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1.0 General

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

DAQA-32160 (2160 MB)
DAQA-32700 (2700 MB)
DAQA-33240 (3240 MB)

Note: The specifications arsubject to changevithout notice.

1.1 Glossary

Word Meaning

Kbpi 1 000 Bit Per Inch

Mbps 1 000 000 Bit per second

MB 1 000 000 bytes

KB 1 000 bytes

32 KB 32 x 1 024 bytes

64 KB 64 x 1 024 bytes

Mb/sq.in 1 000 000 bits per square inch
MLC MachineLevel Control
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 useaesponsibilities.
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2.0 General Features

Sectorformat of 512 bytes/sector
Closed-loop actuatoservo(EmbeddedSector Servo)

Dedicated headandingzone

- Automatic Actuator lock

Interleave factor 1:1
Seektime of 9.4 msec irReadOperation

Size of sector buffer is 9&bytes

- Write Cache
« Advanced ECC On The Fly

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

« Automatic ErrorRecovery procedures for read amdite commands

Self Diagnostics onPower on andesident diagnostics
P10 DataTransfer -Mode 4 (16.6 MB/sec)
DMA Data Transfer

- SingleWord mode : Mode 2
— Multiword mode :Mode 2version /Mode 1versiort

CHS and LBA mode

- TransparenDefectManagement with ADR (Automati®efectReallocation)

PowerSavingmodes
Spindle5400 rpm
S.M.A.R.T.function support

1 See Note 2 inll.4, “ Identify Device (ECh)” on page 82.
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Part 1. Functional Specification
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3.0 Drive Characteristics

This chaptemprovides the characteristics of tlugives.

3.1 Logical Drive Format

The customewusable data capacity is ahownbelow.

Figure 1. DriveParameter

Descriptions DAQA-32160 DAQA-32700 DAQA-33240
LogicalHeadNumber 16 16 16
Logical Sectors/Track 63 63 63
Logical Cylinder 4200 5248 6296
Number
Logical Sector Size 512 512 512
Total CustomeitUsable 4 233 600 5 289 984 6 346 368
DataSectors
Total Custometdsable 2160 MB 2700 MB 3240 MB
DataBytes (2,167,603,200) (2,708,471,808) (3,249,340,416)

3.2 Data Sheet

Figure 2. Data Sheet

Mediatransfer rate Mb/sec] 56.3 - 88.4
Interface transfer rate [MBkc] 16.6 MB/sec Max
Data buffer size [KB] 96 KB
Rotationalspeed RPM] 5400

Average latency [msec] 5.56

Recordingdensity Kbpi]

120.9Maximum

Track density [TPI]

7257 Maximum

Areal density Mb/sq.in.]

878 Maximum

Number ofzone 8
Number ofdisks
DAQA-32160 2
DAQA-32700 / DAQA-33240 3

Servo desigmimethod

Embeddedsector servo
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3.3 Performance Characteristics

A file performance is characterized by tf@lowing parameters:

CommandOverhead

Mechanical Positioning

- SeekTime

— Latency

Data Transfer Speed

Buffering Operation (Lookahead/Writeache)

Note: All the above parameters contribute fite performance. There amether parameterthat contribute
to the performance of the actual systemhis specification tries to define thbarefile characteristics, not the
systemthroughputwhich will depend on theystem and the application.

3.3.1 Command Overhead

Commandoverhead iglefined as the time required:

From thetime that thedrive is selected
« to the timeavailable for thefirst data byte of a READcommand when theequested data is not in the
buffer
exclude
- Physicalseektime
— Latency time

Figure 3. CommandOverhead

Command Case (File is in quiescence state) Time
Read(Cache not hit) < 0.6 [msec]
Read(Cache hit) < 0.02 [msec]
Write < 0.015 [msec]
Seek < 0.5 [msec]

Note: The above tablgives anaveragetime.
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3.3.2 Mechanical Positioning

3.3.2.1 Average Seek Time (Including Settling)

Figure 4. MechanicaPositioningPerformance
Command Type Typical Max
Read 8.8 [msec] 9.5 [msec]
Write 9.5 [msec] 10.5 [msec]

“Typical” and “Max” are giventhroughout theperformancespecification by;

Typical Average of the drivgpopulationtested athominal environmental andoltageconditions.
Max Maximum value measured on any onérive over thefull range of theenvironmental and
voltage conditions. (See 6.2, “ Environment” on page 32 and 6.3, “ DCPower

Requirements” orpage 33 for ranges.)

The seektime is measured from the start attuator'smotion to thestart of a reliable read or write opera-
tion. Reliable read or write implieshat error correction/recovery is not used to corregtival problems.
The average seefkime is measured as theeighted average of apossibleseekcombinations.

max
Z (max+ 1- n) (Tn.in+ Tn.ouf)
. _ n=1
WeightedAverage = (max+ 1) (max)
Where:
max = Maximumseeklength
n = Seeklength (1 tomax)
Tn.in = Inwardmeasuredseektime for an n trackseek

Tn.out = Outwardmeasuredseek time for an rirack seek

3.3.2.2 Single Track Seek Time

Figure 5. SingleTrack SeekTime
Function Typical Max.
Read [msec] 1.7 2.4
Write [msec] 2.2 2.9

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

The singletrack seektime is theaverage of the 1000 singteack seeks.
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3.3.2.3 Full Stroke Seek

Figure 6. Full StrokeSeekTime
Function Typical Max.
Read [msec] 15 18
Write [msec] 15.5 19

Full stroke seek ismeasured as thaverage of 1000 fulstroke seeks with arandom head switch from both
directions (inward anautward).

3.3.2.4 Cylinder Switch Time (Cylinder Skew)

Figure 7. Cyinder Skew

Typical

Cylinder Skew 3.2 [msec]

A cylinder switchtime is defined as theamount of timerequired by thefixed disk access th@ext sequential
block after reading the last sector in tleairrentcylinder.

The measurednethod isgiven in 3.3.5, “Througput” on page 12.

3.3.2.5 Head Switch Time (Head Skew)

Figure 8.HeadSkew

Typical

Head Skew

2.3 [msec]

3.3.2.6 Average Latency

Figure 9. Latency Time

Rotation

Time for a revolution

Average Latency

5400 [RPM]

11.1 [msec]

5.56 [msec]
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3.3.3 Drive Ready Time

Figure 10. DriveReadyTime
Condition Typical Max.
DAQA-32160 8 [sec] 31 [sec]
DAQA-33240/32700 11 [sec] 31 [sec]
Ready The condition in which thelrive is able toperform a medisaccesscommand(eg. read, write)
immediately.

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

3.3.4 Data Transfer Speed

Figure 11.DataTransfer Speed

Description Typical

Disk-Buffer Transfer(Zone 0)

(Instantaneous) 8.48 [Mbyte/sec]

(Sustained) 6.9 [Mbyte/sec]
Disk-Buffer Transfer(Zone 7)

(Instantaneous) 5.39 [Mbyte/sec]

(Sustained) 4.4 [Mbyte/sec]
Buffer-Host 16.6 [Mbyte/sec] (Max)

Instantaneouslisk-buffer transferate (Mbyte/sec) islerived by:
(Number ofsectors on a track)*512*(revolution/sec)

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

Sustainedlisk-buffer transferate (Mbyte/sec) iglefined by consideringpead/cylinder change time. This
gives alocal average data transfeate. It is derived by:
(Sustained TransfeRate) = A/(B+C+D)

A = (Number ofdatasectors per cylinder) * 512

B = ((# of Surface per cylinder) - 1) fHeadswitch time)
C (Cylinder change time)

D (# of Surface) *(Onerevolution time)

InstantaneousdBuffer-Host TransferRate (Mbyte/sec)defines themaximum datatransfer rate on AT
Bus. It also depends on the speed of tist.

The measurememnmhethod isgiven in 3.3.5, “Thoughput” onpage 12.
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3.3.5 Throughput

3.3.5.1 Simple Sequential Access
Figure 12.Simple Sequential Accef®erformance (DAQA-3216@ase)
Operation Typical Max
SequentiaRead/Write (Zone 0 3.2 [sec] 3.4 [sec]
SequentiaRead/Write (Zone 7 4.7 [sec] 4.9 [sec]

The above tablegives the timerequired to read/write for dotal of 8000x consecutive blockg16,777,216
bytes)accessed by 128ad/writecommands. Typical and Maxvalues are given byi05% and 110% of T
respectivelythroughputfollowing performance description.

Note: Assumes dostsystem responds instantaneously.

(A*128)+ B+ C+ 16,777,216/D +512/E*128 + DRQ * 32768(READ)

= (A*128)+ B+ C + 16,777,216/D + DRQ *32768 (WRITE)
where
= CalculatedTime (sec)
= CommandProcessTime (Pre/PosCommandoverhead)
= Average SeeKime
C = AveragelLatency
D = Sustained Disk-Buffer Transfdrate (Mbyte/sec)
E = Buffer-Host TransfeRate (Mbyte/sec)
3.3.5.2 Random Access
Figure 13.RandomAccessPerformance
Operation Typical Max
RandomRead 65 [sec] 68 [sec]
RandomWrite 67 [sec] 70 [sec]

The above tableives the timerequired to execute #otal of 1000x read/write commandswhich access a

random LBA.

T= (A+ B+ C+ 512/D+ 512/E + DRQ) * 4096 (READ)

T= (A+ B+ C+ 512/D) *4096 (WRITE)
where:

T = CalculatedTime (sec)

A = CommandProcessTime (Pre/PosCommandoverhead)

B = Average Seelime

C = AveragelLatency

D = Sustained Disk-Buffer Transfdrate (Mbyte/sec)

E = Buffer-Host TransfeRate (Mbyte/sec)

DRQ = Data ReQuesnterval (micro second)
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3.3.6 Operating Mode Definition

Operating Mode Description

Spin-Up Start up time period fronspindlestop or power down.

