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1.0 General

1.1 Introduction

This documentescribes the characteristics of the following IBM 3.5-inch, ATA interfétard Disk Drives:

DPEA-30540(528/541 MB)
DPEA-30810(812 MB)
DPEA-31080(1083 MB)

This documentefines the @inctional andnterface specifications fo8.5" Hard Disk Drives of DPEA-3XxXxXx
series .

1.2 References

.ISO/IEC Draft. ANSI X3.221 (Information Technology ATAttachment | nterface forDisk Drive)

1.3 Caution

The drive can be easilgamaged by shocks or ES(&lectric Static Discharge), so any damages applied to
the drive aftertaking outfrom shippingpackage an@pening ESD protective bag are useesponsibilities.

1.4 Glossary
Word Meaning
Kbpi 1000 Bit Perinch
Mbps 1000 000 Bit persecond
MB 1000 00Q0bytes
KB 1000 bytes
448 KB 448 X 1024bytes
Mb/sq.in 1000 000bits per square inch
MLC MachineLevel Control
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2.0 Products Outline

3.5-inchform factor
No-ID technology
Datacapacity528MB/541MB/812MB/1083 MB
512 bytes/sector
- ATA-2 interface
ClosedLoop actuatorservo
Dedicated headandingzone
« Automatic actuator lock
Interleave factor 1:1

+ 448 KB SectorBuffer
Adaptive segmenbuffer implementation

Readahead of LRUcache algorithm
« Write Cache
Enhanced ECC implementation
- 128-bitRead Solomon Codeperating 10-bisymbol
— On-The-Flycorrection (up to 4 symbols of errors in sector)
« Automatic ErrorRecovery Procedures fdiRead andWNrite
Self Diagnostics during?Power On andesident diagnostics
P10 DataTransfer -Mode 3 ( Max 11.1 MB/s)
DMA Data Transfer
- SingleWord mode : mode 2 ( Max 13.3 MB/s)
— Multiword mode : mode 1 ( Max1.1MB/s)
CHS and LBA mode
« Transparentlefectmanagement by AutomatiDefectReallocation during WriteCache
Powersavingmodes
MR (Magneto ResistivelHeadtechnology
Seektime 10.5ms averagéreadoperation)

MTTF is 500,000power on hours
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3.0 Drive Characteristics

This chaptemprovidesnumbers oflogical cylinder/head/sector and capacity of theve. Formodel name
DPEA-30540, a jumper can set thleive to 541MB or 528MB.

3.1 Logical Drive Format

The customewusable data capacity ghownbelow.

Figure 1. DriveParameter

Descriptions DPEA-30540 DPEA-30540 DPEA-30810 DPEA-31080
(CLIPPED)
Logical HeadNumber 16 16 16 16
Logical Sectors/Track 63 63 63 63
Logical CylinderNumber 1024 1050 1574 2100
Logical Sector Size 512 512 512 512
Sectornumber fordefault 1,032,192 1,058,400 1,586,592 2,116,800
CHS
Sectornumber for LBA 1,058,496 1,058,496 1,586,664 2,116,992
UsableBytes for default CHS 528 MB 541 MB 812 MB 1083 MB
UsableBytes for LBA 541 MB 541 MB 812 MB 1083 MB
3.2 Data Sheet
Figure 2. Data Sheet
Mediatransfer rate Mb/sec] 39.8-55.1

Interface transfer rate [MBkc]

11.1MB Max(P10) 11.1 MB (DMA)

Data buffer size [KB]

448

Rotationalspeed RPM]

5400

Recordingdensity Kbpi]

68.0(Ave) /85.6(Max)

Track density [TPI]

5340

Areal density Mb/sq.in.]

358(Ave) /457(Max)

Number ofzone 8
Number ofdisks

DPEA-30540 1
DPEA-30810 2
DPEA-31080 2

Servo desigmethod

Embeddedsector servo
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3.3 Performance Characteristics

The driveperformance is characterized by tfadlowing parameters:
- CommandOverhead
Mechanical Positioning

— SeekTime
- Latency

Data Transfer Speed
Buffering Operation

Note: The following specification defines the drive characteristics, notaysemthroughputwhich is
dependant on theystem and the application.

Figure 3. Performanc@arameter

Function Typical

Commandoverhead (Read-Cache not hit) < 0.9jsec]
(Read-Cache hit) < 0.3nfisec]
(Write) < 0.3 [msec]

(Seek) < 0.3 [msec]

Seektime: Read 10.5 [msec]
Seektime: Write 12.5 [msec]
Rotationalspeed 5400 [rpm]

3.3.1 Command Overhead

Commandoverhead igefined as the time required:

- from thecommand iswritten into commandregister by ahost

- to the assertion of DRQ for thfirst databyte of a READcommand when theequested data is not in
the buffer

« exclude
— Physicalseektime
— Latency time

3.3.2 Single Track Seek Time

Figure 4. SingleTrack SeekTime
Function Typical Max.
Read [msec] 2.3 2.7
Write [msec] 3.2 4.1

The singletrack seektime is theaverage of the 1000 singteack seeks.

3.3.3 Average Seek Time (Including Settling)
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Figure 5. MechanicaPositioningPerformance
Command Type Typical Max
Read 10.5 [msec] 11.5 [msec]
Write 12.5 [msec] 13.5 [msec]

The seelktime is measured from the start attuator'smotion to thestart ofa reliable read or write opera-
tion. Reliable read or write impliethat error correction/recovery is not used to correct &orival problems.
The average seefime is measured as theeighted average of apossibleseekcombinations.
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max

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

Weighted A = =i
eighted Average (max+ 1) (max)
Where:
max = Maximumseeklength
n = Seeklength (1 tomax)
Tn.in = Inwardmeasuredseek time for an nrack seek

Tn.out = Outwardmeasuredeektime for an n trackseek

3.3.4 Full Stroke Seek

Figure 6. Full StrokeSeekTime

Function Typical Max.
Read [msec] 22 25
Write [msec] 24 27

Full strokeseek ismeasured as thaverage of 1000 fulstrokeseeks.

3.3.5 Average Latency

Figure 7. Latency Time

Rotation

Time for a revolution Average Latency

5400 [RPM]

11.1 [msec] 5.56 [msec]
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3.3.6 Drive Ready Time

Figure 8. DriveReadyTime

Condition Typical (Model) Max.

Power On to Readydec] 10 (DPEA-30540) 31
12 (DPEA-30810,DPEA-31080)

Ready The condition in which thalrive is able toperform a mediaaccesssommand(read,
write) immediately.

Power On This includes thdime required for the internadelf diagnostics.

3.3.6.1 Operating Modes

Figure 9. OperatindModes

Operating Mode Description

Spin-Up Start up time from spindle-stop or power-down.
Seek Seekoperation mode

Write Write operation mode

Read Readoperation mode

Idle Spindlemotor andservo system are workingormally.

Other modulesxcept the serveontrol and the host
interface are sleeping.
Commands can be received aptbcessed immediately.

Standby Spindlemotor isstopped.
All modulesexcept thehostinterface are sleeping.
Commands can be receivemhinediately.
Drive is in aninterruptwaiting modewith the lowest
powerdissipation.

Notes:

1. After power-down orspindle-stop, a healbcking mechanisnmsecures thdéeads in the landing
zone.

Drive Characteristics 9



3.3.6.2 Mode Transition Time

Figure 10.Mode Transition Time

From To Typical [sed Max [sed
Standby Idle 8 (DPEA-3540) 31
10 (DPEA-3810/31080)
Idle Standby Immediately* Immediately*

* . Immediately - The actual spin down timexists,however thecommand isprocessed immediately.
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4.0 Data integrity

No more than onesector is lost byhardreset orpower downduring write operationwhile write cache is
disabled.

In case ofthat hardreset orpower downoccurs beforeceompletion of dataransferfrom write cache to disk
while write cache ienabled, the data remaining in write cache is lost.pfevent customer datast at

power off, the last write accessdeforepower off is recommended to hesued after setting write cache disable
by command.

It is possible to check if the data in the write cache hheen written onto thelisk by successfutompletion

of Soft Reset or thdollowing commands.

Check PowemMode, Execute Drive Diagnosticd;ormatTrack, Identify Drive, Idle, IdleiImmediate, Ini-
tialize Drive ParametersReadBuffer, Read Long withRetry, Read Long withouRetry, RecalibrateSeek,
Set Features, Set Multipl&§leep,Standby, Standby Immediat&/rite Buffer, Write Long with retry, Write
Long without Retry.

4.1 Equipment Status

Equipmentstatus isavailable to thehostsystem any time,
the drive is not ready toead, write, orseek. This status normallexists atpower-on time and be main-
tained until thefollowing conditions aresatisfied.

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

Appropriateerror status isvailable to thehostsystem if any of the followingondition occurafter the drive
has once become ready:

Spindle speedjoes out ofrequirements foreliable operation.

“Write fault” is detected.

4.2 WRITE Safety

The verification of writeoperationinvolves aread-back check of the CRC or ECC déonjunction withwrite
fault detectioncircuits. Thewrite fault detection circuitgevealconditions wherenrite operation was
intended and did not occur properly and the CRC or Ex®@fication occurred for old information, ocases
wheredata is erroneouslgrased.

4.3 Data Buffer Test

The data buffers, aead buffer and a write buffarsed as temporally datgtorages for read/write data
transfer, are tested atmower-on-reset and whendrive self-test igsequested by théost. Thetests consist of
write/read hex ‘00" and hex ‘FFpattern for all bit position of théuffers.
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4.4 Error Recovery

Errors occurring with thalrive arehandled by the errorecoveryprocedure.

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

On manufacturingprocess, all sectors dfarddisk drive aretested for the magnetical performance,that
only acceptable sectors are used.

In data area, accepted sectors atenberedsequentially for user data sectors.
This mapping information is maintained itmware level, and datélock addressed bjogical cylinder,head
and sector is translateédto physicallocation ondisk(s)automatically. Thisoperation isinvisible from

applicationlevel.

Low level format isNOT ALLOWED afternormalmanufacturing processassed.

5.1 After Formatting

Dataareas ar@ptimally usedafter the drive iformatted infactory.

« A spare sector is located on each track spread on the user data area.

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

Skip Skip

Defects areskipped without any constraint, such &rack orcylinder boundary.
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6.0 Specifications

This chaptemprovides the specifications of thdrives.

6.1 Environment

The following table shows the environmental conditions.

6.1.1 Temperature and Humidity

Operating Conditions

Temperature 5 to 55[°C] (Seenote)
RelativeHumidity 8 to 90 [% RH]non-condensing
Maximum WetBulb Temperature 29.4[°C] non-condensing
Maximum Temperature Gradient 15[°C / Hour]
Altitude —300 to 3000 [m]

Non-Operating Conditions(Shipping)
Temperature - 40 to 65[°C]
RelativeHumidity 5to 95 [% RH]non-condensing
Maximum WetBulb Temperature 35[°C] non-condensing
Maximum Temperature Gradient 15[°C / Hour]
Altitude —-300 to 12,000 [m]
Note:
The system has to providsufficient ventilation tomaintain asurfacetemperature below [60°C] at the
center of the top cover of thérive.

