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1.0 General

This documentescribes the specifications of the following IBM 3.5-inch, ATA interfdaad disk drives:

DTTA-351680 (16.8 GB) (5400 rpm )
DTTA-351350 (13.5GB) (5400 rpm )
DTTA-351290 (12.9 GB) (5400 rpm)

DTTA-351010 (10.1GB) (5400 rpm )
DTTA-350840 (8.4GB) (5400 rpm )
DTTA-350640 (6.4 GB) (5400 rpm )
DTTA-350430 (4.3GB) (5400 rpm )
DTTA-350320 (3.2GB) (5400 rpm )

DTTA-371440 (14.4GB) (7200 rpm)

DTTA-371290 (12.9GB) (7200 rpm )
DTTA-371010 (10.1GB) (7200 rpm )

Note: The specifications arsubject to changevithout notice.

1.1 Glossary

Word Meaning

Kbpi 1 000 Bit Per Inch

Mbps 1 000 000 Bit per second

GB 1 000 000 000 bytes

MB 1 000 000 bytes

KB 1 000 bytes

32 KB 32 x 1 024 bytes

64 KB 64 x 1 024 bytes

Mb/sq.in 1 000 000 bits per square inch
MLC MachineLevel Control
S.M.A.R.T. Self Monitoring andAnalysisReporting Technology

1.2 General Caution

The drive can be easildamaged by shocks or ES(Electric Static Discharge), so any damages applied to
the drive aftertaking outfrom shippingpackage an@pening ESD protective bag are useesponsibilities.
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2.0 General Features

Datacapacityl6.8GB - 3.2GB
Spindle7200 / 5400 rpm
Sectorformat of 512 bytes/sector
Closed-loop actuatoservo(EmbeddedSector Servo)
Dedicated headandingzone
- Automatic Actuator lock
Interleave factor 1:1
Seek time of 9.5msec inReadOperation
Segmented Sect@uffer 464 Kbytes
« Write Cache
Queuedfeaturesupport
On The Fly correction 12 Bytes
« Automatic ErrorRecovery procedures for read amdite commands
Self Diagnostics onPower on andesident diagnostics
DataTrandfer

- PIO - Mode 4 (16.6 MB/sec)
- Ultra DMA/33 (33.3MB/sec)

CHS and LBA mode
- TransparenDefectManagement with ADR (Automati®efectReallocation)
PowerSavingmodes
S.M.A.R.T.function support
Seculityfunction support

Default Logical HeadNumber (16 or 15kelectable witfjumper

0 Copyright IBM Corp. 1998
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Part 1. Functional Specification
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3.0 Drive Characteristics

This chapter provides theharacteristics of the drives.

3.1 Default Logical Drive Parameter

Default of logical drive parameters indentify Device data are as follows.

Figure 1. Default DriveParameters

Model Capacity | Word 1 Word 3 Word 6 Word 60-61 Customer Usable
(GB) (Cyl) (Head) (Sect/Trk) (LBA) Data Bytes

DTTA-351680 16.9 16383 16* 63 33,022,080 16,907,304,960
15

DTTA-351350 135 16383 16* 63 26,414,640 13,524,295,680
15

DTTA-351290 12.9 16383 16* 63 25,385,472 12,997,361,664
15

DTTA-351010 10.1 16383 16* 63 19,807,200 10,141,286,400
15

DTTA-350840 8.4 16383 16* 63 16,514,064 8,455,200,768
15

DTTA-350640 6.4 12592 16 63 12,692,736 6,498,680,832
13431 15*

DTTA-350430 4.3 8400 16 63 8,467,200 4,335,206,400
8960 15*

DTTA-350320 3.2 6296 16* 63 6,346,368 3,249,340,416
6715 15

DTTA-371440 14.4 16383 16* 63 28,229,040 14,453,268,480
15

DTTA-371290 12.9 16383 16* 63 25,385,472 12,997,361,664
15

DTTA-371010 10.1 16383 16* 63 19,746,720 10,110,320,640
15

(Clip Version) 9.1 16383 16* 63 17,803,440 9,115,361,280
15

Note:

« The values with * incolumn of Word 3(Head) of the abovéist indicate Ship Default.

« The default value ofNord 3 (Head) can bechanged byjumper.

For jumpersetting,refer to 6.3,"JumperSettings” on page 38.
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3.2 Data Sheet

DTTA-35xXXX

DTTA-37XXXX

Media TransferRate (Mb/sec)

92.2 - 163.7

111.6 - 175.6

Interface TransfeRate (MB/sec)

16.6 (PIOMode-4)
33.3 (UltraDMA/33)

16.6 (PIOMode-4)
33.3 (UltraDMA/33)

DataBuffer Size(KB) 464 464
RotationalSpeed(RP M) 5400 7200
Averagelatency (msec) 5.56 4.17
Recording Density{Kbpi) 196.1 max 178.1 max
Track Density(TPI) 13,700 13,700
Areal Density (Gb/sqg.in.) 2.687 max 2.440 max
Number of Zone 8 8
Number of DataDisks 5/4/3/3/2/2/1 5/5/4
Number of DataHeads 10/8/6/5/4/3/2 10/9/7

Servo Method

EmbededSector Servo

EmbededSector Servo

Figure 2. MechanicaPositioningPerformance
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3.3 Performance Characteristics

A file performance is characterized by tfa@lowing parameters:

« CommandOverhead
Mechanical Positioning
- SeekTime
— Latency
Data Transfer Speed
Buffering Operation(Look ahead/Writecache)

Note: All the above parameters contribute fite performance. There amether parameterthat contribute
to the performance of the actual system. Thpecification tries to define thbarefile characteristics, not the
systemthroughputwhich will depends on the system and the application.

3.3.1 Command Overhead

Commandoverhead iglefined as the time required:

- from thecommand iswritten into the commandregister by ahost

« to the assertion of DRQ for théirst data byte of a READcommand when theequested data is not in
the buffer

- exclude
— Physicalseek time
— Latency time

Command Type (File is in quiescencestate) Time(Typical) Time(Typical)
for Queued
command
Read(Cache noliit) (from CommandWrite to SeekStart) 0.60 msec 0.60 msec
Read(Cachdit) (from CommandWrite to DRQ) 0.10 msec 0.10 msec
Write (from CommandWrite to DRQ) 0.015msec 0.01 msec
Seek (from CommandWrite to SeekStart) 0.50 msec Not applicable

Figure 3. CommandOverhead

Note: The above tablgives anaveragetime.

3.3.2 Mechanical Positioning

3.3.2.1 Average Seek Time (Without Command Overhead, Including Settling)

Command Type Typical Max
Read 8.5 msec 9.5 msec
Write 9.5 msec 10.5 msec

Figure 4. MechanicaPositioningPerformance

"Typical" and "Max" aregiventhroughout theperformancespecification by;

Typical Average of the drivgpopulationtested athominal environmental andoltageconditions.
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Max Maximum value measured on any onérive over thefull range of theenvironmental and
voltageconditions. (Seesection onEnvironment and D.CPower Requirement.)

The seek time isneasured from the start ghotion of theactuator untila reliable read or write operation
may be started Reliable read or write implieshat error correction/recovery is not employed to correct for
arrival problems. TheAverage Seeklime is measured as theeighted average of afossibleseekcombina-
tions.

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

Weighted Average =
(max + 1) (max)

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

3.3.2.2 Full Stroke Seek (Without Command Overhead, Including Settling)

Function Typical Max
Read 15.0 msec 18.0 msec
Write 16.0 msec 19.0 msec

Figure 5. Full StrokeSeekTime

Full strokeseek ismeasured as thaverage of 1000 fulktroke seeks with arandom head switch from both
directions (inward anautward).

3.3.2.3 Head Switch Time (Head Skew)

DTTA-35xXXX DTTA-37XXXX

Head SwitchTime (Typical) 2.0 msec 1.8 msec

Figure 6. HeadSwitch Time

A head switch time is defined as thamount of timerequired by thefixed disk to completeseek the next
sequential traclafter reading the last sector in tlearrent track.

The measurememhethod isgiven in 3.3.5, “Thoughput” onpage 13.
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3.3.2.4 Cylinder Switch Time (Cylinder Skew)

DTTA-35xXXX DTTA-37XXXX

Cylinder SwitchTime (Typical) 3.4 msec 2.6 msec

Figure 7. CylinderSwitch Time

A cylinder switch time is defined as th@mount of timerequired by thefixed disk to completeseek the next
sequential bloclafter reading the ladtrack in the currentylinder.

The measurememhethod isgiven in 3.3.5, “Thoughput” onpage 13.

3.3.2.5 Single Track Seek Time (Without Command Overhead, Including Settling)

Function Typical Max
Read 1.7 msec 2.4 msec
Write 2.2 msec 2.9 msec

Figure 8. SingleTrack SeekTime

Singletrack seek ismeasured as thaverage of one (1) singleack seekfrom everytrack with arandom head
switch in both direction (inward andutward).

3.3.2.6 Average Latency

Model Time for a revolution Average Latency
DTTA-35xxxx 11.1 msec 5.56 msec
DTTA-37xxxx 8.3 msec 4.17 msec

Figure 9. Latency Time

3.3.3 Drive Ready Time

DTTA-35xxxx DTTA-37xxxx
Power On to Ready 13 sec (typical) / 31 sefmax) 18 sec (typical) / 31 sefmax)
Figure 10. DriveReadyTime
Ready The condition in which thedrive is able toperform a mediaaccesscommand(e.g.

read, write) immediately.
Power On This includes the time required for the interrsalf diagnostics.

Note: Max Power On toreadyTime is the maximum timeyeriod Device 0 waits up to for
Device 1 to asserPDIAG.
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3.3.4 Data Transfer Speed

Description

DTTA-35xXXX

DTTA-37XXXX

Disk-Buffer Transfer (Zone 0)

Instantaneous typical

15.2 Mbyte/sec

16.2 Mbyte/sec

Sustained - typical

12 Mbyte/sec

13 Mbyte/sec

Disk-Buffer Transfer (Zone 7)

Instantaneous typical

8.3 Mbyte/sec

10.1 Mbyte/sec

Sustained - typical

6 Mbyte/sec

8 Mbyte/sec

Buffer-Host (max)

33.3 Mbyte/sec

33.3 Mbyte/sec

Figure 11.Data Transfer Speed

Instantaneou®isk-Buffer TransferRate (Mbyte/sec) isderived by:
(Number ofSectors on a track) * 512 {Revolution/sec)

Note: Number ofsectors per trackvill vary because of the linear density recording.

Sustained Disk-Buffer TransfeRate (Mbyte/sec) isdefined by considerindiead/cylinder change time.
This gives alocal average data transfeate. It is derived by:

(Sustained TransfeRate) = A/(B+C+D)

A = (Number of DataSectors per Cylinder) * 512

B = (# of Surface per cylinder) - 1) {Head Switch Time)
C = (CylinderChange Time)

D = (# of Surface) *(One Revolution Time)

InstantaneoudBuffer-Host TransferRate (Mbyte/sec)defines themaximum datatransfer rate on AT

Bus. It also depends on the speed of timst.

The measurememhethod isgiven in 3.3.5, “Thoughput” onpage 13.
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3.3.5 Throughput

3.3.5.1 Simple Sequential Access

Operation DTTA-35xxxx DTTA-37xxxx
typical / max. typical / max.
SequentiaRead (Zone 0) 1.4 sec/ 1.5 sec 1.3 sec/ 1.4 sec
SequentiaRead (Zone 7) 2.6 sec/ 2.7 sec 2.2 sec/ 2.3 sec

Figure 12.Simple Sequential Acce®®erformance

The above tablagyives the timerequired to read for dotal of 8000x consecutive block$16,777,216bytes)
accessed by 1282adcommands. Typical and Maxvalues are given by105% and 110% of Trespectively
throughoutfollowing performance description.

Note: Assumes ahost system responds instantaneously drabt datatransfer is faster thasustained data
rate.

=A+B+ C +16,777,216/D + 512/E + DRQ
where:
Calculated Time (sec)

Command Process Time (Command overhead) (sec)
Average Seek Time (sec)

Average Latency (secR

Sustained Disk —Buffer Transfer Rate (byte/sec)
Buffer —Host Transfer Rate (byte/sec)

DRQ = Data ReQuest interval (sec)

T
T
A
B
C
D
E

3.3.5.2 Random Access

Operation DTTA-35xxxx DTTA-37xxxx
RandomRead (typical / max ) 63 sec / 66 sec 58 sec / 60 sec

The above tablgives the timerequired to execute total of 1000x read commandswhich access aandom
LBA.

T=(A+B+ C+ 512/D + 512/E + DRQ) * 4096
where:
T = Calculated Time (sec)
A = Command Process Time (Command overhead) (sec)
B = Average Seek Time (sec)
C = Latency (sec)
D = Average Sustained Disk —Buffer Transfer Rate (byte/sec)
E = Buffer —Host Transfer Rate (byte/sec)
DRQ = Data ReQuest interval (sec)
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3.3.6  Operating

Operating Mode
Spin-Up

Seek

Write

Read

ldle

Standby

Sleep

Notes:

Mode Definition

Description

Start up time period fronspindlestop or power down.
Seekoperation mode

Write operation mode

Readoperation mode

Spindlemotor andservo system are workingormally.
Commands can beeceived angrocessed immediately.

Spindlemotor isstopped.
Commands can beeceived mmediately, but write or readperationscannotbegin
until the spindle isspun-up and th&ervo system is ready.

Spindlemotor isstopped.
Only soft reset othardreset can change the mode standby.

1. Upon Power down oiSpindle stopped, a headocking mechanismwill secure theheads in the ID

parking position.

3.3.6.1 Mode Transition Time

From ---> To

DTTA-371440 DTTA-351680 DTTA-351010
DTTA-371290 DTTA-351350 DTTA-350840
DTTA-371010 DTTA-351290 DTTA-350640

DTTA-350430
DTTA-350320

Standby -->Idle

(sec) 14 (typical) / 31(max) | 12 (typical) / 31(max) | 10 (typical) / 31(max)

Idle --> Standby (sec) Immediately Immediately Immediately
Standby -->Sleep (sec) Immediately Immediately Immediately
Sleep -->Standby(sec) Immediately Immediately Immediately

Figure 13.Mode Transi

tion Time

Note: The actual spin down timwiill exist, however thecommandwill be processed immediately.
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4.0 Data Integrity

4.1 Data loss at Power Off

« The driveretains recorded datander all non-write operation.

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

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

Hard reset does not cause any débas.

4.2 Write Cache

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

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

- There are threavays to check if all data in the write cacl@ve beerflushed onto the diskChecking
just beforepower off is recommended to prevent ddéas.

— To confirm successfutompletion ofSoftwareReset.
— To confirm successfutompletion of FlushCachecommand.
— To confirm successfutompletion of Check PoweMode command.

4.3 Equipment Status

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

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

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

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

0 Copyright IBM Corp. 1998 15
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5.0 Physical Format

Media defects areremapped to the nexavailable sector during Forma®rocess in manufacturing.
mapping from LBA to thephysicallocations is calculated by an internadaintained table.

The

5.1 Shipped Format

Dataareas ar@ptimally used.

No extra sector is wasted as a spéneoughout user datareas.

« All pushesgenerated byefects areabsorbed byspare tracks of inner zone.

N N+1

Defect

N+2

Defect

N+3

Skip

Skip

Defects areskipped without any constraint, such &ack orcylinderboundary. Thecalculation from LBA tophysical

is doneautomatically by internal table.

Note: There ispossibility to reallocate sectors durirlyive usage including earlperiod. It is mainly caused

by handlingproblem, and theeallocation isnormal maintenance work dfard Disk Drive.

0 Copyright IBM Corp. 1998
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6.0 Specification

6.1 Electrical interface specification

6.1.1 Connectors

6.1.1.1 Power

The DC power connector idesigned tomate with AMP (part1-480424-0) using AMPpins (part350078-4)

strip or (part61173-4)loose piece, otheir equivalents. Pin assignments ateownbelow.

INFRNNES
>

Voltage
+ 12V
GND
GND
+ 5V

Figure 14. Power Connector Pikssignments
6.1.1.2 AT Signal Connector

The AT signalconnector is a&0-pin connector.

0 Copyright IBM Corp. 1998
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6.1.2 Signal Definition

The pin assignments of interfasggnals are listed as follows:

PIN SIGNAL [/10 Type PIN SIGNAL [/10 Type
01 —RESET I TTL 02 GND

03 DDO7 [/10 3—state 04 DD08 [/0 3—state
05 DD06 [/0 3—state 06 DD09 [/0 3—state
07 DD05 [/10 3—state 08 DD10 [/0 3—state
09 DD04 [/10 3—state 10 DD11 [/10 3—state
11 DDO03 [/10 3—state 12 DD12 [/10 3—state
13 DD02 [/O 3—state 14 DD13 110 3—state
15 DD01 [/O 3—state 16 DD14 110 3—state
17 DD00 [/10 3—state 18 DD15 [/0 3—state
19 GND (20) | Key

21 DMARQ 0 3—state 22 GND

23 -DIOW(*) I TTL 24 GND

25 —DIOR(* I TTL 26 GND

27 [ORDY (*) 0 3—state 28 CSEL I TTL
29 —DMACK I TTL 30 GND

31 INTRQ 0 3—state 32 | —HIOCS16 0 oC
33 DAO1 I TTL 34 —PDIAG [/10 oC
35 DAOO I TTL 36 DAO2 I TTL
37 —CS0 I TTL 38 —CS1 I TTL
39 | —DASP 110 oC 40 GND

Figure 15. Table okignals

Notes:

1
2
3
4
5

. "O" designates aputputfrom the Drive.

. "I" designates amnput to theDrive.

. "l/O" designates anniput/output common.

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

. The signal lineanarked with (*) areredefinedduring theUltra DMA protocol to provide specialfunc-
tions. Thesdines changefrom the conventional t@pecial definitions at thenoment the Hostecides to
allow a DMA burst, if the Ultra DMA transfer mode was previousbhosen via SetFeatures. The Drive
becomes aware of this changpon assertion of theDMACK line. Theselines revertback to their ori-
ginal definitionsupon thedeassertion ofDMACK at the termination of the DMA burst.

Special Definition Conventional Definition
(for Ultra DMA)
Write —DDMARDY IORDY
Operation HSTROBE -DIOR
STOP -DIOW
Read —HDMARDY -DIOR
Operation DSTROBE IORDY
STOP -DIOW

Figure 16. Signal Special Definitions fotJltra DMA
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DDO00-DD15

DAO0O-DAO2

-CSO

-CS1

-RESET

-DIOW
-DIOR

INTRQ

-HIOCS16

-DASP

-PDIAG

16-bit bi-directional data bus between thest and theHDD. The lower 8 lines,DD00-07,
are used for Register and ECéccess. All 16 linesDD00-15, areused for data transfer.
These are3-Statelines with 24 mAcurrentsink capability.

Address used to select the individualgister in theHDD.

Chip selectsignal generatedrom the Host addressbus. When active, one of theCommand
Block Registers(Data, Error{Features whewritten}, Sector Count, Sector Number, Cyl-
inder Low, Cylinder High, Drive/Head andStatus{Command whewritten} register) can be
selected.

(SeeFigure 29 on page 37 .)

Chip selectsignal generatedfrom the Host addressbus. When active, one of theControl
Block RegistergAlternate Status{Devic&Control whenwritten} and Drive Addresgegister)
can be selected.

(SeeFigure 29 on page 37 .)

This line isused to reset th&iDD. It shall bekept Low logic state duringpower up and
kept Highthereafter.

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

When low,this signalenables datdrom aregister or data register of the drive onto datas.
The data on the bus shall be latched on tising edge of -DIOR.

Interrupt isenabled only when thdrive is selected, and thlkost activates the-IEN bit in
the DeviceControl Reg. Otherwise, thisignal is in highimpedance stateegardless of the
state of the IRQ bit. Thénterrupt is set when the IRQ bit is set by thdeve CPU. IRQ is
reset to zero by dostread of the statusegister or a write to theCommandReg. This
signal is a3-Stateline with 24 mA sink capability.