Seek Seekoperation mode

Write Write operation mode

Read Readoperation mode

Idle Spindle motor andservo system are workingormally. Commands can beeceived

and processed immediately.
Standby Spindlemotor isstopped. Commands can beceivedimmediately, but write or read
operationscannotbegin until the spindle ispun-up and th&ervo system is ready.
Notes:

1. Upon Power down orSpindle stopped, a headocking mechanismwill secure theheads in the ID
parking position.

2. Recovering from Standby modies not need sofeset norhardreset.

3. Sleepcommand ishandled as Standbgommand.

3.3.6.1 Mode Transition Time

Figure 14.Mode Transition Time
From To Typical Max
Standby Idle 10 [sec] 16 [sec]
Idle Standby Immediate N/A

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

Drive Characteristics 13
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4.0 Data Integrity

4.1 Data loss at Power Off

« The driveretains recordedata under all non-write operation.

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

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

Hard reset does not cause any dépas.

4.2 Write Cache

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

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

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

— To confirm negation ofDASP signal.
— To confirm successfutompletion ofSoftwareReset.
— To confirm successfucompletion of Check PoweMode commans.

4.3 Equipment Status

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

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

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

Spindle speed outside requirements feliable operation.
Occurrence of A&WRITE FAULT condition.
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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 N+2 N+3
Defect Defect

Skip Skip

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

is doneautomatically by internal table.

0 Copyright IBM Corp. 1996
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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.

/ \ Pin Voltage
(BN 1 <12V
L () ) L ) 2 GND
l I 3 GND

4 + 5V

Figure 15. Power Connector Pikssignments

6.1.1.2 AT Signal Connector

The AT signalconnector is at0-pin connector.
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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 oC 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 16. Table okignals

Notes:

1. "O" designates aputputfrom the Drive.

2. "I" designates amnput to theDrive.

3. "lI/O" designates amput/output common.

4. "OC" designate©pen-Collector or Open-Draiautput.
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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 mA currentsink capability.

Address used teelect theindividual register in theHDD.

Chip select signalgeneratedrom 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 and Status{Command whemitten} register) can be
selected.

(SeeFigure 21 on page 28 .)

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

(SeeFigure 21 on page 28 .)

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 ondata bus.
The data on the bus shall be latched on tising edge of DIOR.

Interrupt isenabled onlywhen thedrive is selected, and thkost 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 hosthat a16-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 pulllihisto 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 is negated;DASP shall be asserted by
Device 1within 400 msec to indicatéhat device 1 ispresent. Device Ghall allow up to
450msec for device 1 tassertDASP. If device 1 is notpresentdevice 0 mayassert-DASP
to drive a LEDindicator.

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

This signal shall be asserted lievice 1 toindicate todevice Othat it hascompleteddiag-
nostics. Thisline is pulled-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 ispresentthen device 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)

KEY

IORDY

-DMACK

DMARQ

The drive is configured as either Device 0 odé&pendingupon thevalue of CSEL.

If CSEL isgroundedthen thedeviceaddress is 0.
If CSEL is open then theleviceaddress is 1.

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

This signal isnegated to extend thieosttransfercycle when adrive is not ready taespond
to a data transfer request, and may be negated whemabketransfercycle is lessthan 240
nsec for PIO data transferThis signal is anopen-drainoutput with 24 mAsink capability
and an external resistor is needed to pull time to 5 volts.

This signal shall beused by thehost in response tdDMARQ to either acknowledgethat
data has beeaccepted, othat data isavailable. This line is internallypulled-up to 5 Volts
through 15 KQ +100%, -50%resistor.

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 B resistor.

6.1.3 Interface Logic Signal Levels

The interface logic signal has the following electrical specifications:

Inputs

Outputs

Input High Voltage - 2.0 V min.
Input Low Voltage - 0.8 V max.
Output High Voltage - 2.4V min.
Output Low Voltage - 0.5 V max.
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6.1.4 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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6.1.5 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 - 30
T8 | —CS0-1, +DA00—02 invalid to —HIOCS16 negation - 30
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
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6.1.5.1 Write DRQ Interval Time

For write sectors and writenultiple operations, lisec is insertedrom the end of negation of the DRQ bit
until setting of thenext DRQ bit.

6.1.5.2 Read DRQ Interval Time

For read sectors and read multipbgperations, thanterval from the end of negation of the DRQ bit until
setting of thenext DRQ bit is 16usec.
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6.1.6 DMA Timings (Single Word)

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

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

Figure 19. DMA (SingleWord) cycle timings
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6.1.7 DMA Timings (Multiword)

DAQA-3xxxx has twoversions onMultiword DMA.

« Multiword DMA Mode 2supportversion. (minimum cycle time120ns)
« Multiword DMA Mode 1supportversion. (minimum cycle time240ns)

DMARQ — |
‘<—T9 > |
~DMACK |
< T0 > = |T7 |<~
—>|T6 |< T1 >|<—T8——>
~DIOR/-DIOW |
|< T2>|T3|<~
READ DATA —
|<—T4—>[T5 |<—
WRITE DATA —
PARAMETER DESCRIPTION MIN MAX
(nsec) [(nsec)
T0 Cycle time 120 / 240 — |Note
T1 | -DIOR,-DIOW pulse width 70 -
T2 | -DIOR data setup 20 -
T3 | -DIOR data hold 5 -
T4 | -DIOW data setup 20 -
T5 | -DIOW data hold 10 -
T6 | —DMACK to —DIOR/-DIOW setu 0 -
T7 | —DIOR/-DIOW to —DMACK hol 5 -
T8 | —DIOR/-DIOW negated pulse width 25 -
T9 | -DIOR/-DIOW to —DMARQ delay - 35

Figure 20. DMA (Multi Word) cycle timings

Note: The cycletime isspecified inword 65 ofldentify Devicedata.
See 11.4, ‘identify Device (ECh)” on page 82 for details.
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6.1.8 Addressing of HDD Registers

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

The -CSO is used taddressCommandBlock registers. while theCS1 is used taaddressControl Block
registers.

The following table shows the |/Gaddressmap.

—CS0 |-CS1 |DA02|DA01|DA00| -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 21.TaskFile
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).

6.1.9 Cabling

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

For higherdatatransferapplication(>8.3MB/sec), theable length should bshorterthan 18inches since
datatransfer characteristicdepends on thdriver circuits of thesystem ancharddrive, and/orcabling.
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6.1.10 Jumper Settings

The 7 positiongumperblock shownbelow is used to select Device 0 or DeviceCable Selection and Write
Cache.

Pin pitch is 2mm.
JP1 JP2 JP3 JP4 JP5 JP6 JP7
Cable Write
Device0 Devicel Sel. (Resrvd) Cache  (Resrvd) (Resrvd)
| | | | | | |
1 3 5 7 9 11 13
2 4 6 8 10 12 14
Raw Card

Figure 22.JumperPins

Notes:
1. The jumper position of JP1, 2, and 3 should notsk&ctedconcurrently.
2. JP1 is the position fobevice0, JP2 is for Devicel, and JP3 is foable Selectionmode.

3. To enable theCSEL mode(cable selection mode), the JHBmper must beinstalled. In theCSEL
mode, thedrive address isetermined agollows:

- 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).

4. When JP5 jumper imstalled, write cachéunction isdisabled.
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6.1.10.1 The Pin Assignment

JP# | Pin # Status Description
1 1 — GND

2 In —Device Address Select Line
2 3 — NC (Devicel Position)

4 — NC
3 5 In Cable Selection (28 PIN)

6 In —Device Address Select Line
4 7 — GND

8 — (Reserved)
5 9 — GND

10 In +Write Cache ON (If Open)
6 11 — GND

12 — (Reserved)
7 13 — GND

14 — (Reserved)

Figure 23.JumperPins Assignment
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6.1.10.2 Shipping Default Condition

The default shippingonditionsare,device ID set toDevice 0, write cache on and auto reallocation on.

1-2 34 5-6 7-8 9-10 11-12 13-14

ON open open open open open  open

Reserved
Reserved

Write Cache (Enabled)

Reserved

Cable selection (28PIN)

Device ID = Devicel

Device ID = DeviceO(Enabled)

Figure 24. ATJumperDefault Condition

6.1.10.3 Mechanical Outline

The card withdisk enclosuranechanical outline is a®llows.

Logic Card
AT IIF
Connector
<— JP7
Back Side of Drive
<— JP1

Figure 25. MechanicaDutline
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6.2 Environment

Figure 26. Environmental Condition

Operating Conditions

Temperature 5 to 55[°C] (Seenote)

RelativeHumidity 8 to 90 [% RH]non-condensing

Maximum WetBulb Temperature 29.4[°C] non-condensing

Maximum Temperature Gradient 15[°C / Hour]

Altitude —300 to 3048 [m]
Non-Operating Conditions

Temperature - 40 to 65[°C]

RelativeHumidity 5to 95 [% RH]non-condensing

Maximum WetBulb Temperature 35[°C] non-condensing

Maximum Temperature Gradient 15[°C / Hour]

Altitude —300 to 12,000 [m]

Note:

The system has to providaufficient ventilation to mantain 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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6.3 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 disconnectedhile power isbeing applied to thdile (Hot plug/unplug is
not allowed). There is nospecialpower on/offsequencing required.