0 Copyright IBM Corp. 1994
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6.2 DC Power Requirements

Figure 11. DC Power Requirement
Power Requirement Note

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

Idle (average) 0.26 0.12/0.16 3

Read /write (average) 0.62 0.24/0.28

Seek (average) 0.46 0.34/0.37

Standby 0.22 0.02

Start up (peak) 0.64 1.20

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

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

3. 0.12/0.16, 0.24/0.28 and 0.34/0.8@ow that0.12, 0.24 and 0.34 ar&pplied forDPEA-30540
and 0.16, 0.28 and 0.37 are fBPEA-30810 and DPEA-31080.
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6.3 Reliability

6.3.1 Mean Time To Failures (MTTF)

500,000power-on hourgPOH).

6.3.2 Product Life and Usage

The productlife of the drive is 5 years.

The drivewithstands4000 POH(power onhour) peryear. Driveaccess (seekead,write) ratio is 20% of
total power on time.

Note : Thedrive enters thestandby mode or power off mode, @ast
once a day. The environment temperaturéiser than 40deg.C.

6.4 Contact Start Stop (CSS)

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

- 40,000 cyclesinder the temperature of 40°C

6.5 Warranty

The warrantywill be covered bycontracts.

6.6 Preventive Maintenance

Not Required.

6.7 Error rate

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

ECC implementation

128-bit Non-interleavédReed Solomon Codeperating 10-bitsymbol isused to cover the datields.
On-The-Flycorrectioncovers up to fousymbols of error in one sector.
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6.8 Mechanical Specifications

6.8.1 Outline
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Figure 12.Outline of DPEA-3xxXX

6.8.2 Mechanical Dimensions

The following chartdescribes thelimensions for the 3.5-inchard disk driveform factor by model.

Figure 13.PhysicalDimension

Height [mm)] 254 +0.4
Width [mm] 101.6 + 0.4
Length [mm] 146.0 + 0.6
Weight [gram] 530 Max.
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6.8.3 Mounting Positions and the Tappings

(I) MAX ALLOWABLE PENETRATION OF NOTED SCREW
TO BE 3.5 mm (SEE DETAIL A).

@ MAX ALLOWABLE PENETRATION OF NOTED SCREW
TO BE 6 mm {SEE DETAIL A).

THICKNESS OF BRACKET

\—‘{ SCREW 6-32 UNC REF
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Figure 15. MountingPositions and the Tappings
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6.8.4 Connector Dimension
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6.8.5 Connector and Jumper
Jumpers araised fordrive address setting, writeache disabling and auto re-allocation disabling.

6.8.5.1 Connector and Jumper Location

Power |
Connector <— JP7
Jumper
Bottom Side of Drive
<— JP1
ATA
Interface
Connector
Logic Card
Alternate
Power
Connector |

Figure 17. Connector andumperLocation
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6.8.5.2 Jumper Setting

Jumperposition and the function are ahownbelow. Pin pitch i2mm.

JP1 JP2 JP3 JP4 JP5 JP6 JP7

Cable Write Auto —Re 528/541MB
Master Slave Selection Resrvd Cache allocate Selection

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

Figure 18.JumperPins

Notes:
1. Jumpers for JP1, 2, and 3 should notdsdectedconcurrently.
2. JP1 is a position for Master, and JP2 is 8lave and JP3 is fo€ableselectionmode.

3. To enable Cabl&electionmode, the JP3 jumper must lrestalled. In theCable Selectionmode, the
drive address is detmined adollows:

« When CSELsignal(pin 28) is grounded or at a lotevel, the driveaddress is 0 (master).
« When CSELsignal isopen or at a highevel, the driveaddress is 1 (slave).

Position JP4 is notised.

A jumper for JP5 isised to disable write-cache.

A jumper for JP6 isused to disable write-cache amadto-reallocation.

N o o A

A jumper for JP7 has meaning when the modelame is DPEA-30540. A jumper for JP7used to
select 541MB i.e. when the jumperiemoved, DPEA-30540 is set to 528 MB. Tljismper has no
meaning for DPEA-30810 and DPEA-31080.
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6.8.5.3 Default Setting

The defauljumpersetting atshipment is agollows.

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

541MB selected for
only DPEA-30540.

Auto —reallocation
enahled.

Write Cache enabled.

Reserved.

Cable Selection disabled.

Slave not assigned.

Master assigned .
and appropriate for single
drive presence.

Figure 19. DefaultlumperSetting

6.8.6 Mounting Orientation

The drive operates in all axes (Brections). Thedrive operatewithin the specifiederror rates when tilted
+5 degreedrom these positions.

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

The recommended mountirggrewtorque is 3 £ 0.5 [Kgf.cm] The recommended mountiscrewdepth is
3.5 +0.5 [mm] for bottom and 5.0 £ 0.5 [mm] for horizontalounting.

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

Consult theissuer ofthis specification foractual application.

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

6.8.7 Landing Zone and Lock

A landing zone on thalisk, not the data area of the disk,gsovided to protect th&isk dataduring ship-
ping, movement, orstorage. Aftempower down, a heatbcking mechanisnsecures thdeads in this zone.
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6.9 Vibration and Shock

All vibration and shock measurements in thsisction aranade with thedrive that has no mountingttach-
ments for thesystems. Thenput power for themeasurements is applied to thermaldrive mounting
points.

6.9.1 Operating Vibration
The drive operatewith no non-recoverable erromshile beingsubjected to thdollowing vibration levels.

The measurements aoarried outduring 30minutes ofrandomvibration using thepower spectral density
(PSD)levels. Thevibration testlevel for V5L is0.67G(RMS).

Figure 20.RandomVibration PSDProfile Breakpoints (Operating)

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

Note: The specified levels armeasured at thenountingpoints.

6.9.2 Non-Operating Vibrations

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

6.9.2.1 Random Vibration

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

Figure 21.RandomVibration PSDProfile Breakpoints (Non-Operating)

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

Overall RMS (Root Mean Square)level of vibration is 1.04G(RMS).
6.9.2.2 Swept Sine Vibration

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

- 0.5 oct/minsweep rate

- 3 minutesdwell at twomajor resonances
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6.9.3 Operating Shock

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

The shockpulses of eaclevel areapplied to thedrive, five pulses in each direction and in all thrages.
Theremust be a minimum of a 8econdgdelaybetween each shock pulse. Th®ut level isapplied to the
base plate where thérive is attached with four screws.

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

automatically located on the parked position.)

All shocks are applied in each direction of theve three mutually perpendiculaxes, one axis at aime.
Input levels aremeasured at the frame of theard disk drive.
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6.10 Acoustics

The following shows the acoustitevels.

6.10.1 Sound Power Levels

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

Figure 22. A-weightedSound Powelevels
Mode A-weighted Sound PowerlLevel [ Bell
Idle 4.5
Operating 4.8

Background powetevels of theacoustic testhamber foreach octavéband are to beecorded.

Soundpowerlevels aremeasured with thelrive supported byspacers sahat thelower surface of thalrive is
located 25 + 3mm heighirom the chambefloor. No soundabsorbing materiashall be used.
The acoustical characteristics of theve subsystem are measured under thidowing conditions.

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

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

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

Where N = number of maximum dataurface N=4 for DPEA-31080)

6.10.2 Sound Power Acceptance Criteria
Statisticalupperlimit (L yoc)siat IS Calculatedwith the following formula.

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

where:

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

(S)woct is the total standardeviation forsound powelevel ateach octavdand.
(St)Woct = SQRT( ($€)W2 + (SZ’)Woct2 )
(SR)w is the standard deviation of reproducibility feound poweltevel.
Assume (g)w = 0.075 B.
(SP)woct IS the standard deviation of the samples pmundpowerlevel ateach octavédand.
k is a coefficient degrmined bynumber ofsamples (N) ashownbelow.
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N| 3 4 5 6 7 8 9 10 11 12 13 14 15
319 | 274 | 274 | 249 | 233 | 222 | 213 | 207 | 201 | 1.97 | 1.93 | 1.90 | 1.87

The calculatedeft handside of thecriterion equation above iseferred to as LWU andounded to the
nearest 0.05 bel. The individugérms may be rounded to theearest 0.01 bel before calculation.

6.11 Identification Labels

The following labels araffixed to everydrive.

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

2. A bar code label placed on thdisk drive ishased on user request. The location is todesignated in
the drawing.

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

Except for the bar code, thiabels may be integrated.

6.12 Electromagnetic Compatibility

The drive,wheninstalled in thehostsystem ancdexercised with aandomaccessingoutine atmaximum
datarate, meets the worldwide EMC requiremetitted below.

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

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

The following shows thesafetystandards for thdifferent countries.

6.13.1 Underwriters Lab (UL) Approval

All models, DPEA-30540DPEA-30810 and DPEA-31080 comply with U1950.

6.13.2 Canadian Standards Authority (CSA) Approval

All models,
DPEA-30540, DPEA-30810 and DPEA-31080 comply with CE22.2#950-M89.

6.13.3 IEC Compliance

All models, DPEA-30540DPEA-30810 and DPEA-31080 comply with IE&80, IEC 435 and IEC 950.

6.13.4 German Safety Mark

All models, DPEA-30540DPEA-30810 and DPEA-3108@ereapproved by TUV on Test Requirements:
EN 60 950:1988/A2:1991.

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

considerecklectricalcomponents are made ofaterial with the UL recognized flammability rating of V-1 or
better, excepminor mechanical parts.

6.13.6 Safe Handling

The products are conditioned for safartdling in regards t@harpedges andorners.
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6.13.7 Environment
The productdoes notcontain anyknown orsuspected carcinogens.

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

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

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

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

6.13.8 Secondary Circuit Protection

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

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

6.14 Packaging

The drives argacked in ESD protective bags for shipping.

Once opening the ESD budrive hardling with following things arerecommended.

- To put drives on ESDnat.
- To use a wriststrap
- Don't doutch thelogic / interfaceconnector pins

6.15 Electrical Interface Specifications

6.15.1 Power Connectors
One of two kinds of DCpower connector isised for thedrive to work.

One connector has four pins and thther hasthree pins.
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6.15.1.1 Power Connector

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

/ - \ Pin Voltage
F 22 TN 1 + 12V
HOROROREGN 2 GND
! | 3 GND

4 + 5V

Figure 23. Power Connector Pikssignments
6.15.1.2 Alternate Power Connector

The 3-pin DC power connector @designed tanate with theMOLEX (5480-03) usingMOLEX pins (5479)
or their equivalents. The pin assignments ash®@wn inFigure 24.

Eachline is connected to the correspondirgltage lines of thepower connector as shown Figure 23.

3 5 1 Pin Voltage
M 1 1 +5V
[ I 2 + 12V

3 GND

Figure 24. AlternatdPower Connector Pilssignments

6.15.2 Cabling

The maximumcable lengthfrom the hostsystem to thalrive, plus thecircuit patternlength in thehost
system,cannotexceed 46 [cm].