Indication to the host that 46-bit wide data register habeenaddressed anthat thedrive
is prepared to send meceive al6-bit wide dataword. Thissignal is anOpen-Drainoutput
with 24 mA sink capability and an external resistor is needed to pulllthésto 5 volts.

This is a time-multiplexedsignal which indicatesthat adrive is active, orthat device 1 is
present. Thissignal is driven by Open-Draindriver and internallypulled-up to 5volts
through a 10R resistor.

During Power-Oninitialization or after-RESET isnegated,-DASP shall be asserted by
Device 1within 400 msec to indicateéhat device 1 ispresent. Device Ghall allow up to
450msec for device 1 to asse@ASP. If device 1 is notpresentdevice 0 may asserDASP
to drive a LEDindicator.

-DASP shall be negated followingcceptance of thérst valid command bydevice 1.
Anytime after negation ofFDASP, eitherdrive may assertDASP toindicatethat adrive is
active.

This signal shall be asserted lievice 1 toindicate todevice Othat it hascompleteddiag-
nostics. This line ipulled-up to 5volts in the HDDthrough a 10R resistor.

Following a Power On Resefsoftware reset orRESET, drive 1 shall negate-PDIAG
within 1 msec (to indicate talevice Othat it is busy). Drive 1lshall then assertPDIAG
within 30 seconds to indicatéhat it is nolonger busy, and is able to provide status.
Following thereceipt of a validExecute Drive Diagnosticeommand,device 1 shallnegate
-PDIAG within 1 msec to indicate talevice Othat it isbusy and has not ygiassed itgrive
diagnostics. Ifdevice 1 ispresent therdevice 0 shall wait up to 8econdsfrom the receipt
of a valid Execute Drive Diagnostickommand fordrive 1 to assertPDIAG. Device 1
shouldclear BSY before assertingPDIAG, as -PDIAG isused to indicatehat device 1 has
passed its diagnostics and is readyptmst status.

If -DASP was notasserted bydevice 1during reset initialization,device 0 shallpost its own
status immediatelyafter it completesdiagnostics, and clear thdevice 1 Status register to
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00h. Device 0 may beinable toacceptcommandsuntil it has finished its reseprocedure
and is read DRDY=1).

CSEL (Cable Select)(Optional)
The drive is configured as either Device 0 od&pendingupon thevalue of CSEL.

If CSEL isgrounded then théeviceaddress is 0.
If CSEL is open then theleviceaddress is 1.

KEY Pin position 20 has no connection pin. It is recommendedlose the respectivposition of
the cableconnector in order t@void incorrect insertion by mistake.

IORDY This signal isnegated to extend thieosttransfercycle when adrive is not ready taespond
to a data transfer request, and may be negated whemabketransfercycle is less than 240
nsec for P1O data transfer. This signal is apen-drainoutput with 24 mAsink capability
and an external resistor is needed to pull tlme to 5 volts.

-DMACK This signal shall beused by thehost in response tdDMARQ to either acknowledgethat
data has beenccepted, othat data isavailable.

This signal isinternally pulled-up to 5Voltthrough 15 K ohmresistor and the tolerance of
the resistor value is50% to +100%.

DMARQ This signal,used for DMA data transferbetweenhost anddrive, shall be asserted by the
drive when it is ready to transfer data to from the host. Thedirection of data transfer is
controlled by -HIOR and-HIOW. This signal is used on ahandshake manner with
-DMACK. This signal is a3-state line with24mA sink capability and internallpulled-down
to GND through 10 R resistor.

-HDMARDY (Ultra DMA)
This signal isused only forUltra DMA datatransfersbetweenhost anddrive.

-HDMARDY is a flow control signal for Ultra DMA data in bursts. Thissignal is held
asserted by théost toindicate to thedevicethat the host igeady toreceiveUltra DMA
data in transfers. Thénost may negate-HDMARDY to pause an Ultra DMA data in
transfer.

HSTROBE (Ultra DMA)
This signal isused only forUltra DMA datatransfersbetweenhost anddrive.

HSTROBE is the data oustrobesignalfrom the host for an Ultra DMA data outansfer.
Both therising and falling edge oHSTROBE latch the data from DD(15:0into the device.
The host may stopogglingHSTROBE topause an Ultra DMA data outansfer.

STOP (Ultra DMA)
This signal isused only forUltra DMA datatransfersbetweenhost anddrive.

STOP shall be asserted by theost prior to initiation of anUIltra DMA burst. STOP shall
be negated by thbostbefore data is transferred in ditra DMA burst. Assertion of STOP
by the hostduring or after data transfer in atltra DMA mode signals thetermination of
the burst.

-DDMARDY (Ultra DMA)
This signal isused only forUltra DMA datatransfersbetweenhost anddrive.

-DDMARDY is a flow control signal for Ultra DMA data outbursts. Thissignal is held
asserted by thelevice toindicate to thehost that thedevice isready toreceiveUltra DMA
data out transfers. Thdevice maynegate-DDMARDY to pause anUptra DMA data out
transfer.
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DSTROBE (Ultra DMA)
This signal isused only forUltra DMA datatransfersbetweenhost anddrive.

DSTROBE is the data instrobesignal from the device for anUltra DMA data in transfer.
Both therising and falling edge oDSTROBE latch the data from DD(15:0into the host.
The device maytoptogglingDSTROBE topause an Ultra DMA data itransfer.

Note : The terminationresistors at the devicgide areimplemented agollows :

Device Termination (implemented on HDBide)

33 ohm for DDO thru DD15DMARQ, INTRQ
82 ohm for -CS0, -CS1DA00, DA01, DA02, -DIOR,DIOW, -DMACK
22 ohm for IORDY

6.1.3 Interface Logic Signal Levels

The interface logic signal has the following 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.
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6.2 Signal Timings

6.2.1 Reset Timings

HDD reset timing.

—RESET
|<— T0 —>
BUSY XXXXXXX
< T1 >
PARAMETER DESCRIPTION Min Max
(usec) |(sec)
TO —RESET low width 25
Tl —RESET high to not BUSY — 31
Figure 17. SystemResettiming
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6.2.2 PIO Timings

The PIO cycletimings meetMode 4 of theATA-3 description.

—CS0,-CS1
+DA0-2
|[<—T9—>|
<—T1->|< T0 > |
-DIOR, -DIOW
< T2 > < T2l > |
Write data
+DD00-15
< T3 >|<=T4—>|
Read data
+DD00-15 |
|<—T5 >[T6 |<—
= | T7 |<- —|T8 |<—
—HIOCS16
|<-T10—>
+|ORDY
|<—T11—>|
PARAMETER DESCRIPTION MIN MAX |Note
(nsec) [(nsec)
T0 Cycle time 120 -
T1 | —CS0-1, +DA00—02 valid to -DIOR,-DIOW active 25 -
T2 | -DIOR,-DIOW pulse width 70 -
T2l | —DIOR,-DIOW recovery 25 -
T3 | +DD00-15 setup to —-DIOW high 20 -
T4 | -DIOW high to +DD00 —15 hold 10 —
T5 | +DD00-15 setup to —DIOR high 20 -
T6 | —DIOR high to +DD00 —15 hol 5 -
T7 | —CS0-1, +DA00—-02 valid to —HIOCS16 assertion - 40 1
T8 | —CS0-1, +DA00—-02 invalid to ~ —HIOCS16 negation - 30 1
T9 | -DIOR,-DIOW high to —CS0-1, +DA00—02 hold 10
T10| -DIOR,-DIOW low to +IORDY low - 35
T11| +IORDY pulse width - | 1250

Figure 18. P1Ocycletimings

Notes:

1. Apply to ATA-2 (mode0,1,2)
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6.2.2.1 Write DRQ Interval Time

For write sectors and writenultiple operations, 4i8ec is insertedrom the end of negation of the DRQ bit
until setting of the next DRQ bit.

6.2.2.2 Read DRQ Interval Time

For read sectors and read multipbperations, thanterval from the end of negation of the DRQ bit until
setting of the next DRQ bit is as follows;

In casethat a hostreads thestatusregister onlybefore the sector oblock transfer DRQ interval
DRQ interval ............ 51%sec.
In casethat a hostreads thestatusregister after or botlbefore and after the sector bfock transfer

DRQ interval ............ 14\4sec.
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6.2.3 DMA Timings
6.2.3.1 Single Word DMA Timings

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

|<—TC—> |
+DMARQ
< T0 >
-DMACK
=TI |<= —>|TJ|<~
—HIOR/-HIOW < 1D >
|<—TE—> | —>| TF [<—
READ DATA
|< TG >| TH |<—
WRITE DATA
[nsec]
PARAMETER DESCRIPTION MIN MAX |Note
T0 Cycle time 240 -
TC | -DMACK active to +DMARQ inactive - 80
TD | —HIOR,—HIOW pulse width 120 -
TE | —HIOR data access - 60
TF | —HIOR data hold 5 -
TG | —HIOW data setup 35 -
TH | —HIOW data hold 20 -
TI | -DMACK to —HIOR/-HIOW setu 0 -
TJ | —HIOR/-HIOW to —DMACK hol 0 -

Figure 19. SingleWord DMA cycle timings
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6.2.3.2 Multiword DMA Timings

The Multiword DMA timing meetsMode 2 of theATA-4 description.

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

Figure 20. Multiword DMA cycletimings
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6.2.4 Ultra DMA Timings

The Ultra DMA timing meetsMode 0, 1 and 2 of thaJltra DMA/33 -- a Poposal for a New Protocol in
ATA/ATAPI-4 (X3T13/1153D Revision 16)

6.2.4.1 Initiating Read DMA

DMARQ J
|<—Tui —> |
-DMACK
|[<Tack> |<Tenv> |
STOP
|[<Tack> [<Tenv> |
—-HDMARDY |<-———T2cye ————— > |
Tzrdy = |—|<— < Tfs —> |< Teye —> |< Teye —> |
DSTROBE |
Taz [<—>| |<—>|Tzad —> | Tdvs |Tdvh |<—
DB(15:00) xxxxxxxxxxxxxxx—xxx: RD Data :xxx: RD Data :xxx: RD Data
> |<
Host drives DB Device drives DB
[nsec]
MODEO MODE1 MODE?2
PARAMETER DESCRIPTION
MIN| MAX| MIN| MAX| MIN| MAX
Tui Unlimited interlock time . 0 - 0 - 0 -
Tack | Setup time before ~ —DMACK assertion 20 - 20 - 20 -
Tenv | Envelope time 200 70| 20| 70| 20| 70
Tzrdy | Wait time before driving DSTROBE 0 - 0 - 0 -
Tfs First strobe time 0] 230 0] 200 0] 170
Tcyc Cycle Time 114 -1 75 -1 55 -
T2cyc | 2 Cycle time 235 —| 156 —| 117 -
Taz Output release time —| 10 —| 10 —| 10
Tzad | Output enable time . . 0 - 0 - 0 -
Tdvs | Data setup time (at device side) 70 —| 48 - 34 -
Tdvh | Data Hold time (at device side) 6 - 6 - 6 -

Figure 21. Ultra DMAcycletimings (Initiating Read)
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6.2.4.2 Host Pausing Read DMA

DMARQ
—DMACK
STOP
<=Tsr—> |
—HDMARDY
| |< Trfs
DSTROBE
[nsec]
MODEO MODE1 MODE2
PARAMETER DESCRIPTION
MIN | MAX| MIN| MAX| MIN| MAX
Tsr Strobe to ready response time - 50 - 30 A
Trfs Ready to final strobe time - 75 - 60 —| 50

Note : When a host does not meet Tsr, it should be ready to receive 2
more strobes after —HDMARDY is negated.

Figure 22. Ultra DMAcycletimings (Host pausingRead)
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6.2.4.3 Host Terminating Read DMA

< Tli >
DMARQ
< Tmli > |
-DMACK
< Trp > | | |<-Tack —> |
STOP
| | <—Tack—> |
—-HDMARDY
|<—Trfs —>| |< Tli <—> |Trdyz
DSTROBE S
Taz |[<=>|  Tds |<—=>|<—=>|Tdh
] | | 1
DB(15:00) XXX RD Data XXXXXXXXXXXXXXXXX¥——XXX ~ CRC  XXXXXXXXXX
] | |
|<Tzah>
> <
Device drives DB Host drives DB
[nsec]
MODEO MODE1 MODE?
PARAMETER DESCRIPTION
MIN| MAX| MIN| MAX| MIN| MAX
Trfs Ready to final strobe time —-| 75 -| 60 - 50
Trp Ready to pause time 160 —| 125 —| 100 -
Tl Limited interlock time 0| 150 0| 150 0| 150
Taz Output release time - 10 - 10 - 10
Tzah | Output enable time 20 A A -
Tmli Interlock time 20 A - 20 -
Tds Data setup time (at device side) 15 - 10 - 7 -
Tdh Data Hold time (at device side) 5 - 5 - 5 -
Tack Hold time after —DMACK negation 20 - 20 - 20 -
Trdyz | Pull —up time before DSTROBE release A A A

Figure 23. Ultra DMAcycletimings (HostterminatingRead)
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6.2.4.4 Device Terminating Read DMA

|<—>|Tss
DMARQ
< Tmli > |
—-DMACK
<—Tli —>| |<-Tack —> |
STOP
| |<—Tlh —>| <—Tack—> |
-HDMARDY
| |< Tli <—> | Trdyz
DSTROBE S
|<—>|Taz Tds [<—> [<—=>|Tdh
E— E——
DB(15:00) XXXXX XXXXXXXXXXXXXXXXXXXXXX  CRC XXXXXXXXXX
_ I
|< Tzah >
> | <

Device drives DB

Host drives DB

PARAMETER DESCRIPTION

Tss Time from strobe to stop assertion
Tli Limited interlock time

Taz Output release time

Tzah | Output enable time

Tmli Interlock time

Tds Data setup time (at device side)

Tdh Data Hold time (at device side)
Tack Hold time after —DMACK negation
Trdyz | Pull —up time before DSTROBE release

[nsec]

MODEO MODE1 MODE2
MIN | MAX| MIN| MAX| MIN| MAX
50 —| 50 —| 50 -
0] 150 0] 150 0] 150
- 10 - 10 - 10
20 - 20 - 20 -
20 - 20 -1 20 -
15 - 10 - 7 -
5 - 5 - 5 -
20 - 20 - 20 -
- 20 - 20 - 20

Figure 24. Ultra DMAcycletimings (DeviceterminatingRead)
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6.2.4.5 Initiating Write DMA

DMARQ J
|<—Tui —> |

—-DMACK

|<Tack> |<Tenv> |
STOP

—Tzrdy = |—|<= |<-Tli —|

—DDMARDY | < Tocye — |

|<Tack> Tui |[<—> < Teye —> |< Teye —> |
HSTROBE

Tds [<—> |<—>|Tdh

DB(15:00) xxxxxxxxxxxxxxxxxxxxxxxxx* WT Data: xx:x WT Data: xx:x WT Data

< Host drives DB >

[nsec]

MODEO MODE1 MODE?

PARAMETER DESCRIPTION

MIN| MAX| MIN| MAX| MIN| MAX
Tui Unlimited interlock time 0 - 0 - 0 -
Tack | Setup time before ~ —-DMACK assertion 20 A - 20 -
Tenv | Envelope time 20 70| 20| 70| 20| 70
Tzrdy | Wait time before driving DSTROBE 0 - 0 - 0 -
Tli Limited interlock time 0| 150 0| 150 0| 150
Tcyc Cycle Time 114 —-| 75 —-| 55 -
T2cyc | 2 Cycle time 235 —| 156 —| 117 -
Tds Data setup time (at device side) 15 - 10 - 7 -
Tdh Data Hold time (at device side) 5 - 5 - 5 -

Figure 25. Ultra DMAcycletimings (Initiating Write)
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6.2.4.6 Device Pausing Write DMA

DMARQ
—DMACK
STOP
<=Tsr—> |
-DDMARDY
| |< Trfs >
HSTROBE
[nsec]
MODEO MODE1 MODE2
PARAMETER DESCRIPTION
MIN | MAX| MIN| MAX| MIN| MAX
Tsr Strobe to ready response time - 50 - 30 A
Trfs Ready to final strobe time - 75 - 60 —| 50

Note : When a device does not meet Tsr, it shall be ready to receive 2
more strobes after —DDMARDY is negated.

Figure 26. Ultra DMAcycletimings (Devicepausing Write)
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6.2.4.7 Device Terminating Write DMA

< Trp >

DMARQ
< Tmli > |
-DMACK
| |<—Tack — |
STOP
| | | <—>|Trdyz
—DDMARDY S
|<—Trfs >| |< Tli <—Tack—> |
HSTROBE
Tds |[<—> |<—>|Tdh
] | | C 1
DB(15:00) XXX WT Data XXXXXXXXXXXXXXXXXXXXXXXXX  CRC XXXXXXXXXX
] | |
< Host drives DB >
[nsec]
MODEO MODE1 MODE?
PARAMETER DESCRIPTION
MIN| MAX| MIN| MAX| MIN| MAX
Trfs Ready to final strobe time —-| 75 -| 60 - 50
Trp Ready to pause time 160 —| 125 —| 100 -
Tl Limited interlock time 0| 150 0| 150 0| 150
Tmli Interlock time 20 A - 20 -
Tds Data setup time (at device side) 15 - 10 - 7 -
Tdh Data Hold time (at device side) 5 - 5 - 5 -
Tack Hold time after —DMACK negation 20 A A -
Trdyz | Pull —up time before HSTROBE release A A A

Figure 27. Ultra DMAcycletimings (Deviceterminating Write)
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6.2.4.8 Host Terminating Write DMA

|<—Tli —>|
DMARQ
< Tmli > |
-DMACK
<—>|Tss | |<-Tack—> |
STOP
|<—Tli —> <—> |Trdyz
—DDMARDY S
| |< Tli <—Tack—> |
HSTROBE
Tds |[<—> |<—>|Tdh
— o 1
DB(15:00) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  CRC XXXXXXXXXX
1 (I
< Host drives DB >
[nsec]
MODEO MODE1 MODE?
PARAMETER DESCRIPTION
MIN| MAX| MIN| MAX| MIN| MAX
Tss Time from strobe to stop assertion 50 —| 50 —| 50 -
Tli Limited interlock time 0| 150 0| 150 0| 150
Tmli Interlock time 20 A - 20 -
Tds Data setup time (at device side) 15 - 10 - 7 -
Tdh Data Hold time (at device side) 5 - 5 - 5 -
Tack Hold time after —DMACK negation 20 - 20 - 20 -
Trdyz | Pull —up time before DSTROBE release A A A

Figure 28. Ultra DMAcycletimings (Hostterminating Write)
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6.2.5 Addressing of HDD Registers

The hostaddresses the drivinrough a set ofegisters called th@ask File. Theseregisters arenapped into
the host's I/Ospace. Two chip seledines (-CS0 and -CS1) and thremddress line§DA00-02) are used to
select one of theseegisters, while aDIOR or -DIOW is provided at thespecifiedtime.

The -CSO is used t@addressCommandBlock registers. while theCS1 is used taaddressControl Block
registers.

The following table shows the |/Gaddressmap.

—CS0 |-CS1 |DA02|DA01|DA0O| -DIOR = 0 (Read) -DIOW = 0 (Write)

Command Block Registers

0 1 0 0 0 | Data Reg. Data Reg.

0 1 0 0 1 | Error Reg. Features Reg.

0 1 0 1 0 | Sector count Reg. Sector count Reg.
0 1 0 1 1 | Sector number Reg. Sector number Reg
0 1 1 0 0 | Cylinder low Reg. Cylinder low Reg.
0 1 1 0 1 | Cylinder high Reg. Cylinder high Reg.
0 1 1 1 0 | Drive/Head Reg. Drive/Head Reg.