Figure 27.Input Voltage
During run and spin up Absolute max voltage
+5 Volts Supply 5V +/- 5% v
+12 Volts Supply 12V +10%,- 8% 15V
Figure 28. PoweiSupply Current of DAQA-33240 / DAQA-32700
+5Volts +12Volts Total
(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev (W)
Idle Average 0.15 0.03 0.21 0.03 3.3
Idle ripple (peak-to-peak) 0.30 0.03 0.30 0.04
Seekpeak (*1) 0.35 0.06 0.90 0.15
Seek average (*1) 0.19 0.06 0.31 0.03 4.7
Start up (max) 0.46 0.06 1.10 0.12
RND R/W peak (*2) 0.50 0.04 0.90 0.18
RND R/W average (*2) 0.30 0.04 0.30 0.03 5.1
Standby/Sleemverage 0.10 0.02 0.01 0.02 0.6
Figure 29. PoweiSupply Current of DAQA-32160
+5Volts +12Volts Total
(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev (W)
Idle Average 0.15 0.03 0.16 0.03 2.7
Idle ripple (peak-to-peak) 0.30 0.03 0.30 0.04
Seekpeak (*1) 0.35 0.06 0.90 0.15
Seek average (*1) 0.19 0.06 0.27 0.03 4.2
Start up (max) 0.46 0.06 1.10 0.12
RND R/W peak (*2) 0.50 0.04 0.90 0.18
RND R/W average (*2) 0.30 0.04 0.26 0.03 4.6
Standby/Sleemverage 0.10 0.02 0.01 0.02 0.6

Notes:

1. RandomSeeks at 40% duty cycle.
2. SeekDuty = 30%, W/R Duty = 45%]dle Duty = 25%.
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Figure 30. PowelSupply GeneratedRripple 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 agdynamic loading). If
severalfiles have theirpower daisy chained togethethen the power supplyipple plusother file's dynamic
loading must remain within the regulation tolerance #fL0/-8%. A common supply with sepate power
leads toeachfile is a more desirablemethod ofpower distribution.

To prevent external electrical noigeom interfering with the file'sperformance, thdile must be held by four

screws in auser system frame which has no electritalel difference at thdour screws position, and hdsss
than+/-300 millivolts peak to peakevel difference to thdile power connector ground.

34 OEM Specifications foDAQA-3xxxx



6.4 Reliability

6.4.1 Contact Start Stop (CSS)

The drive is designed twithstand aminimum of 40,000contact start/stop cycles under 40°C.

6.4.2 Preventive Maintenance

None.

6.4.3 Data Reliability

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

ECC implementation

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

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

6.4.4 Cable Noise Interference

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

6.5.1 Outline

Figure 31.Outline of DAQA-32160/32700/33240

6.5.2 Mechanical Dimensions and Weight

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

DAQA-32160/32700/33240

Height (mm) 254+ 0.4
Width (mm) 101.6 £ 0.4
Length (mm) 146.0 + 0.6
Weight (gram) 610 Max

Figure 32.PhysicalDimension andWeight
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6.5.3 Connector Locations

o
+
L %
o .
ol 4| D
e WA L ——
¢ OFL h 3| %
n”;___ L
iz ;
‘“ -
g | 3
L
ll - H_“
~— il _‘__ E
T
b o -r.I._rr. ,.L_J.
Ql
o T =
_ ol B
_ 'l
| | .
2
-H
g
L
X £
/ -
-
— i
= hrl
L "0Fhs* 2
-t -
S"0F6" S

P

Figure 34. Connector Locations
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6.5.4 Hole Locations

The Figure 35 onpage 39 shows theoutline of DAQA-32160/32700/33240 whiclincludes the hole
locations.
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TO BE 3.5 mm (SEE DETAIL A).
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Figure 35. MountingPositions and the Tappings
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6.5.5 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 runvertically and viceversa.

The recommended mountirggrew torqueis 0.6 - 1.0[Nm] (6 - 10 [Kgf.cm]).
The recommended mountingcrew depth is 6 [mm] Max forbottom and 3.5 [mm] Max for érizontal
mounting.

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 lenducted by mounting thdrive to thetable usingbottom four
screws.

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

dataduring shipping,movement, orstorage. Uporpower down, a heatbcking mechanismwill secure the
heads in this zone. Sé¥on-Operating Shockection for additionatietails.
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6.6 Vibration and Shock

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

6.6.1 Operating Vibration
6.6.1.1 Random Vibration
The test is 30minutes ofrandomyvibration using thepower spectral densitPSD) levels shown below in

each of three mutually perpendiculares. The disk drivevill operate withouthon-recoverable errors when
subjected to the aboveandomvibration levels.

Figure 36.Randomvibration PSDprofile breakpoints(Operating)
5 17 45 48 62 65 150 200 500 Hz
0.02 1.1 1.1 8.0 8.0 1.0 1.0 0.5 0.5 x10% G2/Hz

Note: Overall RMS (root meansquare)level of vibration is 0.67 G rms.

6.6.1.2 Swept Sine Vibration

The harddisk drivewill meet the criteria showbelow while operating inrespectiveconditions.

No errors 0.5 G 0-peakp-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, 0.6ct/min sweep rate
with 3 minutesdwells at 2major resonances

6.6.2 Non-Operating Vibration

The disk drivedoes not sustaipermanenthardware damage doss of previouslyrecordeddataafter being
subjected to thenvironmentdescribed below.

6.6.2.1 Random Vibration

The test consists of eandomyvibration applied in each of three rtually perpendicularaxeswith the time
duration of 10 minutes peaxis. The PSDlevels for thetest simulating the shipping and relocation environ-
ment is showrbelow.

Figure 37.Randomvibration PSDprofile breakpoints (Non-operating)
2 4 8 40 55 70 200 Hz
0.001 0.03 0.03 0.003 0.01 0.01 0.001 G2/Hz

Note: Overall RMS (root meansquare)level of vibration is 1.04 G rms.

6.6.2.2 Swept Sine Vibration

2 G 0-peak5-500-5 Hz sine wave
0.5 oct/minsweep rate
3 minutesdwells at 2major resonances
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6.6.3 Operating Shock

The harddisk drive meets thefollowing criteria while operating inrespectiveconditions described below.
The shock testonsists of ten shocks inputs in eaakis anddirection fortotal of 60. Theremust be adelay
between shoclpulses, longenough toallow the drive tocomplete allnecessarerror recoveryprocedure.

No errors 5 G, 11 ms half-sineshock pulse

No data loss, seelerrors or permanent damage
10 G, 11 ms half-sinshock pulse

No data loss orpermanent damage
15 G, 5 ms half-sinshock pulse
30 G, 4 ms half-sinshock pulse

6.6.4 Non-Operating Shock

The drivewill operate with no degradation of performance parmanentdamageafter subjected to shock
pulseswith the following characteristics.

6.6.4.1 Trapezoidal Shock Wave

« Approximate squarétrapezoidal) pulse shape.
« Approximaterise and fall time ofpulse = 1 ms.
« Averaged acceleratiolevel = 50 G.
(Averagedresponse curve value during the tirf@lowing the 1 msrise
time andbefore the 1 mdall with a time "duration of 11msec")
Minimum velocity change = 4.23 meters/sec

6.6.4.2 Sinusoidal Shock Wave

« Approximatehalf-sine pulseshape.
Maximum acceleratiorlevel andduration
- 75G, 11 msec (note 1)
- 125G, 2 msec (note 2)
Notes:
1. All shockinput shall beapplied in each direction of the drive's three mutually perpendicaxes.
2. Shock inputshall beapplied in the direction ofile insertion.

The heads are not displacém thelandingzone as aesult of this test.
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6.7 Acoustics

6.7.1 Sound Power
6.7.1.1 Unit Sound Power Level Testing

Sound power emissionlevels aremeasured according to 1S@779. Theupper limit criteria of the octave
sound powellevels aregiven in Bels relative to pico Watt and are shown in thfollowing table.

Figure 38. Octavdbandsound power levels

Octave Band Center Frequency(Hz)
Mode 125 250 500 1k 2k 4k 8k LwAu
Idle 4.8 4.1 3.6 3.6 3.9 3.9 3.6 4.5
Operating 5.0 4.3 4.2 4.2 4.2 4.2 3.8 4.8

Mode definition

Idle mode Power on,disks spinning, trackfollowing, unit ready to receive andrespond tointerface
command.

Operating mode
Continuous randontylinder selection and seekperation of the actuator with dwell time at
eachcylinder. Seekrate for thedrive can be calculated ahownbelow.

Dwell time = (0.5 + N) x60/RPM
Seekrate = 1 /(Average seek time +Dwell time)
where N = number of maximum dataurfaceg N=6 for DAQA-3xxxx)

6.7.1.2 Sound Power Acceptance Criteria

Statisticalupperlimit (L \yoc)stat IS Calculatedwith the following formula.

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

where:
(Lwoedm IS the mearvalue of thesound poweltevel for samples of Ndrives.
(S)woct is the total standardeviation forsound powelevel ateach octavdand.
(St)Woct = SQRT( ($€)W2 + (S:’)Woct2 )
(SR)w is the standard deviation of reproducibility feound poweltevel.
Assume (g)w = 0.075 B.
(SP)woct IS the standard deviation of the samples pmundpowerlevel ateach octavédand.
k is a coefficient detdrmined bynumber ofsamples (N) ashownbelow.
N| 3 4 5 6 7 8 9 10 11 12 13 14 15

k| 319 | 274 | 274 | 249 | 233 | 222 | 213 | 207 | 2.01 | 1.97 | 1.93 | 1.90 | 1.87
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6.8 Identification

6.8.1 Labels

The following labels araffixed to everydisk drive .

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

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

3. A bar code labetontaining thedrive serialnumber.

The labels may béntegrated withotherlabels.

6.9 Electromagnetic Compatibility

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

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

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

6.9.1 CE Mark

The product isdeclared to be irconformity with the requirements dbllowing EC directivesunder thesole
responsibility of IBM United Kingdom Ltd.

Council Directive 89/336/EEC on the approximation ofows of the Member States relating to
electromagnetic compatibility.
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6.10 Safety

6.10.1 Underwriters Lab(UL) Approval

DAQA-32160/32700/33240 complies with U1950.

