicewhich is locked with user password.

10.7.4 Operation example
10.7.4.1 Master Password setting

The system manufacturer/dealer can set to a Master Password frondefault Master Passwordsing the
Security SetPassworccommand, withouenabling the Devicd.ock Function.

10.7.4.2 User Password setting

When aUser Password iset, thedevice will automatically enter lock mode the next time tlevice is
powered on.

( Ref.)

< Setting password > < No setting password >
PCl)R P|OR
Vv Vv
Set Password with User Password Normal operation
Vv Vv
Normal operation Power off
Vv
Power off POR —> Device unlocked mode

POR —> Device locked mode

Figure 40. Initial Setting
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10.7.4.3 Operation from POR after User Password is set

When Device Lock Function isenabled, thedevice rejectanediaaccesscommanduntil an SecurityUnlock

command issuccessfullycompleted.

N

> Normal operation

Vv

Freeze Lock command

Vv

Enter Device Frozen mode
Normal Operation except Set Password,
Disable Password, Erase Unit, Unlock commands.

(*1) refer to c inFigure 43 onpage 69

POR
> Device Locked mode <
[ [ |
v v v v
Unlock CMD Erase Prepare  Media access Non —media access
command (*1) command (*1)
Password Erase Unit
Match ? Password
Match ?
Y Y
Complete Reject Complete
Erase Unit | |
V V
\V \V | |
Enter Device Lock function
Unlock mode Disable
V
. All commands are available

Figure 41.Usually Operation
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10.7.4.4 User Password Lost

If the User Password is forgotten and Hidével security is set, the system usean't access anydata.
However thedevice can bainlockedusing theMaster Password.

If a system usefrforgets theUser Password an®laximum security level is set, dataaccess ismpossible.
However thedevice can bainlockedusing the Security Erase Undommand tounlock thedevice and erase
all user data with the Master Password.

User Password Lost

LEVEL ?  High —————> Unlock CMD with Master Password
Maxilmum
V Vv
Erase Prepare Command Normal operation

Erase Unit Command
with ll\/Iaster Password
V .
Normal operation but data lost

Figure 42. Password Lost

10.7.4.5 Attempt limit for SECURITY UNLOCK command

The SECURITYUNLOCK command has an attemfimit. The purpose ofthis attemptlimit is to prevent
that someone attempts tmlock thedrive by usingvarious passwords many times.

The devicecounts thepassword mismatch. If the passwotddes notmatch, thedevicecounts it up without
distinguishing theMaster password and the User password. If theint reaches 5EXPIRE bit(bit 4) of
Word 128 inldentify Deviceinformation isset, andthenSECURITY ERASEUNIT command and SECU-
RITY UNLOCK command areborted until a hardeset or apower off. The count andEXPIRE bit are
cleared after power onreset or ahardreset.
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10.7.5 Command Table

This table shows théevice'sresponse t@aommands when th8ecurityMode Feature Se{Device lock func-
tion) is enabled.

Device [Device |Device
Command Locked |Unlock |Frozen
Mode |[Mode |[Mode

Recalibrate

Security Disable Password
Security Erase Prepare
Security Erase Unit
Security Freeze Lock
Security Set Password
Security Unlock

Seek

Set Features

Set Max LBA/CYL

Set Multiple Mode
Sleep

Check Power Mode 0 0 0
Execute Device Diagnostic 0 0 0
Format Track X 0 0
Format Unit X 0 0
Identify Device 0 0 0
ldentify Device DMA 0 0 0
ldle 0 0 0
ldle Immediate 0 0 0
Initialize Device Parameters 0 0 0
Read Buffer 0 0 0
Read DMA (w/o retry) X 0 0
Read DMA (w/retry) X 0 0
Read Long (w/o retry) X 0 0
Read Long (w/retry) X 0 0
Read Multiple X 0 0
Read Native Max LBA/CYL 0 0 0
Read Sectorgsg Ew/o retry) X 0 0
Read Sector(s) (w/retry X 0 0
Read Verify Sector(s) (w/o retry) X 0 0
Read Verify Sector(s) (w/retry) X 0 0
0 0 0
X 0 X
0 0 0
0 0 X
X 0 0
X 0 X
0 0 X
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

Figure 43.Commandtable fordevicelock operation
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Device |Device |Device
Command Locked |Unlock |Frozen
Mode Mode Mode

SMART Disable Operations 0 0 0
SMART Enable/Disable Attribute Autosave 0 0 0
SMART Enable Operations 0 0 0
SMART Execute Off —line Immediate 0 0 0
SMART Read Attribute Values 0 0 0
SMART Read Attribute Thresholds 0 0 0
SMART Return Status 0 0 0
SMART Save Attribute Values 0 0 0
Standby 0 0 0
Standby Immediate 0 0 0
Write Buffer 0 0 0
Write DMA Ewloretw) X 0 0
Write DMA (w/retry) X 0 0
Write Long Ewlo retry) X 0 0
Write Long (w/retry) X 0 0
Write Multiple X 0 0
Write Seﬁo%s;gwloreuy) X 0 0
Write Sector(s) (w/retry) X 0 0
Write Verify X 0 0
0 — Device executes command normally
x —— Device terminates command with error register of Aborted

Command.

Figure 44.Commandtable fordevicelock operation - continued
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10.8 Protected Area Function (Vendor Specific)

Protected AreaFunction is toprovide the'protected area' which can not leecessed via anventional
method. This 'protectedrea’ isused tocontain critical system data such aBlIOS or systemmanagement
information. The contents of entireystemmain memory mayalso bedumped into'protected area' to
resumeafter systenpower off.

The LBA/CYL changed byfollowing commandaffects theldentify Devicelnformation.
Two vendorspecificcommands arelefined forthis function.

Read Native Max LBA/CYL ('F8'h)
Set Max LBA/CYL (‘F9'h)

10.8.1 Example for operation (In LBA mode)
Assumptions :

For better understandindollowing example uses actuablues for LBA, size,etc. Since it igust an example,
thosevalue could bedifferent.

Device characteristics

Capacity (native) : 536,870,912 byte  (536MB)
Max LBA (native) © 1,048,575 (OFFFFFh)
Required size for protected area . 8,388,608 hyte
Required blocks for protected area ; 16,384 (004000h)
Customer usable device size . 528,482,304 hyte  (528MB)
Customer usable sector count . 1,032,192 (OFC000h)
LBA range for protected area : OFCO00h to OFFFFFh

1. Shipping HDDsfrom HDD manufacturer

When theHDDs areshipped from HDD manufacturer,thdevice hasbeentested to have capacity of
536MB,flagged theanediadefects not to be visible bgystem.

2. PreparingHDDs atsystemmanufacturer

Special utility software igequired to déne the size of protectedarea and store the datato it. The
sequence is :

Issue Read Native Max LBA/CYL command to get theeal device max olL.BA/CYL. Returned
value showsghat nativedevice Max LBA isOFFFFFhregardless to theurrentsetting.

Make entire device be accessibléncluding the protected area by settingdevice Max LBA as
OFFFFFh via Set MaXxBA/CYL command. The optiorould be either nonvolatile orolatile.

Test the sectors foprotected ardLBA > = OFCO000h) ifrequired.
Write information data such as BIO&de within the protectedrea.
Changemaximum LBA using Set MaxLBA/CYL command toOFBFFFhwith nonvolatileoption.

From this point, the protectedareacannot beaccessed tillnext Set MaxLBA/CYL command is
issued. AnyBIOSes,device drivers, omapplicationsoftwareaccess the HDD as that is the 528MB
devicebecause theleviceacts exactlysame ageal 528MB devicedoes.

3. Conventionausagewithout system softwarsupport
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Since the HDDworks as 528MBdevice,there are nepecial care to usthis device fornormaluse.
4. Advancedusage usingrotectedarea
The data in protectedrea isaccessed by following.

IssueReadNative MaxLBA/CYL command to get theeal device max
LBA/CYL. Returnedvalue showsthat native device Max LBA isOFFFFFhregardless to the
currentsetting.

Make entire device be accessibléncluding the protected area by settingdevice Max LBA as
OFFFFFh via Set MaxxBA/CYL command withvolatile option. By using thisoption, unexpected
power removal oresetwill not make theprotectedarea remaine@ccessible.

Readinformation data from protectedrea.

Issuehardreset or POR tanhibit any access to th@rotectedarea.

10.9 Write Cache Function

Write cache is a performancenhancementvhereby thedevice reports as completing tharite command
(Write Sectors and WriteMultiple) to the host as soon as thdevice has received all of the datato its
buffer. And the devicassumes responsibility to write the databsequently onto thdisk.

« While writing dataafter completed acknowledgment of write command,soft reset orhard reset does
not affect itsoperation. But power off terminatesriting operationimmediately andunwritten data are
lost.

Soft reset andCheck PoweMode command iexecuted after theompletion ofwriting to disk media
on enabling write cachéunction. So thehostsystem can confirm theompletion ofwrite cacheopera-
tion by issuing Soft reset oCheck PowerMode command and theoonfirming its completion. It is
recommended that hoslystems check theompletion ofwrite cacheoperation byconfirming successful
completion ofSoft resefust beforepower off.

The retry bit of Write Sectors is ignored when write cache is enabled.
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10.10 Reassign Function

ReassignFunction isused with FORMATTRACK command,readcommands anavrite commands. The
sectors ofdata forreassignment are prepared as the spare data sector. The assunder of thespare
sectors igninimum 526sectors.

This reassignmeninformation isregistered internally, and thieformation isavailable right aftecompleting
the reassigriunction. Also theinformation isused on nexpower onreset orhardreset.

If the number of thespare sector reaches 0 sector, thassigrfunction will be disabledautomatically.

The spare sectors for reassignment are located at the eddvafe. As aresult of reassignment, the physical
location oflogically sequenced sectovsill be dispersed.

10.10.1 Auto Reassign Function

The sectorghose show somerrors may be reallocatemutomatically wherspecificconditions are met. The
spare sectors for reallocation are located at the enddrofe. The conditions for auto-reallocation are
described below.

When adeviceshipped fromIBM, minimum 526 ofusable spare sectors are available.

Non recovered write errors

When awrite operation can not be completedter theError RecoveryProcedure(ERP) ifully carriedout,
the sector(s) are reallocated to the sphyeation. An error is reported to thhost system only when the

write cache is disabled and the auto reallocatiofailed.

If the number ofavailable spare sectors reaches 16 sectors, the write ¢anb&on will be disabledautomat-
ically.

If the command is withoutretry and the write cach&nction isdisabled, the auto reassidganction is not
invoked.

Non recovered read errors

When aread operation is failedafter defined ERP idully carried out, ahard error is reported to théost
system.This location isregisterred internally as eandidate for the reallocatioWhen aregisterrediocation
is specified as aarget of a writeoperation, asequence of mediaerification is performed automatically.
When theresult of thisverification meets thecriteria, this sector is reallocated.

Recoveredread errors

When areadoperation for asector failedoncethenrecovered at thepecific ERPstep, this sector of data is

reallocated automatically. A medieerification sequence may be run prior to the relocateecording to the
pre-definedconditions.

General Operatiomescriptions 73



74 OEM Specifications 0DDLA-2xxxx 2.5 inch HDD



11.0 Command Protocol

The commands argrouped intodifferent classesaccording to theprotocolsfollowed for commandexe-
cution. Thecommandclasses withtheir associategrotocols aredefinedbelow.

For all commands, the host mufitst check if BSY=1, and shouldoroceed no further unless andhtil
BSY=0. For allcommands, the host muatso wait forRDY =1 before proceeding.

A device must maintaineither BSY=1 or DRQ=1 at alltimes until thecommand iscompleted. The
INTRQ signal isused by thedevice to signamost, but notall, times when the BSY bit is changddom 1 to
0 duringcommandexecution.

A command shall only be interrupted with a hardware oftware reset. The result of writing to the
Command register whileBSY=1 or DRQ=1 is unpredictable and may result in datorruption. A
commandshould only be interrupted by i@set at timesvhen the host thinkshere may be @roblem, such
as a devicdhat is nolonger responding.

Interrupts arecleared when théhost reads the Status Registdssues a reset, or writes to tHeommand
Register.

Figure 98 onpage 157 shows thdevicetimeoutvalues.

11.1 Data In Commands
Thesecommandsre:

Identify Device

ReadBuffer

Read Long

ReadMultiple

ReadSectors

SMART ReadAttribute Values

SMART ReadAttribute Thresholds
Executionincludes the transfer of one anore 512byte (>512 bytes onReadLong) sectors of datdrom
the device to théost.