0 1 1 1 1 | Status Reg. Command Reg.

Control Block Register

w

[EEQEE
(e N e
[EEQEE
[EEQEE
o

Alt. Status Reg. Device control Reg
Drive address Reg. -

Figure 29. I/O address map
Note: "Addr." field is shownjust as an example.

During DMA operation (fromwriting to the commandregisteruntil an interrupt), allregisters are not acces-
sible.

For example, thénost is not supposed tiead statusegistercontentsbeforeinterrupt (thevalue is invalid).

6.2.6 Cabling

The maximumcable lengthfrom the hostsystem to the HDD plusircuit patternlength in thehostsystem
shall not exceed 18ches.

For higher data transfeapplication(>8.3MB/sec), aonsideration in systentdesign isrecommended to
reduce cable noisand/orcross-talk,such as shortecable, busermination,shielded cable, etc.
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6.3 Jumper Settings

6.3.1 Location of Jumper Pin
Jumperpins are located betwegmower pins and ATinterfacepins.

Refer t06.7.3, “ Connector Locations” ompage 51 forlocation of thejumper pins. Pinposition A isindi-
cated in thefigure.

6.3.2 Jumper Pin Assignment

Pin number A through | arprepared fojumper setting.

—— e — — — —
e — — ——

Figure 30.Jumper PinAssignment

6.3.3 Jumper Function

Device 0, Device 1Cable Select, and Device Gorcing Device 1Present can beselected exclussively with
one of the followingconditions.

- DefaultLogical Head 16

- Default Logical Head 15

« Capacity Clip to 2GB (Defaultogical Head 16)
- DisableAuto Spin (DefaultLogical Head 16)
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6.3.4 Jumper Set Position

6.3.4.1 For Default Logical Head 16

G E C A DEVICE 0 <— Shipping Default
except
H F D B DTTA-350640/350430

DEVICE 1

CABLE SELECT

DEVICE 0
H F D B Forcing DEVICE 1 PRESENT

Figure 31.JumperBlock SettingPosition

Notes:
1. All other settingpatterns areeserved. Do not makether setting.

2. When CABLE SELECT isspecified, AT interface signal #28SEL is referred todetermin thedrive
address as follows:

- When CSEL isgrounded or at a lovievel, the driveaddress is 0 (Device0).
- When CSEL is open or at a higbvel, the driveaddress is 1 (Devicel).
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6.3.4.2 For Default Logical Head 15

G E C A DEVICE 0 <— Shippin? Default
or
H F D B DTTA-350640/350430

DEVICE 1

CABLE SELECT

DEVICE 0
D B Forcing DEVICE 1 PRESENT

Figure 32.JumperBlock SettingPosition

Notes:
1. All other settingpatterns aregeserved. Do not makether setting.

2. When CABLE SELECT isspecified, AT interface signal #28SEL is referred todetermin thedrive
address as follows:

« When CSEL isgrounded or at a lovievel, the driveaddress is 0 (Device0).
- When CSEL is open or at a higbvel, the driveaddress is 1 (Devicel).
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6.3.4.3 For Capacity Clip to 2GB with Default Logical Head 16

DEVICE 0

DEVICE 1

CABLE SELECT

DEVICE 0
Forcing DEVICE 1 PRESENT

Figure 33.JumperBlock SettingPosition

Notes:
1. All other settingpatterns aregeserved. Do not makether setting.

2. When CABLE SELECT isspecified, AT interface signal #28SEL is referred todetermin thedrive
address as follows:

« When CSEL isgrounded or at a lovievel, the driveaddress is 0 (Device0).
- When CSEL is open or at a higbvel, the driveaddress is 1 (Devicel).
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6.3.4.4 For Disabling Auto Spin with Default Logical Head 16

G E C A

DEVICE 0
H F D B
G E C A

DEVICE 1

CABLE SELECT

DEVICE 0
Forcing DEVICE 1 PRESENT

Figure 34.JumperBlock SettingPosition

Notes:
1. All other settingpatterns aregeserved. Do not makethersetting.

2. When CABLE SELECT isspecified, AT interface signal #28SEL is referred todetermin thedrive
address as follows:

« When CSEL isgrounded or at a lovievel, the driveaddress is 0 (Device0).
- When CSEL is open or at a higbvel, the driveaddress is 1 (Devicel).
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6.4 Environment

Figure 35. Environmental Condition

Operating Conditions

Temperature

RelativeHumidity

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

5to 55°C (Seaote)

8 to 90 % RH non-condensing
29.4°C non-condensing

15°C / Hour

—300 to 3048 m

Non-Operating Conditions

Temperature

RelativeHumidity

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

- 40to 65°C

5to 95 % RH non-condensing
35°C non-condensing

15°C / Hour

—-300 to 12,000 m

Note:

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

center of the top cover of thérive.

Non-operating condition should not continue beyond gpar.
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6.5 DC Power Requirements

Connection to the product should be madeisolated secondary circuitéSELV). The following voltage
specification is applied at thpower connector of thelrive. Damage to thdile electronics may result if the
power supplycable isconnected or disconnectadhile power isbeing applied to thdile (Hot plug/unplug is

not allowed). There is nospecialpower on/off £quencing required.

Figure 36.Input Voltage

During run and spin up

Absolute max voltag

D

+5 Volts Supply 5V +/-5% v
+12 Volts Supply DTTA-35xxxx 12V +10%,-8% 15V
DTTA-37xxxx 12V +/-5%
Figure 37. PoweiSupply Current of DTTA-37XXxX
+5Volts +12Volts Total

(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev (W)
Idle Average 0.29 0.02 0.45 0.1 6.9
Idle ripple (peak-to-peak) 0.25 0.04 0.7 0.15
Seekpeak 0.55 0.02 1.7 0.2
Seek average (*1) 0.33 0.02 0.7 0.1 10.1
Start up (max) 0.7 0.02 2 0.1
RND R/W peak 0.8 0.15 0.75 0.1
RND R/W average (*2) 0.42 0.15 0.65 0.1 9.9
Standby/Sleemverage 0.165 0.01 0.0045 0.001 0.9
Figure 38. PoweiSupply Current of DTTA-351680/351350/351290

+5Volts +12Volts Total

(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev W)
Idle Average 0.29 0.02 0.29 0.1 4.9
Idle ripple (peak-to-peak) 0.25 0.04 0.6 0.15
Seekpeak 0.55 0.02 1.6 0.2
Seek average (*1) 0.33 0.02 0.6 0.1 8.9
Start up (max) 0.7 0.02 2 0.1
RND R/W peak 0.8 0.15 0.65 0.1
RND R/W average (*2) 0.42 0.15 0.55 0.1 8.7
Standby/Sleemverage 0.165 0.01 0.0045 0.001 0.9
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Figure 39. PoweiSupply Current of DTTA-351010/350840/350640/350430/350320
+5Volts +12Volts Total
(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev (W)
Idle Average 0.29 0.02 0.16 0.05 3.4
Idle ripple (peak-to-peak) 0.22 0.04 0.3 0.1
Seekpeak 0.5 0.02 1.23 0.2
Seek average (*1) 0.33 0.02 0.37 0.1 6.1
Start up (max) 0.7 0.02 1.2 0.1
RND R/W peak 0.6 0.15 0.38 0.1
RND R/W average (*2) 0.42 0.15 0.34 0.1 6.2
Standby/Sleemverage 0.165 0.01 0.0045 0.001 0.9
Notes:
1. RandomSeeks at 40% duty cycle.
2. SeekDuty = 30%, W/R Duty = 45%]dle Duty = 25%.
Figure 40. PoweiSupply GeneratedRipple asseen affile power connector
Maximum Notes
+5V DC 100 [mV pp] 0-10 [MHZz]
+12Vv DC 150 [mV pp] 0-10 [MHZz]

During file start up andseeking, 12volt ripple is generated by théle (referred to adynamic loading).

If

severalfiles have theirpower daisy chained together then the power suppigple plusother file's dynamic
loading mustremain within the above regulation tolerance.cammon sipply with separat@owerleads to
eachfile is a more desirablemethod ofpower distribution.

To prevent external elé&gcal noisefrom interfering with the file'sperformance, thdile must be held by four
screws in a user system frame which has no electimadl difference at the fouscrews position, and hdess
than +/-300 nilivolts peak to peakevel difference to thdile power connector ground.
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6.5.1 Start Up Current
6.5.1.1 DTTA-351010/350840/350640/350430/350320

<
T
=
e
lep
D
[

Figure 41.Typical Current WaveForm of 12V atStart Up of DTTA-351010/350840/350640/350430/350320.

| 6.5.1.2 DTTA-351680/351350/351290

current I
M
ifal,
3 }
- |
w + n
0 ; "
0 4 g 2 4 Sag,

| Figure 42.Typical Current WaveForm of 12V atStart Up of DTTA-351680/351350/351290.
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6.5.1.3 DTTA-371440/371290/371010

; ——
A)
I 1
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>
5
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[q )
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Figure 43.Typical Current WaveForm of 12V atStart Up of DTTA-371440/371290/371010.
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6.6 Reliability

6.6.1 Contact Start Stop (CSS)

The drive is designed tavithstand aminimum of 40,000contact start/stop cycles at 40°C with 13-25@&ta-
tive humidity.

The drive is designed tavithstand aminimum of 10,000contact start/stopycles atoperating environment
conditionsspecified in 6.4, “Environment” onpage 43.

6.6.2 Preventive Maintenance

None.

6.6.3 Data Reliability

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

ECC implementation

On-The-Flycorrection, performed as jpart of read channel functiomecovers up to 13ymbols of error
in 1 sector. (1symbol is 8bits.)

6.6.4 Cable Noise Interference

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

6.7.1 Outline

Figure 44.0Outline of DTTA-3XXXXX

6.7.2 Mechanical Dimensions and Weight

The following chartdescribes thelimensions for the 3.5" hardisk driveform factor.

DTTA-371440
DTTA-371290
DTTA-371010

DTTA-351680
DTTA-351350
DTTA-351290

DTTA-351010
DTTA-350840
DTTA-350640
DTTA-350430
DTTA-350320

Height (mm) 254+ 04 254+ 0.4 254+ 04
Width (mm) 101.6 + 0.4 101.6 + 0.4 101.6 + 0.4
Length (mm) 146.0 + 0.6 146.0 £ 0.6 146.0 + 0.6
Weight (gram) 630 Max 630 Max 530 Max

Figure 45.PhysicalDimension andWeight
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Figure 46. Mechanical Dimension
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6.7.3 Connector Locations

PIN 1 4y4.9 0.6
‘\ e =
\\
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PIN 2 PIN A

TOP

Figure 47. Connector Locations
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6.7.4 Hole Locations

The Figure 48 orpage 52 shows theutline of DTTA-3xxxxx which includes the hole locations.

(6x) 6-32 UNC (1)

o =
G
+H
o m
g 8
2 = 2
= ¢ a (ux) 6-32 UNC (2)
8 ¢ /
< 3
3
o =
o
H
(S o
q S Y Y Il
- A = h I
= o - il Y I
J : X i & I
— z o Iyl g
3 7 7
J = W ()
f & ] 51
[ ol 1 I
L) L - puy
i K5 @I
il L] ]
i
[6X) &.35 0.2 (2X) 95.25 10.1
1
RIGHT REAR
RECOMMENDED TORQUE 0.6 - 1.0 Nm
l‘|:\ MAVW Al l NWADI C DCAMCTRATTNAM NMNC MATEM™ CrRDCWw
L NMAA ALLUVUWADLL FCNCIRAL LUWUN WK NWILCLW 2Ly
TC BE /.5 mm .
@ MAX ALLOWABLE PENETRATION OF NOTED SCREW
TO BE 4.( mm

(I) @ THICKNESS OF BRACKET

‘Lscnw 6-32 UNC

D
/7 7A

| /47

Figure 48. MountingPositions and the Tappings
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6.7.5 Mounting Orientation

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

Performance and error rateill stay within specification limits if the drive isoperated in the othepermis-
sible orientationsfrom which it was formatted. Thus adrive formatted in a horizontal orientatiowill be
able to run vertically and vice versa.

The recommended mountirggrew torqueis 0.6 - 1.0[Nm] (6 - 10 [Kgf.cm]).
The recommended mountingcrew depth is 4 [mm] Max forbottom and 4.5 [mm] Max for hdzontal
mounting.

In case electrical screw driver igsed formounting screws,Current Control Type Electrical Screw Driver
should beused.

Mechnical Latch Type Electrical ScrewDriver is not recommendedecause of possibility of mechanical
shockhigher than specification valughich may cause HDD damage.

The system is responsible fanounting thedrive securelyenough to prevent fronexcessivemotion or
vibration of thedrive at seeloperation orspindlerotation, usingappropriate screws ogquivalentmounting

hardware.

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

6.7.6 Shipping Zone and Lock
A "shipping" (or "landing")zone on thedisk, not on the data area of the disk,pigovided to protect thelisk

data during shippingmovement, orstorage. Uporpower down, a heatbcking mechanismwill secure the
heads in this zone. Sé¢on-Operating Shockection for additionatetails.
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6.8 Vibration and Shock

All vibration and shock measurements in ttiection are made with thérive that has no mountingttach-
ments for thesystems. Thenput power for themeasurements is applied to tm®rmal drive mounting
points.

6.8.1 Operating Vibration
6.8.1.1 Random Vibration

The drive is designed tmperate withoutunrecoverable errorsvhile being subjected to thefollowing
vibration levels.

The measurements acarried outduring 30 minutes ofrandomyvibration using thepower spectral density
(PSD) levels asfollowing.

Figure 49.RandomVibration PSDProfile Breakpoints (Operating)

Random Vibration PSD Profile Breakpoints (Operating)

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

x103 [G2/HZz]

Vertical 0.02 1.1 11 8.0 8.0 1.0 1.0 0.08 0.08
vibration

x103 [G2/HZz]

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

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

The harddisk drivewill meet the criteria showbelow while operating inrespectiveconditions.

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

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

The drivedoes not sustaipermanentdamage otoss ofrecorded data after beingubjected to the environ-
mentdescribed below.

6.8.2.1 Random Vibration

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

Figure 50.RandomVibration PSDProfile Breakpoints (Non-Operating)

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

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

6.8.2.2 Swept Sine Vibration

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

6.8.3 Operating Shock

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

The shockpulses of eaclevel areapplied to thedrive, ten pulses foeach direction and for all threaxes.
There must be a minimum of 3@econdsdelay between shoclpulses. Thenput level is applied to a base
plate where thalrive is athched with fourscrews.

6.8.4 Non-Operating Shock

The drivewithstands thdollowing half-sineshock pulse

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

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

The drivewithstands thdollowing Rotational Shock

No data loss withRotationalShock12,000rad/s2 2ms appliedround theaxis of actuator pivot.

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

The following shows the acoustitevels.

6.9.1 Sound Power Levels

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

Figure 51. Sound Powdrevels of DTTA-35xxxx

Mode A-weighted Sound PowerlLevel [ Bell
Idle 3.7 (Typical) 4.1(Max)
Operating 4.2 (Typical) 4.5(Max)

Figure 52. Sound Powdrevels of DTTA-37xxxx

Mode A-weighted Sound PowerlLevel [ Bell
Idle 3.8 (Typical) 4.2(Max)
Operating 4.5 (Typical) 4.8(Max)

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

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

Idle mode:
Powered on,disks spinning, trackfollowing, unit ready toreceive andrespond to controline
commands.

Operating mode:
Continuous randonctylinder selection and seefsperation of actuator with aelay for a time
period achieving therequiredseekrate Ns according to th#llowing formula:

Ns= 0.4/ (Tt+ TI)
where:

Ns = average seelate inseeks/sec.
Tt = publishedrandomseektime.
Tl = time for the drive to rotate by half eevolution.
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6.9.2 Sound Pressure (Reference)
6.9.2.1 Unit Sound Pressure Level Measurment

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

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

6.9.2.2 Sound Pressure Level

The harddisk drivesmeet thefollowing soundpressurdevel.

Figure 53. Sound Pressut@vel of DTTA-35XxxXX

Mode Mean Max
Idle on Track 33 dBA 37 dBA
RandomOperation 38 dBA 41 dBA

Figure 54. Sound Pressutevel of DTTA-37xxxX

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

6.10.1 Labels

The following labels araffixed to everydisk drive .

=

A label containing IBM logo, IBM part number and thstatementMade byIBM' or equivalent.

2. A label containing drive model number, datecode, formattedcapacity, place ofmanufacture, and
UL/CSA/TUV/CE/C-Tick marklogos.

3. A bar code labetontaining thedrive serialnumber.

4. A label containingjumper pindescription.

The labels may béntegrated withotherlabels.

6.11 Electromagnetic Compatibility

The drive, when installed in auitable enclosure anexercised with aandomaccessingoutine atmaximum
data rate, shalineet theworldwide EMC requirementfsted below.

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

guency interference and theverband Deutscher ElektrotechnikdW/DE) requirements ofGermany
(GOP).

6.11.1 CE Mark

The DTTA-3xxxxx complies with ECdirective 89/336/EEC. CE mark for theertification is indicated on
the drive label.

6.11.2 C-Tick Mark

The DTTA-3xxxxx complies with thefollowing Australian EMC standard.

Limits and methods of measurement agfdio disturbancecharacteristics ofinformation technology
equipment AS/NZS 3548:1995CLASS-B.
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6.12 Safety

6.12.1 Underwriters Lab(UL) Approval

DTTA-3xxxxx complies with UL 1950.

6.12.2 Canadian Standards Authority(CSA) Approval

DTTA-3xxxxx complies withCAN/CSA-22.2 No.OM91 and N&50-93.

6.12.3 IEC Compliance

DTTA-3xxxxx complies with IEC950.

6.12.4 German Safety Mark

DTTA-3xxxxx are approved by TUV on Test Requirement:

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

6.12.5 Flammability

Printed Circuit boardsised in thisproduct are made ahaterial with a UL recognized flammability rating of
V-1 or better. The flammability rating isnarked oretched on theboard. All other parts notonsidered
electrical components are made rofterial with a UL recognized flammability rating of V-1 or better except
minor mechanical parts.

6.12.6 Secondary Circuit Protection

Fuses are provided in 12Wput of the harddisk drive forover currentprotection.

6.13 Packaging

Drives are shipped in ESD protectiags.
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0 Copyright IBM Corp. 1998

Part 2. ATA Interface Specification
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7.0 General

7.1 Introduction

This specification describes tHestinterface toDTTA-3XXXXX.

The interfaceconforms to the Workinddocument ofInformationtechnology - AT Attachment with Packet
Interface Extension (ATA/ATAPI-4) Revision 17 dated on 30ctober 1997 with certain limitations
described in 8.0fDeviations From Standard” onpage 65.

7.2 Terminology

Device Device indicate D TTA-3XXXXX.

Host Hostindicates the systerthat thedevice is attached to.
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8.0 Deviations From Standard

The deviceconforms to theeferenced specifications, wittheviations described below.

Check Power Mode Check PoweiMode commandeturns FFh to Secto€ountRegister when thelevice
is in Idle mode. Thiscommanddoes notsupport 80h as the retunmlue.

Hard Reset Hard resetresponse is not the same tmat of power onreset. Refer to sectionl0.1,
“Reset Response” opage 73 for detail.
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9.0 Registers

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

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

*1 "imped" stands for "impedance".

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

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

Figure 55.Register Set

Communication to offrom the device isthrough an I/ORegisterthat routes theinput or output data to or
from registersaddressed by thsignalsfrom the host({CS0-, CS1-, DA2, DA1DAO, DIOR- andDIOW-).

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

The ControlBlock Registers are used falevicecontrol and to posalternate status.

0.1 Alternate Status Register
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Alternate Status Register

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

Figure 56. Alternate StatuRegister

This registercontains the same information as the StaRegister. The onlyifference isthat reading this
registerdoes not implyinterrupt acknowledge orclear apending interrupt. Se8.13, “Status Register” on
page 71 for the definition of the bits in thiegister.