6.10.2 Canadian Standards Authority(CSA) Approval

DAQA-32160/32700/33240 complies with CSA C22.2, #950-M89.

6.10.3 IEC Compliance

DAQA-32160/32700/33240 complies with IEC 950.

6.10.4 German Safety Mark
DAQA-32160/32700/33240 are approved by TUV on TB&tlquirement:

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

6.10.5 Flammability

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

6.10.6 Secondary Circuit Protection

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

6.11 Packaging

Drives are shipped in ESD protectiags.

Specification 45



46 OEM Specifications foDAQA-3xxxx



0 Copyright IBM Corp. 1996

Part 2. ATA Interface Specification
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7.0 Interface

This partdescribes thdostinterface ofDAQA-3XXXX.

The interfaceconforms to the Workinddocument ofInformationtechnology - AT Attachment-3interface
(ATA-3) Revision 6 dated on Oct. 28,995. withdeviations described below.

7.1 Deviation from Standard

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

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

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

Hard Reset Hard resetresponse is not the same tmat of power onreset. Refer to sectiord.1, “
Reset Response” opage 57 for detail.
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8.0 Registers

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

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

*1 "imped" stands for "impedance".

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

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

Figure 39.Register Set

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

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

The ControlBlock Registers are used falevicecontrol and to posalternate status.

8.1 Alternate Status Register
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Alternate Status Register

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

Figure 40. Alternate StatuRegister

This registercontains the same information as the StaRegister. The onlyifference isthat reading this
registerdoes not implyinterrupt acknowledge orclear apending interrupt. Se8.13, “ StatusRegister” on
page 55 for the definition of the bits in thiggister.

8.2 Command Register

This registercontains thecommandcode being sent to thdevice.Commandexecutionbegins immediately
after this register iswritten. Thecommand set is shown iRigure 51 onpage 73.

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

8.3 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.

8.4 Cylinder Low Register

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

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

The cylindernumber may bdrom zero to thenumber ofcylindersminus one.

8.5 Data Register

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

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

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

Device Control Register

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

-
| o
(e Nan)

Figure 41.Device Control Register

Bit Definitions
SRST (RST)

-IEN

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

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

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

8.7 Drive Address Register

Drive Address Register

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

Figure 42. Drive Addres®fegister

This registercontains thenverteddrive select andhead selecaddresses of theurrently selected drive.

Bit Definitions
HIZ

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

-DS1

-DSO

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

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

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

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

8.8 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 43. Device/Hea®egister

This registercontains thedevice andhead numbers.

Bit Definitions

L

DRV

HS3,HS2,HS1,HSO

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

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

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

The headhumber may bdrom zero to thenumber ofheadsminus one.

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

8.9 Error Register

Error Register

7 6
BBK | UNC

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

o ol

Figure 44.Error Register

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

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

Following a power on, aeset, orcompletion of an Execut®evice Diaghosticcommand,this registercon-
tains a diagnostic code. S&égure 48 onpage 58 for the definition.

Bit Definitions

BBK
UNC

IDNF (IDN)
ABRT (ABT)

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

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

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

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

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

8.10 Features Register

This register iscommandspecific. This isused with the SeFeaturescommand.

8.11 Sector Count Register

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

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

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

8.12 Sector Number Register

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

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

8.13 Status Register

Status Register

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

Figure 45. StatuRegister

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

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

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

DRDY (RDY)

DF

DSC

DRQ

CORR (COR)
IDX

ERR

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

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

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

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

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

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

CorrectedData. Always 0.

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

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

9.1 Reset Response

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

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

Hard Reset (Hardware Reset) RESET-signal isnegated in ATA Bus.
The device resets the interfacecuitry as well as SofReset.
Soft Reset (Software Reset) SRST bit in theDevice Control Register is setthen isreset.
The device resets the interfaagrcuitry according to the Set Faaks

requirement.

The actions of eacheset isshown inFigure 46

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 o |(*4) 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 X X
0 — execute
X — not execute
Figure 46. Reset Response Table
Note.
(*1) Executeafter the data in write cache hégen written.
(*2) Defaultvalue on POR ishown inFigure 47 onpage 58.
(*3) The Set Featuregsommand withFeatureregister = CChenables thedevice torevert these

parameters to the power adefaults.
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(*4) In case of masterdrive setting, DASP is not checked andslave presence isassumed to be
unchanged. Ircase of slave driveetting, thisoperation is thesame aghat of power onreset. In
other case, the devicdoes not change currentode.

9.1.1 Register Initialization

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

Figure 47. DefaulRRegister Values

After power on, hardeset, or software reset, thegister values are initialized ahown inFigure 47.

Code Description

01h No error detected

02h Formatter device error

03h Sector buffer error

04h ECC circuitry error

05h Controller microprocessor error
8xh Device 1 failed

Figure 48. Diagnostic Codes

The meaning of theError Register diagnostic codes resultiigbom power on, hardreset or theExecute
Device Diagnosticommand are shown iRigure 48.
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9.2 Diagnostic and Reset considerations

For eachReset and ExecutBevice Diagnostic, the diagnostic @&gne asollows:
Power On Reset

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

to indicatedevice activity.

Soft Reset,Hard Reset

If Device 1 is presentDevice 0 shall read®DIAG- to determinewhen it isvalid 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 determinewhen it isvalid 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 BSYbit. 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 49.

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 49. Reseerrorregister values
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9.3 Sector Addressing Mode

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

DAQA-3xxxx support bothLogical CHS AddressingMode and LBAAddressingMode assector addressing
mode.

The hostsystem mayselect either theurrently selected 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.

9.3.1 Logical CHS Addressing Mode

The logical CHS addressing is made uptbfeefields: thecylindernumber, theheadnumber and thesector
number. Sectors arammumbered from 1 to thenaximumvalue allowed by theurrent CHS translation mode
but can not excee@55(0FFh). Heads are numbered from 0 to thaximumvalue allowed by thecurrent
CHS translation mode buf can nexceedl15(0Fh). Cylinders arenumbered from 0 to thenaximumvalue
allowed by thecurrent CHS translation mode buannotexceed65535(0FFFFh).

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

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

9.3.2 LBA Addressing Mode

Logical sectors on thelevice shall be linearlymnapped 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 LBAaddress of a givetogical sector does not change.

The following is alwaysrue:

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

where heads_per_cylinder and sectors_per _track
are the current translation mode values.

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

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

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

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

DAQA-3xxxx implement thefollowing set offunctions.
A Standby timer
Idle command

Idle Immediatecommand

1

2

3

4. Sleepcommand
5. Standbycommand
6

Standby Immediateommand

9.4.1 Power Mode

In Standby orSleepMode thedevice interface ixapable of acceptingommands, but as themedia may not
immediatelyaccessiblethere is adelay while waiting for the spindle toeach operatingpeed.

In Idle Mode thedevice iscapable of responding immediately to me@iecesgequests.

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

9.4.2 Power Management Commands

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

The Idle and Idldmmediate 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,which isidentical withstandby mode.

9.4.3 Standby timer

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

If the value of SECTORCOUNT register onldle command orStandbycommand is set t@0h, thestandby
timer isdisabled.
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9.4.4 Interface Capability for Power Modes

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

Mode BSY RDY Interface active Media
Active X X Yes Active
ldle 0 1 Yes Active
Standby 0 1 Yes Inactive
Sleep 0 1 Yes Inactive

Figure 50. Powerconditions

Ready(RDY) is not gpower condition. Adevice maypostready at the interface evahough themedia may
not be accessible.
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9.5 S.M.A.R.T. Function

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

9.5.1 Attributes

Attributes are thespecific performance or calibration parameteisat 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 dadttributesbeing
used and the identity of these attributesséndorspecific andproprietary.

9.5.2 Attribute values

Attribute values are used toepresent theelative reliability of individual performance or calibration attri-
butes. The validange ofattributevalues isfrom 1 to 253decimal. Higherattribute values indicatehat the
analysisalgorithms being used by tha@evice arepredicting a lowemprobability 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.

9.5.3 Attribute thresholds

Each attributevalue has a correspondirajtribute thresholdimit which is used for @rect comparison to the
attributevalue to indicate the existence of a degrading or fagkydition. The numericavalue of the attri-
bute thresholds are determined by tkdevicemanufacturer throughesign and reliability testing and analysis.
Each attribute thresholdepresents the lowest limit to which its correspondetgribute value can beequal
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 through 253
decimal.

9.5.4 Threshold exceeded condition

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

955 S.M.AR.T. commands

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

ReassignFunction isused with FORMATTRACK command,read withretry commands andvrite com-
mands. Thesectors of data for reassignment gneepared as the spare data sector. The assuwetber of
the spare sectors minimum 100sectors.

This reassignmeninformation isregistered internally, and thieformation isavailable right aftecompleting
the reassigrunction. 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.

9.6.1 Auto Reassign Function

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

When adeviceshipped fromIBM, minimum 100 ofusable spare sectors are available.

Non recovered write errors

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

write cache is disabled and tlutoreallocation isfailed.

If the write cachefunction is DISABLED, and when thenumber of available spare sectors reaches 16
sectors, theauto reassigrfunction will be disabledautomatically.

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

If the command is withoutetry and the write cachénction isdisabled, theauto reassignfunction is not
invoked.

Non recovered read errors

When areadoperation isfailed after defined ERP igully carried out, a hard error is reported to théost
system. This location isegisterednternally as a candidate for the reallocati?®lhen aregisteredocation is
specified as darget of a writeoperation, asequence of medigerification isperformed automaticallyWhen
the result of thisverification meets thecriteria, this sector is reallocated.

Recoveredread errors

When areadoperation for asector filed oncethenrecovered at thepecific ERPstep, this sector of data is
reallocated automatically. A medigerification sequence may be run prior to the relocatixcording to the
pre-definedconditions.