6.15.3 Interface Connector
The DC 4-pin connector idesigned tamate with AMP? 1-480424-0 orequivalent.
The AT signalconnector idesigned tanate with 3M? 3417-7000 orequivalent.

Figure 12 onpage 18 shows theonnector location.

6.15.4 Signal Definition

The pin assignments of interfasggnals are listed as follows:
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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 | HIORDY 0 0C 28 | CSEL | TTL
29 | —DMACK | TTL 30 | GND

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

33 | HAOl | TTL 34 | —PDIAG 110 0C

35 | HA00 | TTL 36 | HA02 | TTL
37 | —HCSO | TTL 38 | —HCS1 | TTL
39 | —DASP 110 0C 40 | GND

Figure 25. Table ofSignals

Notes:

1. "O" designates aputputfrom the Drive.

. "I" designates amnput to theDrive.

"I/O" designates amput/output common.

"OC" designate®©pen-Collector or Open-Drainutput.

2
3
4, "PWR" designates @ower supply to théDrive.
5
6

"(Resv)" designates reservpths and all of these have to beft unconnected.

HDO0O0-HD15

HAO00-HAO02
-HCSO

-HCS1

-HRESET

-HIOW

16-bit bi-directional data bus between thest and theHDD. The lower 8 lines,HD00-07,
are used for Register and EC&&cess. All 16 linesilHD00-15, areused for data transfer.
These are3-Statelines have 24 mA currensink capability.

Address used taelect theindividual register in theHDD.

Chip select signabeneratedrom the Host addressus. When active, one of theCommand
Block RegistergData, Error{Features whewritten}, SectorCount, SectorNumber, Cyl-
inder Low, Cylinder High, Drive/Head an&tatus{Command whewritten} register) can be
selected.

(SeeFigure 31 on page 39 .)

Chip select signabeneratedrom the Host addressbus. When active, one of theControl
Block RegisterqAlternate Status{Devic&€ontrol whenwritten} and Drive Addressegister)
can be selected.

(SeeFigure 31 on page 39 .)

This line isused to reset thelDD. It shall be kept Low logictate duringpower up and
kept Highthereafter.

Its rising edgeholds data from thénost data bus to eegister or data register of theéDD.
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-HIOR

HIRQ

-HIOCS16

-DASP

-PDIAG

Whenlow, this signalenables datérom aregister or data register of the drive onto datss.
The data on the bus shall be latches on tiseng edge of-HIOR.

Interrupt isenabled onlywhen thedrive is selected, and thieostactivates thelEN bit in
the DeviceControl Reg. Otherwise, thisignal is inhigh impedance stateegardless of the
state of the IRQ bit. Thénterrupt is set when the IRQ bit is set by tdeve CPU. IRQ is
reset to zero by &ostread of the statusegister or a write to th€ommandReg. This
signal is a3-Stateline with 24 mA sink capability.

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

This is a time-multiplexedignalwhich indicatesthat adrive is active, orthatdrive 1 is
present. This signal isdriven by Open-Draindriver and internallypulled-up to 5 Volt
throughl10Kohmresistor.

During Power-Oninitialization or after-HRESET is ngated, -DASPshall be asserted by
Drive 1 within 400 msec to indicatéhat drive 1 ispresent. Drive Ghall allow up to
450msec for drive 1 to assefDASP. If drive 1 is notpresentdrive 0 may asseHDASP to
drive a LED indicator.

-DASP shall be negated followingcceptance of thérst valid command bydrive 1.
Anytime after negation of-DASP, eitherdrive may assefDASP toindicatethat adrive is
active. -DASP signal isimmediatelydropped if thecommandcomplete status is returned,
even if the write cache is activated.

This signal shall be asserted by drive litalicate to drive (that it hascompleted diagnos-
tics. This line ispulled-up to 5 Volt in the HD Dthrough alOKohmresistor.

Following a Power On Resesoftware reset oftHRESET,drive 1 shallnegate-PDIAG
within 1 msec (to indicate tarive Othat it isbusy). Drive 1shallthen assertPDIAG
within 30 seconds to indicatehat it is nolonger busy, and is able to provide status.
Following thereceipt of a validExecute Drive Diagnosticeommand drive 1 shallnegate
-PDIAG within 1 msec to indicate tarive Othat it isbusy and has not ygtassed itdrive
diagnostics. If drive 1 ipresentthendrive 0 shall wait for up to Seconddrom thereceipt
of a valid Execute Drive Diagnosticcommand fordrive 1 to assertPDIAG. Drive 1
shouldclear BSY before assertingPDIAG, as -PDIAG is use téndicatethatdrive 1 has
passed its diagnostics and is readyptmst status.

If -DASP was notasserted by drive fluring reset initialization, drive 0 shajpost its own
status immediatelwfter it completesdiagnostics, and clear the drive 1 Status register to 00h.
Drive 0 may beunable toacceptcommandauntil it hasfinished its reseprocedure and is
ready(DRDY=1).

CSEL (Cable Select)(Optional)

KEY

HIORDY

-DMACK

DMARQ

The drive is configured as eith@&rive 0 or 1 dependingipon thevalue of CSEL.

If CSEL isgroundedthen thedrive address is 0.
If CSEL is openthen thedrive address is 1.

Pin position 20 has no connection pin. It is recommendedlose respectiv@osition of the
cableconnector in order t@avoid wrong insertion by mistake.

This signal isnegated to extend thieosttransfercycle when adrive is not ready taespond
to a data transfer request. Thiéfgnal is anopen-drainoutputwith 24 mA sink capability
and an external resistor is needed to pull time to 5 volts.

This signal shall baised by thehost inresponse td MARQ to eitheracknowledgehat
data has beeaccepted, othat data isavailable.

This signal,used for DMA data transfersetweenhost anddrive, shall be asserted by the
drive when it is ready to transfer data to fstom the host. Thalirection of data transfer is
controlled by-HIOR and-HIOW. This signal isused on ehandshake mannavith
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-DMACK. This signal is a3-state linewith 24mA sink capability and internallpulled-down
to GND through 10KOhm resister.

6.15.4.1 Interface Logic Signal Levels

The interface logic signdtave thefollowing electrical specifications:

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

Outputs :  Output High Voltage 2.4V min.
Output Low Voltage 0.5 V max.

Figure 26.Logic Signal Levels
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6.15.4.2 Reset timings

HDD reset timing.

—HRESET
|<— T0 —>
BUSY XXXXXXX
< T1 >
PARAMETER DESCRIPTION Min Typ Max
(usec) |[(sec) |[(sec)
TO —HRESET low width 25 — —
Tl —HRESET high to Not BUSY — 6 18
Figure 27. SystemResettiming
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6.15.4.3 PIO timings
The PIO cycletimings meet Mode-3 of the ATAdescription.

-HCS0,-HCS1
+HAQ-2
|[<—T9—>|
<—T1->|< T0 > |
—HIOR, —HIOW
< T2 > < T2l > |
Write data
+HD00-15
< T3 >|<-T4—>|
Read data
+HD00-15
< T5 > —>|T6 |<—
=>| 17 |<= —>|T8 |<—
—HIOCS16
|<-TA—>
—> |TRD|<~
+HIORDY
|<—TB—> |
PARAMETER DESCRIPTION MIN MAX [Note
(nsec) [(nsec)
T0 Cycle time 180 - | *1
Tl | -HCS0-1, +HA00—02 valid to —HIOR,—HIOW active 30 -
T2 | —HIOR,—HIOW pulse width 80 -
T2l | —HIOR,-HIOW recovery 70 -
T3 | +HD00-15 setup to —HIOW high 30 -
T4 | —HIOW high to +HDO00 —15 hold 10 —
T5 | —HIOR low to +HDO00 —15 valid - 60 *2
T6 | —HIOR high to +HD00 —15 hold 5 -
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)+HIORDY may benegated when aycle time is lesgshan 200nsec.

Note *2) When+HIORDY is negated, TRD is applied instead of this value.

Figure 28. P1Ocycletimings
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6.15.4.4 DMA timings (Single Word)

The SingleWord DMA timing meetMode 2 of the ATAdescription.

+DMARQ ~ — | |
<—T1—>|
< TO >
—>|T7 |<— —>|T8 |[<—
—HIOR/-HIOW | |
< T2 >
<—T3—> | —>| T4 |<—
READ DATA
|< T5 > T6 [<—
WRITE DATA
PARAMETER DESCRIPTION MIN MAX [Note
(nsec) [(nsec)
T0 Cycle time 240 -
T1 | —DMA active to +DMARQ inactive - 80
T2 | —HIOR,-HIOW pulse width 120 -
T3 | —HIOR data access - 60
T4 | —HIOR data hold 5 -
T5 | —HIOW data setup 35 -
T6 | —HIOW data hold 20 -
T7 | —DMACK to —HIOR/—HIOW setu 0 -
T8 | —HIOR/-HIOW to —DMACK hol 0 -

Figure 29. DMA (SingleWord) cycle timings
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6.15.4.5 DMA timings (Multiword)

The Multiword DMA timing meetMode 1 of the ATAdescription.

DMARQ — |
‘<—T9—>|
~DMACK |
< T0 > = |T7 <~
—>|T6 |< T1 >|<—T8——>
—HIOR/-HIOW |
<-T2—>| = [T3|<-
READ DATA —
|<—T4—>[T5 |<—
WRITE DATA —
PARAMETER DESCRIPTION MIN MAX [Note
(nsec) [(nsec)
T0 Cycle time 180 -
T1 | —HIOR,-HIOW pulse width 80 -
T2 | —HIOR data access - 60
T3 | —HIOR data hold 5 -
T4 | —HIOW data setup 30 -
T5 | —HIOW data hold 15 -
T6 | —DMACK to —HIOR/—HIOW setu 0 -
T7 | —HIOR/-HIOW to —DMACK hol 5 -
T8 | —HIOR/-HIOW nagated pulse width 50 -
T9 | —HIOR/-HIOW to —DMARQ delay - 40

Figure 30. DMA (Multi Word) cycle timings
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6.15.4.6 Addressing of HDD Registers

The hostaddresses the driidirough a set ofegisters called th&@askFile. Theseregisters aranapped into
the host's I/Ospace. Twaochip select lines (-HCSO and -HCS1) atldreeaddress line¢HA00-02) are used

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

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

registers.

The followingtable shows the I/Gddressmap.

Addr. |-CSO|[-CS1|HA2|HAL1|HAO —IOR = 0 (Read) —I0W = 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 1110 | 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 31.TaskFile

Note: "Addr." field is shownjust as an example.
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6.0 Interface Specification

6.1 Conformance

The driveconforms to thereferenced specificationsyith the limitationsdescribed below.

Automatic Power Down SequenceéA hard resetwill disable theautomatic power dowisequence.