1. The hostwrites anyrequired parameters to the Features, Se€@ount, SectorNumber, Cylinder, and
Device/HeadRegisters.

2. The hostwrites thecommandcode to theCommandRegister.
3. For each sector (or block) afata to betransferred:
a. The device setBSY=1 andprepares for data transfer.

b. When asector (or block) of data iavailable for transfer to théost, thedevice setBSY =0, sets
DRQ=1, andinterrupts the host.

c. In response to the interrupt, thestreads the Status Register.
d. The device clears thiaterrupt in response to the StatRegister being read.

e. The hosteads one sector (dylock) of data via theData Register.
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f. The device set® RQ =0 after the sector (oblock)has beettransferred to thénost.
4. For the Read Long command:
a. The device setBSY=1 andprepares for data transfer.

b. When thesector of data is available for transfer to thest, thedevice setBSY=0, setsDRQ=1,
and interrupts the host.

c. In response to the interrupt, thestreads theStatusRegister.

d. The device clears thiaterrupt in response to the StatRegister being read.
e. The hosteads the sector afataincluding ECC bytes via th®ata Register.
f. The device set® RQ =0 after the sector haBeentransferred to théost.

The ReadMultiple commandtransfers oneéblock of data for eachnterrupt. The othecommandstransfer
one sector oflata foreachinterrupt.

Note that thestatus data for a sector of dataagailable in the Sttus Registebefore the sector is transferred
to the host.

If the devicedetects an invalidbarameter,then it will abort the command bgettingBSY=0, ERR=1,
ABT=1, andinterrupting the host.

If an error occurs, thalevice will setBSY=0, ERR=1, and DRQ=1. Theevice will thenstore the error
status in theError Register, andnterrupt the host. Theegisters willcontain the location of theector in
error. The errored locatiowill be reportedwith CHS mode or LBA mode, the mode decided by mode
select bit(bit 6) of Device/Headegister on issuing theommand.

If an UncorrectableData Error (UNC=1) occurs, thedefective data will beransferredfrom the media to
the sector buffer, anavill be available to be transferred to theost, at the host's option. lcase ofRead
Multiple command, the host shoulcbmpletetransfer theblock whichincludes errorfrom the sector buffer
and terminate whatever kind of type of error occurred.

If an error occursthat is correctable byretries, the datawill be corrected and the transfawvill continue
normally. Therewill be no indication to thehost that anyretry occurred.

All data transfers to thdnost through theData Register are 16 bits, except for the ECC bytes, which are 8
bits.

11.2 Data Out Commands

Thesecommandsre:

FormatTrack
Security DisableéPassword
Security Erase Unit
Security SetPassword
SecurityUnlock

.+ Write Buffer

« Write Long

« Write Multiple
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- Write Sectors

« Write Verify
Executionincludes the transfer of one anore 512byte (>512 bytes on WriteLong) sectors of datdrom
the host to thalevice.

1. The hostwrites anyrequired parameters to the Features, Se€@ount, SectorNumber, Cylinder, and
Device/HeadRegisters.

2. The hostwrites thecommandcode to theCommandRegister.

3. The device setBSY=1.

4. For each sector (or block) afata to betransferred:
a. The device setBSY=0 andDR Q=1 when it isready toreceive asector (or block).
b. The hostwrites one sector (oblock) of data via theéData Register.
c. The device setBSY =1 after it has received theector (or block).

d. When thedevice has finishegrocessing the sector (or block), setsBSY=0, andinterrupts the
host.

e. In response to the interrupt, th@streads the Status Register.
f. The device clears thimterrupt in response to the StatRegister being read.
5. For the WriteLong command:
a. The device setBSY=0 andDR Q=1 when it isready toreceive asector.
b. The hostwrites one sector of data including ECC bytes via fha&ta Register.
c. The device setBSY=1 after it has received theector.
d. After processing the sector of data ttevice set8SY =0 andinterrupts the host.
e. In response to the interrupt, thestreads the Status Register.
f. The device clears thimterrupt in response to the StatRegister being read.

The Write Multiple commandtransfers oneblock of data for eachnterrupt. The othecommandstransfer
one sector oflata foreachinterrupt.

If the devicedetects an invalidbarameterthen it will abort the command bgettingBSY=0, ERR=1,
ABT=1, andinterrupting the host.

If an uncorrectable error occurs, tluevice will setBSY=0 andERR=1, store the error status in thierror
Register, andnterrupt the host. Theegisters willcontain the location of theector in error. The errored
location will be reported with CHS mode or LBAnode, the mode igsecided by mode select b{bit 6) of
Device/Headregister on issuing theommand.

All data transfers to thelevicethrough theData Register are 16 bits, except for the ECC bytes, which are 8
bits.
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11.3 Non-Data Commands

Thesecommandsare:

Check PoweMode

Execute Device Diagnostic
FormatUnit

Idle

Idle Immediate

Initialize DeviceParameters
ReadNative MaxLBA/CYL
ReadVerify Sectors
Recalibrate

Security Erasd’repare
Security Freezé.ock

Seek

Set Features

Set Max LBA/CYL

Set Multiple Mode

Sleep

SMART DisableOperations
SMART Enable/Disable Attribute Autosave
SMART Enable Operations
SMART ExecuteOff-line Immediate
SMART Return Satus
SMART SaveAttribute Values
Standby

Standby Immediate

Execution ofthesecommandsnvolves no data transfer.

1.

o 0k~ w DN

The hostwrites anyrequired parameters to the Features, Se€@ount, SectorNumber, Cylinder, and
Device/HeadRegisters.

The hostwrites thecommandcode to theCommandRegister.

The device setBSY=1.

When thedevice has finishegrocessing theommand, itsetsBSY =0, andinterrupts the host.
In response to the interrupt, thestreads the Status Register.

The device clears thimterrupt in response to the StatRegister being read.
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11.4 DMA Data Transfer Commands
Thesecommandsare:
Identify Device DMA
Read DMA
- Write DMA

Datatransfer using DMAcommanddiffer in two waysfrom PIO transfers:
datatransfers argerformed using thelave-DMA channel
no intermediate sectdnterrupts ardssued onmulti-sectorcommands
Initiation of the DMA transfercommands iddentical to theReadSector or Write Sectocommandsexcept
that the hosinitializes theslave-DMA channel prior tassuing thecommand.
The interrupt handler for DM Aransfers is different irthat:
no intermediate sectanterrupts ardssued onmulti-sectorcommands
the hostresets the DMAchannel prior toreadingstatus from thelevice.
The DMA protocol allows high performance multi-tasking operatingystems to eliminate processor over-
headassociatedvith P10 transfers.
1. Hostinitializes theslave-DMA channel

2. Host writes any required parameters to the Features, Sedc@aount, Sector Number, Cylinder and
Device/Headregisters.

Hostwrites commandcode to theCommandRegister

The device setbMARQ when it isready to transfer anpart of the data.
Hosttransfers the data using the DMA transfaotocol currently ineffect.

When all of the data haseentransferred, thalevicegenerates aimterrupt to the host.

Host resets theslave-DMA channel

© N o gk~ w

Hostreads the g&atusRegisterand, optionally, theError Register
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12.0 Command Descriptions

Proto Command Code Binary Code
col (Hex) Bit
76543210
3 Check Power Mode ES 11100101
3 Check Power Mode* 98 10011000
3 Execute Device Diagnostic 90 10010000
2 Format Track 50 01010000
3+ | Format Unit F7 11110111
1 Identify Device EC 11101100
4 Identify Device DMA EE 11101110
3 ldle E3 11100011
3 ldle* 97 10010111
3 ldle Immediate El 11100001
3 ldle Immediate* 95 10010101
3 Initialize Device Parameters 91 10010001
1 Read Buffer E4 11100100
4 Read DMA Eretry) C8 11001000
4 Read DMA (no retry) C9 11001001
1 Read Long Eretry) 22 00100010
1 Read Long (no retry) 23 00100011
1 Read Multiple C4 11000100
3+ | Read Native Max LBA/CYL F8 11111000
1 Read Sectors Eretry) 20 00100000
1 Read Sectors (no retry) 21 00100001
3 Read Verify Sectors Eretry) 40 01000000
3 Read Verify Sectors (no retry) 41 01000001
3 Recalibrate 1x 0001 ——-—-—
2 Security Disable Password F6 11111010
3 Security Erase Prepare F3 11110011
2 Security Erase Unit F4 11110100
3 Security Freeze Lock F5 11110101
2 Security Set Password F1 11110001
2 Security Unlock F2 11110010
3 Seek 7X 0111 ——---
3 Set Features EF 11101111
3+ | Set Max LBA/CYL F9 11111001
3 Set Multiple Mode C6 11000110

Figure 45.Command Set

0 Copyright IBM Corp. 1997
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Proto Command Code Binary Code

col (Hex) Bit

76543210
3 Sleep E6 11100110
3 Sleep* 99 10011001
3 SMART Disable Operations B0 10110000
3 SMART Enable/Disable Attribute Autosave B0 10110000
3 SMART Enable Operations B0 10110000
3 SMART Execute Off —line Immediate B0 10110000
1 SMART Read Attribute Values B0 10110000
1 SMART Read Attribute Thresholds B0 10110000
3 SMART Return Status BO 10110000
3 SMART Save Attribute Values B0 10110000
3 Standby E2 11100010
3 Standby* 96 10010110
3 Standby Immediate EO 11100000
3 Standby Immediate* 94 10010100
2 Write Buffer E8 11101000
4 Write DMA Eretry) CA 11001010
4 Write DMA (no retry) CB 11001011
2 Write Long Eretry) 32 00110010
2 Write Long (no retry) 33 00110011
2 Write Multiple C5 11000101
2 Write Sectors Eretry) 30 00110000
2 Write Sectors (no retry) 31 00110001
2 Write Verify 3C 00111100

Protocol : 1 : PIO data IN command

. PIO data OUT command
: Non data command

: DMA command

. Vendor specific command

+ B>

Figure 46.Command Set eontinued

Commandsanarked * are alternateommandcodes for previouslefinedcommands.
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Command | Feature

Command (Subcommand) Code Register
(Hex) (Hex)
(S.M.A.R.T function)
SMART Read Attribute Values BO DO
SMART Read Attribute Thresholds BO D1
SMART Enable/Disable Attribute Autosave BO D2
SMART Save Attribute Values BO D3
SMART Execute Off —line Immediate BO D4
SMART Enable Operations B0 D8
SMART Disable Operations B0 D9
SMART Return Status BO DA

(Set Features)

Enable Write Cache EF 02
Set Transfer Mode EF 03
22 bytes of ECC apply on Read/Write Long EF 44
Disable read look —ahead feature EF 55
Disable reverting to power on defaults EF 66
Disable write cache EF 82
Enable read look —ahead feature EF AA
4 bytes of ECC apply on Read/Wrtie Long EF BB
Enable reverting to power on defaults EF cC

Figure 47.Command Se{Subcommand)

Figure 45 onpage 81 andrigure 46 onpage 82 shows theommands that are supported by tHevice.
Figure 47 shows theub-commands that are supporteddgachcommand orfeature.
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The following symbols are used in theommanddescriptions:

Output Registers

0
1
D

\%
X
Input Registers
0
1
H

\Y,

Indicatesthat the bit must be set to 0.
Indicatesthat the bit must be set to 1.

The devicenumberbit. Indicatesthat thedevicenumber bit of theDevice/HeadRegister
should be specifiedZero selects theanasterdevice and one selects the slave device.

Head number. Indicatesthat the head number part of theDevice/HeadRegister is an
outputparameter and should specified.

LBA mode. Indicates the addressingpode. Zerospecifies CHS mode and ordoes LBA
addressingnode.

Retry. Indicatesthat the Retry bit of theCommandRegister should bepecified.

Option Bit. Indicatesthat the Option Bit of theSectorCount Register should bspecified.
(This bit isused by Set Max.BA/CYL command)

Valid. Indicatesthat the bit is part of amutputparameter and should specified.
Indicatesthat the hexcharacter is not used.

Indicatesthat the bit is notused.

Indicatesthat the bit isalways set to 0.
Indicatesthat the bit isalways set to 1.

Head number. Indicatesthat the head number part of theDevice/HeadRegister is an
input parameter andavill be set by the device.

Valid. Indicatesthat the bit is part of an inpuparameter andvill be set to 0 or 1 by the
device.

Indicatesthat the bit is not part of an inpytarameter.

The commanddescriptionsshow the contents of the Status and ErRegisters after thelevice hascom-
pleted processing theommand and hamterrupted the host.
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12.1

Check Power Mode

(ESh/98h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata | - =-—-—----= pata | -=-—-—----=
Feature | ——=—-——-—-—— Error ...See Below...

Sector Count

Sector Count

VVVVVVYVY

Sector Number

Sector Number

Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 111001001 Status ...See Below...
Error Register Status Register

716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o100 | —-|—-1]01|~-1]V

Figure 48. Check PoweMlode CommandE5h/98h)

The Check PoweMode commandwill report whether thalevice isspun up and thenedia isavailable for

immediateaccess.

Input Parameters From The Device

Sector Count

wise, theSectorCount Registerwill be set to 0.

The power modecode. Thecommandreturns FFh in the Secto€ount Register if
the spindlemotor is atspeed and theevice is not inStandby orSleepmode. Other-
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12.2 Execute Device Diagnostic (90h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1----- Device/Head | - - - - — - — —
Command 10010000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
ViV | V|V | V]|V | V]V ojo0ojo0|—-|—-1]0|—-10

Figure 49. Execut®evice DiagnostidCommand(90h)

The Execute Device Diagnostmommandperforms the internal diagnostiestsimplemented by thalevice.
The results of the test agored in theError Register.