If the number ofavailable spare sectors reaches 16 sectors, the @assignfunction is disabledautomat-

ically.
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9.7 Write Cache Function

Write cache is a performancenhancementvhereby thedevice reports as completing therite command
(Write Sectors, WriteMultiple and Write DMA) to thehost as soon as th@evice has received all of the data
into its buffer. And the deviceassumes responsibility to write the desabsequently onto thdisk.

« While writing data aftercompleted acknowledgment of warite command,soft reset orhard reset does

not affect itsoperation. But power off terminatesriting operationimmediately andunwritten data are
to be lost.

Soft reset andCheck PoweiMode commandluring writing the cached data are executdter thecom-
pletion of writing to media. So théhostsystem can confirm theompletion ofwrite cacheoperation by
issuing Soft reset oCheck PowerMode command andhen confirming its completion. Wedeveloper
of the devicerecommend that a hostystem checks theompletion ofwrite cacheoperation byissuing
Soft reset orCheck PoweMode command to theevicebeforepower off.

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

9.8 Write Cache Jumper

Write Cachefeature can be disabled by installing themper. Thedevicefirmware checks the state of the
jumperduring Power Oninitialization.

The Set Featuresommand toenable WriteCache is terminated witAborted Commanderror if the jumper
is installed.
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10.0 Command Protocol

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

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

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

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

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

Figure 91 onpage 129 shows thdevicetimeoutvalues.

10.1 Data In Commands
Thesecommandsre:

Identify Device

ReadBuffer

Read Long

ReadMultiple

ReadSectors

SMART ReadAttribute Values

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

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

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

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

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

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

0 Copyright IBM Corp. 1996 67



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 setB8SY=0, setsDRQ=1,
and interrupts the host.

c. In response to the interrupt, thestreads theStatusRegister.

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

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

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

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

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

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

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

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

Thesecommandsare:
FormatTrack

«  Write Buffer

« Write Long

« Write Multiple

- Write Sectors

Executionincludes the transfer of one anore 512byte (>512 bytes on WriteLong) sectors of datdrom
the host to 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) afata to betransferred:
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, th@streads the Status Register.
f. The device clears thinterrupt in response to the StatRegister being read.
5. For the WriteLong command:
a. The device setBSY=0 andDR Q=1 when it isready toreceive asector.
b. The hostwrites one sector of data including ECC bytes via fha&ta Register.
c. The device setBSY=1 after it has received theector.
d. After processing the sector of data ttevice set8SY =0 andinterrupts the host.
e. In response to the interrupt, thestreads the Status Register.
f. The device clears thimterrupt in response to the StatRegister being read.

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

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

If an uncorrectable error occurs, thievice will setBSY=0 andERR=1, store the error status in th€rror
Register, andnterrupt the host. Theegisters willcontain the location of theector in error. The errored
location will be reported with CHS mode or LBAnode, the mode islecided by mode select b{bit 6) of
Device/Headregister on issuing theommand.
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All data transfers to thelevicethrough theData Register are 16 bits, except for the ECC bytes, which are 8
bits.
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10.3 Non-Data Commands
Thesecommandsare:
Check PoweMode
Execute Device Diagnostic
Idle
Idle Immediate
Initialize DeviceParameters
ReadVerify Sectors
Recalibrate
Seek
Set Features
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 SttusRegister.

o vk~ w N

The device clears thimterrupt in response to the StatRegister being read.
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10.4 DMA Data Transfer Commands

Thesecommandsare:

Identify Device DMA
Read DMA

« Write DMA

Datatransfer using DMAcommanddiffer in two waysfrom PO transfers:

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 sectanterrupts ardssued onmulti-sectorcommands

the host resets the DM A&hannel prior toreadingstatus from thelevice.

The DMA protocol allows high performance multi-tasking operatingystems to eliminate processor over-
headassociatedvith P10 transfers.

1.
2.

o N o O~ W

Hostinitializes theslave-DMA channel

Host writes any required parameters to the Features, Sed@amunt, Sector Number, §linder and
Device/Headregisters.

Hostwrites commandcode to theCommandRegister

The device setbMARQ when it isready to transfer anpart of the data.

. Hosttransfers the data using the DMA transfamotocol currently ineffect.
. When all of thedata has beetransferred, thelevicegenerates aimterrupt to the host.
. Host resets theslave-DMA channel

. Hostreads the g&tusRegister and, optionally, thError Register
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11.0 Command Descriptions
Proto Command Code Binary Code
col (Hex) Bit
76543210
3 Check Power Mode ES 11100101
3 Check Power Mode* 98 10011000
3 Execute Device Diagnostic 90 10010000
2 Format Track 50 01010000
1 Identify Device EC 11101100
4 Identify Device DMA EE 11101110
3 ldle E3 11100011
3 ldle* 97 10010111
3 ldle Immediate El 11100001
3 ldle Immediate* 95 10010101
3 Initialize Device Parameters 91 10010001
1 Read Buffer E4 11100100
4 Read DMA Eretry) C8 11001000
4 Read DMA (no retry) C9 11001001
1 Read Long Eretry) 22 00100010
1 Read Long (no retry) 23 00100011
1 Read Multiple C4 11000100
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 ———-—
3 Seek 7X 0111 ——---
3 Set Features EF 11101111
3 Set Multiple Mode C6 11000110

Figure 51.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
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

Figure 52.Command Set eontinued

Commandsanarked * are alternateommandcodes for previouslefinedcommands.
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Command | Feature

Command (Subcommand) Code Register
(Hex) (Hex)
(S.M.A.R.T function)
SMART Read Attribute Values BO DO
SMART Read Attribute Thresholds BO D1
SMART Enable/Disable Attribute Autosave BO D2
SMART Save Attribute Values BO D3
SMART Execute Off —line 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
22 bytes of ECC apply on Read/Write Long EF 44
Disable read look —ahead feature EF 55
Disable reverting to power on defaults EF 66
Disable write cache EF 82
Enable read look —ahead feature EF AA
4 bytes of ECC apply on Read/Wrtie Long EF BB
Enable reverting to power on defaults EF cC

Figure 53.Command Se{Subcommand)

Figure 51 onpage 73 andrigure 52 onpage 74 shows theommands that are supported by tHevice.
Figure 53 shows theub-commands that are supporteddgachcommand orfeature.
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The following symbols are used in theommanddescriptions:

Output Registers

0
1
D

X
Input Registers
0
1
H

\Y,

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

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

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

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

Retry. Indicatesthat the Retry bit of theCommandRegister should bepecified.
Valid. Indicatesthat the bit is part of amutputparameter and should Bpecified.
Indicatesthat the hexcharacter is not used.

Indicatesthat the bit is notused.

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

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

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

Indicatesthat the bit is not part of an inpygarameter.

The commanddescriptionsshow the contents of the Status and ErRegisters after thalevice hascom-
pleted processing theommand and hamterrupted the host.
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11.1 Check Power Mode (E5h/98h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

Sector Count

VVVVVVYVY

Sector Number

Sector Number

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

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

Figure 54. 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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11.2 Execute Device Diagnostic (90h)

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

Figure 55. 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 48 onpage 58 for the definition.

78 OEM Specifications foDAQA-3xxxx



11.3 Format Track (50h: Vendor Specific)

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

Figure 56.FormatTrack Command50h)

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

The hosttransfers a sector of datontaining a format table to theevice. Theformat table shouldcontain
two bytes for each sector on the track to teematted.The structure of formaable isshown inFigure 57
on page 81. Thdirst byte should contain aescriptor value and the secobgte should contain theector
number. The desgiptor value should be 0 for good sector, 20h for an unassign sector, 40h for assign
sector, 80h for a bad sector, and amherdescriptor valuewill cause ambortederror. The remaining bytes
of the sector following thdormat table areagnored.

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

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

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

Input Parameters From The Device

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

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

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

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

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

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

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

Explanation for descriptor

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

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

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

Figure 57.Formattrack datafield format
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11.4 Identify Device (ECh)
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 11101100 Status ...See Below...
Error Register Status Register
716 |54 ]3]2]1]0 716 (5432 ]1]0
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
0|00 ]O0O]O]|V]O0O]|oO o|Vvi|o|—-]—-]0]-1]V

Figure 58.ldentify DeviceCommand(ECh)

The Identify Devicecommandrequests thelevice totransfer configurationinformation to the host.

device will transfer a sector to thikostcontaining the information in Figure 59 gmage 83.
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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 Note 1 Number of cylinders in default translate mode
02 0 * | Number of removable cylinders
03 0010H Number of heads in default translate mode
04 0 * | Reserved
05 0 * | Reserved
06 003FH Number of sectors per track in default translate mode

07 0000H * | Number of bytes of sector gap
08 0000H * | Number of bytes in sync field
09 0000H * | Reserved
10-19 XXXX Serial number in ASCIlI (0 = not specified)
20 0003H * | Controller type:
0003: dual ported, multiple sector buffer
with look —ahead read
21 00COH *| Buffer size in 512  —byte increments (=96KB)

22 0016H Number of ECC bytes
(Vendor unique length selected via set feature cmd)
2326 XXXX Microcode version in ASCII
2746 Note 1 Model number in ASCII
47 0010H Maximum number of sectors that can be transferred per

interrupt on Read and Write Multiple commands
48 0000H Capable of double word 1/0O, '0000'= cannot perform
49 OF00H Capabilities, bit assignments:
15-14(=0) Reserved
13(=0) Standby timer value are vendor specific
12(=0) Reserved
11(=1) IORDY Supported
10(=1) IORDY can be disabled
9(=1) 1=LBA Supported
8(=1) 1=DMA Supported
* 7— 0(=0) Reserved
50 0000H Reserved