9.2 Command Register

This registercontains thecommandcode being sent to thdevice. Commandexecutionbegins immediately
after this register iswritten. Thecommand set is shown iRigure 71 onpage 95.

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

9.3 Cylinder High Register

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

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

The cylindernumber may bdrom zero to thenumber ofcylindersminus one.

9.4 Cylinder Low Register

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

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

The cylindernumber may bdrom zero to thenumber ofcylindersminus one.

9.5 Data Register

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

All data transfers are 16 bitwide, except for ECC byte transferghich are 8 bitswide. Datatransfers are
P10 only.
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The registercontainsvalid data only wherDR Q=1 in the Statufkegister.

9.6 Device Control Register

Device Control Register

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

-
| o
(e Nan)

Figure 57.Device Control Register

Bit Definitions
SRST (RST)

-IEN

Software Reset. Thedevice is held reset wheRST=1. SettingRST=0 re-enables
the device.

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

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

9.7 Drive Address Register

Drive Address Register

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

Figure 58. Drive Addres®fegister

This registercontains thenverteddrive select andhead selecaddresses of theurrently selected drive.

Bit Definitions
HIZ

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

-DS1

-DSO

High Impedance. This bit is nadrived andwill always be in a highmpedance state.
-Write Gate. This bit is 0 whenwvriting to the disk device is irprogress.

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

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

-Drive Select 0. Drive select bit fordevice 0, active low. DS0=0 whendevice 0
(master) is selected and active.

9.8 Device/Head Register
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Device/Head Register

——

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

Figure 59. Device/Hea®egister

This registercontains thedevice andhead numbers.

Bit Definitions

L

DRV

HS3,HS2,HS1,HSO

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

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

Head Select. These four bitdndicate binary encodedddress of thdead. HSO is the
least significant bit. Attommandcompletion,these bits areipdated toreflect the cur-
rently selectechead.

The headhumber may bdrom zero to thenumber ofheadsminus one.

In LBA mode, HS3 through HSO contailits 24-27 of theLBA. At command com-
pletion, these bits arapdated toreflect thecurrent LBA bits 24-27.

9.9 Error Register

Error Register

7 6
ICRCE| UNC

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

o ol

Figure 60.Error Register

This registercontains status from thiastcommandexecuted by thelevice, or adiagnostic code.

At the completion of anjcommandexcept Execute Device Diagnostic, thkentents ofthis register are valid

always even lERR =

0 in the Statufegister.

Following a power on, aeset, orcompletion of an Execut®evice Diagnosticcommand,this registercon-
tains a diagnostic code. S&égure 64 onpage 74 for the definition.

Bit Definitions
ICRCE (CRC)

UNC

IDNF (IDN)
ABRT (ABT)

Interface CRCError. CRC=1indicates a CRC error has occurred on the data bus
during aUltra-DMA transfer.

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

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

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

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

0.10 Features Register

This register iscommandspecific. This isused with the Set Featuremmmand and S.M.A.R.T. Function
Set command.

9.11 Sector Count Register

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

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

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

9.12 Sector Number Register

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

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

0.13 Status Register

Status Register

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

Figure 61. StatuRegister

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

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

If BSY=1, no otherbits in theregister are valid.
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The use of bit 4 is commandependentAfter the DMA Queued commands, it issed asSERV. After any
other commands oreset, it is used aBSC.

Bit Definitions
BSY

DRDY (RDY)

DF

DSC

SERV (SRV)

DRQ

CORR (COR)
IDX

ERR

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

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

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

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

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

Service. SRV is set to one when the devicadady to transfer data after ieleases
bus for execution of a DMAQueued command.

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

CorrectedData. Always 0.

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

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

10.1 Reset Response

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

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

Hard Reset (Hardware Reset) RESET-signal isnegated in ATA Bus.
The device resets the interfacecuitry as well as SofReset.
Soft Reset (Software Reset) SRST bit in the Device&Control Register is set, then is reset.
The device resets the interfaagrcuitry according to the Set Features

requirement.

The actions of eacheset isshown inFigure 62

POR |hard |soft
reset |reset
Aborting Host interface - 0 0
Aborting Device operation - [(*1) |(*])
Initialization of hardware 0 X X
Internal diagnostic 0 X X
Spinning spindle 0 X X
Initialization of registers (*2) 0 0 0
DASP handshake 0 0 X
PDIAG handshake 0 0 0
Reverting programmed parameters to default 0 |(*3) [(*3)
— Number of CHS .
(set by lInitialize Device Parameter)
— Multiple mode
— Write cache
— Read look —ahead
— ECC bytes
Disable Standby timer 0 X X
Power mode ldle |(*4) |(*4)
0 — execute
X — not execute
Figure 62. Reset Response Table
Note.
(*1) Executeafter the data in write cache h&égen written.
(*2) Defaultvalue on POR ishown inFigure 63 onpage 74.
(*3) The Set Featuregommand withFeatureregister = CChenables thedevice to revert these

parameters to the power adefaults.
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(*4) In the case of Sleemode, thedevice goes tdStandby mode.

change curreninode.

10.1.1 Register Initialization

In othecase, the devicdoes not

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

Figure 63. DefaulRRegister Values

After power on, hardeset, or software reset, thegister values are initialized ahown inFigure 63.

Code

Description

0lh

No error detected

02h

Formatter device error

03h

Sector buffer error

04h

ECC circuitry error

05h

Controller microprocessor error

8xh

Device 1 failed

Figure 64. Diagnostic Codes

The meaning of theError Register diagnostic codes resultiigbm power on, hardreset or theExecute
Device Diagnosticommand are shown iRigure 64.

10.2 Diagnostic and Reset considerations

For eachReset and ExecutBevice Diagnostic, the diagnostic ®ne adollows:

Power On Reset

DASP- isread by Device 0 to determine if Device 1 is present. If Device firessent
Device 0 shall read®DIAG- to determine when it isvalid to clear the BSY bit and
whetherDevice 1 haspowered on orresetwithout error, otherwise Device @lears
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the BSY bit whenever it is ready to acceppmmands. Device 0 may assefASP-
to indicatedevice activity.

Hard Reset, Soft Reset

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

Execute Device Diagnostic

If Device 1 is present, Device 6hall readPDIAG- to determine when it isalid to
clear the BSY bit and if Device passed or failed th&EXECUTE DEVICE DIAG-
NOSTIC command,otherwise Device 0 shall simply execute its diagnostics and then
clear the BSY bit.DASP- isasserted by Device Qand Device 1 if it is present) in
order to indicate thalevice is active.

In all the abovecases:Power on,RESET-, Soft reset, and thee XECUTE DEVICE DIAGNOSTIC
command theDevice OError register isshown inFigure 65.

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

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

Figure 65. Reseerrorregister values

10.3 Sector Addressing Mode

All addressing of data sectors recorded on the devieedia is by alogical sector address. Thlegical CHS
address foDTTA-3xxxxx is different from the actualphysical CHSlocation of the data sector on thdisk
media.

DTTA-3xxxxx support bothLogical CHS AddressingMode and LBA AddressingMode as thesector
addressingnode.

The hostsystem may select either the currenflglected CHSranslationaddressing or LBA addressing on a

command-by-commandtasis by using the L bit in th®EVICE/HEAD register. So éhostsystemmust set
the L bit to 1 if the host uses LBAddressingmode.
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10.3.1 Logical CHS Addressing Mode

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

When the hostselects a CHStranslation modeusing the INITIALIZE DEVICE PARAMETERS
command, the hostequests themumber of sectors perogical track and thenumber ofheads penogical
cylinder. The device thesomputes the number dbgical cylinders available imequestednode.

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

10.3.2 LBA Addressing Mode

Logical sectors on thelevice shall be linearlynapped with thefirst LBA addressed sector (sector 0) being
the same sector as thest logical CHS addressed sector ( cylinder Bead 0,sector 1). Irrespective of the

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

The following is alwaysrue:

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

where heads_per_cylinder and sectors_per_track
are the current translation mode values.

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

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

Cylinder Low < LBA hits 15- 8
Sector Number <--  LBA hits 7- 0

10.4 Overlapped and Queued Feature

Overlap allows devices toperform a busrelease sathat the otherdevice on the bus may besed. To
perform a bugelease the device clears both DRQ and BSYzéwo. When selecting theother deviceduring

overlapped operations, thlkeost shall disableinterrupts via the nlEN bit on the currentlgelected device
before writing theDevice/Headregister to select thetherdevice.

The only commands that may lmverlappedare:

NOP (with 01h subcommandcode) (‘00'h)

Read DMA Queued ('C7'h)
Service (‘A2'h)
Write DMA Queued ('CC'h)
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For the READ DMA QUEUED and WRITE DMA QUEUEDcommands, thalevice may or may not
perform a busrelease. If the device iseady tocomplete execution of theommand, it maycomplete the
command mmediately. If thedevice is notready tocomplete execution of theommand, thedevice may
perform a bugelease andomplete thecommand via aervicerequest.

Commandqueuing allows the host to issue concurrentcommands to thesamedevice. Only commands

included in the overlapped feature set may dpeeued. If a queuexists when anon-queued command is
received, thenon-queued commandhall be aborted and the commands in the queslall be discarded.
The ending statushall beABORT command and theesults areéndeterminant.

The maximumqueue depth supported bydevice isindicated inword 73 of theldentify Device informa-
tion.

A queuedcommandshall have a Tag provided by thieost in theSectorCountregister touniquely identify
the command. When thelevice restoresregister parameters during the execution of tH@ERVICE
command,this Tag shall be restored sthat the host maydentify the command forwhich status is being
presented. If jueuedcommand idssued with a Tag valuthat isidentical to the Tag value for aommand
already in thequeue, the etire queue is abortethcluding the newcommand. Theending status iIABORT
command and theesults arandeterminant. If any error occurs, ttmmandqueue is aborted.

When thedevice isready tocontinue theprocessing of a bus releasedmmand and BSY and DRQ are
both cleared to zero, thdevice requestsservice bysetting SERV to one, setting a pendingnterrupt, and
assertingNTRQ if selected and if nlEN is cleared tero. SERV shallremain set until alcommandseady
for servicehave beerserviced. Thepending interruptshall be cleared antNTRQ negated by a Status reg-
ister read or a write to th€ommandregister.

When thedevice isready tocontinue theprocessing of a bus releasedmmand and BSY or DRQ is set to
one (i.e., the device iprocessinganothercommand on thdus), thedevicerequestsservice bysettingSERV
to one.SERV shall remain set until alicommandsready forservicehave beerserviced. Atcommand com-
pletion of the currentommandprocessing (i.e., when both BSY and DRQ are clearedem), thedevice
shall processnterrupt pending andNTRQ per theprotocol for thecommandbeing completed. No addi-
tional interruptshall occur due to othecommandsready forserviceuntil after the device'SERV bit has
beencleared to zero.

When thedevice receives a newommandwhile queued commands ameady for service, the device shall
execute the newcommand andprocessinterrupt pending andNTRQ per the protocol for the new
command. If the queued commandsady forservice still exist attommandcompletion ofthis command,

SERVremains set to one but no additional interrigpiall occur due tocommandgeady forservice.

When queuing commands, thieost shall disableinterrupts via the nlEN bibefore writing a newcommand
to the Commandegister and maye-enable interruptafter writing thecommand. Whermreadingstatus at
commandcompletion of acommand, the hosshall check theSERV bit since theSERV bit may be set
because thelevice isready forserviceassociated witlanother queued command. The hosteives noaddi-

tional interrupt toindicatethat a queuedommand igeady forservice.

10.5 Power Management Feature

The power managemerieature setpermits ahost to modify thebehavior of amannerwhich reduces the
powerrequired to operate. Thepower managemerfeature set provides a set obmmands and &éimer that
enable adevice toimplement low poweiconsumptionmodes.

DTTA-3xxxxx implement thefollowing set offunctions.

1. A Standby timer
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Idle command
Idle Immediatecommand
Sleepcommand

Standbycommand

o 0k~ w DN

Standby Immediateommand

10.5.1 Power Mode

The lowestpowerconsumption when thdevice ispowered on occurs isleepMode. When insleepmode,
the devicerequires a reset to be activated.

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

In Idle Mode thedevice iscapable of responding immediately to mediecesgequests.

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

10.5.2 Power Management Commands

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

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

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

The Sleepcommandmoves adevice to sleepnode. Thedevice's interfacehecomesinactive at thecom-

pletion of thesleepcommand. Areset isrequired to move alevice out of sleepnode. When alevice exits
sleep mode iwill enter Standbynode.

10.5.3 Standby timer

The standby timeprovides amethod for thedevice toautomatically enter standby mode from eitlzative
or idle modefollowing a host programmegeriod ofinactivity. If the device is in the active or idlenode,
the devicewaits for thespecified timeperiod and if nocommand isreceived, the devicautomatically enters
the standby mode.

If the value of SECTORCOUNT register onldle command orStandbycommand is set t®0h, thestandby
timer isdisabled.

10.5.4 Interface Capability for Power Modes

The eachpower modeaffects thephysical interface as defined in the following table:
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Mode BSY RDY Interface active Media

Active X X Yes Active
ldle 0 1 Yes Active
Standby 0 1 Yes Inactive
Sleep 0 1 No Inactive

Figure 66. Powerconditions

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

10.6 S.M.A.R.T. Function

The intent ofSelf-monitoring,analysis andreporting technology(S.M.A.R.T) is to protect user data and
prevent unscheduled systedowntime that may be caused Ipredictable degradatioand/or fault of the
device. By monitoring and storingcritical performance and calibration parameteS,M.A.R.T devices
employ sophisticated datanalysisalgorithms to predict the likelihood afear-term degradation dault con-
dition. By alerting thehost system of a negativeeliability status condition, thénost system carwarn the
user of the impendingisk of a data loss and advise the userapfpropriate action.

10.6.1 Attributes

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

10.6.2 Attribute values

Attribute values are used toepresent theelative reliability of individual performance or calibration attri-
butes. The validange ofattributevalues isfrom 1 to 253decimal. Higherattributevalues indicateahat the
analysisalgorithms being used by thdevice arepredicting a loweiprobability of adegrading or faultycondi-
tion existing. Accordingly,lower attribute values indicatethat the analysisalgorithms being used by the
device arepredicting a higheprobability of adegrading or faultycondition existing.

10.6.3 Attribute thresholds

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

10.6.4 Threshold exceeded condition

If one or more attributevalues,whosePre-failure bit of theirstatusflag is set, areless than orequal to their
corresponding attribute thresholds, then ttlevice reliability status isnegative, indicating arimpending
degrading or faultycondition.
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10.6.5 S.M.A.R.T. commands

The S.M.A.R.T. commandgrovide access toattribute values, attribute thresholds andther logging and
reporting information.

10.7 Security Mode Feature Set

Security Mode Feature Set is gpowerful security feature.With a device lockpassword, a user can prevent
unauthorizedaccess tchard disk deviceeven if thedevice isremoved from thecomputer.

The followingcommands are supported ftis feature.

Security Set Password ('F1'h)

Security Unlock ('F2'h)
Security Erase Prepare ('F3'h)
Security Erase Unit ('F4'h)
Security Freeze Lock ('F5'h)

Security Disable Password (‘F6'h)

10.7.1 Security mode

Following securitymodes argrovided.

Device Locked mode The device disablemediaaccesssommandsafter power on. Mediaaccesscom-
mands areenabled by either aecurityunlock command or a&ecurity eraseinit
command.

Device Unlockedmode The deviceenables alcommands. If gpassword is not set this mode is entered

after power on,otherwise it is entered by a securitynlock or asecurity erase
unit command.

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

10.7.2 Security level

Following securitylevels areprovided.

High level security When thedevice lockfunction is enabled and the User Password is forgotten
the device can benlocked via a Master Password.

Maximum level security When thedevice lockfunction is enabled and the User Password is forgotten
then only the Master Password with Security Erase Unitcommand can
unlock thedevice. Then user data isrased.

10.7.3 Password

This function can have 2 types of passwordsdascribed below.
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Master Password When theMaster Password iset, thedevicedoes NOT enable the Devideock
Function, and theadevice can NOT bdocked with theMaster Password, but
the Master Password can lised for unlocking thelevicelocked.

User Password The User Password should lggven or changed by a system useMVhen the
User Password iset, thedevice enables the Devicéock Function, and then
the device idocked on nexfpower onreset orhardreset.

The system manufacturer/dealer who intends to enabledtvice lockfunction for the endusers,must set
the master passworelven if onlysingle levelpassword protection isequired.

10.7.4 Operation example
10.7.4.1 Master Password setting

The system manufacturer/dealer can set a rdaster Password frondefault Master Passwordising the
Security SetPassworccommand, withoutenabling the Devicd.ock Function.

10.7.4.2 User Password setting

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

( Ref.)

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

POR —> Device locked mode

Figure 67.Initial Setting
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10.7.4.3 Operation from POR after User Password is set

When Device Lock Function isenabled, thedevice rejectamediaaccesscommanduntil a Security Unlock

command issuccessfullycompleted.

N

> Normal operation

Vv

Freeze Lock command

Vv

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

(*1) refer to Figure 70 onpage 85

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

Figure 68. Usual Operation
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10.7.4.4 User Password Lost

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

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

User Password Lost

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

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

Figure 69. Password Lost

10.7.4.5 Attempt limit for SECURITY UNLOCK command

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

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

This table shows théevice'sresponse t@aommands when th8ecurityMode Feature Se{Device lock func-

tion) is enabled.

Command Locked Mode Unlocked Mode Frozen Mode
CheckPower Mode Executable Executable Executable
Execute DeviceDiagnostic Executable Executable Executable
Flush Cache Executable Executable Executable
Format Track Commandaborted Executable Executable
Identify Device Executable Executable Executable
Idle Executable Executable Executable
Idle Immediate Executable Executable Executable
Initialize DeviceParameters Executable Executable Executable
NOP Executable Executable Executable
Read Buffer Executable Executable Executable
Read DMA (w/o retry) Commandaborted Executable Executable
Read DMA (w/retry) Commandaborted Executable Executable
Read DMA Queued Commandaborted Executable Executable
Read Long(w/o retry) Commandaborted Executable Executable
Read Long(w/retry) Commandaborted Executable Executable
Read Mudtiple Commandaborted Executable Executable
Read Native MaxX.BA/CYL Executable Executable Executable
ReadSector(s) (w/oretry) Commandaborted Executable Executable
ReadSector(s)(w/retry) Commandaborted Executable Executable
ReadVerify Sector(s)(w/o retry) Commandaborted Executable Executable
ReadVerify Sector(s)(w/retry) Commandaborted Executable Executable
Recalibrate Executable Executable Executable
Security DisablePassword Commandaborted Executable Commandaborted
SecurityErasePrepare Executable Executable Executable
SecurityEraseUnit Executable Executable Commandaborted
SecurityFreeze Lock Commandaborted Executable Executable
Security SetPassword Commandaborted Executable Commandaborted
SecurityUnlock Executable Executable Commandaborted
Seek Executable Executable Executable
Service Commandaborted Executable Executable
Set Features Executable Executable Executable
Set Max LBA/CYL Executable Executable Executable
Set Multiple Mode Executable Executable Executable
Sleep Executable Executable Executable
SMART Disable Operations Executable Executable Executable
SMART Enable/DisableAttribute Autosave Executable Executable Executable
SMART Enable Operations Executable Executable Executable
SMART ExecuteOff-line Immediate Executable Executable Executable
SMART Read AttributeValues Executable Executable Executable
SMART Read Attribute Thresholds Executable Executable Executable
SMART Return Status Executable Executable Executable
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Command Locked Mode Unlocked Mode Frozen Mode
SMART SaveAttribute Values Executable Executable Executable
Standby Executable Executable Executable
Standby Immediate Executable Executable Executable
Write Buffer Executable Executable Executable
Write DMA (w/o retry) Commandaborted Executable Executable
Write DMA (w/retry) Commandaborted Executable Executable
Write DMA Queued Commandaborted Executable Executable
Write Long (w/o retry) Commandaborted Executable Executable
Write Long (w/retry) Commandaborted Executable Executable
Write Multiple Commandaborted Executable Executable
Write Sector(s) (w/oretry) Commandaborted Executable Executable
Write Sector(s)(w/retry) Commandaborted Executable Executable
Write Verify Commandaborted Executable Executable

Figure 70.Commandtable fordevicelock operation
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10.8 Protected Area Function

Protected AreaFunction is toprovide the'protected area' which can not leccessed vieconventional
method. This 'protectedrea’ isused tocontain critical system data such as BIOS or systemanagement
information. The contents of éne systemmain memory mayalso bedumped into'protected area' to

resumeafter systenpower off.
The LBA/CYL changed byfollowing commandaffects theldentify Devicelnformation.
The following set ofcommands arémplemented for this function.