The normal ErrorRegister bit definitions do noapply to thiscommand. Instead, theregistercontains a
diagnostic code. Seigure 37 onpage 57 for the definition.
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12.3 Format Track (50h: Vendor Specific)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count | — ————— — — Sector Count | — ————— — —
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 01010000 Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O o (V| V|V |{=1]0]-1]V

Figure 50.FormatTrack Command50h)

The Format Trackkommandformats asingle logicaltrack on thedevice. Each goodsector of data on the
track will be initialized to zero with writeoperation. Atthis time, the sector of data is netrified with read
operation whether thesector of data isnitialized correctly. Any data previouslgtored on the trackvill be
lost.

The hosttransfers a sector of datontaining a format table to theevice. Theformat table shouldcontain
two bytes for each sector on the track to teematted.The structure of formaable isshown inFigure 51
on page 89. Thdirst byte should contain aescriptor value and the secobgte should contain theector
number. The desgiptor value should be 0 for good sector, 20h for an unassign sector, 40h for assign
sector, 80h for a bad sector, and amherdescriptor valuewill cause ambortederror. The remaining bytes
of the sector following thdormat table areagnored.

Since deviceperformance is optimal at lihterleave, and the device uses relatbleck addressing internally,
the device willalwaysformat a track in the same way nmatter whatsectornumbering isspecified in the
formattable.

Output Parameters To The Device
Sector Number In LBA mode, this register specifies LBAaddress bits 0 - 7 to bermatted.(L=1)
Cylinder High/Low The cylindernumber of thetrack to be formatted(L=0)

In LBA mode, this register specifies LBAaddress bits 8 - 15Low), 16 - 23 (High) to
be formatted(L=1)
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H The headhumber of thetrack to be formatted(L=0)
In LBA mode, this register specifies LBAaddress bits 24 - 27 to blermatted.(L=1)

Input Parameters From The Device

Sector Number In LBA mode, this register specifiesurrent LBA address bit®-7. (L=1)

Cylinder High/Low In LBA mode, this register specifiexurrent LBA address bits 8 - 1%Low), 16 - 23
(High)

H In LBA mode, this register specifiesurrent LBA address bits 24 - 2{L=1)

Error The Error Register. AnAbort error (ABT=1) will be returned under thdollowing
conditions:

« The descriptor value does natatch thecertain value. (except 00h, 20h, 40h and
80h)

« The number ofassign(40h) exceeds teaximum number ofeassigrtable entry.

No spare data sector to lassigned.
In LBA mode, this commandformats asingle logicaltrack including thespecified LBA.

Explanation for descriptor

Descriptor : 00h The sector of datavill be initialized to 00h.
Descriptor : 20h The sectowill be unassigned to the origindbcation from thereassignedocation.
Descriptor : 40h The sectorwill be assigned to aspare data sector.When being accessed by next

command, thespare sector of datwill be used automatically. Thassignedsector
can be unassigned with a descriptor 20h.

Descriptor : 80h The sectorwill be registerred as a badector. Thereafter, the sector reports BAD
BLOCK to ERROR Register onRead commands. But theectorwill not report
BAD BLOCK if the sector is written by Writecommands.
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Byte Data Description
0 xxh descriptor value for sector number 00h
1 00h | sector number
2 xxh descriptor value for sector number 01h
3 0lh | sector number
4 xxh descriptor value for sector number 02h
5 02h | sector number
N*2 xxh descriptor value for sector number N
N*2+1 N sector number (last sector for the track)
N*¥2+2 00h | remainder of buffer filled with 00h
N*2+3 00h
510 00h
511 00h
Descriptor : — Format sector as good sector
20h — Unassign the alternate location for this sector
40h — Assign this sector to an alternate location
80h — Format sector as bad sector

Figure 51.Formattrack datafield format
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12.4 Format Unit (F7h: Vendor Specific)
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature VVVVVVVY Error ...See Below...
Sector Count | — ————— — — Sector Count | — ————— — —
Sector Number | — = - - - - - — Sector Number | — = - - - - - —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | — - - - ——— -
Command 11110111 Status ...See Below...
Error Register Status Register
716 [543 ]2 110 716 (54132110
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O I A R A e N A

Figure 52. Format UniCommand(F7h)

The Format Unitcommandinitializes all user data sectors after merging reassigned sdot@tion into the
defectinformation of thedevice and clearing the reassigmformation. Both new reassigninformation and
new defectinformation areavailable right aftetthis commandcompletion, and aralso used omext power
on reset othardreset. Both previous information arerasedfrom the device bythis command.

Note that theFormat Unit commandnitializes from LBA 0 to Native MAX LBA. Host MAX LBA set
by Initialize Drive Parameter or Set MAXLBA/CYL command isignored. So theprotectedarea by Set
MAX LBA/CYL command isalso initialized.

The security eraspreparecommand should beompleted immediately prior to the Fmat Unit command.
If the device receives a Format Unébmmand without grior Security EraséPreparecommand thedevice
aborts the Format Unit command.

If Featureregister is NOT11h, thedevicereturnsAbort error to the host.

This commanddoes not request tdatatransfer.

Output Parameters To The Device
Feature Destinationcode for thiscommand.

11H Mergereassignedocationinto the defectinformation
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The execution time of thisommand is showelow.

DDLA-21620 about10min.24sec.
DDLA-21215 about9min.00sec.
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12.5 Identify Device (ECh)
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11101100 Status ...See Below...
Error Register Status Register
716 |54 ]3]2]1]0 716 (5432 ]1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o|Vvi|o|—-]—-]0]-1]V

Figure 53.ldentify DeviceCommand(ECh)

The Identify Devicecommandrequests thelevice totransfer configurationinformation to the host.

device will transfer a sector to thikeostcontaining the information in Figure 54 gmage 93.
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Word Content Description

00 045AH Drive classification, bit assignments:
15(=0): 1=ATAPI deV|ce 0=ATA device

*| 14(=0): 1=format speed tolerance gaP required
* | 13(=0): 1=track offset ortion available
*| 12(=0): l=data strobe offset option available
*| 11(=0): l=rotational speed tolerance > 0.5%
* | 10(=1): 1=disk transfer rate > 10 Mbps
* | 9(=0): 1=disk transfer rat e > 5 Mbps but <= 10 Mbps
* | 8(=0): 1=disk transfer rate <= 5 Mbps
7(=0): 1=removable cartridge device
6(=1): 1=fixed device
* | 5(=0): l=spindle motor control option implemented
* | 4(=1): 1=head switch time > 15 us
* | 3(=1): 1=not MFM encoded
* 2(=0): 1=soft sectored
* 1(=1): 1=hard sectored
0(=0): Reserved
01 Note.l Number of cylinders in default translate mode
02 0 * | Number of removable cylinders
03 0010H Number of heads in default translate mode
04 0 * | Reserved
05 0 * | Reserved
06 003FH Number of sectors per track in default translate mode

07 0000H * | Number of bytes of sector gap

08 0000H * | Number of bytes in sync field

09 0000H * | Reserved
10-19 XXXX Serial number in ASCIlI (0 = not specified)

20 0003H * | Controller type:
0003: dual ported, multiple sector buffer

with look —ahead read

21 00COH *| Buffer size in 512  —byte increments (=96KB)
22 00XXH Number of ECC bytes as currently selected via
the set features command

2326 XXXX Microcode version in ASCII
2746 Note.2 Model number in ASCII
47 0010H Maximum number of sectors that can be transferred per

interrupt on Read and Write Multiple commands
48 0000H Capable of double word 1/0O, '0000'= cannot perform
49 OF00H Capabilities, bit assignments:
15-14(=0) Reserved
13(=0) Standby timer value are vendor specific
12(=0) Reserved
11(=1) IORDY Supported

10(=1) IORDY can be disabled
9(=1) 1=LBA Supported
8(=1) 1=DMA Supported
* 7— 0(=0) Reserved
50 0000H 15(=0) 1=Security Mode Feature Set Supported
14— 8(=0) Maximum number of passwords supported

Figure 54.ldentify deviceinformation
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Word Content Description
51 0200H PIO data transfer cycle timing mode
52 0200H DMA data transfer cycle timing mode
Refer Word 62 and 63
53 0003H Validity flag of the word
15— 2(=0) Reserved
1(=1) 1=Word 64 —70 are Valid
0(=1) 1=Word 54 —58 are Valid
54 XXXXH Number of current cylinders
55 XXXXH Number of current heads
56 XXXXH Number of current sectors per track
57-58 XXXXH Current capacity in sectors
Word 57 specifies the low word of the capacity
59 0XXXH Current Multiple setting. bit assignments
15— 9(=0)  Reserved
8 1= Multiple Sector Setting is Valid
-0 xxh = Current setting for number of sectors
6061 Note.3 Total Number of User Addressable Sectors
Word 60 specifies the low word of the number
62 XXO07H Single Word DMA Transfer Capability
15— 8 Sin?le word DMA transfer mode active
7— 0(=7) Single word DMA transfer modes supported
(support mode 0,1 and 2)
63 XX07H Multiword DMA Transfer Capability
15— 8 Multi word DMA transfer mode active
7— 0(=7) Multi word DMA transfer modes supported
(support mode 0,1 and 2)
64 0003H Flow Control PIO Transfer Modes Supported
15— 85:0; Reserved
7— 0(=3) Advanced PIO Transfer Modes Supported
'11' = PIO Mode 3 and 4 Supported
65 0078H Minimum Multiword DMA Transfer Cycle Time Per Word
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s
66 0078H #/I,anufacturer's Recommended Multiword DMA Transfer Cycle
ime
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s)
67 00FOH Minimum PIO Transfer Cycle Time Without Flow Control
15— 0(=F0) Cycle time in nanoseconds (240ns, 8.3MB/s)
68 0078H Minimum PIO Transfer Cycle Time With IORDY Flow Control
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s)
69-79 0000H Reserved
80 000EH Major version number
15— 0(=0E) ATA -1, ATA-2 and ATA-3
81 0006H Minor version number
15— 0(=06) ATA —3 X3T10 2008D revision 1

Figure 55.Identify deviceinformation --- Continued ---
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Word Content Description
82 000BH Command set supported
15— 4(=0) Reserved
3(=1) 1=supports Power Management Feature Set
2(=0) 1=supports Removable Feature Set
1(=1) 1=supports Security Feature Set
0(=1) 1=supports S.M.A.R.T Feature Set
83 4000H Command set supported
15(=0) Always
14(=1) Always
13— 0(=0) Reserved
84-127 | 0000H Reserved
128 XXXXH Security Mode Feature. Bit assignments
0 Capability 1= Supgort
1 Enable/Disable 1= Enable
2 Lock 1= Locked
3 Freeze 1= Frozen
4 Expire 1= Expired
8 Security Level 1= Maximum, 0= High
9-15 Reserved
129 XXXXH *| Current Set Feature Option. Bit assignments
0 Write Cache 1= Enable
1 Read Look —ahead 1= Enable
2 Reverting 1= Enable
3 Auto reassign 1= Enable
4-15 Reserved
130 XXXXH *| Reserved
131 000XH *| Initial Power Mode Selection. Bit assignments
0 Initial Power Mode 1= Standby, 0= Idle
1-15 Reserved
132-255 | 0000H Reserved

Figure 56. Identify deviceinformation --- Continued ---

Note. The "*' mark in'Content'field indicates the use ahose
parameters areeder specific.

Note 1. The number ofylinders is
0C50H for DDLA-21620,
093CH for DDLA-21215,

Note 2. Themodelnumber in ASCII is
'IBM-DDLA-21620" for DDLA-21620,
'IBM-DDLA-21215" for DDLA-21215,

Note 3. Total number of useaddressable sectors is
307B0O0OH forDDLA-21620,
245C40H for DDLA-21215,
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12.6 Identify Device DMA  (EEh)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11101110 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 57.ldentify DeviceCommand DMA (EEh)
The Identify Device DMA commandrequests thalevice totransfer configuratiorinformation to the host.

The device will transfer the same 256 words dalevice identification data by the Identify Device
command(ECh) via DMAchannel.
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12.7

idle (E3h/97h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata @ @ | -=-—-=—-=-—-- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ——— — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - - - — — —
Command 11100011 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 58.ldle Command(E3h/97h)

The ldle commandcauses the device tenter Idle mode immediatly, and set aup@wer down timeout

parameter(standby timer). And then the tinsarts countinglown.

When theldle mode is entered, thdevice isspun up tooperatingspeed.

the spin up sequence is not executed.

If thedevice isalready spinning,

During Idle mode thedevice isspinning and ready toespond to hostommanddmmediately.

Output Parameters To The Device

Sector Count

Timeout Parameter.
but the timeoutinterval is set for 109minutes automatically.

Izero, thetimeout interval(Standby Timer) is NOTdisabled,
Ibther thanzero, the

timeoutinterval is set for(Timeout Parameter x Heconds.