Figure 59.ldentify deviceinformation
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Word Content Description
51 0200H PIO data transfer cycle timing mode
52 0200H DMA data transfer cycle timing mode
Refer Word 62 and 63
53 0003H Validity flag of the word
15— 2(=0) Reserved
1(=1) 1=Word 64 —70 are Valid
0(=1) 1=Word 54 —58 are Valid
54 XXXXH Number of current cylinders
55 XXXXH Number of current heads
56 XXXXH Number of current sectors per track
57-58 XXXXH Current capacity in sectors
Word 57 specifies the low word of the capacity
59 0XXXH Current Multiple setting. bit assignments
15— 9(=0)  Reserved
8 1= Multiple Sector Setting is Valid
-0 xxh = Current setting for number of sectors
6061 Note 1 Total Number of User Addressable Sectors
Word 60 specifies the low word of the number
62 xx07H Single Word DMA Transfer Capability
15— 8 Sin?le word DMA transfer mode active
7— 0(=7) Single word DMA transfer modes supported
(support mode 0,1 and 2)
63 Note 2 Multiword DMA Transfer Capability
15— 8 Multiword DMA transfer mode active
71— OE:B; Multiword DMA Mode 0 and 1 supported
7— 0(=7) Multiword DMA Mode 0, 1 and 2 supported
64 0003H Flow Control PIO Transfer Modes Supported
15— 85:0; Reserved
7— 0(=3) Advanced PIO Transfer Modes Supported
'11' = PIO Mode 3 and 4 Supported
65 Note 3 Minimum Multiword DMA Transfer Cycle Time
66 Note 3 #/I,anufacturer's Recommended Multiword DMA Transfer Cycle
ime
67 00FOH Minimum PIO Transfer Cycle Time Without Flow Control
15— 0(=F0) Cycle time in nanoseconds (240ns, 8.3MB/s)
68 0078H Minimum PIO Transfer Cycle Time With IORDY Flow Control
15— 0(=78) Cycle time in nanoseconds (120ns, 16.6MB/s)
69-79 0000H Reserved
80 000EH Major version number
15— 0(=0E) ATA -1, ATA-2 and ATA-3
81 0006H Minor version number
15— 0(=06) ATA —3 X3T10 2008D revision 1

Figure 60. Identify deviceinformation --- Continued ---
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Word Content Description
82 0009H Command set supported
15— 4(=0) Reserved
3(=1) Power management feature set
2(=0) Removable feature set
1(=0) Security feature set
0(=1) SMART feature set
83 4000H Command set supported
84-127 | 0000H Reserved
128 0000H * | Device Lock Function. Bit assignments
0 Capability 1= Supgort
1 Enable/Disable 1= Enable
2 Lock 1= Locked
3 Freeze 1= Frozen
4 Expire 1= Expired
8 Security Level 1= Maximum, 0= High
9-15 Reserved
129 XXXXH *| Current Set Feature Option. Bit assignments
0 Write Cache 1= Enable
1 Read Look —ahead 1= Enable
2 Reverting 1= Enable
3 Auto reassign 1= Enable
4-15 Reserved
130 XXXXH *| Reserved
131-255 | 0000H Reserved

Figure 61.ldentify deviceinformation --- Continued ---
Note. The "*' mark in'Content'field indicates the use of thparameter is vendospecific.

Note 1. The number ofcylinders,total number of useladdressable sectors and timodelnumber in ASCII
are as follows.

Model Cylinders Total LBAs Model Number in ASCII
DAQA-32160 1068H 409980H 'IBM-DAQA-32160"
DAQA-32700 1480H 50B800H 'IBM-DAQA-32700'
DAQA-33240 1898H 60D680H 'IBM-DAQA-33240"

Note 2. Earlier versions of the drivenly providedsupport for Mode-1rather thanMode-2 transfers when
operated in DMA Multiword mode.

This information isspecified in theldentify Devicedata, word 63.

If the drivereports thisword asxx03H, it returnsthen only DMA Multiword mode 0 and 1 are supported.
If the drivereports thisword asxx07H, it returnsthen DMA Multiword mode 0, 1 and 2 are supported.

Note 3. DAQA-3xxxx has twoversions onMultiword DMA as described inNote 2. Theword 65 and 66 are
as follows.

« Word 65 = Word 66 = 0078H (120ns) : Multiword DMA Mode 2supportversion.
« Word 65 = Word 66 = 00F0H(240ns) : Multiword DMA Mode 1supportversion.
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115 Identify Device DMA (EEh)

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

Figure 62.ldentify DeviceCommand DMA (EEh)
The Identify Device DMA commandrequests thalevice totransfer configuratiorinformation to the host.

The device will transfer the same 256 words dalevice identification data by the Identify Device
command(ECh) via DMAchannel.
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11.6

ide (E3h/97h)

Command Block Output Registers

Command Block Input Registers

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

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

Figure 63.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.

the spin up sequence is not executed.

If thedevice isalready spinning,

During Idle mode thedevice isspinning and ready toespond to hostommandimmediately.

Output Parameters To The Device

Sector Count

Timeout Parameter.

Izero, thetimeoutinterval(Standby Timer) islisabled, Ifother

than zero, theimeoutinterval is set for(Timeout Parameter x Heconds.

The device willenter Standby mode automatically if thieneoutinterval expires with

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

device accesbefore thetimeoutinterval expires.
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11.7 Idle Immediate (E1h/95h)

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1D---- Device/Head | - - - - — - — —
Command 111000001 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 64.ldle ImmediateCommand(E1h/95h)
The IdleImmediatecommandcauses the device tenter ldlemode.

The device isspun up tooperatingspeed. If thedevice isalready spinning, thespin up sequence is not
executed.

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

The ldleImmediatecommandwill not affect to autopower down timeouparameter.
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11.8

Initialize Device Parameters

(91h)

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
pata | -=-—-=-—---=- pata | -=-—-—-—---=-
Feature | ———————— = i

Sector Count

Sector Count

Sector Number

Sector Number

Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Device/Head 1-1DHHHH Device/Head | - - - - — - — —
Command 10010001 Status ...See Below...
Error Register Status Register

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

Figure 65. Initalize DeviceParameter€ommand(91h)

Initialize Device Parameterscommandenables thehost to set the number afectors per track and the
number ofheadsminus 1, percylinder. Words 54-58 inldentify Deviceinformationreflectsthese parameters.

The parameters remain igffectuntil following events:

- Anotherlnitialize DeviceParametergommand igeceived.

« The device igpoweredoff.

- Hardreset isoccurred.

« Soft reset isoccurred and the Séteature option of CCh is sétstead of 66h.

Output Parameters To The Device

Sector Count Number ofsectors per track. 0 does noteanthere are 256 sectors per track, but

there is no sector per track.
H Number ofheadsminus 1 percylinder. Theminimum is 0 and the maximum is 15.

Note: The following condition needs to besatisfied toavoid invalid number ofcylinder beyond FFFFh,
which will cause performance degradation of tiréve.
(Total customer usable datasectors) /((Sector Count)*(H+1)) < FFFFh
The total customeusable data sectors are indicated3at, “ Logical Drive Format” onpage 7,
and related description is 8t3.1, “ Logical CHS Addressinylode” on page 60.
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119 Read Buffer (E4h)

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

Figure 66.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 writehiave occurredsince theWrite Buffer
command wasssued.
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11.10 Read DMA (C8h/C9h)

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

Figure 67.Read DMA CommandC8h/C9h)

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

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

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

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

Output Parameters To The Device

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

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

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

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

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

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

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

H The headhumber of thesector to be transferredL=0)

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

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

Figure 68.ReadLong Command(22h/23h)

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

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

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

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

Output Parameters To The Device

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

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

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

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

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

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

Figure 69.ReadMultiple Command(C4h)

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

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

Output Parameters To The Device

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

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

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

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

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

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

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

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

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

96 OEM Specifications foDAQA-3xxxx



11.13 Read Sectors (20h/21h)

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

Figure 70.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.

CommandDescriptions 97



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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11.14 Read Verify Sectors (40h/41h)

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

Figure 71.ReadVerify SectorsCommand(40h/41h)
The ReadVerify Sectorsverifies one ormore sectors on thelevice. No data isransferred to thdost.

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

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

Output Parameters To The Device

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

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

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

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

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

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

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

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

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

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

Command Block Output Registers

Command Block Input Registers

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

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

Figure 72. Recalibrat€ommand(1xh)

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

If the devicecannotreach cylinder 0, TONTrack O NotFound)will be set in theError Register.
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11.16 Seek (7xh)

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

Figure 73.SeekCommand(7xh)

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

Output Parameters To The Device

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

Cylinder High/Low The cylindernumber of theseek.

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

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

Input Parameters From The Device

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

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

H In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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11.17 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
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 74. Set FeatureSommand(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
03H
44H
55H
66H
82H

Enablewrite cache

Set transfer mode based on value in sectountregister

22 bytes of ECC apply oReadLong/Write Long commands

Disable readook-aheadfeature

Disablereverting topower ondefaults

Disable write cache

AAH Enablereadlook-aheadfeature

BBH 4 bytes of ECC apply oiReadLong/Write Long commands

CCH Enablereverting topower ondefaults
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Note 1.

When Featureegister is 03h(=Set Transfer mode), the Sect@ount Registerspecifies thetransfermech-
anism. Theupper 5bits define thetype oftransfer and the lovorder 3 bits encode the modalue.

PIO Default Transfer Mode 00000 000

PIO Default Transfer Mode,Disable IORDY 00000 001

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

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

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

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

Note 3.
After power onreset, the features listdielow are set to power odefault asshown in thelist.

After hard reset whileReverting to power ordefaults is enabled, the featurbisted below are set to power
on default asshown in thelist.