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

10.8.1 Example for operation (In LBA mode)

Assumptions :

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

Device characteristics

Capacity ~ (native) : 6,498,680,832 hyte (6.4GB)
Maximum LBA (native) 12,692,735 (C1ACFFh)
Required size for protected area . 206,438,400 hyte
Required blocks for protected area ; 403,200 (062700h)
Customer usable device size : 6,292,242,432 hyte (6.2GB)
Customer usable sector count 12,289,536 (BB860Oh)
LBA range for protected area : BB8600h to C1ACFFh

1. Shipping HDDsfrom HDD manufacturer

When the HDDs are shipped from HDD manufacturer,thdevice hasbeen tested to have usable
capacity of6.4GB besidedlaggedmediadefects not to be visible bgystem.

2. PreparingHDDs atsystemmanufacturer

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

Issue Read Native Max LBA/CYL command to get theeal devicemaximum LBA. Returned
value showsthat native device maximum LBA is12,692,735(C1ACFFh)regardless of theurrent

setting.

Make ernire device be accessiblmcluding the protectedarea by settingdevice maximum LBA as
12,692,735 C1ACFFh) via Set Max LBA/CYLcommand. The optiorould be either nonvolatile
or volatile.

Test the sectors foprotectedarea(LBA > = 12,289,536 BB8600h)) if required.
Write information data such as BIO&de within the protectedrea.

Changemaximum LBA using Set MaxLBA/CYL command to012,289,535(BB85FFh) with non-
volatile option.
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From this point, the protectedareacannot beaccessed till next Set MakBA/CYL command is
issued. AnyBIOSes,device drivers, orapplicationsoftwareaccess the HDD as that is the 6.2GB
devicebecause theleviceacts exactlysame ageal 6.2GB devicedoes.

3. Conventionalsagewithout system softwarsupport

Since the HDDworks as 6.2GBlevice,there are ncspecial care to usthis device fornormal use.
4. Advancedusage usingrotectedarea

The data in protectedrea isaccessed by following.

Issue Read Native Max LBA/CYL command to get theaeal devicemaximum LBA. Returned
value showsthat native device maximum LBA is12,692,735(C1ACFFh)regardless of theurrent
setting.

Make ernire device be accessiblimcluding the protectedarea by settingdevice maximum LBA as
12,692,735(C1ACFFh) via Set Max LBA/CYLcommand withvolatile option. By using this
option, unexpected power removal oesetwill not make theprotectedarea remainedccessible.

Readinformation data from protectedrea.

Issuehardreset or POR tanhibit any access to therotectedarea.

10.9 Write Cache Function

Write cache is a performancenhancementvhereby thedevice reports as completing therite command
(Write Sectors, WriteMultiple and WriteDMA) to the host as soon as thaevice has received all of the data
into its buffer. And the deviceassumes responsibility to write the daabsequently onto thdisk.

« While writing data aftercompleted acknowledgment of varite command,soft reset orhard reset does
not affect itsoperation. But power off terminatesriting operationimmediately andunwritten data are
to be lost.

Soft reset,Check PowemMode and FlusniCachecommandsduring writing the cached data are executed
after thecompletion ofwriting to media. So thenostsystem can confirm theompletion ofwrite cache
operation byissuing Soft resetCheck PoweMode command or Flus&achecommand and thegon-
firming its completion. Wedeveloper of thedevice recommend that a hostystem checks theom-
pletion of write cacheoperation byissuing Soft resetCheck PowerMode command or FlusiCache
command to thelevicebeforepower off.

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

10.10 Reassign Function

ReassignFunction isused with reaccommands andvrite commands. Thesectors of data for reassignment
are prepared as the spare data sector.

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

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

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

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

Non recovered write errors

When awrite operation can not be completedter theError RecoveryProcedure(ERP) ifully carriedout,
the sector(s) are reallocated to the sphlryeation. An error is reported to thhost system only when the
write cache is disabled and the auto reallocatiofaiked.

If the write cachefunction is ENABLED, and when thenumber ofavailable spare sectors reaches 0 sector,
both auto reassigfunction andwrite cachefunction aredisabledautomatically.

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

Non recovered read errors

When aread operation is failedafter defined ERP idully carried out, ahard error is reported to théost
system. This location isegisteredinternally as a candidate for the reallocatisWhen aregisteredocation is
specified as a target of arite operation, asequence of medigerification isperformed automaticallyWhen
the result of thisverification meets thecriteria, this sector is reallocated.

Recoveredread errors
When areadoperation for asector failedonce thenrecovered at thepecific ERPstep, this sector of data is

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

10.11 Automatic Drive Maintenance (ADM)

ADM function is equipped to maintain theeliability even incontinuoususage. ADMfunction is to go into
Standby mode automaticallgfter detectingdle mode atintervals of 6 days. Thigunction isalwaysenabled
regardless oStandby Timerwalue.

The detail of Standby Timer isdescribed in 12.6/Idle (E3h/97h)” on page 110, and 12.32/Standby
(E2h/96h)" onpage 157.

The 6 dayscounter isreset at the following.

Power on Ready
Entering Standby mode by Standi@ommand
Entering Standby mode by Standby Timer

Both Soft Reset andHard Reset do not disturb the spin down ADM.
If a command isreceivedduring spin down ofADM, the drive quits the spin down antties tocomplete the
command as soon gmssible.

In case thespin down of ADM is disturbed by aommand, it isretried 12hourslater.

For timeoutconcern,refer to 13.0,“Timeout Values” on pagel71.
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11.0 Command Protocol

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

For all commands, the host mufitst check if BSY=1, and bkould proceed no furtheunless anduntil
BSY=0. For allcommands, the host muatso wait forRDY =1 before proceeding.

A device must maintain eitheBSY=1 or DRQ=1 at alltimes until thecommand iscompleted. The
INTRQ signal isused by thedevice to signamost, but not alltimes when the BSY bit is changddom 1 to
0 duringcommandexecution.

A command shall only beinterrupted with a hardware osoftware reset. The result of writing to the
Command register whileBSY=1 or DRQ=1 is unpredictable and may result in datorruption. A
command bould only be interrupted by eeset at times when thleost thinksthere may be @roblem, such
as a devicdhat is nolonger responding.

Interrupts arecleared when thénhost reads the Status Registdssues a reset, or writes to theommand
Register.

Figure 128 onpage 171 shows thdevicetimeoutvalues.

11.1 PIO Data In Commands

Thesecommandsre:

Identify Device

ReadBuffer

Read Long

ReadMultiple

ReadSectors

SMART ReadAttribute Values

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

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

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

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

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

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

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

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

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

The ReadMultiple commandtransfers oneblock of data for eachnterrupt. The othecommandstransfer
one sector of data for eadhterrupt.

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

If the devicedetects an invalidbarameter, then iwill abort the command bgettingBSY=0, ERR=1,
ABT=1, and interrupting thénost.

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

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

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

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

11.2 PIO Data Out Commands

Thesecommandsre:

Format Track
Security DisableéPassword
Security Erase Unit
Security SetPassword
SecurityUnlock

.+ Write Buffer

« Write Long

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

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

2. The hostwrites thecommandcode to theCommandRegister.

3. The device setBSY=1.

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

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

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

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

If the devicedetects an invalidparameter, then iwill abort the command bgettingBSY=0, ERR=1,
ABT=1, and interrupting thénost.

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

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

11.3 Non-Data Commands
Thesecommandsre:

Check PoweMode

Execute Device Diagnostic

Flush Cache
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Idle

Idle Immediate

Initialize DeviceParameters
NOP

ReadNative MaxLBA/CYL
ReadVerify Sectors
Recalibrate

Security Erasd’repare
Security Freezé.ock

Seek

Set Features

Set Max LBA/CYL

Set Multiple Mode

Sleep

SMART DisableOperations
SMART Enable/Disable Attribute Autosave
SMART Enable Operations
SMART ExecuteOff-line Data Collection
SMART Return Status
SMART SaveAttribute Values
Standby

Standby Immediate

Execution ofthesecommandsnvolves no data transfer.

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

The hostwrites thecommandcode to theCommandRegister.
The device setBSY=1.
When thedevice has finishegrocessing theommand, itsetsBSY =0, andinterrupts the host.

In response to the interrupt, thestreads the Status Register.

o 0k~ w N

The device clears thimterrupt in response to the StatRegister being read.

11.4 DMA Commands

Thesecommandsare:
Read DMA
- Write DMA

Datatransfer using DMAcommanddiffer in two waysfrom PIO transfers:
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data transfers arperformed using thelave-DMA channel

no intermediate sectdnterrupts ardssued onmulti-sectorcommands

Initiation of the DMA transfercommands isdentical to theReadSector or Write Sectocommandsexcept
that the hosinitializes theslave-DMA channel prior tassuing thecommand.

The interrupt handler for DM Aransfers is different irthat:

no intermediate sectdnterrupts ardssued onmulti-sectorcommands

the host esets the DMAchannel prior toreadingstatus from thelevice.

The DMA protocol allows high performance multi-tasking operatingystems to eliminate processor over-
headassociated with PIO transfers.

1.
2.

© N o o b~ ow

Hostinitializes theslave-DMA channel

Host writes any required parameters to the Features, Sed@aunt, Sector Number, Cylnder and
Device/Headregisters.

Hostwrites commandcode to theCommandRegister

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

When all of the data haseentransferred, thalevicegenerates aimterrupt to the host.
Host esets theslave-DMA channel

Hostreads the Status Registand, optionally, theError Register

11.5 DMA Queued Commands

Thesecommandsare:

Read DMA Queued

Service

- Write DMA Queued

1.

2.

Commandissue

a. The hostwrites anyrequired parameters to the Features, Se@ount, Sector Number, Cylinder
and Device/Headegisters.

b. The hostwritescommandcode to theCommandRegister
c. The device setBSY.

d. The device clears or seREL.

e. The device clearBSY.

DataTransfer andCommandCompletion
If the device isready for data transfer (REL is cleared),

a. The hostrransfers the data for theommandidentified by the Taghumberusing the DMA transfer
protocolcurrently ineffect.

b. When all of the data haseentransferred, thelevicegenerates aimterrupt to the host.
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c. The host mayssueanothercommand or wait folservicerequest from thalevice.
3. Bus Release
If the device is notready for data transfer (REL is set),
a. The devicggenerates amterrupt if releaseinterrupt is enabled.

b. The host mayssueanothercommand or wait folservicerequest from thelevice.
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12.0 Command Descriptions

Proto Command Code Binary Code
col (Hex) Bit
76543210
3 Check Power Mode ES 11100101
3 Check Power Mode* 98 10011000
3 Execute Device Diagnostic 90 10010000
3 Flush Cache E7 11100111
2 Format Track 50 01010000
1 Identify Device EC 11101100
3 ldle E3 11100011
3 ldle* 97 10010111
3 ldle Immediate El 11100001
3 ldle Immediate* 95 10010101
3 Initialize Device Parameters 91 10010001
3 NOP 00 00000000
1 Read Buffer E4 11100100
4 Read DMA Eretry) C8 11001000
4 Read DMA (no retry) C9 11001001
5 Read DMA Queued C7 11000111
1 Read Long Eretry) 22 00100010
1 Read Long (no retry) 23 00100011
1 Read Multiple C4 11000100
3 Read Native Max LBA/CYL F8 11111000
1 Read Sectors Eretry) 20 00100000
1 Read Sectors (no retry) 21 00100001
3 Read Verify Sectors Eretry) 40 01000000
3 Read Verify Sectors (no retry) 41 01000001
3 Recalibrate 1x 0001 ——-—-~—
2 Security Disable Password F6 11111010
3 Security Erase Prepare F3 11110011
2 Security Erase Unit F4 11110100
3 Security Freeze Lock F5 11110101
2 Security Set Password F1 11110001
2 Security Unlock F2 11110010
3 Seek 7X 0111 ——---
5 Service A2 10100010
3 Set Features EF 11101111
3 Set Max LBA/CYL F9 11111001
3 Set Multiple Mode C6 11000110

Figure 71.Command Set
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Proto Command Code Binary Code
col (Hex) Bit
76543210
3 Sleep E6 11100110
3 Sleep* 99 10011001
3 SMART Disable Operations B0 10110000
3 SMART Enable/Disable Attribute Autosave B0 10110000
3 SMART Enable Operations B0 10110000
3 SMART Execute Off —line Data Collection B0 10110000
1 SMART Read Attribute Values B0 10110000
1 SMART Read Attribute Thresholds B0 10110000
3 SMART Return Status BO 10110000
3 SMART Save Attribute Values B0 10110000
3 Standby E2 11100010
3 Standby* 96 10010110
3 Standby Immediate EO 11100000
3 Standby Immediate* 94 10010100
2 Write Buffer E8 11101000
4 Write DMA Eretry) CA 11001010
4 Write DMA (no retry) CB 11001011
5 Write DMA Queued CcC 11001100
2 Write Long Eretry) 32 00110010
2 Write Long (no retry) 33 00110011
2 Write Multiple C5 11000101
2 Write Sectors Eretry) 30 00110000
2 Write Sectors (no retry) 31 00110001
Protocol : 1 : PIO data IN command

2 . PIO data OUT command

3 : Non data command

4 : DMA command

5 : DMA queued command

+ . Vendor specific command

Figure 72.Command Set eontinued

Commandanarked * are alternateommandcodes for previouslefinedcommands.
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Command | Feature

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

(Set Features)

Enable Write Cache EF 02
Set Transfer Mode EF 03
34 bytes of ECC apply on Read/Write Long EF 44
Disable read look —ahead feature EF 55
Enable release interrupt EF 5D
Disable reverting to power on defaults EF 66
Disable write cache EF 82
Enable read look —ahead feature EF AA
4 bytes of ECC apply on Read/Wrtie Long EF BB
Enable reverting to power on defaults EF CC
Disable release interrupt EF DD

Figure 73.Command Se{Subcommand)

Figure 71 onpage 95 andrigure 72 onpage 96 shows theommands that are supported by tHevice.
Figure 73 shows theub-commands that are supporteddgachcommand orfeature.
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The following symbols are used in theommanddescriptions:

Output Registers

0
1
D

\%
X
Input Registers
0
1
H

Vv

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

The devicenumber bit. Indicatesthat thedevicenumber bit of theDevice/HeadRegister
should bespecified. Zero selects theanasterdevice and one selects the slave device.

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

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

Retry. Indicatesthat the Retry bit of th&CommandRegister &ould bespecified.

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

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

Indicatesthat the bit is notused.

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

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

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

Indicatesthat the bit is not part of an inpytarameter.

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

Check Power Mode

(ESh/98h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

Sector Count

VVVVVVYVY

Sector Number

Sector Number

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

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

Figure 74. Check PoweMlode CommandE5h/98h)

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

immediateaccess.

Input Parameters From The Device

Sector Count

wise, theSectorCount Registerwill be set to 0.

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

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

Figure 75. Execut®evice DiagnostidCommand(90h)

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

The normal ErrorRegister bit definitions do noapply to thiscommand. Instead, theregistercontains a
diagnostic code. Seigure 64 onpage 74 for the definition.
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12.3

Flush Cache (E7h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata @ @ | -=-—-=—-=-—-- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - - - — — —
Command 11100111 Status ...See Below...

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

Figure 76. Flush Cach€ommand(E7h)

This commandcauses the device toompletewriting datafrom its cache.

The devicereturns good statuafter data in the write cache written to disk media.

CommandDescriptions 101




12.4 Format Track (50h)

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

Figure 77. FormafTrack Command50h)

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

The host maytransfer a sector of dateontaining a format table to thdevice. But the devicégnores the
format table andwrites zero to all sectors on theack regardless of the descriptors.

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

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

In LBA mode, this register specifies LBAaddress bit8-15 (Low), 16-23(High) to be
formatted.(L=1)

H The headhumber of thetrack to be formatted(L=0)
In LBA mode, this register specifies LBAaddress bit24-27 to beformatted. (L=1)
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Input Parameters From The Device

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

Cylinder High/Low In LBA mode, this register specifieccurrent LBA address bits8-15 (Low), 16-23
(High)

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

Error The Error Register. AnAbort error (ABT=1) will be returnedunder thefollowing
condition:

No spare data sector to laessigned.