The device willenter Standby mode automatically if thieneoutinterval expires with

no device accesBom the host. The timeounterval will be reinitialized if there is a

device accesbefore thetimeoutinterval expires.
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12.8 Idle Immediate (E1h/95h)
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 111000001 Status ...See Below...
Error Register Status Register
716 |54 ]3]2]1]0 716 (5432 ]1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o|Vvi|o|V]|-=]0]-]V

Figure 59.ldle ImmediateCommand(E1h/95h)

The IdleImmediatecommandcauses the device tenter ldlemode.

The device isspun up tooperatingspeed.

executed.

If thedevice isalready spinning, thepin up sequence is not

During Idle mode thedevice isspinning and ready toespond to hostommands immedtaly.

The ldleImmediatecommandwill not affect to autopower down timeouparameter.
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12.9 Initialize Device Parameters  (91h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ———— —— — — Error | -=-=-===—-=
Sector Count VVVVVVVY Sector Count | — = ————— —
Sector Number | — = - - - - - — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1DHHHH Device/Head | - - - - — - — —
Command 10010001 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O 0|00 | —-|]—-]0]—-1]V

Figure 60. Initalize DeviceParameter€ommand(91h)

The Initialize DeviceParametercommandenables thehost to set the number afectors per track and the
number ofheadsminus 1, percylinder. Words 54-58 in ldentify Device Information reflectstheseparame-
ters.

The parameters remain igffectuntil following events:

- Anotherlnitialize DeviceParametergommand igeceived.

« The device igpoweredoff.

« Hardreset isoccurred.

« Soft reset i;occurred and the Séteature option of CCh is sétstead of 66h.

Output Parameters To The Device

Sector Count The number ofsectors per track. 0 does noteanthere are 256 sectors per track,
but there is no sector per track.

H The number otheadsminus 1 percylinder. Theminimum is 0 and the maximum is
15.

Note: The following condition needs to besatisfied toavoid invalid number ofcylinder beyond FFFFh,
which will cause performance degradation of diréve.
(Total customer usable datasectors) /((Sector Count)*(H+1)) < FFFFh
The total customeusable data sectors are indicated3at, “ Logical Drive Format” onpage 9,
and related description is 40.3.1, “ Logical CHS Addressinylode” on page 59.
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12.10 Read Buffer (E4h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11100100 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 61. ReadBuffer Command(E4h)

The ReadBuffer commandtransfers a sector of dafaom the sector buffer ofdevice to thehost.

The sector is transferretthrough theData Register 16 bits at a time.

The sector transferredill be from the samepart of thebuffer written to by thelast Write Buffer command.

The contents of thesector may bedifferent if any reads or writehave occurredsince theWrite Buffer
command wasssued.
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12.11 Read DMA (C8h/C9h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 1100100R Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
VI io|o |V ] o]V o]V o (v 0|V |{—=1]0|-1|V

Figure 62.Read DMA CommandC8h/C9h)

The Read DMA commandeads one omore sectors of datdrom disk media, thentransfers the datérom
the device to théhost.

The sectors are transferrédrough theData Register 16 bits at a time.

The hostinitializes aslave-DMA channel prior tdssuing thecommand The dat&ansfers are qualified by
DMARQ and areperformed by the slave-DMA channel. Thievice issues only oniterrupt percommand
to indicatethat datatransfer haserminated and status &vailable.

If an uncorrectable error occurs, the readl be terminated at thdailing sector.

Output Parameters To The Device

Sector Count The number of continuousectors to be transferred. If zero specified, then 256
sectorswill be transferred.

Sector Number The sectomumber of thefirst sector to be transferredL=0)
In LBA mode, this register specifies LBAaddress bits 0 - 7 to be transferrdd.=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this register specifies LBAaddress bits 8 - 15Low) 16 - 23 (High) to
be transferred(L=1)

CommandDescriptions 101



H The headhumber of thefirst sector to be transferredL=0)

In LBA mode, this register specifies LBAbits 24-27 to be transferredL=1)
R The retry bit. If set to onethenretries are disabled.
Input Parameters From The Device

Sector Count The number ofrequested sectors not transferred. Thi#l be zero, unless amnre-
coverable error occurs.

Sector Number The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - A.L=1)
Cylinder High/Low The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1%Low), 16 - 23 (High).
(L=1)

H The headhumber of thesector to be transferredL=0)

In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.12 Read Long (22h/23h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count 00000001 Sector Count | — —— — — — — Vv
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0010001R Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 |V O]V 0]V o (v 0|V |{—=1]0|-1|V

Figure 63.ReadLong Command(22h/23h)

The Read Long commanrtead the designated one sector of data and the ECC Indesdisk media, then
transfers thedata and EChytesfrom the device to thehost.

After 512 bytes ofdatahave beenransferred, thalevice willkeep settingD RQ=1 toindicatethat thedevice

is ready to transfer the ECC bytes to thest. The data isransferred 16 bits at a time, and the ECC bytes
are transferred 8 bits at a time. Tmeimber of ECCbytes are 4 or 22 according to setting of Fetature
option. Thedefault setting is 4 bytes of EC@ata.

The commandmakes asingle attempt toread the data and does not check the data uEi@¢g, whatever is
read isreturned to the host.

Output Parameters To The Device

Sector Count The number of continuousectors to be transferred. The Sec@ount must be set
to one.
Sector Number The sectomumber of thesector to be transferredL=0)

In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thesector to be transferredL=0)
In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
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H The headhumber of thesector to be transferredL=0)
In LBA mode, this registercontains LBA bits 24-27.(L=1)
R The retry bit. If set to onethenretries are disabled.
Input Parameters From The Device
Sector Count The number ofequested sectors not transferred.
Sector Number The sectomumber of thetransferred sectol.L=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thetransferred sector(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

H The headhumber of thetransferred sectoi(L=0)
In LBA mode, this registercontains current LBA bits 24-2qL=1)
It should be notedhat thedeviceinternally uses 22 bytes of ECC data on all data written or rgach the

disk. The 4byte mode of operation iprovided via an emulation. It is recommend#tht for testing the
effectiveness anihtegrity of the devices ECQunctionsthat the 22byte ECCmode should baised.
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12.13 Read Multiple (C4h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11000100 Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
VIiVv]io|Vv ] o]V 0]V o |V |0 |V | —-]0]|-1]V

Figure 64.ReadMultiple Command(C4h)

The ReadMultiple commandreads one omore sectors of datdrom disk media, then transfers the data
from the device to thehost.

The sectors are transferrédrough theData Register 16 bits at a time. Commandexecution isidentical to
the ReadSectorscommandexceptthat aninterrupt isgenerated for eachlock (asdefined by the SeMul-
tiple command)instead of for each sector.

Output Parameters To The Device

Sector Count The number of continuousectors to be transferred. If zero specified, then 256
sectorswill be transferred.

Sector Number The sectomumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
H The headhumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 24 - 27(L=1)
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Input Parameters From The Device

Sector Count The number ofrequested sectors not transferred. Thi#l be zero, unless amnre-
coverable error occurs.

Sector Number The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

H The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.14 Read Native Max LBA/CYL (F8h: Vendor Specific)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number VVVVVVVYV
Cylinder Low | — == - —— — — Cylinder Low VVVVVVVY
Cylinder High | — == - — - — — Cylinder High VVVVVVVY
Device/Head 1L1D~---- Device/Head —-——-—-HHHH
Command 11111000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 65.ReadNative MaxLBA/CYL (F8h)

This commandreturns the native maxBA/CYL of HDD which is noteffected by Set MaX_.BA/CYL
command.

Output Parameters To The Device

L LBA mode.Indicates theaddressingnode.L=0 specifies CHS mode and L=1Hoes
LBA addressingnode.

D The devicenumber bit. Indicatesthat the device number bit of theDevice/Head
Register should bespecified. D=0 selects thenasterdevice and D=1 selects the
slave device. should be specified.

- Indicatesthat the bit is notused.

Input Parameters From The Device

Sector Number In LBA mode, this registercontains native max LBA bits 0- {L=1)
In CHS mode this registercontains native max sectarumber.(L=0)

Cylinder High/Low In LBA mode, this registercontains native max LBA bits 8 - 18.ow),
16 - 23 (High).(L=1)

In CHS mode this registercontains native maxylindernumber.(L=0)
H In LBA mode, this registercontains native max LBA bits 24 - 27L=1)

In CHS mode this registercontains native makxeadnumber.(L=0)
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\% Valid. Indicatesthat the bit is part of an inpyparameter anavill be set to 0 or 1 by
the device.

- Indicatesthat the bit is notused.
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12.15 Read Sectors (20h/21h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0010000R Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
VIiVv]io|Vv ] o]V 0]V o |V |0 |V | —-]0]|-1]V

Figure 66.ReadSectorsCommand(20h/21h)

The ReadSectorscommandreads one omore sectors of datdrom disk media, thentransfers the datfrom
the device to théhost.

The sectors are transferrédrough theData Register 16 bits at a time.

If an uncorrectable error occurs, the read be terminated at thdailing sector.
Output Parameters To The Device

Sector Count The number of continuousectors to be transferred. If zero specified, then 256
sectorswill be transferred.

Sector Number The sectomumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
H The headhumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 24 - 27(L=1)

R The retry bit. If set toone, thenretries are disabled.
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Input Parameters From The Device

Sector Count The number ofrequested sectors not transferred. Thi#l be zero, unless amnre-
coverable error occurs.

Sector Number The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

H The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.16 Read Verify Sectors (40h/41h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0010000R Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
VIiVv]io|Vv ] o]V 0]V o |V |0 |V | —-]0]|-1]V

Figure 67.ReadVerify SectorsCommand(40h/41h)
The ReadVerify Sectorsverifies one ormore sectors on thelevice. No data isransferred to thdost.

The difference ofRead Sectorscommand and Rea®erify Sectorscommand iswhether the data is trans-
ferred to thehost or not.

If an uncorrectable error occurs, the reaatify will be terminated at thdailing sector.

Output Parameters To The Device

Sector Count The number of continuousectors to beverified. If zero isspecified,then 256sectors
will be verified.

Sector Number The sectomumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
H The headhumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 24 - 27(L=1)

R The retry bit. If set toone, thenretries are disabled.
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Input Parameters From The Device

Sector Count The number ofrequested sectors netrified. This will be zero, unless an unrecover-
able error occurs.

Sector Number The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

H The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.17 Recalibrate

(Ixh)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data = | -=-=-=-=-=-—- = Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 0001 ——-—~— Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O]O]|V]|V]DO o |V |0 |V | —-]0]|-1]V

Figure 68. Recalibrat€ommand(1xh)

The Recalibrateommandmoves the read/write heads from anywhere ondrsk to cylinder 0.

If the devicecannotreach cylinder 0, TONTrack O NotFound)will be set in theError Register.
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12.18 Security Disable Password (F6h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11110110 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 69. SecurityDisable Passwor€@ommand(F6h)
The Security Disablé?assworccommanddisables the security mode featuredvicelock function).

The Security DisablePasswordcommand requests a transfer of aingle sector of datafrom the host
including information specified inFigure 70. Then thedevice checks théransferred password. If thgser

Password or Master Password matches ¢inen password thedevice disables thesecurity mode feature
(devicelock function). Thiscommanddoes not change th#aster Password which may be-activated
later by settingdser Password. Thisommand should bexecuted indeviceunlock mode.

Word Description

00 Control word
bhit 0 . Identifier (1 — Master, 0 — User)
hit 1 —-15 : Reserved
01-16 Password ( 32 bytes )

17-255 Reserved

Figure 70. Password Information f&ecurityDisable Passworédommand

The device willcompare the passworgknt from thishostwith that specified in thecontrol word.

Identifier Zero indicatesthat thedevice shouldcheck the supplied password against the user
password stored internally. Oriedicatesthat thedevice shouldcheck thegiven pass-
word against themaster password storedternally.
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12.19 Security Erase Prepare (F3h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11110011 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 71.SecurityErase Prepar€ommand(F3h)

The Security Eras®repareCommandmust beissuedimmediately before the Security Erase Udibmmand
to enabledevice erasing andnlocking.

The Security Eras®repareCommandmust beissuedimmediately before the Formadinit Command. This
command is tgpreventaccidental erasure of thaevice.

This commanddoes not request to dateansfer.
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12.20 Security Erase Unit (F4h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data = | -=-=-=-=-=-—- = Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 11110100 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 |V]O]|V]O0]|oO o |V |0 |V | —-]0]|-1]V

Figure 72.SecurityErase UnitCommand(F4h)

The Security Erase Unitcommandinitializes all user data sectorthendisables the device lockunction.

Note that theSecurity Erase Unitommandinitializes from LBA 0 to Native MAX LBA. Host MAX
LBA set by Initialize Drive Parameter or Set MAX_BA/CYL command isignored. So theprotectedarea

by Set MAX LBA/CYL command isalso initialized.

This commandrequests to transfer aingle sector datafrom the hostincluding information specified in

Figure 73.

If the password does nahatch then thalevice rejects theommandwith an Abortederror.

Word

Description

00

01-16
17-255

Control word

bhit 0 . Identifier (1

hit 1 —-15 : Reserved
Password ( 32 bytes )
Reserved

— Master, 0 — User)

Figure 73. Erase Uniinformation

116 OEM Specifications 0DDLA-2xxxx 2.5 inch HDD




Identifier Zero indicatesthat the device shouldcheck the supplied password against the user
password stored internally. Oriedicatesthat thedevice $iould check thegiven pass-
word against themaster password storedternally.