Write cache . Enable
ECC bytes .4 hytes
Read look-ahead . Enable
Reverting to power on defaults ~ : Disable
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11.18 Set Multiple (C6h)

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 11000110 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 75. SeMultiple Command(C6h)

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

The defaultblock size after power up,soft reset, orhard reset is 0, andReadMultiple and Write Multiple
commands arelisabled.

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

Sector Count. The blocksize to beused forReadMultiple and Write Multiple commands. Valid
block sizes can beaelectedrom 0, 2, 4, 8 or 16. If O ispecified,then ReadMultiple
and Write Multiplecommands arelisabled.
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11.19 Sleep (E6h/99h)

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

Figure 76.SleepCommand(E6h/99h)
This commandcauses the device tenterSleepMode.

The device isspun down but thenterfaceremainsactive. If the device ialreadyspun down, thespin down
sequence is not executed.
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11.20 S.M.A.R.T. Function Set (BOh)

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

Figure 77. S.M.A.R.T. Function S&@ommand(B0h)

The S.M.A.R.T. Function Set commanprovides access toAttribute Values, Attribute Thresholds and
other low level subcommands that can hesed forlogging andreporting purposes and taccommodate
special user needs. Th®.M.A.R.T. Function Set command hasveralseparatesubcommandsvhich are
selectable via the device'sskturesRegister when th&s.M.A.R.T. Function Set command issued by the

host.

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

Code
DOh
D1h
D2h
D3h
D4h
D8h
D9h

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
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DAh SMART Return Satus

11.20.1.1 SMART Read Attribute Values (Subcommand DOh)
This subcommandreturns thedevice's Attribute Values to thehost. Uponreceipt of theSMART Read

Attribute Valuessubcommandrom the host, thedevice saves anypdated AttributevValues to theAttribute
Datasectors, andhentransfers the 512 bytes éfttribute Value information to the host.

11.20.1.2 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.

11.20.1.3 SMART Enable/Disable Attribute Autosave (Subcommand D2h)

DAQA-3xxxx does notsupport the AttributeAutosavefeature. This subcommand isupported for the
system which might requiréhat thedevicerespondswithout error for thesubcommand.

The valid valuewritten by host into theSectorCountregister is 00h or F1h.

Upon receipt of thesubcommandrom host, thedevice saves anypdated AttributevValues to the disk.

11.20.1.4 SMART Save Attribute Values (Subcommand D3h)

This subcommandauses the device toinmediatelysave anyupdated AttributeValues to the device'éttri-
bute Datasectorregardless of thetate of theAttribute Autosavefeature. Upon receipt of thE MART Save
Attribute Valuessubcommandrom the host, thedevice writes anyupdated AttributeValues to theAttri-
bute Datasector.

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

DAQA-3xxxx does not have theff-line datacollection capability. Thissubcommand isupported for the
system which might requiréhat thedevicerespondswithout error for thesubcommand.

Upon receipt of thesubcommandrom host, thedeviceperforms no operation.
11.20.1.6 SMART Enable Operations (Subcommand D8h)

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

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

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

Attribute Values.

Upon receipt of the SMART Enable Operationssubcommandfrom the host, thedevice enables

S.M.A.R.T. capabilities andfunctions, andthen saves anyupdated AttributeValues to theAttribute Data
sector.
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11.20.1.7 SMART Disable Operations (Subcommand D9h)

This subcommanddisables allS.M.A.R.T. capabilitieswithin the device including any functions related
exclusively tothis feature. (e.g., the device'attribute autosavéeature) After receipt of th& MART Disable

Operationssubcommand thelevice will disable allS.M.A.R.T. Operations. Attributevalueswill no longer

be monitored orsaved by the device. Thstate ofS.M.A.R.T. (either enabled or disabledill be preserved
by the device acrosgowercycles.

Upon receipt of the SMART Disable Operations subcommandfrom the host, thedevice disables
S.M.A.R.T. capabilities andfunctions, andthen saves 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 83 onpage 116.

Any Attribute Valuesaccumulated 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.

11.20.1.8 SMART Return Status (Subcommand DAh)

This command isused tocommunicate theeliability status of thedevice to thehost'srequest. Upon receipt
of the SMART Return Status subcommand tlevice saves anypdated AttributeValues to the reserved
sector andcompares the updated Attribusélues to theAttribute Thresholds.

If the devicedoes not detect &hresholdExceededCondition, thedeviceloads 4Fhinto the Cylinder Low
register, C2hinto the Cyinder High register.

If the devicedetect aThresholdExceededCondition, thedeviceloads F4hinto the Cylinder Low register,
2Ch into the @linder High register.

11.20.2 Device Attributes Data Structure

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

Data Structure Revision Number 2 00h | binary 0005h
1st Device Attribute 12 02h | (*1) (*2)
30th Device Attribute 12 | 15Eh | (*1) (*2)
Off —line data collection status 1 | 16Ah | (*1) (*2)
Total segments required for 1 | 16Bh | (*1) 07h
off —line data collection
Total time in seconds to 2 | 16Ch | (*1) (*2)
complete next segment
Current segment pointer 1 | 16Eh | (*1) (*2)
Off —line data collection capability 1 | 16Fh | (*1) 05h
S.M.A.R.T. capability 2 | 170h | (*1) 0lh
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 78.Device AttributeData Structure

11.20.2.1 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.

11.20.2.2 Individual Attribute Data Structure

The following defines the 1bytesthat make up thénformation foreachAttribute entry in theDevice Attri-
bute DataStructure.
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Description Bytes [Offset | Format
Attribute ID Number (01h to FFh) 1 00h | binary
Status Flags 2 01h |bit flags

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 79. Individual AttributdData Structure

11.20.2.2.1 Attribute ID Numbers: Any non-zerovalue in theAttribute ID Numberindicates an active
attribute. Thedevicesupportsfollowing Attribute ID Numbers.
ID Attribute Name

Indicatesthat this entry in the data structure is not used

Raw Read ErroRate

Spin Up Time

0

1

3

4 Start/StopCount
5 Reallocated Secto€ount
7 SeekError Rate

9 Power-On HourLount
10 Spin RetryCount

12 Device PowerCycle Count
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11.20.2.2.2 Status Flag Definitions

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

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

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

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

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

2— 5| Vendor Specific

6-15| Reserved bits Always 0

Figure 80. Statu$lag Definitions

11.20.2.2.3 Normalized Values: The device willperform conversion of the raw Attributéalues to trans-
form them into normaked values,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 thdirst 10 reads being interpreted @&xceeding the
read error rate threshold when tlsebsequent billion reads all executevithout error). The end points for
the normalized values for ahttributeswill be 1 (01h) at the low end, and 100 (64h) at the high end for the
device which is ready forcustomer shipment. For Performance and ErRate Attributes, values greater
than 100 arealso possible, up to maximumvalue of 253(FDh).

11.20.2.3 Off-Line Data Collection Status

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

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

Bits O thru 6represents a hexadecimal stattsduereported by the device.
Value Definition

0 Off-line datacollection never started
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1 Segment completedithout error

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

5 Off-line data collectingaborted by interruptingommand

6 Off-line datacollectionaborted withfatal error

11.20.2.4 Total Segments Required for Off-line Data Collection

The device willreturn 07h as the totadegments fooff-line datacollection.

11.20.2.5 Total Time in Seconds to Complete Next Segment

This field tells the host how manyseconds thedevice requires tocomplete the segmerfointed 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 aiff-line datacollection. Thisfield
indicates thetotal time in seconds for thdirst segment if the current segmepointer is 00h or theoff-line
statusindicates all segmentsompleted (02h).

11.20.2.6 Current Segment Pointer

This byte is a counteindicating thenext segment taexecute as an off-line dateollection 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.

11.20.2.7 Off-Line Data Collection Capability

The devicereturns 05h as it®ff-line datacollection capability whichindicates: theExecute Off-LineData

Collection Immediate is implemented; thaevice will abort all off-line activity if interrupted by a new
command.

11.20.2.8 S.M.A.R.T. Capability

This word of bitflags describes thes.M.A.R.T. capabilities of the device. Thdevice will return 0lhindi-
catingthat thedevice hagpre-power down mode attributgaving capability.

Bit Definition

0 Pre-power mode attributgavingcapability

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

1 Attribute autosaveapability

If bit = 1, the device willsave itsAttribute Values aftersome predetermineevent.
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2-15 Reserved (0)

11.20.2.9 Data Structure Checksum

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

11.20.3 Device Attribute Thresholds Data Structure

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

The sequence oactive Attribute Thresholdswill appear in the same order #seir correspondindittribute
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

g*lg — See following definitions
*3) — Filled with 00h

Figure 81.Device AttributeThresholdsData Structure

11.20.3.1 Data Structure Revision Number

This value (0005h) is the same as the value used in the De¥itrégbutes ValuesData Structure.
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11.20.3.2 Individual Thresholds Data Structure

The following defines the 1bytesthat make up thenformation for each Threshold entry in theDevice
Attribute ThresholdsData Structure. Attributeentries in the IndividualThresholdData Structure is in the
same order and correspond to thetries in the IndividuaAttribute Data Structure.

Description Bytes |Offset | Format
Attribute ID Number (0lh to FFh) 1 00h | binary
Attribute Threshold (for comparison with 1 01h | 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 82. IndividualThresholdData Structure

11.20.3.3 Attribute ID Numbers

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

11.20.3.4 Attribute Threshold

Thesevalues are preset at the factory and are msant to bechangeable.

11.20.3.5 Data Structure Checksum

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

11.20.4 Error Reporting

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

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

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

Cylinder High and Cylinder Low registers.

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

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

that is either invalid or not supported by this device.

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

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

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

state.

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

Attribute Thresholds data structure. 51h or
40h

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

data structure. 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 83. S.M.A.R.TError Codes
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11.21 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
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 84. Standbyommand(E2h/96h)

The Standbycommandcauses the device tenter the Standbode immediately, and set autpower down
timeout parameter(standhimer).