Format Track

Format Track Interleave Factor

Write long

SeekOverlap

Sleep Mode

Drive/Head Register

Auto Realloation Jumper

Write Cache Jumper

0 Copyright IBM Corp. 1994

A drive will not perform aphysicalformat. Instead iwill simply write a
data pattern of alkeros to the sectors which habeenspecified by the
FormatTrack command. Badectorflag which has been set by format
track commandwill be cleared by writecommand.(iewrite sectors, write
multiple, write DMA, write long) LBA mode forformat track is not sup-
ported.

The driveonly supports annterleave factor ofl:1, and mayignore the
sectornumber informat tablewithout returning an error.

Write long command should bexecuted for the same sectafter Read

long commandexecution. Otherwise, unexpected ECC correctable error
may occur. Because of the limitation of tleenulation technique to
support 4byte ECC mode which is implemented in tkeve.

The drivewill wait for the seek tocompletebefore interrupting thdost.
Therefore, noseekoverlap can occur. Thiwill be transparent to the host
exceptthat performance may bdegraded in certaienvironmentswvhere
the hostcould perform other workvhile waiting for seekcomplete, such
as multitasking operatingystems.

During Sleep mode the driveill be activated by anycommand,
including, but not limited to, a soft reset.

Bits 5 and 7 of Drve/HeadRegister are not written to 0. (These 2 bits
are always read as '1l' even afteystwrites to'0'..)

See Figure 32 ompage 42 for relation with write cache(+)Auto reallo-
cationjumper ischecked during thénitial power onreset(POR) check.
Write cache becomes offhen a jumper fothese pins is set automatically
to keep data integrity. (+)Auto reallocationjumper positionneeds to be
OPENwhen a usesystem wants to userite cache.

See Figure 32 omage 42 for relatiommong(+)autoreallocation
jumper and sefeaturescommand forwrite cache. (+)Write cache
jumper ischecked during thénitial POR check.
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Power On

P

0

R

C OPEN for No (NO write cache)

H +Write Cache

E Jumper?

C

T Yes (Write Cache ON)

Set Features Set Features Command Set Features Set Features Command

Enable Cache ON Disable Write Cache Enable Cache ON Disable Write Cache
(02h (82h) (02h) (82h)

Command Processed Command Processed Aborted Command Command Processed

Figure 32. Relation&\mong Write Cache/AutoReallocationJumpers Andwrite Cache

42 OEM Hard Disk Drive Specifications foDPEA-3xxxx



InterfaceSpecification 43



44 OEM Hard Disk Drive Specifications foDPEA-3xxxx



7.0 Registers

Address Input Register Output Register
1FO0h Data Data
1F1h Error Features
1F2h Sector Count Sector Count
1F3h Sector Number Sector Number
*LBA Bits 0 —7 *LBA Bits 0 —7
1F4h Cylinder Low Cylinder Low
*LBA Bits 8 —15 *LBA Bits 8 —15
1F5h Cylinder High Cylinder High
*LBA Bits 16 —23 *LBA Bits 16 —23
1F6h Drive/Head Drive/Head
[*LBA Bits 24 27 [*LBA Bits 24 27
1F7h Status Command
3F6h Alternate Status Device Control
3F7h Drive Address Not Used

Figure 33.Register Set

The hostuses the register interface tmmmunicate to and from thadrive. The registers are accessed

through the host poraddresseshown.

The host should notead or write anyregisterswhen the Statu®kegister BSY bit = 1.

Note: * meansneaningregisters in

LBAmode.

7.1 Alternate Status Register

Alternate Status Register

7 6
BSY | RDY

5 4 3
DWF | DSC | DRQ

2 1 0
COR ERR

Figure 34. Alternate StatuRegister

This registercontains the same information as the StaRegister. The onhdifference isthat reading this
registerdoes not implyinterruptacknowledge oclear apending interrupt. Se&.13,“StatusRegister” on
page 49 for the definition of the bits in thiegister.
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7.2 Command Register

This registercontains thecommandcode being sent to thdrive. Commandexecutionbegins immediately
after this register iswritten. Thecommand set is shown iRigure 40 onpage 57.

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

7.3 Cylinder High Register

In CHS mode this registercontains the high order bits of the startioglinder address for any disk access.
At the end of the commandhis register isupdated toreflect thecurrentcylinder number.

In LBA mode,this registercontainsBits 16-23 of the LBA. At the end of theommand this register is
updated toreflect thecorrect LBA Bits 16-23.

7.4 Cylinder Low Register

In CHS mode this registercontains the low order 8 bits of the startieglinder address for any disk access.
At the end of the commandhis 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.

7.5 Data Register

This register isused to transfedata blocks between thdevice data buffer and thigost. It isalso theregister
throughwhich sectorinformation istransferred on a Formatommand, anaonfiguration information is
transferred on an Identify Driveommand.

All data transfers are 16 bitwide, except for ECbyte transferswhich are 8 bitswide. Datatransfers are
P10 only.

The registercontainsvalid data only wherDR Q=1 in theStatusRegister.

7.6 Device Control Register

Device Control Register

7 6 5 4 3 2 1
- - - - 1 |SRST |-IEN

(e N e

Figure 35.Device Control Register
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Bit Definitions

SRST (RST) SoftwareReset. Thedrive is held reset wheRST=1. SettingRST=0 re-enables
the drive.

The host must séRST=1 and wait for ateast 5microseconds before setting
RST=0, toensurethat thedrive recognizes the reset.

-IEN Interrupt Enable.WhenlEN=0, and thedrive is selected, driventerrupts to the
hostwill be enabled. WhenlEN=1, or thedrive is not selected, drivinterrupts to
the hostwill be disabled.

7.7 Drive Address Register

Drive Address Register

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

Figure 36. Drive Addres®fegister

This registercontains thenverteddrive select andhead selecaddresses of theurrently selected drive.

Bit Definitions

HizZz High Impedance. This bit is nadriven andwill always be in a highmpedance state.
-WTG -Write Gate. This bit is 0 whenvriting to the disk drive is in progress.
-H3,-H2,-H1,-HO -HeadSelect. These four bits are thene's complement of theurrently selected

head. -HO is thdeast significant.

-DS1 -Drive Select 1. Drive select bit fordrive 1, activelow. DS1=0whendrive 1 (slave)
is selected and active.

-DSO0 -Drive Select 0. Drive select bit fordrive 0, activelow. DS0=0whendrive 0
(master) is selected and active.

7.8 Drive/Head Register

Drive/Head Register

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

——
—o

Figure 37.Drive/HeadRegister

This registercontains thedrive andhead numbers.
Bit Definitions

DRV Drive. WhenDRV=0, drive 0 (master) isselected. WhenDRV=1, drive 1 (slave)
is selected.
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HS3,HS2,HS1,HSO If L=0, HeadSelect. These four bits select the headimber. HSO is théeastsignif-
icant. IfL=1, HSOthrough HS3 contain bi24-27 of the LBA. Atcommand com-
pletion, these bits arapdated toreflect thecurrent LBA bits 24-27.

L LBA mode. This bitselects the mode afperation. WhenL=0, addressing is by
'CHS'mode. WhenL=1, addressing is byLBA' mode.

7.9 Error Register

Error Register

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

7 6
BBK | UNC

o ol

Figure 38.Error Register
This registercontains status from thiastcommandexecuted by the drive, or a diagnostiode.
At the completion of anjcommandexcept Execute Drive Diagnostic, tlentents otthis register are valid.

Following a power on, aeset, orcompletion of an Execut®rive Diagnosticcommand this registercon-
tains a diagnostic code. S&égure 69 onpage 96 for the definition.

Bit Definitions

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

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

IDNF (IDN) ID Not Found. IDN=1 indicates the requested sector's fibld could not be found.

ABRT (ABT) AbortedCommand. ABT=1 indicates the requestatbmmand hadeen aborted
due to a drivestatus error or afnvalid parameter in amutputregister.

TKONF (TON) Track 0 NotFound. TON=1 indicatestrack 0 was not foundiuring 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.

7.10 Features Register

This register isused with the Set Féarescommand to set théature. See Set Bgurescommand
description for parameters.
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7.11 Sector Count Register

This registercontains thenumber ofsectors of data requested to be transferred on a read or egéeation
between théhost and thalrive. If the value in theegister is set to 0, aount of 256sectors isspecified.

If the register iszero atcommandcompletion, thecommand wasuccessful. If not successfulompleted,
the registercontains thenumber ofsectors which need to be transferredoirder to complete the request.

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

7.12 Sector Number Register

This registercontains the starting sectaumber for anydisk data access for thmubsequentommand. The
sectornumber may bdrom one to themaximum number ofectors per track.

See the commandescriptions forcontents of theegister attommandcompletion (whethesuccessful or
unsuccessful).

7.13 Status Register

Status Register

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

Figure 39. StatuRegister

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

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

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

Bit Definitions

BSY Busy. BSY =1 whenever thdrive is accessing the registers. Thest should not
read or write anyregisters wherBSY=1. If thehostreads anyegister when
BSY=1, thecontents of the StatuRegisterwill be returned.

DRDY (RDY) Drive Ready. RDY =1 indicatesthat thedrive is capable of responding to a
command. RDYwill be set to Oduring power on until thedrive is ready toaccept a
command.

DWF Drive Write Fault. DWF =1 indicatesthat thedrive hasdetected a write faultondi-

tion. DWF is set to (after theStatus Register is read by tlnst.
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DSC

DRQ

CORR (COR)

IDX

ERR

Drive SeekComplete. DS C=1 indicatesthat aseek hasompleted and thdrive
head issettled over a track When anerror occurs, this bit is not changed until the
Status Register is read by thest, at which time the biagain indicates theurrent
seekcomplete status.

DataRequest. DRQ=1 indicatesthat thedrive is ready to transfer word or byte of
data between thhost and thalrive.

CorrectedData. COR=1 indicatesthat acorrectable data error wancountered and
the data has beegorrected using the driveBCC. Thesector buffercontains the
corrected data and multi-sector reartmtinue. The bit is set to 0 whencammand
is received.

During a multi-sectoreadverify operation, COR is set to 1 at the end of the opera-
tion if any of theverified sectorscontained a correctable error.

Index.IDX=1 once per revolution.SincelDX=1 only for avery short timeduring
each revolution, thénost may not see it set todven if thehost isreading the Status
Registercontinuously. Therefore thkost should not attempt to use IDX ftiming
purposes.

Error. ERR=1 indicatesthat anerror occurred during execution of the previous
command. The ErroRegister should be read to determine the error type. ditne
setsERR =0 when thenextcommand igeceivedfrom the host.
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8.0 Command Protocol

The commands argrouped intodifferent classesiccording to therotocolsfollowed for commandexe-
cution. Thecommandclasses withtheir associategrotocols aredefinedbelow.

For all commands, the host mufitst check ifBSY=1, and shoulgroceed no further unless anuohtil
BSY=0. For allcommandsxcept Execute Drive Diagnostics aiitialize Drive Parameters the hostust
also wait forRDY =1 before proceeding.