The Security Erase Unitommanderases all user data and disables the security mode fe@davice lock
function). Soafter completing thiscommand, all user datwill be initialized to zero with write operation.
At this time, theinitialized sector of data is noverified with read operation whether theector of data is
initialized correctly. And, the defective sectorinformation and thereassigned sectoinformation for the
device are nouupdated. Thesecurity erasg@reparecommandshould be completednmediately prior to the
Security Erase Unitommand. If thedevice receives alecurity Erase Unitommand without grior Secu-
rity ErasePreparecommand thealeviceaborts thesecurity erasenit command.

This commanddisables the security mode featudevicelock function), however the master passwordtidl
stored internally within thedevice and may bee-activated latewhen a new user password set. If you
execute thiscommand ondisabling the security mode featu(device lockfunction), the password sent by
the host is NOT compared with thgassword stored in thdevice for both theMaster Password and the
User Password, anthen thedeviceonly erases all usedata.

The execution time of thisommand is showmelow.

DDLA-21620 aboutl0min.24sec.
DDLA-21215 about9min.00sec.
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12.21 Security F reeze Lock (F5h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11110101 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 74.SecurityFreezeLock Command(F5h)
The Security Freezeock Commandallows the device t@nter frozen mode immediately.

After this command iscompleted, thecommandwhich updatesSecurityMode Feature(Device Lock Func-
tion) isrejected.

Frozen mode is quibnly by Poweroff.
Following commands areejected when thealevice is infrozen mode. Fordetail, refer to Figure 43 on

page 69.

« Security SetPassword

« SecurityUnlock

« Security DisablePassword
« Security Erase Unit
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12.22 Security Set Password (F1h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata @ @ | -=-—-=—-=-—-- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 11110001 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o|Vvi|o|—-]—-]0]-1]V

Figure 75. Security SetPtasswordCommand(F1h)

The Security SetPasswordcommandenables security mode featufdevice lock function), andsets the

master password or the user password.

The security mode featun@evice lockfunction) is enabled by thisommand, thalevice is notlockedimme-
diately. And the device isocked afternext power onreset orhardreset. When theMASTER password is
set by thiscommand, themaster password igegisterred internally, but thdevice is NOTlocked after next
power onreset orhardreset.

This commandrequests a transfer of single sector of datdrom the hostincluding theinformation specified

in Figure 76 onpage 120.

The data transferredontrols the function of thisommand.
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Word Description
00 Control word

hit 0 . Identifier (1 — Master, 0 — User)
hit 1 —7  : Reserved
hit 8 . Security level (1 — Maximum, 0— High)
hit 9 =15 : Reserved

01-16 Password (32 byte)

17-255 Reserved

Figure 76. Security SetPassword Information
Identifier Zero indicatesthat device regardassword as User Password. Oindicatesthat
device regard®assword as Master Password.

Security Level Zero indicatesHigh level, oneindicatesMaximum level. If the hostsetsHigh level
and the password is forgottethen the MastePassword can be used tmlock the
device. If thehostsetsMaximum level and the usepassword is forgotten, only an
Security ErasePrepare/Security Unicommand canunlock the device and all data

will be lost.

Password The text of the password - all 32 bytes aevays significant.

The setting of the Identifier and Securilgvel bits interact agollows.

Identifier=User / Security level = High The password supplied with theommandwill be saved as the new
user password. Theecurity mode feature (lockunction) will be enabled from the next power
on. The file may then benlocked byeither the user password or the previously etster pass-
word.

Identifier=Master / Security level = High This combinationwill set a master password buwill NOT
enable the security mode feature (loitknction).

Identifier=User / Security level = Maximum The password supplied with trmommandwill be saved as the
new user password. Theecurity mode feature (lockfunction) will be enabled from the next
power on. Thefile may then beunlocked by only the user password. The master password pre-
viously set isstill stored in thefile but may NOT beused tounlock thedevice.

Identifier=Master / Security level = Maximum This combinationwill set a master password butill NOT
enable the security mode feature (loitknction).
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12.23 Security Unlock (F2h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11110010 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o|Vvi|ojo]o]|Vv]o0o]|oO o|Vvi|o|—-]—-]0]-1]V

Figure 77.SecurityUnlock Command(F2h)

This commandunlocks the password anchuse thelevice toenterdeviceunlock mode. If power omeset or
hardreset isdone withoutexecuting Security Disabl®asswordcommandafter this command iscompleted,
the device will be in device locknode. Thepassword has not been changes.

The SecurityUnlock commandrequests to transfer single sector of datafrom the hostincluding informa-
tion specified inFigure 78 onpage 122.

If the Identifier bit is set tomaster and thdile is in high security mode then theassword supplieavill be
compared with the stored master password. If fileis in maximum securitymode then thesecurityunlock
will be rejected.

If the Identifier bit is set to user then tHie compares thesupplied password with the stored user password.
If the password compartails then thedevicereturns anaborterror to thehost anddecrements the unlock
attemptcounter. This counter imitially set to 5 and isdecremented for each passwarmdsmatch. When

this counterreaches zerahen all password protectedommands areejecteduntil a hardreset or apower
off.
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Word Description

00 Control word
hit 0 . Identifier (1 — Master, 0 — User)
hit 1 —15 : Reserved
01-16 Password ( 32 bytes )

17-255 Reserved

Figure 78. SecurityUnlock Information

Identifier Zero indicatesthat device regardassword as User Password. Oindicatesthat
device regard®assword as Master Password.

The user can detect if thattempt tounlock thedevice has failed due to mismatched password as this is
the only reasorthat an aborterror will be returned by thedile AFTER the password information has been
sent to thedevice. If anaborterror is returned by thelevice BEFORE thepassword data has been sent to
the filethen another problerexists.
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12.24 Seek (7xh)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0111 —-—--- Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 79. SeekCommand(7xh)

The Seekcommandinitiates a seek to the designatedck andselects thedesignatechead. Thedeviceneed
not be formatted for @eek to executeroperly.

Output Parameters To The Device

Sector Number In LBA mode, this register specifies LBAaddress bits 0 - 7 foseek.(L=1)

Cylinder High/Low The cylindernumber of theseek.

In LBA mode, this register specifies LBAaddress bits 8 - 1%Low), 16 - 23 (High)
for seek.(L=1)

H The headhumber of theseek.
In LBA mode, this register specifies LBAaddress bits 24 - 27 feek.(L=1)

Input Parameters From The Device

Sector Number In LBA mode, this registercontains current LBA bits 0 - 7(L=1)

Cylinder High/Low In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

H In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.25 Set Features (EFh)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data = | -=-=-=-=-=-—- = Data | - == - - - =
Feature VVVVVVVY Error ...See Below...
Sector Count Note.l Sector Count | — - — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | - - - - - —-——
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 11101111 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 80. Set FeatureSommand(EFh)

The Set Featureommand is toestablish the followingparameters whiclaffect theexecution of certairfea-

tures asshown inbelow table.

ABT will be set to 1 in theError Register if theFeatureregistercontains any undefinedalues.

Output Parameters To The Device

Feature
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Destinationcode for thiscommand.

02H
03H
44H
55H
66H
82H

Enablewrite cache (Warning.1)

Set transfemodebased on value in sectaountregister

22 bytes of ECC apply oReadLong/Write Long commands

Disable readook-aheadfeature

Disablereverting topower ondefaults

Disable write cache

AAH Enablereadlook-aheadfeature

BBH 4 bytes of ECC apply oiReadLong/Write Long commands

CCH Enablereverting topower ondefaults

Warning 1.Hard reset orpower off must not be done in Seconds after write

commandcompletion whenwrite cache is enabled.




Note 1.

When Featureegister is 03h(=Set Transfermode), theSectorCount Registerspecifies thetransfermech-
anism. Theupper 5bits define the type ofransfer and the lovarder 3 bits encode the modalue.

PIO Default Transfer Mode 00000 000

PIO Default Transfer Mode,Disable IORDY 00000 001

PIO Flow Control Transfer Mode x 00001 nnn (nnn=000,001,010,011,100)

Single word DMA mode x 00010 nnn (nnn=000,001,010)

Multiword DMA mode x 00100 nnn (nnn=000,001,010)
Note 2.

If the number of autaeassigned sector reaches the device&ssignment capacity, the write cachumction
will be automaticallydisabled. Although thedevice still accepts the Set Faaescommand withFeature
register = 02hwithout eror, but the write cachdunction will remains disabled. Focurrentwrite cache
function status, pleasefer toldentify Devicelnformation(129word) byldentify Devicecommand.

Note 3.

After power onreset orhardreset, the device is set to the followifigatures as default.

Write cache . Enable
ECC bytes .4 bytes
Read look-ahead . Enable
Reverting to power on defaults  : Disable
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12.26 Set Max LBA/CYL (F9h: Vendor Specific)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count | — —— — — — — B Sector Count | — ————— — —
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11111001 Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O oV io|—-|—-1]0|-1]V

Figure 81. Set MaX.BA/CYL (F9h)

This commandoverwrites the maxX_.BA/CYL of HDD in a range of actualdevice capacity.Once device
receivesthis command, allaccessedbeyond thatLBA/CYL are rejected with settingABORT bit in status
register. ldentify devicecommand anddentify device DMA commandreturn theLBA/CYL which is set
via thiscommand as alefault value.

Read Native Max LBA/CYL command should béssued andcompleted immediately prior téssuing Set
Max LBA/CYL command. If thedevice receives Set MaxBA/CYL command without aprior Read
Native MaxLBA/CYL command, thaleviceaborts the Set MaxBA/CYL command.

In CHS mode, Cylinder High and y@inder Low specify the maxcylinder number. The Head number of
DEVICE/HEAD and SectorNumber areignored. The defaulvalue(Max heachumber = 15, Maxsector
number = 63) isused forthat.

In LBA mode, the Head number dDEVICE/HEAD, Cyinder High Cylinder Low and SectoNumber
specify the max_.BA. This LBA is adjusted to asollows.

Adjusted Max LBA = (Number of heads per track (=16)
x Number of sectors per head (=63)
x Number of cylinders) - 1

Number ofcylinders isquotient of (Setnumber bythis command+1)/(16 %3). So theremainder of (Set
number bythis command+1)/(16 x 63) is cudown. In LBA mode,if thecommandsets the LBAthat is
smallerthan 16 x 63, thadevicereturns abortecerror to the host. In CHSnode,if thecommandsets max
cylindernumber = 0, thalevicereturns abortearror to the host.
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Output Parameters To The Device

B

Sector Number

Cylinder High/Low

Y,

Option bit for selectionwhether nonvolatile owolatile. B=0 is volatilecondition.
WhenB=1, MAX LBA/CYL which is set by Set MaXxBA/CYL command is pre-
served by POR antHARD RESET.WhenB=0, MAX LBA/CYL which is set by
Set Max LBA/CYL commandwill be lost by POR andHARD RESET.

In LBA mode, this registercontains LBA bits 0 - 7 which is to benput.(L=1)
In CHS mode this register isignored.(L=0)

In LBA mode, this registercontains LBA bits 8 - 15Low),
16 - 23 (High) which is to beset.(L=1)

In CHS mode this registercontainscylinder numberwhich is to beinput.(L=0)
In LBA mode, this registercontains LBA bits 24 - 27 which is to bmput.(L=1)
In CHS mode this register isignored.(L=0)

LBA mode.Indicates theaddressingnode.L=0 specifies CHS mode and L=#toes
LBA addressingnode.

The devicenumber bit. Indicatesthat the device number bit of theDevice/Head
should be specified. D=0 selects thmsterdevice and D=1 selects the slave device.

Valid. Indicatesthat the bit is part of amutputparameter and should specified.

Indicatesthat the bit is notused.

Input Parameters From The Device

Sector Number

Cylinder High/Low

In LBA mode, this registercontains Adjusted max LBA bits 07.(L=1)
In CHS mode this registercontains max sectanumber(=63). (L=0)

In LBA mode, this registercontains Adjusted max LBA bits 8 - 18 ow),
16 - 23 (High).(L=1)

In CHS mode this registercontains maxcylinder numberwhich isset.(L=0)
In LBA mode, this registercontains Adjusted max LBA bits 24 - 27L=1)
In CHS mode this registercontains max headumber(=15).(L=0)

Valid. Indicatesthat the bit is part of an inpuparameter andvill be set to 0 or 1 by
the device.

Indicatesthat the bit is notused.
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12.27 Set Multiple

(C6h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data = | -=-=-=-=-=-—- = Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ——— — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 11000110 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 82. SeMultiple Command(C6h)

The Set Multiplecommandenables thedevice toperform Read andWrite Multiple commands andstab-
lishes theblock size forthesecommands. Thdlock size is thenumber ofsectors to be transferred for each

interrupt.

The defaultblock size after power up, or hardeset is 0, andReadMultiple and Write Multiplecommands

are disabled.

If an invalid block size is specified, abort error will be returned to thehost, andReadMultiple and Write

Multiple commandswill be disabled.