In LBA mode, this commandformats asingle logicaltrack including thespecifiedLBA.
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12.5 Identify Device (ECh)
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11101100 Status ...See Below...
Error Register Status Register
716 |54 ]3]2]1]0 716 (5432 ]1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o|Vvi|o|—-]—-]0]-1]V

Figure 78.ldentify DeviceCommand(ECh)

The Identify Devicecommandrequests thelevice totransfer configurationinformation to the host.
device will transfer a sector to thikostcontaining the informatiomescribed inFigure 79 onpage 105.
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Word Content Description
00 045AH Drive classification, bit assignments:
15(=0): 1=ATAPI deV|ce 0=ATA device
*| 14(=0): 1=format speed tolerance gaP required
* | 13(=0): 1=track offset ortion available
*| 12(=0): l=data strobe offset option available
*| 11(=0): l=rotational speed tolerance > 0.5%
* | 10(=1): 1=disk transfer rate > 10 Mbps
* | 9(=0): 1=disk transfer rat e > 5 Mbps but <= 10 Mbps
* | 8(=0): 1=disk transfer rate <= 5 Mbps
7(=0): 1=removable cartridge drive
6(=1): 1=fixed drive
* | 5(=0): l=spindle motor control option implemented
* 4(=1): 1=head switch time > 15 us
* 3(=1): 1=not MFM encoded
* 2(=0): 1=soft sectored
* 1(=1): 1=hard sectored
0(=0): Reserved
01 XXXxH Number of cylinders in default translate mode
02 0 * | Number of removable cylinders
03 00xxH Number of heads in default translate mode
04 0 * | Reserved
05 0 * | Reserved
06 003FH Number of sectors per track in default translate mode
07 0000H * | Number of bytes of sector gap
08 0000H * | Number of bytes in sync field
09 0000H * | Reserved
10-19 XXXX Serial number in ASCIlI (0 = not specified)
20 0003H * | Controller type:
0003: dual ported, multiple sector buffer
with look —ahead read
21 XXXXH *| Buffer size in 512  —byte increments
A value between 03A0H and 03B1H (model dependent)
22 0022H * | Number of ECC bhytes
(Vendor unique length selected via set feature cmd)
2326 XXXX Microcode version in ASCII
2746 XXXX Model number in ASCII
47 8010H 15-8 80h
7-0 Maximum number of sectors that can be
transferred per interrupt on Read and Write
Multiple commands
48 0000H Reserved

Figure 79.ldentify deviceinformation
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Description

Word Content
49 XxFOOH
50 400xH
51 0200H
52 0200H
53 0007H
54 XXXXH
55 XXXXH
56 XXXXH

5758 XXXXH
59 OxxxH
6061 XXXXH
62 XX07H
63 XxX07H
64 0003H
65 0078H

CapaMhnes bit assignments:
15— 14( 0) Reserved
Standby timer
( 1) values as specified in ATA standard are
supported
( ) values are vendor specific
Reserved
IORDY Supported
IORDY can be disabled
Reserved
Reserved
71— 0 Reserved
CapaMhnes bit assignments:
15— 14E 01) Word 50 is valid
13-1 Reserved
0 Minimum value of Standby timer
=0) less than 5 minutes
=1) equal to or greater than 5 minutes
PIO data transfer cycle timing mode
DMA data transfer cycle timing mode
Refer Word 62 and 63
Validity flag of the word
15— 3(=0) Reserved
2(=1) 1=Word 88 are Valid
1(=1) 1=Word 64 —70 are Valid
0(=1) 1=Word 54 —58 are Valid
Number of current cylinders
Number of current heads
Number of current sectors per track
Current capacity in sectors
Word 57 specifies the low word of the capacity
Current Multiple setting. bit assignments
15— 9(=0)  Reserved
8 1= Multiple Sector Setting is Valid
-0 xxh = Current setting for number of sectors
Total Number of User Addressable Sectors
Word 60 specifies the low word of the number
Single Word DMA Transfer Capability
15— 8 SinWe word DMA transfer mode active
7— 0(=7) Single word DMA transfer modes supported
(support mode 0,1 and 2)
Multiword DMA Transfer Capability
15— 8 Multi word DMA transfer mode active
7— 0(=7) Multi word DMA transfer modes supported
(support mode 0,1 and 2)
Flow Control PIO Transfer Modes Supported
15—-85:0; Reserved
7— 0(=3) Advanced PIO Transfer Modes Supported
'11' = PIO Mode 3 and 4 Supported
Minimum Multiword DMA Transfer Cycle Time Per Word
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s)

Figure 80. Identify deviceinformation --- Continued ---
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Word Content Description

Time

6974 0000H Reserved
75 00xxH Queue depth
15—-5 Reserved
4—0 Maximum queue depth
76—79 0000H Reserved
80 001EH Major version number

81 0017H Minor version number

82 T4EBH Command set supported

15(=0) Reserved

14(=1) NOP command

13(=1) READ BUFFER command
12(=1) WRITE BUFFER command
11(=0) Reserved

DEVICE RESET command
SERVICE interrupt
RELEASE interrupt
LOOK AHEAD

WRITE CACHE

Removable feature set
Security feature set
SMART feature set
83 4002H Command set supported
15-14(=01) Word 83 is valid

O N W U1 —1 00 ©
WO
PRPORORRPEPOO

15-14(=01) Word 84 is valid
13— 0(=0) Reserved

66 0078H Manufacturer's Recommended Multiword DMA Transfer Cycle
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s)
67 00FOH Minimum PIO Transfer Cycle Time Without Flow Control
15— 0(=F0) Cycle time in nanoseconds (240ns, 8.3MB/s)

68 0078H Minimum PIO Transfer Cycle Time With IORDY Flow Control
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s)

15— 0(=1E) ATA -1, ATA-2, ATA-3 and ATA/ATAPI —4
15— 0(=11) ATA/ATAPI —4 X3T13 1153D revision 17

10(=1) Host Protected Area feature set

PACKET Command feature set
Power management feature set

13— 5(=0) Reserved
4(=0) Removable Media Status Notification feature
3(=0) Advanced Power management feature set
2(=0) CFA feature set
1(=1) READ/WRITE DMA QUEUED
0(=0) DOWNLOAD MICROCODE command
84 4000H Command set/feature supported extension

Figure 81.ldentify deviceinformation --- Continued ---
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Description

Word Content
85 XXXXH
86 XXXXH
87 4000H
88 0x07H
89 XXXXH
90 0000H
91 0000H

92-126 0000H

127 0000H

Command set/feature enebled
15 Reserved
14 NOP command
13 READ BUFFER command
12 WRITE BUFFER command
11 Reserved
10 Host Protected Area feature set
DEVICE RESET command
SERVICE interrupt
RELEASE interrupt
LOOK AHEAD
WRITE CACHE
PACKET Command feature set
Power management feature set
Removahle feature set
Security feature set
SMART feature set
Command set/feature enebled
15— 5 Reserved
4 Removahle Media Status Notification feature
3 Advanced Power management feature set
2 CFA feature set
1 READ/WRITE DMA QUEUED
0 DOWNLOAD MICROCODE command
Command set/feature default
15-14(=01) Word 87 is valid
13— 0(=0) Reserved
Ultra DMA transfer modes
15— 8(=0x) Current active Ultra DMA transfer mode
15-11 Reserved (=0)
10 Mode 2 1= Active 0= Not Active
9 Mode 1 1= Active 0= Not Active
8 Mode 0 1= Active 0= Not Active
7— 0(=07) Ultra DMA transfer mode supported
7— 3 Reserved (=0)
2 Mode 2 1= Support
1 Mode 1 1= Support
0 Mode 0 1= SupFOH
Time required for security erase unit complition
Time = valu e * 2 (minutes)
Time required for Enhanced security erase complition
Current advanced power management value
Reserved
Removahle Media Status Notification feature set
0000H = Not supported

OFRPNWRASOUOIOY N0 WO

Figure 82.ldentify deviceinformation --- Continued ---
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Word Content Description
128 XXXxH Device Lock Function. Bit assignments
15— 9 Reserved
8 Security Level 1= Maximum, 0= High
7— 6 reserved
5 Enhanced erase 1= Support
4 Expire 1= Expired
3 Freeze 1= Frozen
2 Lock 1= Locked
1 Enable/Disable 1= Enable
0 Capability 1= Support
129 xxxxH * | Current Set Feature Option. Bit assignments
15— 4 Reserved
3 Auto reassign 1= Enable
2 Reverting 1= Enable
1 Read Look—ahead 1= Enable
0 Write Cache 1= Enable
130-159 | xxxxH * | Reserved
160-255 | 0000H Reserved

Figure 83.ldentify deviceinformation --- Continued ---

Note. The "*' mark in'Content'field indicates the use ahose parameters are vendsgecific.
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12.6 Idle (E3n/97h)

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 | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11100011 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V |—-]0|-1]V

Figure 84.ldle Command(E3h/97h)

The Idle commandcauses the device tenter Idle mode immediately, and set aytower down timeout
parameter(standby timer). And then the tinsarts countinglown.

When theldle mode is entered, thdevice isspun up tooperatingspeed. If thedevice isalready spinning,
the spin up sequence is not executed.

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

Output Parameters To The Device

Sector Count TimeoutParameter. lzero, then theautomatic power dowmsequence is disabled. If
non-zero,then the automatic power dowsequence is enabled,and themeout
interval isshownblow:

Value Timeout
0 Timer disabled

1 - 240 Value * 5 seconds
241 - 251 (Value-240) * 30 minutes

252 21 minutes

253 8 hours

254 21 minutes 10 seconds

255 21 minutes 15 seconds
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When the automatipower downsequence is enabled, thdrive will enter Standby
mode automatically if théimeoutinterval expires with no driveaccesdrom the host.

The timeoutinterval will be reinitialized if there is adrive accesdefore thetimeout
interval expires.
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12.7 ldle Immediate (E1h/95h)
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 111000001 Status ...See Below...
Error Register Status Register
716 |54 ]3]2]1]0 716 (5432 ]1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o|Vvi|o|V]|—-]0]-]V

Figure 85.ldle ImmediateCommand(E1h/95h)

The IdleImmediatecommandcauses the device tenter ldlemode.

The device isspun up tooperatingspeed.

executed.

If thedevice isalready spinning, thepin up sequence is not

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

The IdleImmediatecommandwill not affect to autopower down timeout parameter.
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12.8 Initialize Device Parameters  (91h)

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

Figure 86. litialize DeviceParameter€ommand(91h)

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

The parameters remain igffectuntil following events:

- Anotherlnitialize DeviceParametergsommand iseceived.
« The device igpoweredoff.
« Soft reset/Hard reset msccurred and the Sdteature option of CCh is sétstead of 66h.

Output Parameters To The Device

Sector Count The number ofsectors per track. 0 does not mean there are 256 sectors per track,
but there is no sector per track.

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

Note: Thefollowing conditionsneeds to besatisfied toavoid invalidnumber ofcylindersbeyondFFFFh.
(Total number of useaddressable sectors)/((Sectoount)*(H+1)) = < FFFFh

The totalnumber of useaddressable sectors is described in Identify Devieemmand.
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129 NOP (00h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature VVVVVVVY Error ...See Below...
Sector Count | — ————— — — Sector Count [nitial value
Sector Number | — = - - - - - — Sector Number [nitial value
Cylinder Low | — == - —— — — Cylinder Low [nitial value
Cylinder High | — == - — - — — Cylinder High [nitial value
Device/Head 1-1D---- Device/Head [nitial value
Command 00000000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 87. NOPCommand(00h)

This commandalwaysfails with an error. Thedeviceresponds withcommandaborted.

Output Parameters To The Device

Feature Subcommancaode.
OOH Abort anyoutstanding queue.
01H - FFH Not abort anyoutstanding queue.

The value of Secto€ount, SectorNumber, Cylinder High/LowDevice/Head set by host is nohanged.
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12.10 Read Buffer

(E4h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata @ @ | -=-—-=—-=-—-- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Device/Head 1-1D---- Device/Head | — - - — — — — —
Command 11100100 Status ...See Below...

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

Figure 88.ReadBuffer Command(E4h)

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

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

The sector transferredill be from the samepart of thebuffer written to by thelast Write Buffer command.
The contents of thesector may bedifferent if any reads or writedhiave occurredsince theWrite Buffer

command wasssued.
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12.11 Read DMA (C8h/C9h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 1100100R Status ...See Below...
Error Register Status Register

7 16 |5 (4132 1]0 7 16 |5 (4132 1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
VI io|o |V ] o]V o]V o (v 0|V |{—=1]0|-1|V

Figure 89.Read DMA CommandC8h/C9h)

The Read DMA commandeads one omore sectors of datdrom disk media, thentransfers the datérom

the device to théhost.

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

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

to indicatethat datatransfer hagserminated and status @&vailable.

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

Output Parameters To The Device

Sector Count

sectorswill be transferred.

Sector Number

In LBA mode, this register specifies LBAaddress bits 0 - 7 to be transferrdd.=1)

Cylinder High/Low

be transferred(L=1)
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The number of continuousectors to be transferred.

If zero specified, then 256

The sectomumber of thefirst sector to be transferredL=0)

The cylindernumber of thefirst sector to be transferredL=0)

In LBA mode, this register specifies LBAaddress bits 8 - 15Low) 16 - 23 (High) to




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

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

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

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

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

H The headhumber of thesector to be transferredL=0)

In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.12 Read DMA Queued (C7h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature VVVVVVVY Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11000111 Status ...See Below...

Error Register Status Register
7 16 |5 (4132 1]0 7 16 |5 (413 [21]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |SRV|DRQ|COR|IDX |ERR
VI io|o |V ] o]V o]V o (v 0|V |{—=1]0|-1|V

Figure 90.Read DMA QueuedCommand(C7h)

This commandexecutes in a similamanner to a READ DMA command. Thaevice mayperform a bus
release or it mayexecute the data transfarthout performing a bugelease if the data iseady to transfer.

If the deviceperforms a buselease, thdnostshall reselect the deviogsing theSERVICE command.

Once the data transfer lsegun, thedevicedoes not perform a bueeleaseuntil the entire dataransfer has

been completed.

Output Parameters To The Device

Feature

be transferred.

Sector Count
Sector Number

Cylinder High/Low

starting sectonumber or LBAaddress bits 7 - 0.

starting cylindemumber or LBAaddress bits 23 - 8.

H startingheadnumber or LBAaddress bits 27 - 24.
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number ofsectors to be transferred. A value of 00h indicatkat 256sectors are to

bits 7 - 3 (Tag)contain the Tag for theommandbeingdelivered.




Input Parameters From The Device On Bus Release

Sector Count bits 7 - 3 (Tag)contain the Tag of theommandbeing bus released.
bit 2 (REL) is set to one.
bit 1 (I/0) is cleared to zero.
bit 0 (C/D) iscleared to zero.

Sector Number, Cylinder High/Low, H n/a.

SRV cleared to zero when thdevice performs a bugelease. This bit is set to one when
the device igeady to transfedata.

Input Parameters From The Device On Command Complete

Sector Count bits 7 - 3 (Tag)contain the Tag of the completesbmmand.
bit 2 (REL) iscleared to zero.
bit 1 (1/0O) is set toone.
bit 0 (C/D) is set toone.

Sector Number, Cylinder High/Low, H sector address of unrecoverable error. (applicable only wireecov-
erable error has occurred.)

SRV cleared to zero.
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12.13 Read Long

(22h/23h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

00000001

Sector Count

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0010001R Status ...See Below...
Error Register Status Register

7 16 |5 (4132 1]0 7 16 |5 (4132 1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 |V O]V 0]V o (v 0|V |{—=1]0|-1|V

Figure 91.ReadLong Command(22h/23h)

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

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

is ready to transfer the ECC bytes to thest. The data isransferred 16 bits at a time, and the ECC bytes
are transferred 8 bits at a time. Tmember of ECCbytes are 4 or 34 according to setting of Fetature
option. Thedefault setting is 4 bytes of EC@ata.

The commandmakes asingle attempt toread the data and does not check the data uEi@¢, whatever is
read is returned to thhost.
Output Parameters To The Device

The number of continuousectors to be transferred. The Sec@ount must be set
to one.

Sector Count

The sectomumber of thesector to be transferredL=0)

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

Sector Number

Cylinder High/Low The cylindernumber of thesector to be transferredL=0)

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

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

H The headhumber of thetransferred sectoi(L=0)
In LBA mode, this registercontains current LBA bits 24-2qL=1)
It should be notedhat thedeviceinternally uses 34 bytes of ECC data on all data written or rigach the

disk. The 4 byte mode obperation isprovided via an emulation. It is recommend#tht for testing the
effectiveness anthtegrity of the devices ECQunctionsthat the 34 byte ECC modéhsuld beused.
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12.14 Read Multiple (C4h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11000100 Status ...See Below...
Error Register Status Register

7 16 |5 (4132 1]0 7 16 |5 (4132 1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o |Vvi]o|Vv o]V 0]V o |V |0 |V |—-]0|-1]V

Figure 92.ReadMultiple Command(C4h)

The ReadMultiple commandreads one omore sectors of datdrom disk media, thentransfers the data

from the device to thehost.

The sectors are transferrédrough theData Register 16 bits at a time. Commandexecution isidentical to
the ReadSectorscommandexceptthat aninterrupt isgenerated for eachlock (asdefined by the SeMul-

tiple command)instead of for each sector.

Output Parameters To The Device

Sector Count

sectorswill be transferred.

Sector Number

The number of continuousectors to be transferred.

If zero specified, then 256

The sectomumber of thefirst sector to be transferredL=0)

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

Cylinder High/Low

The cylindernumber of thefirst sector to be transferredL=0)

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

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

Sector Count

Sector Number

Cylinder High/Low

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

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

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

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

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

Figure 93.ReadNative MaxLBA/CYL (F8h)
This commandreturns the native maxBA/CYL of HDD which is noteffected by Set Max LBA/CYL
command.
Input Parameters From The Device
Sector Number In LBA mode, this registercontains native max LBA bits 0- {L=1)
In CHS mode this registercontains native max sectarumber.(L=0)

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

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

In CHS mode this registercontains native makead mumber.(L=0)
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12.16 Read Sectors (20h/21h)

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

Figure 94.ReadSectorsCommand(20h/21h)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Figure 95.ReadVerify SectorsCommand(40h/41h)
The ReadVerify Sectorsverifies one ormore sectors on thelevice. No data isransferred to thdost.

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

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

Output Parameters To The Device

Sector Count The number of continuousectors to beverified. If zero isspecified, then 258ectors
will be verified.

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

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

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

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

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

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

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

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

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

(Ixh)

Command Block Output Registers

Command Block Input Registers

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

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

Figure 96. Recalibrat€ommand(1xh)

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

If the devicecannotreach cylinder 0, TONTrack O Not Found)will be set in theError Register.
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12.19 Security Disable Password (F6h)

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

Figure 97.SecurityDisable Passwor€@ommand(F6h)
The Security Disablé?assworccommanddisables the security mode featuredvice lockfunction).

The Security DisablePasswordcommand requests a transfer of aingle sector of datafrom the host
including information specified inFigure 98. Then thedevice checks théransferred password. If thgser

Password or Master Password matches gfinen password, thedevice disables thesecurity mode feature
(device lockfunction). Thiscommanddoes not change th#aster Password which may be-activated
later by settingdser Password. Thisommand bBould beexecuted indeviceunlock mode.

Word Description

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

17-255 Reserved

Figure 98. Password Information f&ecurityDisable Passworédommand

The device willcompare the passworgknt from thishost with thatspecified in thecontrol word.

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

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

Figure 99. SecurityErase Prepar€ommand(F3h)

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

The Security Eras®repareCommandmust beissuedimmediately before the Format Un@ommand. This
command is tgreventaccidental erasure of thaevice.

This commanddoes not request to transfdata.
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12.21 Security Erase Unit (F4h)

Command Block Output Registers

Command Block Input Registers

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

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

Figure 100. SecurityErase UnitCommand(F4h)

The Security Erase Unitcommandinitializes all user data sectors, then disables digice lockfunction.
Note that theSecurity Erase Unitommandinitializes from LBA 0 to Native MAX LBA. Host MAX

LBA set by Initialize Drive Parameter or Set MAX_BA/CYL command isignored. So theprotectedarea
by Set MAX LBA/CYL command isalso initialized.

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

Figure 101.

If the password does nahatch then thalevice rejects theommand with arAborted error.

Word

00

01-16
17-255

— Master, 0 — User)
— Enhanced, 0 — Normal)

Description
Control word
bhit 0 . Identifier (1
bit 1 . Erase mode (1
Enhanced mode is not supported
hit 2 =15 : Reserved
Password ( 32 bytes )
Reserved

Figure 101. Erase Unitinformation
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Identifier Zero indicatesthat the device shouldcheck the supplied password against the user
password stored internally. Oriedicatesthat thedevice $iould check thegiven pass-
word against themaster password storedternally.

The Security Erase Unitommanderases all user data and disables the security mode fe@davéce lock
function). Soafter completing thiscommand, all user datwill be initialized to zero with write operation.
At this time, it is notverified with readoperation whether theector of data isnitialized correctly. Also, the
defectivesectorinformation and theeassigned sectanformation for thedevice are noupdated. Thesecu-
rity erasepreparecommand bould be completedmmediately prior to theSecurity Erase Unitommand. If
the device receives &ecurity Erase Unitommand without aprior Security ErasePreparecommand the
deviceaborts thesecurity eraseinit command.

This commanddisables the security mode featudevice lockfunction), however the master passwordsial
stored internally within thedevice and may bee-activated later when a new uspassword isset. If you
execute thiscommand ondisabling the security mode featu(device lockfunction), the password sent by
the host is NOT compared with thgassword stored in thdevice for both theMaster Password and the
User Password, and then tkevice only erases all useata.

The execution time of thisommand is set iword 89 ofldentify deviceinformation.
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12.22 Security Freeze Lock (F5h)

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

Figure 102. SecurityFreezeLock Command(F5h)
The Security Freezeock Commandallows the device t@nter frozen mode immediately.

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

Frozen mode is quit only by Powef.
The following commands areejected when thealevice is infrozenmode. Fordetail, refer to Figure 70 on

page 85.

« Security SetPassword

« SecurityUnlock

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

Command Block Output Registers

Command Block Input Registers

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

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

Figure 103. Security SePasswordCommand(F1h)

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

master password or the user password.

The security mode featur@evice lockfunction) is enabled by thisommand, and thelevice is notlocked
immediately. Thedevice islocked afternext power onreset orhardreset. When theMASTER password is
set by thiscommand, themaster password igegisterred internally, but thdevice is NOTlocked after next
power onreset orhardreset.