Interrupts arecleared when théostreads the Status Registéssues a reset, or writes to ti@mmand
Register.

Figure 70 onpage 99 shows thdrive timeoutvalues.

8.1 PIO Data In Commands

Thesecommandsare:

Identify Drive

ReadBuffer

Read Long

ReadMultiple

ReadSectors
Executionincludes the transfer of one anore 512byte (>512 bytes onReadLong) sectors of datdrom
the drive to thehost.

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

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

b. When asector (or block) of data iavailable for transfer to thlost, thedrive setsBSY=0, sets
DRQ=1, andinterrupts the host.

c. In response to the interrupt, thestreads the Status Register.

d. The drive clears thaterrupt in response to the StatRegister being read.

e. The hosteads one sector (dylock) of data via theData Register.

f. The drive setdD RQ =0 after the sector (oblock)has beeinransferred to théwost.
4. For the Read Long command:

a. The drive setBSY=1 andprepares for data transfer.

b. When thesector of data and ECC bytes are available for transfer tchtieg, thedrive setsBSY=0,
setsDRQ=1, andinterrupts the host.

c. In response to the interrupt, thestreads the Status Register.

d. The drive clears theterrupt in response to the StatRegister being read.
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e. The hosteads the sector afata and EC(hytes via theData Register.
f. The drive setdD RQ =0 after the ECC bytebave beerransferred to thdost.

The ReadMultiple commandtransfers onélock of data for eaclinterrupt. The othecommandsransfer
one sector oflata foreachinterrupt.

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

If the drive detects an invaliparameterthen itwill abort the command bgettingBSY=0,ERR=1,
ABT=1, andinterrupting the host.

If an uncorrectable error occurs, tldeive will set BSY=0, ERR=1, and DRQ=1. Thdrive will then
store the error status in therror Register, andnterrupt the host. Theegisters willcontain the location
(CHS) of thesector in error.

If an UncorrectabléDataError (UNC=1) occurs, thedefective data will baransferredfrom the media to
the sector buffer, andiill be available to be transferred to thmst, at the host's option. lecase ofRead

Multiple command, the host shoultbmpletetransfer theblock whichincludes error datérom the sector
buffer andterminate whatever kind of type of error occurred.

If an error occurghat iscorrectable by using thECC, the datawill be corrected and the transfeiill con-
tinue. Theresultwill appearike a normaltransfer excepthat thedrive will set COR=1 in the Status
Register.

If an error occurghat iscorrectable byretries, the datavill be corrected and the transferill continue
normally. Therewill be no indication to thehost that anyretry occurred.

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

8.2 PIO Data Out Commands

Thesecommandsare:
Format

- Write Buffer

« Write Long

« Write Multiple

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

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

2. The hostwrites thecommandcode to theCommandRegister.
3. The drive set8SY=1.
4. For each sector (or block) of data to transferred:

a. The drive setBSY=0 andDR Q=1 when it isready toreceive asector (or block).
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. The hostwrites one sector (oblock) of data via theData Register.
c. The drive set8SY =1 after it has received thsector (or block).
d. When thedrive has finished processing tlsector (or block), isetsBSY =0, andinterrupts the host.
e. In response to the interrupt, th@streads the Status Register.
f. The drive clears thénterrupt in response to the StatRegister being read.
5. For the WriteLong command:
a. The drive setBSY=0 andDR Q=1 when it isready toreceive asector.
b. The hostwrites one sector of data and ECC bytes via Deta Register.
c. The drive set8 SY =1 after it has received thsector and ECC bytes.

d. When thedrive has finished processing tlsector and ECC bytes, #etsBSY =0 andinterrupts the
host.

e. In response to the interrupt, th@streads the Status Register.

f. The drive clears thénterrupt in response to the StatRegister being read.

The Write Multiplecommandtransfers onélock of data for eaclinterrupt. The othecommanddransfer
one sector oflata foreachinterrupt.

If the drive detects an invaligarameterthen itwill abort the commanadfter the data transfer by setting
BSY=0,ERR=1,ABT=1, and interrupting théost.

If an uncorrectable error occurs, tlieive will set BSY=0 andERR=1, store the error status in therror
Register, andnterrupt the host. Theegisters willcontain the locatiofCHS) of thesector in error.

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

8.3 Non-Data Commands
Thesecommandsare:
Check PowemMode
Execute Drive Diagnostics
Idle
Initialize Drive Parameters
ReadVerify Sectors
Recalibrate
Seek
Set Features
Set Multiple
Sleep
Standby

Execution ofthesecommandsnvolves no data transfer.
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1. The hostwrites anyrequired parameters to the Features, Se€&ount, SectorNumber,Cylinder, and
Drive/HeadRegisters.

The hostwrites thecommandcode to theCommandRegister.
The drive set8SY=1.
When thedrive has finished processing ttemmand, itsetsBSY =0, andinterrupts the host.

In response to the interrupt, thestreads the SttusRegister.

o 0k~ w DN

The drive clears thenterrupt in response to the StatRegister being read.

8.4 DMA Data Transfer Commands

The Read/Write DMA protocodllows highperformance multi-tasking operatirgystems to eliminate
processor overhead associated with Riénsfers.

1. CommandPhase
a. Hostinitialize the Slave-DMA channel
b. Hostupdates the&CommandBlock Registers
c. Hostwritescommandcode to theCommandRegister
2. DataPhase
a. The Slave-DMA channegjualifies data transfers to arfdom drive with DMARQ
b. The Drive acknowledges a request wibiMACK
c. Registercontents are novalid during this phase
3. Status Phase
a. Drive generates amterrupt to the hos{HIRQ=1)
b. Hostresets theSlave-DMA Channel

c. Hostreads theStatus and ErroRegisters
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9.0 Command Descriptions

Command Hex Code Binar%_Code
It

76543210
Check Power Mode ES 11100101
Execute Drive Diagnostics 90 10010000
Format Track 50 01010000
Identify Drive EC 11101100
ldle E3 11100011
ldle Immediate El 11100001
Initialize Drive Parameters 91 10010001
Read Buffer E4 11100100
Read DMA Eretry) C8 11001000
Read DMA (no retry) C9 11001001
Read Long Eretry) 22 00100010
Read Long (no retry) 23 00100011
Read Multiple C4 11000100
Read Sectors Eretry) 20 00100000
Read Sectors (no retry) 21 00100001
Read Verify Sectors Eretry) 40 01000000
Read Verify Sectors (no retry) 41 01000001
Recalibrate 1x 0001 ———-—
Seek 7X 0111 ——---
Set Features EF 11101111
Set Multiple C6 11000110
Sleep E6 11100110
Standby E2 11100010
Standby Immediate EO 11100000
Write Buffer E8 11101000
Write DMA Eretry) CA 11001010
Write DMA (no retry) CB 11001011
Write Long Eretry) 32 00110010
Write Long (no retry) 33 00110011
Write Multiple C5 11000101
Write Sectors Eretry) 30 00110000
Write Sectors (no retry) 31 00110001

Figure 40.Command Set

Figure 40 shows theommands that are supported by tihéve. The followingsymbols are used in the
commanddescriptions:

Output Registers

0 Indicatesthat the bit must be set to 0.
1 Indicatesthat the bit must be set to 1.
D The drivenumberbit. Indicatesthat thedrive number bit of the Dnve/HeadRegister

should bespecified. Zero selects thanasterdrive and one selects the slave drive.

H Head number.Indicatesthat theheadnumber part of thédrive/HeadRegister is an
outputparameter and should epecified.

R Retry. Indicatesthat the Retry bit of theCommandRegister should bepecified.
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\% Valid. Indicatesthat the bit is part of amutputparameter and should Bpecified.

L This bit selects the mode afperation. WhenL=0, addressing is byCHS' mode. When
L=1, addressign is byLBA' mode.

X Indicatesthat the hexcharacter is not used.
- Indicatesthat the bit is notused.

Input Registers

0 Indicatesthat the bit isalways set to 0.

1 Indicatesthat the bit isalways set to 1.

H Head number.Indicatesthat theheadnumber part of the Dve/HeadRegister is arinput
parameter andavill be set by thedrive.

Y Valid. Indicatesthat the bit is part of an inpuparameter anavill be set to 0 or 1 by the
drive.

- Indicatesthat the bit is not part of an inpygarameter.

The commandlescriptionsshow the contents of the Status and ErRagisters after the drive haompleted
processing theommand and hasiterrupted the host.
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9.1 Check Power Mode

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count VVVVVVVY
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 41. Check PoweMode CommandE5h)

The Check PoweMode commandwill report whether tharive isspun up and thenedia isavailable for
immediateaccess.

Input Parameters From The Drive

Sector Count The power modeode. Thecommandreturns FFh in the Sectd@ountRegister if
the spindlemotor is atspeed and thdrive is not inStandby orSleepmode. Other-
wise, theSectorCount Registerwill be set to 0.
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9.2 Execute Drive Diagnostics

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 | — == - - - — —
Drive/Head 101 ——=—-—-~— Drive/lHead | - — - — - — — —
Command 10010000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BSY/RDY/ DWFDSC|DRQ|COR|IDX |ERR
ViV | V|V | V]|V | V]V ojo0ojo0|—-|—-1]0|—-10

Figure 42. Execute Drive Diagnosti€&ommand(90h)

The Execute Drive Diagnostiasommandperforms the internal diagnosttestsimplemented by thalrive.
The results of the test agored in theError Register.

The normal ErroRegister bit definitions do noapply to thiscommand. Instead, thaegistercontains a
diagnostic code. Seigure 69 onpage 96 for the definition.
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9.3 Format Track

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 VVVVVVVY Cylinder Low | — == — — — — —
Cylinder High VVVVVVVY Cylinder High | — == - - - — —
Drive/Head 101DHHHH Drive/lHead | - — - — - — — —
Command 01010000 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/ DWFDSC|DRQ|COR|IDX |ERR
0|00 |V]O]|V]O0]|oO O |V I V|V | -]0]|-]V

Figure 43.FormatTrack Command50h)

The FormatTrack commandformats asingletrack on thedrive. Eachsector ofdata on the trackvill be
initialized to zero. Any data previously stored on the trashl be lost.

The hostwrites a sectocontaining a format table to thdrive. Theformat table shouldontain twobytes

for each sector on the track to be formatted. Thst byte should contain descriptor value and the second
byte is ignored. The descriptor value should be 0 fgomd sector, and 80h for a bad sector. The descriptor
value of 20h is to unassign the alterndteation for this sector. And the descriptealue of 40h is for assign
this sector to an alternate location. The remaining bytes of the sémltowing the format table aregnored.

Output Parameters To The Drive

Cylinder High/Low The cylindernumber of thetrack to be formatted.
H The headhumber of thetrack to be formatted.
Input Parameters From The Drive

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

« The cylindernumber is notvalid.