Output Parameters To The Device

Sector Count.

and Write Multiplecommands arelisabled.
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12.28 Sleep (E6h/99h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11100110 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 83.SleepCommand(E6h/99h)

This command is the only way toause thalevice toenterSleepMode.

When this command isissued, the deviceonfirms the completion of thecached writecommandsbefore
assertsINTRQ. Then thedevice isspun down, and thenterface becomesinactive. Theonly way to

recoverfrom SleepMode is with asoftware reset or Aardwarereset.

The use of hardwareeset to recovefrom SleepMode may beincompatible with continued operation of the
hostsystem.

If the device isalreadyspun down, thespin down sequence is not executed.
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12.29 S.M.A.R.T. Function Set (BOh)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pata | - =-—-—----= pata | -=-—-—----=
Feature VVvVvvVvVvVvVvy Error ...See Below...
Sector Count VVVVVVVY Sector Count | — — - — — — — —
Sector Number | — - - —-— - — — Sector Number | — - - —-— - — —
Cylinder Low 01001111 Cylinder Low | — —————— —
Cylinder High 11000010 Cylinder High | - ——-—-—-—-— -
Device/Head 1-1D---- Device/Head | — — - —— — — —
Command 10110000 Status ...See Below...
Error Register Status Register
7 /65|43 ]2 |10 7 /654131210
BBK{UNC| O [IDN| O |ABT|[TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
00O ]O]O|V]O]O O (Vv |O0O |V |—=]0|-1]V

Figure 84. S.M.A.R.T. Function S&@ommand(B0h)

The S.M.A.R.T. Function Set commanprovides access toAttribute Values, Attribute Thresholds and
other low level subcommands that can hesed forlogging andreporting purposes and taccommodate
special user needs. Th®.M.A.R.T. Function Set command hasveralseparatesubcommandsvhich are
selectable via the deviceleaturesRegister when theés.M.A.R.T. Function Set command issued by the
host.

In order toselect asubcommand the host musitrite the subcommandcode to thedevice's FeatureReg-
ister before issuing th&.M.A.R.T. Function Set command. The subcommands #dradr respective codes
are listedbelow.

Code Subcommand

DOh SMART ReadAttribute Values

D1h SMART ReadAttribute Thresholds

D2h SMART Enable/disable Attribute Autosave
D3h SMART SaveAttribute Values

D4h SMART ExecuteOff-line Immediate

D8h SMART Enable Operations

D9h SMART DisableOperations
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DAh SMART Return Status

12.29.1.1 SMART Read Attribute Values (Subcommand DOh)

This subcommandreturns thedevice's Attribute Values to thehost. Uponreceipt of theSMART Read
Attribute Valuessubcommandrom the host, thedevice assertBSY, saves anypdated AttributeValues to
the Attribute Data sectors, assert@RQ, clearsBSY, assertdNTRQ, and thenwaits for thehost totransfer
the 512 bytes ofAttribute Value information from thedevice via theData Register.

12.29.1.2 SMART Read Attribute Thresholds (Subcommand D1h)

This subcommandeturns thedevice'sAttribute Thresholds to the host. Upaeceipt of theSMART Read
Attribute Thresholdssubcommandrom the host, thedevice assert8SY, reads theAttribute Thresholds
from the Attribute Thresholdectors, asserfSRQ, clearsBSY, assertdNTRQ, andthenwaits for thehost
to transfer the 512 bytes dttribute Thresholds information from théevice via theData Register.

12.29.1.3 SMART Enable/Disable Attribute Autosave (Subcommand D2h)

This subcommandenables and disables thattribute autosavefeature of the device. The SMART
Enable/Disable Attribute Autosaveubcommandllows the device tcautomaticallysave itsupdatedAttri-
bute Values to theAttribute Data Sector at the timing of thdirst transition to LPidle mode after 30
minutessince the last saving oAttribute Values;this subcommandcauses theautosavefeature to be disa-
bled. The state of théttribute Autosavefeature (either enabled or disabledil be preserved by tha&evice
across powecycle.

A value of 00h written by thehost into thedevice's SectoiCount Register beforeissuing the SMART
Enable/Disable Attribute Autosaveubcommandvill cause this feature to be disabled. Disabling this feature
does not preclude thdevicefrom saving Attribute Values to theAttribute Data sectors duringsome other
normal operatiorsuch as during @ower-up or power-down.

A value of F1h written by thehost into thedevice's SectoiCount Register beforessuing theSMART
Enable/Disable Attribute Autosaveubcommandwill cause this feature to be enabled. Aather non-zero
value written by thehost into this registerbefore issuing theSMART Enable/Disable Attribute Autosave
subcommandwill not change the current Autosave status but tewice will respond with the errocode
specified inFigure 90 onpage 142.

The SMART Disable Operations subcommanddisables theautosavefeature along with the device's
SMART operations.

Upon the receipt of the subcommandfrom the host, thedevice assert8SY, enables ordisables the
Autosavefeature,clears BSY and assertSITRQ.

12.29.1.4 SMART Save Attribute Values (Subcommand D3h)

This subcommandauses the device timmediatelysave anyupdated AttributevValues to the device'attri-
bute Datasectorregardless of thetate of theAttribute Autosavefeature. Upon receipt of thEMART Save

Attribute Valuessubcommandrom the host, thedevice assertBSY, writes anyupdated AttributevValues to
the AttributeDatasector,clears BSY and assertdi TRQ.
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12.29.1.5 SMART Execute Off-line Immediate (Subcommand D4h)

This subcommandcauses the device tonmediately initiate the set obff-line data collection activities that
collectattribute data in amff-line mode.

Upon receipt of thesubcommandrom the host, thedevice sets BSY tmne, begins its set of off-line data
collectionactivities, clears BSY taero and assertidNTRQ.

During execution of itsoff-line activities the devicavill not set BSY norclearDRDY.

If the device is in theprocess of performing its set afff-line datacollection activities as aresult ofreceiving
a SMART ExecuteOff-line Immediatesubcommandrom the host and isnterrupted by any neveommand
from the host,thedevice will abort its off-line data collection activities and service théost within two
seconds after receipt of the nesommand.Off-line data collection activity must berestarted by a new
SMART ExecuteOff-line Immediatesubcommandrom the host.

An issuance of thissubcommandust initiates only one off-linetest item (called as“segment”). Once a
segment completes, thdevicejust advances theurrent segmenpointer to next one and set thdf-line data
collection status to be 02h (“A segmenbmpleted”),then terminatesoff-line activity. The host shall con-

tinue toissuethis subcommandintil off-line datacollection status is set to 06h (“All Segmerto®mpleted”)

in order to perform all set obff-line segments.

The host can obtaimevice'sestimated time to complete the current segment, along withoffiine data
collection status, byssuing aSMART ReadAttribute ValuessubcommandSince the device may natom-

plete a segment within its estimated time, msuance of &SMART Read Attribute Values subcommand
could abort ongoing off-line test. In thiscase, thecurrent segmenpointer remains unchanged arudf-line

datacollection status is set to 02h (as aathercommanddoes for ongoingff-line test).

12.29.1.6 SMART Enable Operations (Subcommand D8h)

This subcommandenablesaccess to allS.M.A.R.T. capabilitieswithin the device. Prior to receipt of an

SMART Enable Operations subcommand, Attribitalues areneithermonitored norsaved by the device.
The state ofS.M.A.R.T. (either enabled or disabledyill be preserved by thalevice @rosspower cycles.

Onceenabled, the receipt dfubsequenSMART Enable Operations subcommana8l not affect any of the

Attribute Values.

Upon receipt of the SMART Enable Operationsubcommandfrom the host, thedevice assert8SY,
enablesS.M.A.R.T. capabilities andunctions,clears BSY and assertdi TRQ.

12.29.1.7 SMART Disable Operations (Subcommand D9h)

This subcommanddisables allS.M.A.R.T.capabilities within thedevice including the device'sattribute
autosavefeature. After receipt of thisubcommand thelevice disables al§.M.A.R.T. operations. Norself-
preservedAttribute Valueswill no longer bemonitored. Thestate ofS.M.A.R.T. (either enabled or disabled)
is preserved by thaelevice @rosspower cycles.Note thatthis subcommanddoes not preclude the device's
power mode attribute autosaving.

Upon receipt of theSMART Disable Operationssubcommandrom the host, thedevice assert8SY, disa-
blesS.M.A.R.T. capabilities andunctions,clears BSY and assertdl TRQ.

After receipt of thedevice of the SMART Disable Operationssubcommandfrom the host, all other
S.M.A.R.T. subcommands -- with thexception of SMART Enable Operations -- ardisabled and invalid
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and will be aborted by thedevice (including the SMART Disable Operations subcommandjeturning the
error code aspecified inFigure 90 onpage 142.

Any Attribute Values accumulated andaved to volatiiememory prior to receipt of theSMART Disable
Operationscommandwill be preserved in the device'Attribute Data Sectors. If thedevice isre-enabled,
these Attribute Values will be updated, ameeded,upon receipt of aSMART Read Attribute Values or
SMART SaveAttribute Valuescommand.

12.29.1.8 SMART Return Status (Subcommand DAh)

This command isused tocommunicate theeliability status of thedevice to thehost'srequest. Upon receipt
of the SMART Return Status subcommand tdevice assert8SY, saves anyupdated AttributeValues to
the reservedector and compares the updated Attribudéalues to theAttribute Thresholds.

If the devicedoes not detect &hresholdExceededCondition, ordetects aThresholdExceededCondition
but involving attributes are advisory,théeviceloads 4Fhinto the Cyinder Low register, C2hinto the Cyl-
inder High register, clear8SY, andassertdNTRQ.

If the devicedetects aThresholdExceededCondition for prefailureattributes, thedeviceloads F4hinto the
Cylinder Low register, 2Chinto the Cylinder High register, clear8SY, andassertdNTRQ. Advisory attri-
butesnever result in negative reliabilityondition.

12.29.2 Device Attributes Data Structure

The following defines the 51bytesthat make up the Attributé/alue information. This data structure is
accessed by théost in itsentirety using theSMART Read Attribute Valuessubcommand. Alimulti-byte
fields shown inthese data structurdsllow the ATA-3 specification forbyte ordering, namelyhat theleast
significantbyte occupies the lowestumberedbyte addresdocation in thefield.
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Description Bytes [Offset | Format Value

Data Structure Revision Number 2 00h | binary 0005h
1st Device Attribute 12 02h | (*1) (*2)
30th Device Attribute 12 | 15Eh | (*1) (*2)
Off —line data collection status 1 | 16Ah | (*1) (*2)
Total segments required for 1 | 16Bh | (*1) 07h
off —line data collection
Total time in seconds to 2 | 16Ch | (*1) (*2)
complete next segment
Current segment pointer 1 | 16Eh | (*1) (*2)
Off —line data collection capability 1 | 16Fh | (*1) 05h
S.M.A.R.T. capability 2 | 170h | (*1) 03h
Reserved 16 | 172h (*3)
Vendor specific 125 | 182h (*3)
Data structure checksum 1 | 1FFh (*2)
512

*2) — Value varied by actual operating condition

§*1§ — See following definitions
*3) — Filled with 00h

Figure 85.Device AttributeData Structure

12.29.2.1 Data Structure Revision Number

The DataStructure RevisiorNumberidentifies which version of this data structure implemented by the
device. This revisiomumberwill be set to0005h. This revisiomumberidentifies both theAttribute Value
and Attribute Thresholdata structures.

12.29.2.2 Individual Attribute Data Structure

The following defines the 1bytesthat make up thénformation foreachAttribute entry in theDevice Attri-
bute DataStructure.
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Description Bytes [Offset | Format

Attribute ID Number (01h to FFh) 1 00h | binary

Status Flags 2 01h |bit flags

Bit 0 Pre —Failure/Advisory

Bit 1 On —line Collection

Bit 2 -5  Reserved (may either 0 or 1)
Bit 6 —10 Reserved (all 0)
Attribute Value (valid values from 0lh to FEh) 1 03h | binary

00h invalid for attribute value — not to he used

01h minimum value

64h initial value for all attributes prior to
any data collection

FDh maximum value

FEh value is not valid

FFh invalid for attribute value — not to be used
Reserved (may not be 0) 1 04h | binary
Reserved (may not be 0) 6 05h | binary
Reserved (00h) 1 0Bh | binary
Total Bytes 12

Figure 86. Individual AttributdData Structure

12.29.2.2.1 Attribute ID Numbers: Any non-zerovalue in theAttribute ID Numberindicates an active
attribute. Thedevicesupportsfollowing Attribute ID Numbers. Thosenarked with (*) indicatethat corre-
sponding AttributeValues can be either collectaxh-line oroff-line.