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

in Figure 104 onpage 136.

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

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

01-16 Password (32 byte)

17-255 Reserved

Figure 104. Security SePassword Information
Identifier Zero indicatesthat device regardassword as User Password. Oindicatesthat
device regard®assword as Master Password.

Security Level Zero indicatesHigh level, oneindicatesMaximum level. If the hostsetsHigh level
and the password is forgotten, then the Master Password carsée tounlock the
device. If thehostsetsMaximum level and the usepassword is forgotten, only an
Security ErasePrepare/Security Unicommand canunlock the device and all data

will be lost.

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

The setting of the Identifier and Securilgvel bits interact agollows.

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

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

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

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

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

Figure 105. SecurityUnlock Command(F2h)

This commandunlocks the password anchuses the device tenterdeviceunlock mode. If power oneset
or hardreset isdone withoutexecuting the Security DisabRasswordcommandafter this command is com-
pleted, thedevice will be in device locknode. Thepassword has not been changest.

The SecurityUnlock commandrequests to transfer single sector of datarom the hostincluding informa-
tion specified inFigure 106 onpage 138.

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

If the Identifier bit is set to user, then tHde compares the supplied password with the stored user password.
If the password compartails then thedevicereturns anaborterror to thehost anddecrements the unlock
attemptcounter. This counter igitially set to 5 and isdecremented for each passwardsmatch. When

this counterreaches zero then aflassword protectedommands areejecteduntil a hardreset or apower
off.
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Word Description

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

17-255 Reserved

Figure 106. SecurityUnlock Information

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

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

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

Figure 107. SeekCommand(7xh)

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

Output Parameters To The Device

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

Cylinder High/Low The cylindernumber of theseek.

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

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

Input Parameters From The Device

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

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

H In LBA mode, this registercontains current LBA bits 24 - 2{L=1)

CommandDescriptions 139



12.26 Service (A2h)

Command Block Output Registers

Register 76543210

pata | - =-—-—----=

Feature | ————————

Sector Count | — — - — — — — —

Sector Number | - = - = — — — —

Cylinder Low | - ——-—-——-——
Cylinder High | — - ——-—- - - —
Device/Head - — D - - - -
Command 10100010

Figure 108. ServicecCommand(A2h)

The Servicecommand isused to provide data transfand/orstatus of acommand that wagreviously bus
released.

Output Parameters To The Device

D selected device.

Input Parameters From The Device

Input from the device as aresult of a Service command aredescribed in the
commanddescription for thecommand forwhich Service isbeing requested.
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12.27 Set Features (EFh)

Command Block Output Registers

Command Block Input Registers

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

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

Figure 109. SetFeaturesCommand(EFh)

The Set Featureommand is toestablish the followingparameters whiclaffect theexecution of certain fea-

tures asshown inbelow table.

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

Output Parameters To The Device

Feature

Destinationcode for thiscommand.

02H Enablewrite cache

03H Set transfer mode based on value in sectountregister

44H 34 bytes of ECC apply olReadLong/Write Long commands

55H Disable readook-aheadfeature

5DH Enablereleasenterrupt

66H Disablereverting topower ondefaults

82H Disable write cache

AAH Enablereadlook-aheadfeature

BBH 4 bytes of ECC apply oiReadLong/Write Long commands

CCH Enablereverting topower ondefaults

CommandDescriptions 141




DDH Disablereleaseinterrupt

Note 1.

When Featureegister is 03h(=Set Transfermode), the Secto€ount Registerspecifies thetransfermech-

anism. Theupper 5bits define the type of transfer and the l@msxder 3 bits encode the modalue.

PIO Default Transfer Mode 00000 000

PIO Default Transfer Mode,Disable IORDY 00000 001

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

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

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

Ultra DMA mode x 01000 nnn (nnn=000,001,010)
Note 2.

If the number of autaeassigned sector reaches the device&ssignment capacity, the write cachumction
will be automaticallydisabled. Although thedevice still accepts the Set B¢urescommand withFeature
register = 02hwithout error, but thewrite cachefunction will remains disabled. Focurrentwrite cache

function status, pleasefer toldentify Devicelnformation(word 85 orl29) by Identify Devicecommand.
Note 3.

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

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

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

Figure 110. Set MaxLBA/CYL (F9h)

This commandoverwrites themaximum number o BA/CYL of HDD in a range of actuatlevicecapacity.
Once device receiveathis command, allccessebeyond that BA/CYL are rejected with settin(ABORT bit
in statusregister. ldentify device commandreturns theLBA/CYL which is set via thiscommand as a
default value.

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

If the device receiveshis command thatchangesmaximum number of LBA or Cylinder to 0, thdevice
returns abortecrror to the host.
Output Parameters To The Device

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

Sector Number In LBA mode, this registercontains LBA bits 0 - 7 which is to beet.(L=1)
In CHS mode this register isignored.(L=0)
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Cylinder High/Low In LBA mode, this registercontains LBA bits 8 - 15Low),
16 - 23 (High) which is to beset.(L=1)

In CHS mode this registercontainscylinder numberwhich is to beset.(L=0)
H In LBA mode, this registercontains LBA bits 24 - 27 which is to bget.(L=1)
In CHS mode this register isignored.(L=0)
Input Parameters From The Device
Sector Number In LBA mode, this registercontains max LBA bits 0 - 7 which iset.(L=1)
In CHS mode this registercontains max sectanumber.(L=0)

Cylinder High/Low In LBA mode, this registercontains max LBA bits 8 - 15Low),
16 - 23 (High) which isset.(L=1)

In CHS mode this registercontains maxcylinder numberwhich isset.(L=0)
H In LBA mode, this registercontains max LBA bits 24 - 27 which iset.(L=1)

In CHS mode this registercontains max headumber.(L=0)
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12.29 Set Multiple

(C6h)

Command Block Output Registers

Command Block Input Registers

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

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

Figure 111. Set MultipleCommand(C6h)

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

interrupt.

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

Multiple commandswill be disabled.

Output Parameters To The Device

Sector Count.

and Write Multiplecommands arelisabled.

The blocksize to beused forReadMultiple and Write Multiple commands. Valid
block sizes can beselectedfrom 0, 2, 4, 8 or 16. If O ispecified, therReadMultiple
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12.30 Sleep (E6h/99h)

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

Figure 112. SleepCommand(E6h/99h)
This commandcauses the device tenterSleepMode.

The device isspun down and thénterfacebecomesinactive. If the device isalreadyspun down, thespin
down sequence is not executed.

The only way to recovefrom SleepMode is with asoftware reset or &aardwarereset.
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12.31 S.M.A.R.T. Function Set (BOh)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pata | - =-—-—----= pata | -=-—-—----=
Feature VVVvVvVvVvVvVvy Error ...See Below...
Sector Count VVVVVVVY Sector Count | — — - — — — — —
Sector Number | — - - —-— - — — Sector Number | — - - —-— - — —
Cylinder Low 01001111 Cylinder Low | — —————— —
Cylinder High 11000010 Cylinder High | - ——-—-—-—-——
Device/Head 1-1D---- Device/Head | — — - —— — — —
Command 10110000 Status ...See Below...
Error Register Status Register
7|6 5|4 13210 7 /6 5|4 131210
CRC|UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
00O ]O]O|V]O]O O (Vv |O0O |V |—=]0|-1]YV

Figure 113. S.M.A.R.T. Function Se€ommand(BOh)

The S.M.A.R.T. Function Set commanprovides access toAttribute Values, Attribute Thresholds and
other low level subcommands that can hesed forlogging andreporting purposes and taccommodate

special user needs.

Th®.M.A.R.T. Function Set command hasveralseparatesubcommandsvhich are

selectable via the deviceleaturesRegister when theés.M.A.R.T. Function Set command issued by the

host.

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

Code
DOh
D1h
D2h
D3h
D4h
D8h
D9%h
DAh

Subcommand

SMART ReadAttribute Values

SMART ReadAttribute Thresholds
SMART Enable/disable Attribute Autosave
SMART SaveAttribute Values

SMART ExecuteOff-line Data Collection
SMART Enable Operations

SMART DisableOperations

SMART Return Status
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12.31.1.1 SMART Read Attribute Values (Subcommand DOh)

This subcommandeturns thedevice'sAttribute Values to thehost. Uponreceipt of theSMART Read
Attribute Valuessubcommandrom the host, thalevice saves anypdated AttributeValues to theAttribute
Datasectors, and then transfers the 512 bytedtfibute Value information to the host.

12.31.1.2 SMART Read Attribute Thresholds (Subcommand D1h)

This subcommandeturns thedevice'sAttribute Thresholds to the host. Upaeceipt of theSMART Read
Attribute Thresholdssubcommandrom the host, thedevicereads theAttribute Thresholds from the Attri-
bute Thresholdectors, and then transfers the 512 bytedtfibute Thresholds information to the host.

12.31.1.3 SMART Enable/Disable Attribute Autosave (Subcommand D2h)

This subcommandenables and disables thattribute autosavefeature of the device. The SMART

Enable/Disable Attribute Autosaveubcommand eitheallows the device tcautomaticallysave itsupdated
Attribute Values to theAttribute Data Sectorperiodically; orthis subcommandtauses theautosavefeature
to be disabled. The state of thdtribute Autosavefeature (either enabled or disabled)l be preserved by
the device acrospowercycle.

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

A value of F1h written by thehost into thedevice's SectoiCount Register beforessuing the SMART
Enable/Disable Attribute Autosaveubcommandwill cause this feature to be enabled. Aather non-zero
value written by thehost into this registerbefore issuing theSMART Enable/Disable Attribute Autosave
subcommanadwill not change the current Autosave status but tlewice will respond with the errocode
specified inFigure 119 onpage 156.

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

Upon the receipt of thesubcommandfrom the host, thedevice assertBSY, enables ordisables the
Autosavefeature,clears BSY and assertSITRQ.

12.31.1.4 SMART Save Attribute Values (Subcommand D3h)

This subcommandauses the device tonmediatelysave anyupdated AttributeValues to the device'attri-
bute Datasectorregardless of thatate of theAttribute Autosavefeature. Upon receipt of thEMART Save
Attribute Valuessubcommandrom the host, thedevice writes anyupdated AttributeValues to theAttri-
bute Datasector.

12.31.1.5 SMART Execute Off-line Data Collection (Subcommand D4h)

This subcommandaauses the device tanmediately initiate or resume the set aftivities that collect Attri-
bute data in an off-linenode.

If the device is in theprocess of performing its set aiff-line activities as aresult ofreceiving aS.M.A.R.T.
Execute Off-line Data Collection subcommandrom the host and isnterrupted by a newcommandfrom
the host, thadevice will abort itsoff-line activities and service thbeostwithin two secondsafter receipt of the
new command. Thelevicerequires a news.M.A.R.T. ExecuteOff-line Data Collectionsubcommandrom
the host torestartOff-line datacollection activity.
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Upon receipt of thesubcommandrom the host, thedevice sets BSY to one, begins oesumes its set of
off-line activities, clears BSY taero and assertdNTRQ.

During execution of itsoff-line activities the devicavill not set BSY norclearDRDY.
12.31.1.6 SMART Enable Operations (Subcommand D8h)

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

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

Once enabled, the receipt sfibsequenEMART Enable Operations subcommanaal not affect any of the

Attribute Values.

Upon receipt of theSMART Enable Operationssubcommandfrom the host, thedevice enables
S.M.A.R.T. capabilities andfunctions, and thersaves anyupdated AttributeValues to theAttribute Data
sector.

12.31.1.7 SMART Disable Operations (Subcommand D9h)

This subcommanddisables allS.M.A.R.T.capabilities within thedevice including the device'sattribute
autosavefeature. After receipt of thisubcommand thealevice disables al5.M.A.R.T. operations. Non
self-preservedAttribute Values will no longer bemonitored. Thestate of S.M.A.R.T. (either enabled or
disabled) is preserved by thdevice acrospowercycles.

Upon receipt of theSMART Disable Operations subcommandfrom the host, thedevice disables
S.M.A.R.T. capabilities andfunctions, and thersaves anyupdated AttributeValues to theAttribute Data
sector.

After receipt of thedevice of the SMART Disable Operationssubcommandfrom the host, all other
S.M.A.R.T. subcommands -- with thexception of SMART Enable Operations -- ardisabled and invalid
and will be aborted by thedevice (including the SMART Disable Operations subcommandjeturning the
error code aspecified inFigure 119 onpage 156.

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

12.31.1.8 SMART Return Status (Subcommand DAh)
This command isised tocommunicate theeliability status of thedevice to thehost'srequest. Upon receipt
of the SMART Return Status subcommand thklevice saves anypdatedPre-failure typeAttribute Values

to the reservedector and ompares the updated Attributalues to theAttribute Thresholds.

If the devicedoes not detect @hresholdExceededCondition, thedeviceloads 4Fhinto the Cylinder Low
register, C2hinto the CylnderHigh register.

If the devicedetect aThresholdExceededCondition, thedeviceloads F4hinto the Cylinder Lowregister,
2Ch into the CylhderHigh register.
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12.31.2 Device Attributes Data Structure

The following defines the 51bytesthat make up the Attributé/alue information. This data structure is
accessed by théost in itsentirety using theSMART Read Attribute Valuessubcommand. Alimulti-byte
fields shown inthese data structurdsllow the ATA/ATAPI-4 specifications for byte orderingiamelythat
the least significant byteccupies the lowestumbered byteaddresdocation in thefield.

Description Bytes [Offset | Format Value
Data Structure Revision Number 2 00h | binary 0005h
1st Device Attribute 12 02h | (*1) (*2)
30th Device Attribute 12 | 15Eh | (*1) (*2)
Off —line data collection status 1 | 16Ah | (*1) (*2)
Total segments required for 1 | 16Bh | (*1) 01h
off —line data collection
Total time in seconds to 2 | 16Ch | (*1) (*2)
complete next segment
Current segment pointer 1 | 16Eh | (*1) (*2)
Off —line data collection capability 1 | 16Fh | (*1) 05h
S.M.A.R.T. capability 2 | 170h | (*1) 03h
Reserved 16 | 172h (*3)
Vendor specific 125 | 182h (*3)
Data structure checksum 1 | 1FFh (*2)
512

*2) — Value varied by actual operating condition

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

Figure 114. Device AttributeData Structure
12.31.2.1 Data Structure Revision Number
The DataStructure RevisiorNumberidentifies which version of this data structure implemented by the

device. This revisiomumberwill be set to0005h. This revisiomumberidentifies both theAttribute Value
and Attribute Thresholdata structures.
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12.31.2.2 Individual Attribute Data Structure

The following defines the 1Pytesthat make up thénformation foreachAttribute entry in theDevice Attri-
bute DataStructure.

Description Bytes [Offset | Format
Attribute ID Number (01h to FFh) 1 00h | binary
Status Flags 2 01h |bit flags

Pre —Failure/Advisory bit

On—line Collection bit

Vendor Specific (4 bits)

Reserved (10 bits, all 0)
Attribute Value (valid values from 0lh to FEh) 1 03h | binary

00h invalid for attribute value — not to he used

01h minimum value

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

FDh maximum value

FEh value is not valid

FFh invalid for attribute value — not to he used
Vendor Specific 8 04h | binary
Total Bytes 12

Figure 115. Individual AttributeData Structure

12.31.2.2.1 Attribute ID Numbers: Any non-zerovalue in theAttribute ID Numberindicates an active
attribute. Thedevicesupportsfollowing Attribute ID Numbers. Thosenarked with (*)indicatethat corre-
sponding AttributeValues can be collected only durirgff-line test.

ID Attribute Name

Indicatesthat this entry in the data structure is not used
Raw Read ErroRate

ThroughputPerformance (*)

Spin Up Time

Start/StopCount

Reallocated Secto€Count

N~ o~ WON P O

SeekError Rate
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8

9
10
12
199

SeekTime Performance (*)
Power-On HourLount
Spin RetryCount

Device PowerCycle Count

Ultra DMA CRC ErrorCount

12.31.2.2.2 Status Flag Definitions

Bit | Flag Name Definition
0 | Pre—Failure/ If bit = 0, an Attribute Value less than or
Advisory bit equal to its corresponding Attribute
Threshold indicates an Advisory condition
where the usage or age of the device has
exceeded its intended design life period.
If bit = 1, an Attribute Value less than or
equal to its corresponding Attribute
Threshold indicates a Pre —Failure condition
where imminent loss of data is being
predicted.
1 | On-Line Collective bit If bit = 0, the Attribute Value is updated
only during Off —Line testing.
If bit = 1, the Attribute Value is updated
during On —Line testing or during both On —Line
and Off —Line testing.
2— 5| Vendor Specific
6-15| Reserved bits Always 0

Figure 116. Status Flag Definitions

12.31.2.2.3 Normalized Values:

device which is ready forcustomer shipment.

than 100 are also possible, up taraximumvalue of 253(FDh).

12.31.2.3 Off-Line Data Collection Status

The value of this bytedefines thecurrent status of theff-line activities of the device. Bit 7 indicate&uto-

matic Off-Line Data Collection Status.

Bit 7
1
0

Automatic Off-Line Data Collection Status

Automatic Off-Line Data Collection is enabled.

Automatic Off-Line Data Collection isdisabled.
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The device willperform conversion of the raw Attribut€alues to tans-
form them into normalizedralues,which thehost can then compare with the Threshellues. AThreshold

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

in the normalized Attributé/alue (i.e., oneread error in theirst 10 reads being interpreted &sceeding the
read error rate threshold when tlsebsequent billion reads all executevithout error). The end points for
the normalizedvalues for allAttributeswill be 1 (01h) at the low end, and 100 (64h) at the high end for the
For Performance and ErRate Attributes, values greater




Bits O thru 6represents a hexadecimal stattsdue ieported by the device.

Value Definition

0 Off-line datacollection never started

1 Segment completedithout error

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

5 Off-line data collectingaborted by interruptingommand

6 Off-line datacollectionaborted withfatal error

12.31.2.4 Total Segments Required for Off-line Data Collection
The device willreturn 01h as the totadegments fooff-line datacollection.
12.31.2.5 Total Time in Seconds to Complete Off-line Data Collection Activity

This field tells thehost how manyseconds thedevice requires tocomplete the segmerpointed by the
current segment pointer. THeost can usehis time to set a&count downtimer that will trigger it to issue the
“SMART ReadAttribute Values” subcommand teheck on the status adff-line datacollection. Thisfield
indicates thetotal time in seconds for thdirst segment if the current segmepointer is 00h or theoff-line
statusindicates all segmentsompleted (02h).

12.31.2.6 Current Segment Pointer

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

equal to the totahumber ofsegments.

12.31.2.7 Off-Line Data Collection Capability

The devicereturns 05h as it®ff-line data collection capability whichindicates: theExecute Off-LineData
Collection Immediate is implemented; thaevice will abort all off-line activity if interrupted by a new
command.

12.31.2.8 S.M.A.R.T. Capability

This word of bitflags describes thes.M.A.R.T. capabilities of the device. Thdevice will return 03hindi-
catingthat thedevice will save itsAttribute Valuesprior to goinginto a powersaving mode andupports the
SMART ENABLE/DISABLE ATTRIBUTE AUTOSAVE command.

Bit Definition
0 Pre-power mode attributeavingcapability

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

1 Attribute autosaveapability
If bit = 1, the devicesupports theSMART ENABLE/DISABLE ATTRIBUTE AUTOSAVE
command.

2-15 Reserved (0)
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12.31.2.9 Data Structure Checksum

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

12.31.3 Device Attribute Thresholds Data Structure

The following defines the 51Pytesthat make up the Attribute Threshoidformation. This data structure is
accessed by thé&ost in its entirety using theSMART Read Attribute Thresholds. All multi-bytefields
shown inthese data structurefellow the ATA/ATAPI-4 specifications for byte orderingjamelythat the
least significant byteccupies the lowestumbered byteaddresdocation in thefield.