- The headchumber is notvalid.
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9.4 Identify Drive

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 | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
Command 11101100 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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 44.ldentify Drive Command(ECh)
The ldentify Drivecommandrequests tharive to transferconfiguration information to théost. Thedrive

will transfer a sector to thkostcontaining the information in Figure 45. THdentify Drive information is
not affected by the Initializ&®rive Parametersommand.
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Figure 45 (Page 1 of 3)ldentify Drive Information

Word Content Description
00 045AH Drive classification, bit assignments:
— 15(=0):reserved fomon-magnetiarives
- 14(=0): format speed tolerance gap not required
- 13(=0): track offsetoption notavailable
- 12(=0): datastrobe offsebption notavailable
- 11(=0):rotationalspeed tolerance < =0.5%
— 10(=1):disk transferrate > 10 Mbps
- 9(=0): disk transferate not ( > 5 Mbps but < = 18Mbps)
— 8(=0): disk transferrate not (< = 5 Mbps)
- 7(=0): notremovablecartridge drive
- 6(=1): fixed drive
— 5(=0): spindlemotor control option notimplemented
- 4(=1): headswitch time > 15 us
- 3(=1): not MFM encoded
- 2(=0): notsoft sectored
- 1(=1): hardsectored
- 0(=0): reserved
01 1024 Number ofCylinders. (fordrives of CHS=1024:16:63)
1050 Number ofCylinders. (fordrives of CHS=1050:16:63)
1574 Number ofCylinders. (fordrives of CHS=1574:16:63)
2100 Number ofCylinders. (fordrives of CHS=2100:16:63)
02 0 reserved
03 16 Number ofheads. (fordrives of CHS=1024:16:63)
16 Number ofheads. (fordrives of CHS=1050:16:63)
16 Number ofheads. (fordrives of CHS=1574:16:63)
16 Number ofheads. (fordrives of CHS=2100:16:63)
04 34398 Number ofunformattedbytes per track.
05 546 Number ofunformattedbytes per sector
06 63 Number ofsectors per track. (fodrives of CHS=1024:16:63)
63 Number ofsectors per track. (fodrives of CHS=1050:16:63)
63 Number ofsectors per track. (fodrives of CHS=1574:16:63)
63 Number ofsectors per track. (fodrives of CHS=2100:16:63)
07-09 0 VendorUnique
10-19 XXXX Serialnumber in ASCII
20 0003H A dual ported, multi-sectobuffer capable of simultaneousansferswith a
read caching.
21 0380H Buffer size in512-byte increments
22 0010H Number of ECCbytes

CommandDescriptions 63



Figure 45 (Page 2 of 3)ldentify Drive Information

Word Content Description

23-26 XXXX Microcoderevision (ASCII)

27-46 DPEA-30540 Model number in ASCII. (for drives of CHS=1024:16:63)
DPEA-30540 Model number in ASCII. (for drives of CHS=1050:16:63)
DPEA-30810 Model number in ASCII. (for drives of CHS=1574:16:63)
DPEA-31080 Model number in ASCII. (for drives of CHS=2100:16:63)

47 0020H Number ofsectorsthat can beransferred peinterrupt onRead and

Write Multiple commands

48 0000H cannotperform doubleword 1/0

49 OFOOH IORDY, LBA and DMA aresupported

50 0000H Reserved

51 0300H P10 datatransfercycletiming mode 3 issupported

52 0200H DMA data transfercycletiming mode 2 issupported

53 0003H Words54-58 are valid.

54 Number ofcurrentcylinders

55 Number ofcurrent heads

56 Number ofcurrentsectors per track

57 Low Word of Currentcapacity in sectors

58 High Word of Currentcapacity in sectors

59 01xxH Multiple SectorSetting is Valid. xx = currentsetting formultiple com-

mands.
0000H Multiple SectorSetting is no valid.

60 26COH Low Word of Number ofLBAs. (for drives of CHS=1024:16:63)
26COH Low Word of Number ofLBAs. (for drives of CHS=1050:16:63)
35E8H Low Word of Number ofLBAs. (for drives of CHS=1574:16:63)
4D80OH Low Word of Number ofLBAs. (for drives of CHS=2100:16:63)
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Figure 45 (Page 3 of 3)ldentify Drive Information

Word Content Description
61 0010H High Word of Number ofLBAs. (for drives of CHS=1024:16:63)
0010H High Word of Number ofLBAs. (for drives of CHS=1050:16:63)
0018H High Word of Number ofLBAs. (for drives of CHS=1574:16:63)
0020H High Word of Number ofLBAs. (for drives of CHS=2100:16:63)
62 0x07H Singleword DMA Mode 2 issupported. The high order byte contains b
sets to indicatevhich mode isactive.
63 0x03H Multiword DMA Mode 1 issupported. The high order byte contains bit
sets to indicatavhich mode isactive.
64 0001H PIO mode 3 is supported.
65 00B4H Minimum multiword DMA cycle time is180ns.
66 0096H Recommendednultiword DMA cycle time is 150ns.
67 00C8H Minimum P10 transfercycle timewithout flow control is200ns.
68 00B4H Minimum P10 transfercycle timewith IORDY flow control is180ns.
69-128 0000H reserved
129 000xH « Vendor unique bitassignments for current sttatures andther
setting status:
- Bit 15-4: (=0) reserved
- Bit 3: auto reallocatiof0=0OFF,1=0N)
- Bit 2: revertingpower ondefault(0=OFF,1=0N)
— Bit 1: read lookahead(0=OFF,1=0N)
- Bit O: write cache (0=0OFF,1=0N)
130-255 0000H reserved
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9.5 Idle

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 | - - - - - —-——
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100011 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0
BBK{UNC| O [IDN| O |ABT|[TON|AMN
0 (0000 ]V |O0O]|O

716 |5 (432 ]1]0
BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
o |vi|o |V | —10]—-1]V

Figure 46.ldle Command(E3h)

The Idlecommandcauses the drive tenter Idlemode. Thedrive isspun up tooperatingspeed. If the
drive is alreadyspinning, the spin up sequence is not executed. filmeout parameter may besed to

enable theautomatic power dowmsequence.

During Idle mode the drive ispun up andeady torespond to host commands, bexecution may take

slightly longer becaussomedrive circuitry must bereactivated.

Output Parameters To The Drive

Sector Count

TimeoutParameter. lzero,then the automatic power dowsequence is disabled. If

non-zero, then the automatic power dowaquence is enabled, and thmeout

interval is set to thélimeoutParametetimes 5, in seconds, for the value ranfgem

12 to 255. If the value is 1 to 11, thEimeoutParameter is 68econds.

When the automatipower downsequence is enabled, tlleive will enter Standby
mode automatically if theimeoutinterval expireswith no drive accessrom the host.
The timeoutinterval will be reinitialized ifthere is adrive accesbefore thetimeout

interval expires.
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9.6 Idle Immediate

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ———— —— — — Error | -=-=-===—-=
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
Command 11100001 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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 47.ldle ImmediateCommand(E1h)
The ldleImmediatecommandcauses the drive to s&SY, enter theldle Mode, clearBSY, andgenerate an

interrupt. When theldle Immediatecommand igeceivedduring theStandby mode, thdrive will spin up
to becomeready to execute drivaccessommand withoudelay.
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9.7 Initialize Drive Parameters

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 | — == - - - — —
Drive/Head 101DHHHH Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o100 | —-|—-1]01|~-1]V

Figure 48. Initialize DriveParametersCommand(91h)

The Initialize DriveParametereommandenables thénost to set the number afectors per track and the
number ofheadsminus 1, percylinder. However when thalrive of DPEA-30540 is set to 528 MB by
removing ajumper for JP7, a number daylider is fixed to 1024.

Output Parameters To The Drive

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

H The number oheadsminus 1 percylinder. Theminimum is 0 and the maximum is
15.
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9.8 Read Buffer

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 | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 49.ReadBuffer Command(E4h)

The ReadBuffer commandtransfers a sectdrom the sector buffer to thénost. Thesector is transferred
through 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 theector may balifferent if any reads or writehave occurresgince theWrite Buffer
command wasssued.
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9.9 Read DMA

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
VI io|o0o |V ]0o]|Vv|i0o]o0 o (V| V|V |—=1]0]-1]V

Figure 50.Read DMA CommandC8h/C9h)

This commandexecutes in a similamanner to the Rea8ectorscommandexcept for the following:

« The hostinitialize a slave-DMA channel prior tassuing thecommand.

. data tranfers are qualified blPMARQ and areperformed by the slave-DMA channel.

- the drive issue®nly one interrupt pecommand toindicatethat datatransfer hagerminated and status

is available.

Any unrecoverable error encountered during execution Bead DMA commandesults in thetermination
of datatransfer. The Drivassues annterrupt toindicatethat datatransfer hagerminated and Status is

available in theError register. Theerror posting is the same #élsat for theread sectoreommand.

Output Parameters To The Drive

Sector Count

Sector Number
Cylinder High/Low
H

R
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The number oftontiguoussectors to be transferred. If zerospecified,then 256

sectors are transferred.

The sectomumber of thefirst sector to be transferred.

The cylindernumber of thefirst sector to be transferred.

The headnumber of thefirst sector to be transferred.

The retry bit. If set to onethenretries are disabled.




Input Parameters From The Drive

Sector Count The number ofequested sectors not transferretlhis will be zero, unless amnre-
coverable error occurs.

Sector Number The sectomumber of thelast sector transferred.
Cylinder High/Low The cylindernumber of thelast sector transferred.

H The headhnumber of thelast sector transferred.
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9.10

Read Long

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
VI io|o |V ] o]V o]V o (v 0|V |{—=1]0|-1]V

Figure 51.ReadLong Command(22h/23h)

The Read Long commankquests thdile to transfer the data and ECC bytes of the designated séwior
the drive to thehost.

After 512 bytes of data havieeentransferred, the drivavill set DRQ=1 toindicatethat thedrive is ready to
transfer the ECC bytes to theost. The data isransferred 16 bits at a time, and the ECC bytes are trans-

ferred 8bits at a time.

Output Parameters To The Drive

Sector Count

Sector Number
Cylinder High/Low
H

R

The number ofcontiguoussectors to be transferred. The Sec@runtmust be set
to one.

The sectomumber of thesector to be transferred.
The cylindernumber of thesector to be transferred.
The headhumber of thesector to be transferred.

The retry bit. If set to onethenretries are disabled.

Input Parameters From The Drive

Sector Count
Sector Number

Cylinder High/Low

The number ofequested sectors not transferred.
The sectomumber of thesector transferred.

The cylindernumber of thesector transferred.
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The headhumber of thesector transferred.

CommandDescriptions 73



9.11

Read Multiple

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
Vivi o]V ]0]VvV]0]|V o (V| 0|V |-V ]-]V

Figure 52.ReadMultiple Command(C4h)

The ReadMultiple commandtransfers one omore sectorsfrom thedrive to thehost. Thesectors are
transferredthrough theData Register 16 bits at a timeCommandexecution isdentical to theReadSectors
commandexceptthat aninterrupt isgenerated for eachlock (asdefined by the SeMultiple command)
instead of for each sector.