ID Attribute Name

0 Indicatesthat this entry in the data structure is not used
1 Raw Read ErroRate (*)

2 ThroughputPerformance (*)

3 Spin Up Time

4 Start/StopCount

5 Reallocated Secto€ount
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7 SeekError Rate

8 SeekTime Performance (*)
9 Power-On HourCount

10 Spin RetryCount

12 DevicePowerCycle Count
220 Disk Shift

221 G-SenseError Rate
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12.29.2.2.2 Status Flag Definitions

Bit | Flag Name Definition
0 | Pre—Failure/ If bit = 0, an Attribute Value less than or
Advisory bit equal to its corresponding Attribute

Threshold indicates an Advisory condition
where the usage or age of the device has
exceeded its intended desic[qn life period.
If bit = 1, an Attribute Value less than or
equal to its corresponding Attribute

Threshold indicates a Pre —Failure condition
where imminent loss of data is being
predicted.

1 | On-Line Collective bit If bit = 0, the Attribute Value is updated

only during Off —Line testing.
If bit = 1, the Attribute Value is updated
only during On —Line testing

2-5 | Reserved bits may either 0 or 1

6-15| Reserved bits Always 0

Figure 87. Statu$lag Definitions

12.29.2.2.3 Normalized Values: The device willperform conversion of the raw Attribut€alues to trans-
form them into nornmalized values,which thehost can then compare with the Thresheklues. AThreshold

is the excursion limit for a normalizedttribute Value. In normalizing the ravdata, thedevice will perform
any necessary statistical validity checksensurethat aninstantaneous rawalue is notimproperly reflected

in the normalized Attributé/alue (i.e., oneread error in thdirst 10 reads being interpreted @&xceeding the
read error rate threshold when tlsebsequent billion reads all executevithout error). The end points for
the normalized values for ahttributeswill be 1 (01h) at the low end, and 100 (64h) at the high end for the
device. ForPerformance and ErroRate Attributes, values greatethan 100 arealso possible, up to a
maximumyvalue of 253(FDh).

12.29.2.3 Off-Line Data Collection Status

The value of thisbyte defines thecurrent status of theff-line activities of the device. Bit 7 indicate&uto-
matic Off-Line Data Collection Status.

Bit 7 Automatic Off-Line Data Collection Status
0 Automatic Off-Line Data Collection is enabled.
1 Automatic Off-Line Data Collection isdisabled.

Bits O thru 6 represents a hexadecimal statisuereported by thelevice.
Value Definition

0 Off-line datacollection never started
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1 Segment completedithout error

2 All segmentscompleted withouterrors. In thiscase,current segmenpointer equals tototal seg-
mentsrequired.

5 Off-line data collectingaborted by interruptingommand

6 Off-line datacollectionaborted withfatal error

12.29.2.4 Total Segments Required for Off-line Data Collection

The device willreturn 07h as the totadegments fooff-line datacollection. Thedevice divides its off-line
datacollection activityinto 7 segments. Thesesegments consists of: segmenthtough 4 = rawread error
rate andthroughputmeasurement, segment 5 2000 track to trackseeks,segment 6 = 1000 1/3 stroke
seeks, andgegment 7 = 1000 full strokeseeks.

12.29.2.5 Total Time in Seconds to Complete Next Segment

This field tells the host how manyseconds thedevice requires tocomplete the segmemntointed by the
current segment pointer. Thweost can usghis time to set a&ount downtimer that will trigger it to issue the
“SMART ReadAttribute Values” subcommand taheck on the status afff-line datacollection. This field
indicates thetotal time inseconds for thdirst segment if the current segmepbinter is 00h or theoff-line
statusindicates all segmentsompleted (02h).

12.29.2.6 Current Segment Pointer

This byte is a counteindicating thenext segment tcexecute as an off-line dateollection activity. This
variesfrom 00h to the totahumber ofsegments. Theurrent segmenpointerwill be 00h if the off-line data
collection has nobeen started. If theff-line datacollection isaborted by acommand or arerror (i.e., the
status is 05h or 06h), this byteill point to the abortedegment. If the all segments complete, this bwik

equal to the totahumber ofsegments.

12.29.2.7 Off-Line Data Collection Capability

The devicereturns 05h as iteff-line datacollection capabillty which means:

Bit Definition

0 ExecuteOff-line Immediate is implemented

1 Enable/Disable Automati©ff-line is NOT implemented
2 Abort/restartoff-line by host

The device willabort all off-line datacollection activity initiated by ar5.M.A.R.T. ExecuteOff-
line Immediatesubcommandupon receipt of a newcommand. Off-line datacollection activity
must berestarted by a nev.M.A.R.T. ExecuteOff-line Immediatesubcommandrom the host.
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12.29.2.8 S.M.A.R.T. Capability

This word of bit flags describes thes.M.A.R.T. capabilities of the device. Thdevice will return 03h as its
S.M.A.R.T. capability which means:

Bit Definition

0 Power mode attributeavingcapability

If bit = 1, the device will save itsAttribute Values prior to going into a powersaving mode
(Standby orSleep mode).

1 Attribute autosaveafter event capability

The devicesupports theés.M.A.R.T. Enable/Disable Attribute Autosaveubcommand.
2-15 Reserved (0)

12.29.2.9 Data Structure Checksum

The DataStructure Checksum is the 2's compliment of tlesult of a simple 8-bitaddition of thefirst 511
bytes in thedata structure.

12.29.3 Device Attribute Thresholds Data Structure

The following defines the 51Bytesthat make up the Attribute Thresholdformation. This data structure is
accessed by théost in its entirety using theSMART Read Attribute Thresholds. All multi-bytefields
shown inthesedata structuresollow the ATA-2 specification forbyte ordering, namelyhat theleastsignif-
icant byte occupies the lowestumberedbyte addresdocation in thefield.

The sequence oéctive Attribute Thresholdswill appear in the same order #seir correspondinttribute
Values.
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Description Bytes [Offset | Format Value
Data Structure Revision Number 2 00h | binary 0005h
1st Attribute Threshold 12 02h | (*1) (*2)
30th Attribute Threshold 12 | 15Eh | (*1) (*2)
Reserved 18 | 16Ah (*3)
Vendor specific 131 | 17Ch (*3)
Data structure checksum 1 | 1FFh (*2)
512

*2)  — Value varied by actual operating condition

§*1§ — See following definitions
*3) — Filled with 00h

Figure 88.Device AttributeThresholdsData Structure

12.29.3.1 Data Structure Revision Number

This value (0005h) is the same as the value used in the Deditigbutes ValuesData Structure.

12.29.3.2 Individual Thresholds Data Structure

The following defines the 1dytesthat make up thdanformation for eachThreshold entry in theDevice
Attribute ThresholdsData Structure. Attributeentries in the IndividualThresholdData Structure is in the
same order and correspond to thetries in the IndividuaAttribute Data Structure.
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Description Bytes [Offset | Format

Attribute ID Number (01h to FFh) 1 00h | binary

Attribute Threshold (for comparison with 1 0lh | binary
Attribute Values from 00h to FFh)

00h — "always passing" threshold value to
be used for code test purposes

0lh — minimum value for normal operation

FDh — maximum value for normal operation

FEh — invalid for threshold value
FFh — "always failing" threshold value to
be used for code test purposes
Reserved (00h) 10 02h | binary
Total Bytes 12

Figure 89. IndividualThresholdData Structure

12.29.3.3 Attribute ID Numbers

Attribute ID Numbers supported by thdevice are thesame as Attributé/aluesData Structures.

12.29.3.4 Attribute Threshold

Thesevalues are preset at the factory and are mo¢ant to bechangeable. However, thieost might use
“SMART Write Attribute Threshold’subcommand tmverride these preset values in tiibresholdsectors.

12.29.3.5 Data Structure Checksum

The DataStructure Checksum is the 2's compliment of tlesult of a simple 8-bitaddition of thefirst 511
bytes in thedata structure.

12.29.4 Error Reporting

The following table shows thevaluesreturned in the Status and Err&egisterswhen specific error condi-
tions are encountered bydevice.
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Error Condition Status Error
Register |Register

A S.M.A.R.T. FUNCTION SET command was received by the

device without the required key being loaded into the 51h 04h

Cylinder High and Cylinder Low registers.

A S.M.A.R.T. FUNCTION SET command was received by the

device with a subcommand value in the Features Register 51h 04h

that is either invalid or not supported by this device.

A S.M.A.R.T. FUNCTION SET command subcommand other

than SMART ENABLE OPERATIONS was received by the 51h 04h

device while the device was in a "S.M.A.R.T. disabled"

state.

The device is unable to read its Attribute Values or 10h

Attribute Thresholds data structure. 51h or
40h

The device is unable to write to its Attribute Values 51h 10h

data structure. orh
01

Figure 90. S.M.A.R.TError Codes
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12.30 Standby (E2h/96h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata @ @ | -=-—-=—-=-—-- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ——— — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - - - — — —
Command 11100010 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 91. Standbyommand(E2h/96h)

The Standbycommandcauses the device tenter the Standbode immediately, and set autpower down

timeout parameter(standhimer).

When this command isissued, the deviceonfirms thecompletion of thecached writecommandsbefore

assertdNTRQ. Then thedevice isspun down, but thénterfaceremainsactive.

If the device isalreadyspun down, thespin down sequence is not executed.

During the Standby mode thdevice will respond to commands, bukere is adelay while waiting for the

spindle to reach operatingpeed.

The timer starts counting down when tldevicereturns toldle mode.

Output Parameters To The Device

Sector Count

Timeout Parameter.
but the timeoutinterval is set for 109minutes automatically.

Izero, thetimeout interval(Standby Timer) is NOTdisabled,
Ibther than zero, the

timeoutinterval is set for(Timeout Parameter x Heconds.

When the automatipower downsequence is enabled,

The device willenter Standby mode automatically if thieneoutinterval expires with

no device accesBom the host. The timeounterval will be reinitialized if there is a

device accesbefore thetimeoutinterval expires.
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12.31 Standby Immediate (EOh/94h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data = | -=-=-=-=-=-—- = Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 11100000 Status ...See Below...

Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o |V |0 |V | —-]0]|-1]V

Figure 92. Standby Immediattommand(EOh/94h)

The Standby Immediateommandcauses the device tenter Standbynodeimmediately.

When this command isissued, the deviceonfirms the completion of thecached writecommandsbefore

assertdNTRQ. Then thedevice isspun down, but thénterfaceremainsactive.

If the device isalreadyspun down, thespin down sequence is not executed.

During the Standby mode, th@evice will respond to commands, buhere is adelay while waiting for the

spindle to reach operatingpeed.

The Standby Immediateommandwill not affect to autopower down timeout parameter.
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12.32 Write Buffer (E8h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11101000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 93. WriteBuffer Command(E8h)

The Write Buffer commandtransfers a sector of dattaom the host to thesector buffer of thedevice. The
sectors ofdata aretransferredthrough theData Register 16 bits at a time.

The ReadBuffer and Write Buffer commands arsynchronized suclhhat sequential WriteBuffer and Read
Buffer commandsaccess thsame 512 byte withimuffer.
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12.33 Write DMA (CAR/CBh)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 1100101R Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O o (V| V|V |—=1]0]-1]V

Figure 94. Write DMACommand(CAh/CBh)

The Write DMA commandtransfers one omore sectors of datdrom the host to thalevice,then the data
is written to thedisk media.

The sectors oflata aretransferrethrough theData Register 16 bits at a time.

The hostinitializes a slave-DMA channel prior tassuing thecommand. Dataransfers are qualified by
DMARQ and areperformed by the slave-DMA channel. Thievice issues only oniterrupt percommand
to indicatethat datatransfer haserminated and status &vailable.

If an uncorrectable error occurs, theite will be terminated at thédailing sector.

Output Parameters To The Device

Sector Count The number of continuousectors to be transferred. If zero specified,then 256
sectorswill be transferred.

Sector Number The sectomumber of thefirst sector to be transferredL=0)
In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)
In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
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R

The headhumber of thefirst sector to be transferredL=0)
In LBA mode, this registercontains LBA bits 24 - 27(L=1)

The retry bit. If set to onethenretries are disabled. But ignoredhenwrite cache is
enabled. (Ignoring the retry bit is in violation &TA-2.)

Input Parameters From The Device

Sector Count

Sector Number

Cylinder High/Low

The number ofrequested sectors not transferre@his will be zero, unless amnre-
coverable error occurs.

The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1%Low), 16 - 23 (High).
(L=1)

The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.34 Write Long

(32h/33h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata | - =-—-—----= pata | -=-—-—----=
Feature | ——=—-——-—-—— Error ...See Below...

Sector Count

00000001

Sector Count

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0011001R Status ...See Below...
Error Register Status Register

7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O O |V I V|V | -]0]|-]V

Figure 95. WriteLong Command(32h/33h)

The Write Long commandtransfers the data and the ECC bytes of the designated one $emtoithe host
to the devicethen the data and the EClgytes are written to théisk media.

After 512 bytes of data havieeentransferred, thalevice willkeep settingD RQ=1 toindicatethat thedevice

is ready toreceive the ECChytesfrom the host. The data igansferred 16 bits at a time, and the ECC
bytes are transferred 8 bits at a time. Thamber of ECCbytes are 4 or 22 according to setting of Set
Feature option. Theefaulthnumberafter power on is 4 bytes.

Output Parameters To The Device

The number of continuousectors to be transferred. The Sec@ount must be set
to one.