The sequence ddictive Attribute Thresholdswill appear in the same order #seir correspondindAttribute
Values.

Description Bytes [Offset | Format Value
Data Structure Revision Number 2 00h | binary 0005h
1st Attribute Threshold 12 02h | (*1) (*2)
30th Attribute Threshold 12 | 15Eh | (*1) (*2)
Reserved 18 | 16Ah (*3)
Vendor specific 131 | 17Ch (*3)
Data structure checksum 1 | 1FFh (*2)
512

*2)  — Value varied by actual operating condition

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

Figure 117. Device AttributeThresholdsData Structure

12.31.3.1 Data Structure Revision Number

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

12.31.3.2 Individual Thresholds Data Structure

The following defines the 1adytesthat make up thanformation for eachThreshold entry in theDevice

Attribute ThresholdsData Structure. Attributeentries in the IndividualThresholdData Structure is in the
same order and correspond to taetries in the IndividuaAttribute Data Structure.
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Description Bytes [Offset | Format
Attribute ID Number (01h to FFh) 1 00h | binary
Attribute Threshold (for comparison with 1 0lh | binary
Attribute Values from 00h to FFh)
00h — "always passing" threshold value to
be used for code test purposes
0lh — minimum value for normal operation
FDh — maximum value for normal operation
FEh — invalid for threshold value
FFh — "always failing" threshold value to
be used for code test purposes
Reserved (00h) 10 02h | binary
Total Bytes 12

Figure 118. IndividualThresholdData Structure

12.31.3.3 Attribute ID Numbers

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

12.31.3.4 Attribute Threshold

Thesevalues are preset at the factory and are msant to bechangeable.

12.31.3.5 Data Structure Checksum

The DataStructure Checksum is the 2's compliment of tlesult of a simple 8-biaddition of thefirst 511

bytes in the data structure.

12.31.4 Error Reporting

The following table shows thevalues returned in the Status amdror Registers wherspecific error condi-

tions are encountered bydevice.
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Error Condition Status Error
Register |Register

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

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

Cylinder High and Cylinder Low registers.

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

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

that is either invalid or not supported by this device.

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

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

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

state.

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

Attribute Thresholds data structure. 51h or
40h

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

data structure. or
01h

The Data Structrue Revision Number in the device's

Attribute Values data structure does not match the 51h 01h

Data Structure Revision Number in the device's

Attribute Thresholds data structure.

A mismatch has occurred between the entries in the

device's Attribute Values data structure and 51h 01h

Attribute Thresholds data structure.

The device has detected a checksum error in its

Attribute Threshold data structure. 51h 10h

Figure 119. S.M.A.R.T.Error Codes
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12.32 Standby (E2h/96h)

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 | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11100010 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V |—-]0|-1]V

Figure 120. StandbyCommand(E2h/96h)

The Standbycommandcauses the device tenter the Standbode immediately, and set aupower down
timeout parameter(standkimer).

When theStandby mode igntered, thedrive is spun down but thenterfaceremainsactive. If the drive is
alreadyspun down, thespin down sequence is not executed.

During the Standby mode thdrive will respond to commands, buhere is adelay while waiting for the
spindle to reach operatingpeed.

The automatic power dowsequence is enabled and the timer starts counting down whedrie returns
to Idle mode.
Output Parameters To The Drive

Sector Count TimeoutParameter. Izero, then theautomatic power dowmsequence is disabled. If
non-zero,then the automatic power dowsequence is enabled,and themeout
interval isshownblow:
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Value Timeout

0 Timer disabled
1-240  Value * 5 seconds
241 - 251 (Value-240) * 30 minutes
252 21 minutes
253 8 hours
254 21 minutes 10 seconds
255 21 minutes 15 seconds

When the automatipower downsequence is enabled, ttdrive will enter Standby
mode automatically if theimeoutinterval expires with no driveaccesd§rom the host.

The timeoutinterval will be reinitialized if there is adrive accesdefore thetimeout
interval expires.
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12.33 Standby Immediate (EOh/94h)

Command Block Output Registers

Command Block Input Registers

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

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

Figure 121. Standby Immediat€ommand(EOh/94h)

The Standby Immediateommandcauses the device tenter Standby mode immediately.

The device isspun down but thenterfaceremainsactive. If the device ialreadyspun down, thespin down

sequence is not executed.

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

spindle to reach operatingpeed.

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

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

Figure 122. WriteBuffer Command(E8h)

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

The ReadBuffer and Write Buffer commands arsynchronized suclhhat sequential WriteBuffer and Read
Buffer commandsaccess thesame 512 byte withimuffer.
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12.35 Write DMA (CAN/CBh)

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

Figure 123. Write DMA Command(CAh/CBh)

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

The sectors of data are transfertdtough theData Register 16 bits at a time.

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

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

Output Parameters To The Device

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

Sector Number The sectomumber of thefirst sector to be transferredL=0)
In LBA mode, this registercontains LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thefirst sector to be transferredL=0)
In LBA mode, this registercontains LBA bits 8 - 15Low), 16 - 23 (High).(L=1)
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H The headhumber of thefirst sector to be transferredL=0)
In LBA mode, this registercontains LBA bits 24 - 27(L=1)

R The retry bit. If set to one, then retries are disabled. But ignored, when write cache is
enabled. (Ignoring the retry bit is in violation &TA-2.)

Input Parameters From The Device

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

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

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

H The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.36 Write DMA Queued (CCh)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature VVVVVVVY Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11001100 Status ...See Below...

Error Register Status Register
7 16 |5 (4132 1]0 7 16 |5 (413 [21]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |SRV|DRQ|COR|IDX |ERR
VI io|o |V ] o]V o]V o (v 0|V |{—=1]0|-1|V

Figure 124. Write DMA QueuedCommand(CCh)

This commandexecutes in a similamanner to aVRITE DMA command. Thelevice mayperform a bus
release or it mayexecute the data transfarthout performing a bugelease if the data iseady to transfer.

If the deviceperforms a buselease, thdnostshall reselect the deviogsing theSERVICE command.

Once the data transfer lsegun, thedevicedoes not perform a bueeleaseuntil the entire dataransfer has

been completed.

Output Parameters To The Device

Feature

be transferred.

Sector Count
Sector Number

Cylinder High/Low

starting sectonumber or LBAaddress bits 7 - 0.

starting cylindemumber or LBAaddress bits 23 - 8.

H startingheadnumber or LBAaddress bits 27 - 24.

number ofsectors to be transferred. A value of 00h indicatkat 256sectors are to

bits 7 - 3 (Tag)contain the Tag for theommandbeingdelivered.
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Input Parameters From The Device On Bus Release

Sector Count bits 7 - 3 (Tag)contain the Tag of theommandbeing bus released.
bit 2 (REL) is set to one.
bit 1 (I/0) is cleared to zero.
bit 0 (C/D) iscleared to zero.

Sector Number, Cylinder High/Low, H n/a.

SRV cleared to zero when thdevice performs a bugelease. This bit is set to one when
the device igeady to transfedata.

Input Parameters From The Device On Command Complete

Sector Count bits 7 - 3 (Tag)contain the Tag of the completesbmmand.
bit 2 (REL) iscleared to zero.
bit 1 (1/0O) is set toone.
bit 0 (C/D) is set toone.

Sector Number, Cylinder High/Low, H sector address of unrecoverable error. (applicable only wireecov-
erable error has occurred.)

SRV cleared to zero.
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12.37 Write Long (32h/33h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count 00000001 Sector Count | — —— — — — — Vv
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0011001R Status ...See Below...
Error Register Status Register
7 16 |5 (4132 1]0 7 16 |5 (4132 1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O o (Vv |IV |V |=1]0]-1]V

Figure 125. WriteLong Command(32h/33h)

The Write Long commandtransfers the data and the ECC bytes of the designated one $emtoithe host
to the device, then the data and the EGg@es are written to theisk media.

After 512 bytes of data havieeentransferred, thalevice will keep settingd RQ=1 toindicatethat thedevice

is ready toreceive the ECChytes from the host. The data igansferred 16 bits at a time, and the ECC
bytes are transferred 8 bits at a time. Thamber of ECCbytes are 4 or 34 according to setting of Set
Feature option. Theefaulthnumberafter power on is 4 bytes.

Output Parameters To The Device

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

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

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

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

R The retry bit. If set toone, thenretries are disabled.
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Input Parameters From The Device
Sector Count The number ofequested sectors not transferred.
Sector Number The sectomumber of thesector to be transferredL=0)
In LBA mode, this registercontains current LBA bits 0 - 7(L=1)
Cylinder High/Low The cylindernumber of thesector to be transferredL=0)

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

H The headhumber of thesector to be transferredL=0)

In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
The file internally uses 34 bytes of ECC on all data read or writes. The 4 byte moagefation is pro-
vided via anemulation technique. As a consequencelos emulation it is recommended that 34 byte ECC

mode is used for all tests to confirm tloperation of thdfiles ECC hardware. Unexpectedesults mayoccur
if such testing isperformed using 4 bytenode.

166 OEM Specifications foDTTA-3xxxXX



12.38 Write Multiple  (C5h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | -=-—-=-=--—-= pbata | —-=-—-=-—-=—-=
Feature | ————— — — — Error ...See Below...
Sector Count VVVVVVVY Sector Count VVVVVVVY
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 11000101 Status ...See Below...
Error Register Status Register
7 16 |5 (4132 1]0 7 16 |5 (4132 1]0
CRC|UNC| O |[IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O O |V | V|V | -]0]|-1]V

Figure 126. Write Multiple Command(C5h)

The Write Multiple commandtransfers one omore sectorsfrom the host to thedevice, the the data is
written to thedisk media.

Commandexecution isidentical to the Write Sectorsommandexceptthat aninterrupt isgenerated for each
block (asdefined by the SeMultiple command)instead of for each sector. The sectors are transferred
through theData Register 16 bits at a time.

Output Parameters To The Device

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

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

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

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

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

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

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

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

H The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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12.39 Write Sectors (30h/31h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0011000R Status ...See Below...
Error Register Status Register

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

Figure 127. Write Sector€ommand(30h/31h)

The Write Sectorscommandtransfers one omore sectorsfrom the host to thedevice, then the data is
written to thedisk media.

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

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

Output Parameters To The Device

Sector Count

Sector Number

Cylinder High/Low

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

sectorswill be transferred.

The sectomumber of thefirst sector to be transferredL=0)

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

The cylindernumber of thefirst sector to be transferredL=0)

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

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

The retry bit. If set to one, then retries are disabled. But ignored, when write cache is
enabled. (Ignoring the retry bit is in violation &TA-2.)
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Input Parameters From The Device

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

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

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

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

The timing of BSY and DRQ in Status Register ateown inFigure 128

FUNCTION INTERVAL START STOP TIMEOUT
Power On | Device Busy After Power On Status Register 400 ns
Power On BSY=1
Device Ready After Power On Status Register 31 sec
Power On BSY=0 and RDY=1
Software Device Busy After Device Control Status Register 400 ns
Reset Software Reset Register RST=1 BSY=1
Device Ready After Device Control Status Register 31 sec
Software Reset Register RST=0 BSY=0 and RDY=1
After RST =1
Hard Device Busy After Bus RESET Signal Status Register 400 ns
Reset Hard Reset Asserted BSY=1
Device Ready After Bus RESET Signal Status Register 31 sec
Hard Reset Asserted BSY=0 and RDY=1
Data In Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt, DRQ For Status Register Status Register 30 sec
Data Transfer In BSY=1 BSY=0 and DRQ=1,
Interrupt
Device Busy After 256th Read From Status Register 10 us
Data Transfter In Data Register BSY=1
Data Out Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Data Request For Status Register Status Register 700 us
Data Transfer Out BSY=1 BSY=0 and DRQ=1
Device Bus?/ After 256th Write From Status Register 5 us
Data Transfer Out Data Register BSY=1
Interrupt For Status Register Status Register 30 sec
Data Transfer Out BSY=1 BSY=0 and RDY=1
Interrupt
Figure 128. Timeout Values
0 Copyright IBM Corp. 1998 171




FUNCTION INTERVAL START STOP TIMEOUT
Non-Data Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt For Status Register Interrupt 30 sec
Command Complete BSY=1
DMA Data | Device Busy after Out to Command Status Register 400 ns
Transfer Command Code Out Register BSY=1
Command

Figure 129. Timeout Values --- Continued ---
Commandcategory is referred to 11.0CommandProtocol” onpage 89.

The abbreviations'ns”, "us", "ms" and"sec" meannanoseconds, microsecondsjlliseconds and seconds,
respectively.

We recommend that the hosystem executes Soft reset and then retryissue thecommand if the host
systemwould occurtimeout for thedevice.
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14.0 Appendix

14.1 Commands Support Coverage

Following table is provided to falitate the understanding of DTTA-3xxxxxcommand supportoverage
comparing to theATA/ATAPI-4 definedcommandset. Thecolumn of 'Implementationshows the capa-
bility of DTTA-3xxxxx for those commands.

Command Command Implementation ATA —4 Command
Code Name for DTTA=3XXXXX Type

00h NOP Yes Optional
01h—07h Reserved Reserved Reserved
08h DEVICE RESET No Optional
09h—0Fh Reserved Reserved Reserved
10h RECALIBRATE Yes Obsolete
11h—1Fh RECALIBRATE Yes Retired
20h READ SECTOR(S w/ retry) Yes Mandatory
21h READ SECTOR(S w/o retry) Yes Mandatory
22h READ LONG w/ retry) Yes Obsolete
23h READ LONG w/o retry) Yes Obsolete
24h—2Fh  Reserved Reserved Reserved
30h WRITE SECTOR(S w/ retry) Yes Mandatory
31h WRITE SECTOR(S w/o retry) Yes Mandatory
32h WRITE LONG w/ retry) Yes Obsolete

33h WRITE LONG w/o retry) Yes Obsolete
34h—3Bh Reserved Reserved Reserved
3Ch WRITE VERIFY No Obsolete
3Dh—-3Fh Reserved Reserved Reserved
40h READ VERIFY SECTOR(S) (w/ retry) Yes Mandatory
41h READ VERIFY SECTOR(S) (wlo retry) Yes Mandator
42h—4Fh  Reserved Reserved Reserve

50h FORMAT TRACK Yes Obsolete
51h—5Fh  Reserved Reserved Reserved
60h—6Fh Reserved Reserved Reserved
70h SEEK Yes Mandatory
71h—TFh SEEK Yes Retired
8xh Vendor specific Reserved Vendor specific
90h EXECUTE DEVICE DIAGNOSTIC Yes Mandatory
91h INITIALIZE DEVICE PARAMETERS Yes Mandatory
92h DOWNLOAD MICROCODE No Optional
93h Reserved Reserved Reserved
94h STANDBY IMMEDIATE (1) Yes Retired (2
95h IDLE IMMEDIATE (1) Yes Retired (2)
96h STANDBY (1) Yes Retired (2
97h IDLE (1) Yes Retired éZ)
98h CHECK POWER MODE (1) Yes Retired (2)
99h SLEEP (1) Yes Retired (2)
9Ah Vendor specific Reserved Vendor specific
9Bh—9Fh Reserved Reserved Reserved
AOh PACKET No Optional
Alh IDENTIFY PACKET DEVICE No Optional
A2h SERVICE Yes Optional
AOh—AFh Reserved Reserved Reserved
BOh SMART FUNCTION SET Yes Optional — (4)

Figure 130. Commandcoverage
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Command Command Implementation ATA —4 Command
Code Name for DTTA=3XXXXX Type
B1h—BFh Reserved Reserved Reserved
COh—C3h Vendor specific Reserved Vendor specific
Cdh READ MULTIPLE Yes Mandatory
C5h WRITE MULTIPLE Yes Mandatory

C6h SET MULTIPLE MODE Yes Mandatory
C7h READ DMA QUEUED Yes Optional

C8h READ DMA EW/ retry) Yes Mandatory

C9h READ DMA (wlo retry% Yes Mandatory

CAh WRITE DMA éw/ retry Yes Mandatory

CBh WRITE DMA (w/o retry) Yes Mandatory

CCh WRITE DMA QUEUED Yes Optional
CDh-CFh Reserved Reserved Reserved
DOh-D9h Reserved Reserved Reserved

DAh GET MEDIA STATUS No Optional — (5)
DBh-DDh Reserved Reserved Retired

DEh MEDIA LOCK No Optional — (5
DFh MEDIA UNLOCK No Optional — (5
EOh STANDBY IMMEDIATE (1) Yes Optional — (2
Elh IDLE IMMEDIATE (1) Yes Optional  — (2
E2h STANDBY (1) Yes Optional — (2
E3h IDLE (1) Yes Optional - (2
E4h READ BUFFER Yes Optional

E5h CHECK POWER MODE (1) Yes Optional — 52;
E6h SLEEP (1) Yes Optional  — (2
E7h FLUSH CACHE Yes Optional

E8h WRITE BUFFER Yes Optional

E9h WRITE SAME No Retired
EAh—EBh Reserved Reserved Reserved

ECh IDENTIFY DEVICE Yes Mandatory

EDh MEDIA EJECT No Ogtional - (5)
EEh IDENTIFY DEVICE DMA No Obsolete

EFh SET FEATURES Yes Optional

FOh Vendor specific Reserved Vendor specific
Flh SET PASSWORD (3) Yes Optional

F2h UNLOCK (3) Yes Optional

F3h ERASE PREPARE (3) Yes Optional

F4h ERASE UNIT (3) Yes Optional

F5h FREEZE LOCK (3) Yes Optional

F6h DISABLE PASSWORD (3) Yes Optional

F7h Vendor specific Reserved Vendor specific
F8h READ NATIVE MAX LBA/CYL Yes Optional

F9h SET MAX LBA/CYL Yes Optional
FAh—FFh Vendor specific Reserved Vendor specific

Note:(1) These commands have two command codes and appear

ol o

Figure 131. Commandcoverage ---Continued ---

table twice, once for each command code.

Power Management Feature Set

Secure Mode Feature Set
S.M.A.R.T. Function Set
Removabhle
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14.2 SET FEATURES Command Support Coverage

Following table is provided to falitate the understanding of DTTA-3xxxxx "Set Featureg€ommand
supportcoveragecomparing to theATA/ATAPI-4 definedcommandset. Thecolumn of 'Implementation’

shows the capability oDTTA-3xxxxx for those commands.

tures (EFh)” on page 141.

Fadetail operation,refer to 12.27, “SeFea-

Features Features Implementation ATA —4 Command
Register Name for DTTA —3XXXXX Type
01h Enable 8 bit data transfers No Retired
02h Enable write cache Yes Mandatory
03h Set transfer mode Yes Mandatory
04h Enable all auto reassignment No Obsolete
05h Enable advanced power management No Optional
31h Disable Media Status Notification No Optional
33h Disable retry No Obsolete
44h Set vendor specific bytes ECC Yes Obsolete
54h Set cache segments No Obsolete
55h Disable read look —ahead feature Yes Optional
5Dh Enable release interrupt Yes Optional
5Eh Enable SERVICE interrupt No Optional
66h Disable reverting to power on defaults  Yes Optional
77h Disable ECC No Obsolete
81h Disable 8 bit data transfers No Retired
82h Disable write cache Yes Mandatory
84h Disable all auto reassignment No Obsolete
85h Disable advanced power management No Optional
88h Enable ECC No Obsolete
95h Enable Media Status Notification No Optional
99h Enable retries No Obsolete
9Ah Set device maximum average current No Obsolete
AAh Enable read look -—ahead feature Yes Optional
ABh Set maximum prefetch No Obsolete
BBh Set 4 bytes ECC Yes Obsolete
CCh Enable reverting to power on defaults Yes Optional
DDh Disable release interrupt Yes Optional
DEh Disable SERVICE interrupt No Optional
others  Reserved Reserved Reserved

Figure 132. SETFEATURESCommandcoverage
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