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

Sector Count The number oftontiguoussectors to be transferred. If zerogpecified,then 256

sectorswill be transferred.
Sector Number The sectomumber of thefirst sector to be transferred.
Cylinder High/Low The cylindernumber of thefirst sector to be transferred.
H The headhumber of thefirst sector to be transferred.
Input Parameters From The Drive

The number ofequested sectors not transferred. Twili be zero, unless amnre-
coverable error occurs.

Sector Count

Sector Number The sectomumber of thelast sector transferred.

Cylinder High/Low The cylindernumber of thelast sector transferred.

H The headhumber of thelast sector transferred.
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9.12

Read Sectors

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
Vivi o]V ]0]VvV]0]|V o (V| 0|V |-V ]-]V

Figure 53.ReadSectorsCommand(20h/21h)

The ReadSectorscommandtransfers one omore sectorsfrom thedrive to thehost.

Thesectors are trans-

ferredthrough theData Register 16 bits at a time.

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

Output Parameters To The Drive

Sector Count

Sector Number
Cylinder High/Low
H

R

The number of contiguousectors to be transferred. If zerospecified,then 256
sectorswill be transferred.

The sectomumber of thefirst sector to be transferred.
The cylindernumber of thefirst sector to be transferred.
The headnumber of thefirst sector to be transferred.

The retry bit. If set toone, thenretries are disabled.

Input Parameters From The Drive

Sector Count

Sector Number
Cylinder High/Low
H

The number ofequested sectors not transferretlhis will be zero, unless amnre-
coverable error occurs.

The sectomumber of thelast sector transferred.
The cylindernumber of thelast sector transferred.

The headhumber of thelast sector transferred.
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0.13 Read Verify Sectors

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
Vivi o]V ]0]VvV]0]|V o (V| 0|V |-V ]-]V

Figure 54.ReadVerify SectorsCommand(40h/41h)
The ReadVerify Sectorsverifies one ormore sectors on the drive. No data is transferred to hlost.

If an uncorrectable error occurs, the reaatify will be terminated at thdailing sector.
Output Parameters To The Drive

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

Sector Number The sectomumber of thefirst sector to beverified.
Cylinder High/Low The cylindernumber of thefirst sector to beverified.
H The headhumber of thefirst sector to beverified.

R The retry bit. If set to onethenretries are disabled.
Input Parameters From The Drive

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

Sector Number The sectomumber of thelast sectorverified.
Cylinder High/Low The cylindernumber of thelast sectowerified.

H The headhumber of thelast sectowverified.
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9.14

Recalibrate

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 | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 0001 ——-—~— Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |V ]O o |vi|o |V | —10]—-1]V

Figure 55. Recalibrat€ommand(1xh)

The Recalibrateommandmoves the read/write heads from anywhere ondtsk to cylinder 0. If the drive

cannotreach cylinder 0, TONTrack 0 Not Faind) will be set in theError Register.
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9.15 Seek

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 VVVVVVVY Cylinder Low | — = = — — — — —
Cylinder High VVVVVVVY Cylinder High | — == - - - — —
Drive/Head 1LIDHHHH Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
0|00 |V]O]|V]O0]|oO o |V |0 |V | —-]0]|-1]V

Figure 56. SeekCommand(7xh)

The Seekcommandinitiates a seek to the designatedck andselects thedesignatechead. Thedrive will
wait for the seek tocompletebefore settingBSY=0, DSC=1, andssuing theinterrupt.

Output Parameters To The Drive
Cylinder High/Low The cylindernumber of theseek.
H The headhumber of theseek.

78 OEM Hard Disk Drive Specifications foDPEA-3xxxx



9.16

Set Features

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature VVVVVVVY Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ————— —
Sector Number | — = - - - - - — Sector Number | — = - - - - - —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
Command 11101111 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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O oV i|io|—-|—-1]10|-1]V

Figure 57. Set FeatureSommand(EFh)

The Set Featuresommand isused by thehost toestablish the followingparameters whiclaffect the exe-
cution of certaindrive features ashown inFigure 58. If thevalue in theregister isotherthan onedefined
in the table, thedrive posts an AborteCommandError.

Figure 58. SefFeature Parameters
Description
02h EnableWrite Cache
03h Set TransfeMode based on value in Sect@ounterRegister
44h Vendor uniquedength of ECC onReadLong/Write Longcommand
55h Disable readook-aheadfeature
66h Disablereverting topower ondefaults
82h Disable WriteCache
AAh Enablereadlook-aheadfeature
BBh 4 bytes of ECC apply oiReadLong/Write Long commands
CCh Enablereverting topower ondefaults
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At power on, orafter ahardwarereset, the default mode @2h,66h,0AAh and 0BBh. Asetting of 66h
allows settingsvhich may have beemodified sincepower on to remain at the sansetting after a soft reset.

A host canchoose thdransfermechanism by SetransferMode andspecifying avalue in the Secto€Count
Register. Theupper 5bits define the type ofransfer and the lovorder 3 bits encode the modmlue:

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 or 011)
Single word DMA mode x 00010 nnn (nnn=000,001 or 010)
Multiword DMA mode x 00100 nnn (nnn=000 or 001)

where 'nnn' is a valid mode number in binary bit for the associated
transfer type.
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9.17 Set Multiple

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ————— —
Sector Number | — = - - - - - — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 59. SeMultiple Command(C6h)

The Set Multiplecommandenables thalrive to performRead andWrite Multiple commands an@stab-
lishes theblock size forthesecommands. Thdlock size is thenumber ofsectors to be transferred for each
interrupt.

At power on, orafter ahardwarereset, the default mode Read andWrite Multiple disabled. If Disable
Default has been set in the FeatuRRegisterthen the modeemains the same dbatlast establishegbrior
to a soft reset, otherwise it reverts to the default of disabled.

If an invalid block size is specified, ambort error will be returned to the host, anfeadMultiple and Write
Multiple commandswill be disabled.
Output Parameters To The Drive

Sector Count. The blocksize to beused forReadMultiple and Write Multiplecommands. Valid
block sizes are 0, 2, 4, 8, 16, and 32. If O is specified, tiRadMultiple and Write
Multiple commands arelisabled.
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0.18 Sleep

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 | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 60. SleepCommand(E6h)
The Sleepcommandcauses the drive tenterSleepmode,which is its minimal powemode. If thedrive is
not alreadyspun down, thespin down sequence is executedfter the drive hasstopped, BSY is set to 0,

and the host isnterrupted.

During theSleep mode the driveill respond to commands, btitere may be alelay while waiting for the
spindle to reach operatingpeed.
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9.19

Standby
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 | - - - - - - - —
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100010 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |O0O]|O o |vi|o |V | —10]—-1]V

Figure 61. Standbyommand(E2h)

The Standbycommandcauses the drive tenter the Standbivode.

When theStandby mode igntered, thalrive isspun down but thénterfaceremainsactive. If the drive is

alreadyspun down, thespin down sequence is not executed.

During the Standby mode thdrive will respond to commands, btitere may be aelay while waiting for

the spindle to reach operatirgpeed.

If the SectorCountRegister isnon-zero then the automatic power dowequencehall beenabled and the
timer will begincounting down when thdrive returns toldle mode. If theSectorCountRegister is zero

then the automatic power dowsequenceshall be disabled.

Output Parameters To The Drive

Sector Count

TimeoutParameter. lzero,then the automatic power dowsequence is disabled. If

non-zero, then the automatic power dow@quence is enabled, and ttimeout

interval is set to thélimeoutParametetimes 5, in seconds, for the value ranfgem

12 to 255. If the value is 1 to 11, thEimeoutParameter is 68econds.

When the automatipower downsequence is enabled, thieive will enter Standby
modeautomatically if thetimeoutinterval expireswith no drive accessrom the host.
The timeoutinterval will be reinitialized ifthere is adrive accesbefore thetimeout

interval expires.
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0.20 Standby Immediate

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ———— —— — — Error | -=-=-===—-=
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 62. Standby Immediat@ommand(EOh)

The Standby Immediateommandcauses the drive to s&SY, enter the Standbiode, clearBSY, and
generate annterrupt. Thespindlewill be stopped toreduce thepowerusage. TheHost interface is always
ready toreceive acommandfrom the host. Any mediaccesssommandwill cancel theStandby mode. The
host isrequired to resend th8tandby Immediateommand tospin down thedrive.
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90.21 Write Buffer

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 | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
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/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 63. WriteBuffer Command(E8h)

The Write Buffer commandtransfers a sector of dafaom the host to thesector buffer. The sectors are
transferredhrough theData Register 16 bits at a time.

The ReadBuffer andWrite Buffer commands arsynchronized suckhat sequential WriteBuffer andRead
Buffer commandsaccess thsame 512 byte withimuffer.
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9.22 Write DMA

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
VI io|o0o |V ]0o]|Vv|i0o]o0 o (V| V|V |—=1]0]-1]V

Figure 64. Write DMACommand(CAh/CBh)

This commandexecutes in a similamanner to thewrite Sectorcommandexcept for the following:
« The hostinitialize a slave-DMA channel prior tassuing thecommand.
. data tranfers are qualified blPMARQ and areperformed by the slave-DMA channel.
- the drive issue®nly one interrupt pecommand toindicatethat data
transfer haderminated and status &vailable.
Any unrecoverable error encountered during execution of a Write Dédvhmandresults in thetermination

of datatransfer. The Drivassues annterrupt toindicatethat datatransfer hagerminated and Status is
available in theError register. Theerror posting is the same #élsat for thewrite sectorscommand.

Output Parameters To The Drive

Sector Count The number oftontiguoussectors to be transferred. If zerospecified,then 256
sectors are transferred.

Sector Number The sectomumber of thefirst sector to be transferred.
Cylinder High/Low The cylindernumber of thefirst sector to be transferred.
H The headhumber of thefirst sector to be transferred.

R The retry bit. If set to onethenretries are disabled.
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Input Parameters From The Drive

Sector Count The number ofequested sectors not transferretlhis will be zero, unless amnre-
coverable error occurs.

Sector Number The sectomumber of thelast sector transferred.
Cylinder High/Low The cylindernumber of thelast sector transferred.

H The headhnumber of thelast sector transferred.
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9.23 Write Long

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
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 0011001R 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/ DWFDSC|DRQ|COR|IDX |ERR
V0|0 |V |0 |V | 0[O0 O |V I V|V | -]0]|-]V

Figure 65. WriteLong Command(32h/33h)

The WriteLong commandequests thdile to transfer the data and ECC bytes of the designated séwior
the host to thalrive.

The data is transferred 16 bits at a time, and the ECC bytes are transferred 8 bits at a time.

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

Output Parameters To The Drive

Sector Count The number ofcontiguoussectors to be transferred. The Sec@runtmust be set
to one.
Sector Number The sectomumber of thesector to be transferred.

Cylinder High/Low The cylindernumber of thesector to be transferred.
H The headhumber of thesector to be transferred.