Sector Count

Sector Number The sectomumber of thesector to be transferredL=0)
In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thesector to be transferredL=0)
In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
H The headhumber of thesector to be transferredL=0)

In LBA mode, this registercontains LBA bits 24 - 27(L=1)

R The retry bit. If set to onethenretries are disabled.
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Input Parameters From The Device
Sector Count The number ofequested sectors not transferred.
Sector Number The sectomumber of thesector to be transferredL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thesector to be transferredL=0)

In LBA mode, this registercontains current LBA bits 8 - 15Low), 16 - 23 (High).
(L=1)

H The headhumber of thesector to be transferredL=0)

In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
The file internally uses 22 bytes of ECC on all data read or writes. ThHzy#® mode of operation is pro-
vided via anemulation technique. As a consequencelos emulation it is recommended that B3te ECC

mode is used for all tests to confirm tloperation of thdfiles ECC hardware. Unexpectedesults mayoccur
if such testing isperformed using dyte mode.
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12.35 Write Multiple (C5h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11000101 Status ...See Below...
Error Register Status Register
7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O O |V I V|V | -]0]|-]V

Figure 96. WriteMultiple Command(C5h)

The Write Multiple commandtransfers one omore sectorsfrom the host to thedevice, the the data is
written to thedisk media.

Commandexecution isidentical to the Write Sectorsommandexceptthat aninterrupt isgenerated for each
block (asdefined by the SeMultiple command)instead of for each sector. The sectors are transferred
through theData Register 16 bits at a time.

Output Parameters To The Device

Sector Count The number of continuousectors to be transferred. If zero specified,then 256
sectorswill be transferred.

Sector Number The sectomumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
H The headhumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 24 - 27(L=1)
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Input Parameters From The Device

Sector Count

Sector Number

Cylinder High/Low

The number ofrequested sectors not transferredhis will be zero, unless amnre-
coverable error occurs.

The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.36 Write Sectors (30h/31h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata | - =-—-—----= pata | -=-—-—----=
Feature | ——=—-——-—-—— Error ...See Below...

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0011000R Status ...See Below...
Error Register Status Register

7 16|54 132 1]0 7 16 |5 (4132 1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O O |V I V|V | -]0]|-]V

Figure 97. WriteSectorsCommand(30h/31h)

The Write Sectorscommandtransfers one omore sectorsfrom the host to thedevice,then the data is
written to thedisk media.

The sectors are transferrédrough theData Register 16 bits at a time.

If an uncorrectable error occurs, theite will be terminated at thdailing sector.

Output Parameters To The Device

Sector Count

Sector Number

Cylinder High/Low

The number of continuousectors to be transferred.
sectorswill be transferred.

If zero specified,then 256

The sectomumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 0 - 7(L=1)

The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
The headhumber of thefirst sector to be transferredL=0)

In LBA mode, this registercontains LBA bits 24 - 27(L=1)

The retry bit. If set to onethenretries are disabled. But ignoredhenwrite cache is
enabled. (Ignoring the retry bit is in violation &TA-2.)
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Input Parameters From The Device

Sector Count

Sector Number

Cylinder High/Low

The number ofrequested sectors not transferre@his will be zero, unless amnre-
coverable error occurs.

The sectomumber of thelast transferred sectofL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
The cylindernumber of thelast transferred secto(L=0)

In LBA mode, this registercontains current LBA bits 8 - 1§Low), 16 - 23 (High).
(L=1)

The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.37 Write Verify (3Ch: Vendor Specific)

In DDLA-xxxxx implementation,Write Verify command isexactry same as Write Sectorsommand(30h).
No read verification iperformedafter write operation.

Refer Write Sector€ommand formparameters.
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13.0 Timings

The timing of BSY and DRQ in Status Register ateown inFigure 98

FUNCTION INTERVAL START STOP TIMEOUT
Power On | Device Busy After Power On Status Register 400 ns
Power On BSY=1
Device Ready After Power On Status Register 31 sec
Power On BSY=0 and RDY=1
Software Device Busy After Device Control Status Register 400 ns
Reset Software Reset Register RST=1 BSY=1
Device Ready After Device Control Status Register 6 sec
Software Reset Register RST=1 BSY=0 and RDY=1
Hard Device Busy After Bus RESET Signal Status Register 400 ns
Reset Hard Reset Asserted BSY=1
Device Ready After Bus RESET Signal Status Register 31 sec
Hard Reset Asserted BSY=0 and RDY=1
Data In Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt, DRQ For Status Register Status Register 30 sec
Data Transfer In BSY=1 BSY=0 and DRQ=1,
Interrupt
Device Busy After 256th Read From Status Register 10 us
Data Transfter In Data Register BSY=1
Data Out Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Data Request For Status Register Status Register 700 us
Data Transfer Out BSY=1 BSY=0 and DRQ=1 (Note.3)
Device Bus?/ After 256th Write From Status Register 5 us
Data Transfer Out Data Register BSY=1
Interrupt For Status Register Status Register 30 sec
Data Transfer Out BSY=1 BSY=0 and RDY=1 (Note.1)
Interrupt
Non-Data Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt For Status Register Interrupt 30 sec
Command Complete BSY=1 (Note.2)
Figure 98. TimeouWalues
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FUNCTION INTERVAL START STOP TIMEOUT

DMA Data | Device Busy after Out to Command Status Register 400 ns
Transfer Command Code Out Register BSY=1
Command

Figure 99. Timeouwalues ---Continued ---

Commandcategory is referred to 11.0,CommandProtocol” onpage 75.

The abbreviations'ns”, "us",
respectively.

ms" and"sec" mean nanoseconds, microsecondsjlliseconds and seconds,

We recommend that the hosystem executes Soft reset atiten retry to issue thecommand if the host
systemwould occurtimeout for thedevice.

(Note.1) For SECURITY ERASEUNIT command, the timeowalue is 15minutes.

(Note.2) For FORMAT UNIT command, the timeowalue is 15minutes.

(Note.3) When theinitial power mode at power on is Standby mode, and whenfeewing commands
are issued by theéhost as FirstCommand, the command'Ssmeout value of thefield is 10
seconds.

Security DisablePasswordSecurity ErasdJnit,

Security SetPassword SecurityUnlock.
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14.0 Appendix

14.1 Commands Support Coverage

Following table is provided to facilitate the understandingbdLA-xxxxx command supportoveragecom-
paring to the ATA-3 defined commandset. The column of 'Implementation'shows the capability of
DDLA-xxxxx for those commands.

Command Command Implementation ATA -3 Categoly
Code Name for DDLA-2XXXX

00h NOP No Optional
01h—0Fh Reserved Reserved Reserved
1xh RECALIBRATE Yes Optional
20h READ SECTOR(S w/ retry) Yes Mandatory
21h READ SECTOR(S w/o retry) Yes Mandatory
22h READ LONG w/ retry) Yes Optional

23h READ LONG w/o retry) Yes Optional
24h—2Fh  Reserved Reserved Reserved
30h WRITE SECTOR(S w/ retry) Yes Mandatory
31h WRITE SECTOR(S w/o retry) Yes Mandatory
32h WRITE LONG w/ retry) Yes Optional

33h WRITE LONG w/o retry) Yes Optional
34h—-3Bh Reserved Reserved Reserved
3Ch WRITE VERIFY (2) Vendor specefic Optional
3Dh—-3Fh Reserved Reserved Reserved
40h READ VERIFY SECTOR(S) (w/ retry) Yes Mandatory
41h READ VERIFY SECTOR(S) (wlo retry) Yes Mandator
42h—4Fh  Reserved Reserved Reserve

50h FORMAT TRACK Yes Vendor specific
51h—5Fh Reserved Reserved Reserved
60h—6Fh Reserved Reserved Reserved
7xh SEEK Yes Mandatory
8xh Vendor specific Reserved Vendor specitic
90h EXECUTE DEVICE DIAGNOSTIC Yes Mandatory
91h INITIALIZE DEVICE PARAMETERS Yes Mandatory
92h DOWNLOAD MICROCODE No Optional
93h Reserved Reserved Reserved
94h,EOh  STANDBY IMMEDIATE (1) Yes Optional (4)
95h,Elh IDLE IMMEDIATE (1) Yes Optional (4)
96h,E2h  STANDBY (1) Yes Optional (4)
97h,E3h IDLE (1) Yes Optional (4)
98h,E5h  CHECK POWER MODE (1) Yes Optional (4)
99h,E6h SLEEP (1) Yes Optional (4)
9Ah Vendor specific Reserved Vendor specific
9Bh—9Fh Reserved Reserved Reserved
AOh—AFh Reserved Reserved Reserved

Figure 100. Commandcoverage
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Command Command Implementation ATA -3 Categoly
Code Name for DDLA—2XXXX

BOh SMART FUNCTION SET Yes Optional — (5)
B1h—BFh Reserved Reserved Reserved
COh—C3h Vendor specific Reserved Vendor specific
C4h READ MULTIPLE Yes Optional

C5h WRITE MULTIPLE Yes Optional

C6h SET MULTIPLE MODE Yes Optional

C7h Reserved Reserved Reserved

C8h READ DMA EW/ retry) Yes Optional

Coh READ DMA (w/o retry% Yes Optional

CAh WRITE DMA éw/ retry Yes Optional

CBh WRITE DMA (w/o retry) Yes Optional
CCh-CFh Reserved Reserved Reserved
DOh—DAh Reserved Reserved Reserved

DBh ACKNOWLEDGE MEDIA CHANGE No Optionat (7
DCh BOOT— POST-BOOT No Optional — (7
DDh BOOT— PRE-BOOT No Optional — (7
DEh DOOR LOCK No Optional — (7
DFh DOOR UNLOCK No Optional — (7
EOh,94h  STANDBY IMMEDIATE (1) Yes Optional — (4
E1h,95h IDLE IMMEDIATE (1) Yes Optional - (4
E2h,96h STANDBY (1) Yes Optional - (4
E3h,97h IDLE (1) Yes Optional - (4
E4h READ BUFFER Yes Optional
E5h,98h CHECK POWER MODE (1) Yes Optional — 54;
E6h,99h SLEEP (1) Yes Optional - (4
E7h Reserved Reserved Reserved

E8h WRITE BUFFER Yes Optional

E9h WRITE SAME No Optional
EAh—EBh Reserved Reserved Reserved

ECh IDENTIFY DEVICE Yes Mandatory

EDh MEDIA EJECT No Optional — (7)
EEh IDENTIFY DEVICE DMA Yes Optional

EFh SET FEATURES Yes Optional

FOh Vendor specific Reserved Vendor specific
F1h SECURITY SET PASSWORD Yes Optional — (6
F2h SECURITY UNLOCK Yes Optional — (6
F3h SECURITY ERASE PREPARE Yes Optional — (6
F4h SECURITY ERASE UNIT Yes Optional — (6
F5h SECURITY FREEZE LOCK Yes Optional — (6
F6h SECURITY DISABLE PASSWORD Yes Optional — (6
F7h FORMAT UNIT Vendor specific Vendor specific
F8h READ NATIVE MAX LBA/CYL (3) Vendor specific Vendor specific
F9h SET MAX LBA/CYL (3) Vendor specific Vendor specific
FAh—FFh Vendor specific Reserved Vendor specific

Figure 101. Commandcoverage ---Continued ---
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Note:(1) These commands have two command codes and appear in this
table twice, once for each command code.

(2) The WRITE VERIFY command implemented vendor spcific. The
opration is same as WRITE SECTORS and verification is not
performed.

(3) Vendor specific command F8h and F9h are used for PROTECTED
AREA FEATURE.

4) Power Management Feature Set

5) S.M.A.R.T. Function Set

6) Security Mode Feature Set

7) Removable

Figure 102. Commandcoverage ---Continued ---
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14.2 SET FEATURES Command Support Coverage

Following table is provided to facilitate the understanding of &Tari@et Features'command supportov-
eragecomparing to theATA-3 definedcommandset. Thecolumn of 'Implementationshows the capability

of DDLA-xxxxx for those commands.

Fodetail operation,refer to 12.25,“Set Features (EFh)” on

page 124.

Features Features Implementation ATA -3 Categoly
Register Name for DDLA —2XXXX
01h Enable 8 bit data transfers No Optional
02h Enable write cache Yes Vendor specific
03h Set transfer mode Yes Optional

04h Enable all auto reassignment No Vendor specific
33h Disable retry No Vendor specific
44h Set vendor specific bytes ECC Yes Optional

54h Set cache segments No Vendor specific
55h Disable read look —ahead feature Yes Optional

66h Disable reverting to power on defaults  Yes Optional

77h Disable ECC No Vendor specific
81h Disable 8 bit data transfers No Optional

82h Disable write cache Yes Vendor specific
84h Disable all auto reassignment No Vendor specific
88h Enable ECC No Vendor specific
99h Enable retries No Vendor specific
9Ah Set device maximum average current No Optional

AAh Enable read look -—ahead feature Yes Optional

ABh Set maximum prefetch No Vendor specific
BBh Set 4 bytes ECC Yes Optional

CCh Enable reverting to power on defaults Yes Optional

others  Reserved Reserved Reserved

Figure 103. SETFEATURESCommandcoverage
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