R The retry bit. If set to onethenretries are disabled.
Input Parameters From The Drive

Sector Count The number ofequested sectors not transferred.
Sector Number The sectomumber of thesector transferred.

Cylinder High/Low The cylindernumber of thesector transferred.

88 OEM Hard Disk Drive Specifications foDPEA-3xxxx



The headhumber of thesector transferred.
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9.24

Write Multiple

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
VI io|o0o |V ]0o]|Vv|i0o]o0 o (V| V|V |—=1]0]-1]V

Figure 66. WriteMultiple Command(C5h)

The Write Multiplecommandtransfers one omore sectorsfrom the host to thalrive. Commandexecution
is identical to the Write Sectorsommandexceptthat aninterrupt isgenerated for eachlock (asdefined by

the Set Multiplecommand)instead of for each sector. The sectors are transfatremugh theData Register
16 bits at a time.

If an uncorrectable error occurs, theite will be terminated at thdailing sector.
Output Parameters To The Drive

Sector Count The number oftontiguoussectors to be transferred. If zerogpecified,then 256

sectorswill be transferred.
Sector Number The sectomumber of thefirst sector to be transferred.
Cylinder High/Low The cylindernumber of thefirst sector to be transferred.
H The headhumber of thefirst sector to be transferred.
Input Parameters From The Drive

The number ofequested sectors not transferred. Twili be zero, unless amnre-
coverable error occurs.

Sector Count

Sector Number The sectomumber of thelast sector transferred.

Cylinder High/Low The cylindernumber of thelast sector transferred.

H The headhumber of thelast sector transferred.
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9.25 Write Sectors

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
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|DRQ|COR|IDX |ERR
VI io|o0o |V ]0o]|Vv|i0o]o0 o (V| V|V |{=1]0]-1]V

Figure 67. WriteSectorsCommand(30h/31h)

The Write Sectorcommandtransfers one omore sectorsfrom the host to tharive. The sectors are trans-
ferredthrough theData Register 16 bits at a time.

Whenwrite cache is disable, the writgill be terminated at thédailing sector if an uncorrectable error occurs.
Whenwrite cache is enableggutomaticreallocationwill be invoked at thefailing sector if an uncorrectable
error occurs and the writeill be completed normally.

Output Parameters To The Drive

Sector Count The number of contiguousectors to be transferred. If zerospecified,then 256
sectorswill be transferred.

Sector Number The sectomumber of thefirst sector to be transferred.
Cylinder High/Low The cylindernumber of thefirst sector to be transferred.
H The headhumber of thefirst sector to be transferred.

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

Sector Count The number ofequested sectors not transferretlhis will be zero, unless amnre-
coverable error occurs.

Sector Number The sectomumber of thelast sector transferred.
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Cylinder High/Low The cylindernumber of thelast sector transferred.

H The headhumber of thelast sector transferred.
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10.0 Reset

10.1 Power On Reset

After power on, thedrive performs hardware initialization aneikecutes itsnternal diagnostics.During this
time thespindle isspun up to itsoperatingspeed.

The registers are initialized ahown inFigure 68 onpage 96.

10.2 Hard Reset

A hardresetwill cause any task currently in progress todteorted. Thedrive will thenre-initialize its
internalvariables and execute itaternal diagnostics.

A hardresetoccurs when thédnostasserts the buRESET signal.

The registers are initialized ahown inFigure 68 onpage 96.

10.3 Software Reset

A software resetill cause any task currently in progress todlsorted. Thedrive will thenre-initialize its
internalvariables and execute itaternal diagnostics.

The registers are initialized ahown inFigure 68 onpage 96.

The host must sdDevice Control register bitRST=1 andwait for at least Smicroseconds before setting
RST=0, toensurethat thedrive recognizes the reset.

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

Figure 68. DefaulRRegister Values

After power on, hardeset, or software reset, thiegister values are initialized ahown inFigure 68.

Code Description

01h No error detected

02h Formatter device error

03h Sector buffer error

04h ECC circuitry error

05h Controller microprocessor error
8xh Slave drive failed

Figure 69. Diagnostic Codes

The meaning of thé&rror Register diagnostic codes resultifgm power on, hardeset or theExecute Drive
Diagnosticcommand are shown iRigure 69.
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11.0 Timings

FUNCTION INTERVAL START STOP TIMEOUT
Power On | Drive Busy After Power On Status Register 400 ns
Power On BSY=1
Drive Ready After Power On Status Register 31 sec
Power On BSY=0 and RDY=1
Software Drive Busy After Device Control Status Register 400 ns
Reset Software Reset Register RST=1 BSY=1
Drive Ready After Device Control Status Register 6 sec
Software Reset Register RST=1 BSY=0 and RDY=1
Hard Drive Busy After Bus RESET Signal Status Register 400 ns
Reset Hard Reset Asserted BSY=1
Drive Ready After Bus RESET Signal Status Register 31 sec
Hard Reset Asserted BSY=0 and RDY=1
Data In Drive Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt, DRQ For Status Register Status Register 10 sec
Data Transfer In BSY=1 BSY=0 and DRQ=1,
Interrupt
Drive Busy After 256th Read From Status Register 10 us
Data Transfer In Data Register BSY=1
Data Out Drive Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Data Request For Status Register Status Register 1 ms
Data Transfer Out BSY=1 BSY=0 and DRQ=1
Drive Busy After 256th Write From Status Register 5 us
Data Transfer Out Data Register BSY=1
Interrupt For Status Register Interrupt 10 sec
Data Transfer Out BSY=1
Non-Data Drive Busy After OUT to Command Status Register 700 us
Command Command Code Out Register BSY=1
Interrupt For Status Register Interrupt 6 sec
Command Complete BSY=1

Figure 70. TimeouWalues

The host mustlways give the drive sufficient time tperform eachcommand or commanghase.

Figure 70 shows theommands and commarghases, and thminimum timeoutintervalsthat the host
shouldwait before reporting an error. The abbreviatidins”, "us", "ms" and'sec"meannanoseconds,
microseconds, milliseconds and secon@spectively.
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The timeoutvaluesshown do notrelate tonormaldrive performance. They arebased on worstasecondi-
tions, with an addedafetymargin. Sincetimeoutconditionswill be very rareevents,hostperformancewill
not be affected by thaddedsafetymargin.

It is recommended that the host ugeocessor-independent timing loops, that the timeouintervalswill
still be validwhenfasterprocessors are implemented.

Whenissuing a software reset, thost must seDevice Control register bitRST=1 andwait for at least 5
microseconds before settilgST=0, toensurethat thedrive recognizes the reset.
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Appendix A. Cache

A.1 Read Look-Ahead

The drivekeeps the adaptive segmenteudiffers asread cache.

LeastFrequentUsedbuffer is discarded to save the newlgquested data.

A.2 Write Cache

When thewrite cache is enabled, write cache uses an adaptive segmientied. (The write cache is enabled
by checkingjumper setting atpower-on-reset period. And if th@mpersetting is for enabling write cache,
this can be enabled or disabled by sendingfeaturescommands.)

If the previouscommand iSWRITE, and theblock requested is consecutive to the previous,dhee
will return"COMPLETE" after all data is received in the drive buffer.
Soft reset isecommended teheck the actual datariting to media,i.e., soft reset is processed after the
previous writecommand(with cache) completes the actuatiting to media.
Certain power dowrduring Write Cache operation masesult inNon-recoverable errdater. Write to
the brokensectorwill recover this sector.

- Automaticreallocationwill be invoked at thefailing sector if a non-recoverable error occurs and the
write will be completed normally.
If the drive runs out of spares faeallocation, write cache and reallocatiwiil be turnedoff.
If the drive isunable to complete aached writeand/orreallocationaftergood status has been
returned,thalrive will not process anxommandsncluding a soft resetThis conditionwill be cleared at
poweron,or ahardwarereset.
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Appendix B. Index

A

ABRT 48

ABT 48

Alternate Status Register 45

AMN 48

AMNF 48

Auto RealloationJumper 41

Automatic PowerDown Sequence 41, 66, 83

B

BBK 48
BSY 49

C
Check PoweMode 53, 59
Command
Check PoweMode 59
Execute Drive Diagnostics 60
FormatTrack 41, 61
Identify Drive 62
Idle 66
Idle Immediate 67
Initialize Drive Parameters 68
ReadBuffer 69
Read DMA 70
Read Long 72
ReadMultiple 74
ReadSectors 75
ReadVerify Sectors 76
Recalibrate 77
Seek 41, 78
Set Features 79
Set Multiple 81
Sleep 82
SleepMode 41
Standby 83
Standby Immediate 84
Write Buffer 85
Write DMA 86
Write long 41, 88
Write Multiple 90
Write Sectors 91
CommandRegister 45
COR 50
CORR 50
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Cylinder High Register 46
Cylinder Low Register 46

D

D 57

Data Register 46

Device Control Register 46
Diagnostic Codes 48, 60, 96
DRDY 49

Drive Address Register 47
Drive/HeadRegister 41, 47
DRQ 50

DRV 47

DS0 47

DS1 47

DSC 49

DWF 49

E
ERR 50
Error Register 48
Diagnostic Codes 96
Execute Drive Diagnostics 53, 60

F

FeaturesRegister 48
Format 52
FormatTrack 41, 61

H

H 57,58
HO 47
H1 47
H2 47
H3 47
Hard Reset 95
HSO 47
HS1 47
HS2 47
HS3 47

Identify Drive 51, 62
Idle 53, 66



Idle Immediate 67
IDN 48

IDNF 48

IDX 50

IEN 47

Initialize Drive Parameters 53, 68

L

L 48,58

M

Master 47

P

Power On Reset 95

R

R 57

RDY 49

ReadBuffer 51, 69

Read DMA 70

Read Long 51, 72

ReadMultiple 51, 74

ReadSectors 51, 75

ReadVerify Sectors 53, 76

Recalibrate 53, 77

Register
Alternate Status Register 45
CommandRegister 45
Cylinder High Register 46
Cylinder Low Register 46
Data Register 46
Device Control Register 46
Drive Address Register 47
Drive/HeadRegister 47
Error Register 48
FeaturesRegister 48
Register Initialization 95
SectorCountRegister 48
SectorNumberRegister 49
StatusRegister 49

Register Initialization 95

Reset 41
Hard Reset 95
Power On Reset 95
Register Initialization 95
SoftwareReset 95

RST 47

S

Seek 41, 53,78
Set Features 53, 79
Set Multiple 53, 81
Slave 47

Sleep 53, 82
SleepMode 41
SoftwareReset 95
SRST 47
Standby 53, 83
Standby Immediate 84
Status Register 49

T
TON 48

TimeoutInterval 47, 95, 97
TimeoutParameter 66, 83
TKONF 48

U

UNC 48

\%

V 57,58

W
Write Buffer 52, 85
Write Cache 79, 91, 101
Write CacheJumper 41
Write DMA 86
Write long 41, 52, 88
Write Multiple 52, 90
Write Sectors 52, 91

Write Cache 79, 91, 101
WTG 47

X

X 58
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