When theStandby mode igntered, thalevice isspun down but thénterfaceremainsactive. If the device is
alreadyspun down, thespin down sequence is not executed.

During the Standby mode thdevice will respond to commands, bulhere is adelay while waiting for the
spindle to reach operatingpeed.

The timer starts counting down when thevicereturns toldle mode.
Output Parameters To The Device

Sector Count TimeoutParameter. lzero,then the automatic power dowsequence is disabled. If
non-zero, then the automatic power dovwgequence is enabled, and thieneout
interval is set ot thelimeout Parametetimes 5, in seconds, for the value ranfyjem
12 to 255. If the value is 1 to 11, thEimeoutValue is 60 seconds.

When the automatipower downsequence is enabled, ttdrive will enter Standby
modeautomatically if thetimeoutinterval expireswith no drive accesgrom the host.
The timeoutinterval will be reinitialized if there is adrive accesdefore thetimeout
interval expires.
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11.22 Standby Immediate (EOh/94h)

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 11100000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY|RDY|DF |DSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 85. Standby Immediattommand(EOh/94h)
The Standby Immediateommandcauses the device tenter Standbynodeimmediately.

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, bukhere is adelay while waiting for the
spindle to reach operatingpeed.

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

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

Figure 86. WriteBuffer Command(E8h)

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

The ReadBuffer and Write Buffer commands arsynchronized suclhhat sequential WriteBuffer and Read
Buffer commandsaccess thsame 512 byte withimuffer.
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1124 Write DMA (CAN/CBh)

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 1100101R Status ...See Below...
Error Register Status Register

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

Figure 87. Write DMACommand(CAh/CBh)

The Write DMA commandtransfers one omore sectors of datdrom the host to thalevice,then the data

is written to thedisk media.

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

The hostinitializes a slave-DMA channel prior tassuing thecommand.
DMARQ and areperformed by the slave-DMA channel. Thievice issues only oniterrupt percommand

to indicatethat datatransfer hagserminated and status @&vailable.

Dataransfers are qualified by

If an uncorrectable error occurs, theite will be terminated at thédailing 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
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The cylindernumber of thefirst sector to be transferredL=0)

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




R

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

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

Input Parameters From The Device

Sector Count

Sector Number

Cylinder High/Low

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

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

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

The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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11.25 Write Long (32h/33h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

00000001

Sector Count

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

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

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

Figure 88. WriteLong Command(32h/33h)

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

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

is ready toreceive the 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 22 according to setting of Set
Feature option. Theefaulthnumberafter power on is 4 bytes.

Output Parameters To The Device

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

Sector Count

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

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

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

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

H The headhumber of thesector to be transferredL=0)

In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
The file internally uses 22 bytes of ECC on all data read or writes. ThHzy#® mode of operation is pro-
vided via anemulation technique. As a consequencelos emulation it is recommended that B3te ECC

mode is used for all tests to confirm tloperation of thdfiles ECC hardware. Unexpectedesults mayoccur
if such testing isperformed using dyte mode.

CommandDescriptions 123



11.26 Write Multiple

(C5h)

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 11000101 Status ...See Below...
Error Register Status Register

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

Figure 89. WriteMultiple Command(C5h)

The Write Multiple commandtransfers one omore sectorsfrom the host to thedevice, the the data is

written to thedisk media.

Commandexecution isidentical to the Write Sectorsommandexceptthat aninterrupt isgenerated for each
block (asdefined by the SeMultiple command)instead of for each sector.

through theData Register 16 bits at a time.

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)

124 OEM Specifications foDAQA-3xxxx

The sectors are transferred



Input Parameters From The Device

Sector Count

Sector Number

Cylinder High/Low

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

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

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

The headhumber of thelast transferred secto(L=0)
In LBA mode, this registercontains current LBA bits 24 - 2{L=1)
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11.27 Write Sectors (30h/31h)

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Device/Head I1L1IDHHHH Device/Head —-——-—-HHHH
Command 0011000R Status ...See Below...
Error Register Status Register

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

Figure 90. WriteSectorsCommand(30h/31h)

The Write Sectorscommandtransfers one omore sectorsfrom the host to thedevice,then the data is
written to thedisk media.

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

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

Output Parameters To The Device

Sector Count

Sector Number

Cylinder High/Low

The number of continuousectors to be transferred.
sectorswill be transferred.

If zero specified,then 256

The sectomumber of thefirst sector to be transferredL=0)

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

The cylindernumber of thefirst sector to be transferredL=0)

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

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

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

Sector Count

Sector Number

Cylinder High/Low

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

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

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

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

The timing of BSY and DRQ in Status Register ateown inFigure 91

The othertimings are described i6.1.4, “ Reset Timings” onpage 23thrpugh 6.1.7, “* DMA Timings
(Multiword)” on page 27.
FUNCTION INTERVAL START STOP TIMEOUT
Power On | Device Busy After Power On Status Register 400 ns
Power On BSY=1
Device Ready After Power On Status Register 31 sec
Power On BSY=0 and RDY=1
Software Device Busy After Device Control Status Register 400 ns
Reset Software Reset Register RST=1 BSY=1
Device Ready After Device Control Status Register 6 sec
Software Reset Register RST=1 BSY=0 and RDY=1
Hard Device Busy After Bus RESET Signal Status Register 400 ns
Reset Hard Reset Asserted BSY=1
Device Ready After Bus RESET Signal Status Register 31 sec
Hard Reset Asserted BSY=0 and RDY=1
Data In Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt, DRQ For Status Register Status Register 30 sec
Data Transfer In BSY=1 BSY=0 and DRQ=1,
Interrupt
Device Busy After 256th Read From Status Register 10 us
Data Transfter In Data Register BSY=1
Data Out Device Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Data Request For Status Register Status Register 700 us
Data Transfer Out BSY=1 BSY=0 and DRQ=1
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 91. TimeouWalues
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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 92. TimeouWalues ---Continued ---
Commandcategory is referred to 10.0,CommandProtocol” onpage 67.

The abbreviations'ns”, "us", "ms" and"sec" mean nanoseconds, microsecondsjlliseconds and seconds,
respectively.

We recommend that the hosystem executes Soft reset atitken retry to issue thecommand if the host
systemwould occurtimeout for thedevice.
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13.0 Appendix

13.1 Commands Support Coverage

Following table is provided to facilitate the understanding of DAQA-3xxxommand supportoveragecom-
paring to the ATA-3 defined commandset. The column of 'Implementation'shows the capability of
DAQA-3xxxx for those commands.

Command Command Implementation ATA -3 Categoly
Code Name for DAQA-2XXXX

00h NOP No Optional
01h—0Fh Reserved Reserved Reserved
1xh RECALIBRATE Yes Optional
20h READ SECTOR(S w/ retry) Yes Mandatory
21h READ SECTOR(S w/o retry) Yes Mandatory
22h READ LONG w/ retry) Yes Optional

23h READ LONG w/o retry) Yes Optional
24h—2Fh  Reserved Reserved Reserved
30h WRITE SECTOR(S w/ retry) Yes Mandatory
31h WRITE SECTOR(S w/o retry) Yes Mandatory
32h WRITE LONG w/ retry) Yes Optional

33h WRITE LONG w/o retry) Yes Optional
34h—3Bh Reserved Reserved Reserved
3Ch WRITE VERIFY (2) No Optional
3Dh—-3Fh Reserved Reserved Reserved
40h READ VERIFY SECTOR(S) (w/ retry) Yes Mandatory
41h READ VERIFY SECTOR(S) (wlo retry) Yes Mandator
42h—4Fh  Reserved Reserved Reserve

50h FORMAT TRACK Yes Vendor specific
51h—5Fh Reserved Reserved Reserved
60h—6Fh Reserved Reserved Reserved
7xh SEEK Yes Mandatory
8xh Vendor specific Reserved Vendor specitic
90h EXECUTE DEVICE DIAGNOSTIC Yes Mandatory
91h INITIALIZE DEVICE PARAMETERS Yes Mandatory
92h DOWNLOAD MICROCODE No Optional
93h Reserved Reserved Reserved
94h,EOh  STANDBY IMMEDIATE (1) Yes Optional (2)
95h,Elh IDLE IMMEDIATE (1) Yes Optional (2)
96h,E2h  STANDBY (1) Yes Optional (2)
97h,E3h IDLE (1) Yes Optional (2)
98h,E5h  CHECK POWER MODE (1) Yes Optional (2)
99h,E6h SLEEP (1) Vendor specific Optional (2)
9Ah Vendor specific Reserved Vendor specific
9Bh—9Fh Reserved Reserved Reserved
AOh—AFh Reserved Reserved Reserved

Figure 93.Commandcoverage
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Command Command Implementation ATA -3 Categoly
Code Name for DAQA—3XXXX

BOh SMART FUNCTION SET Yes Optional — (4)
B1h—BFh Reserved Reserved Reserved
COh—C3h Vendor specific Reserved Vendor specific
C4h READ MULTIPLE Yes Optional

C5h WRITE MULTIPLE Yes Optional

C6h SET MULTIPLE MODE Yes Optional

C7h Reserved Reserved Reserved

C8h READ DMA EW/ retry) Yes Optional

Coh READ DMA (w/o retry% Yes Optional

CAh WRITE DMA éw/ retry Yes Optional

CBh WRITE DMA (w/o retry) Yes Optional
CCh-CFh Reserved Reserved Reserved
DOh—DAh Reserved Reserved Reserved

DBh ACKNOWLEDGE MEDIA CHANGE No Optionat (5
DCh BOOT— POST-BOOT No Optional — (5
DDh BOOT— PRE-BOOT No Optional — (5
DEh DOOR LOCK No Optional — (5
DFh DOOR UNLOCK No Optional — (5
EOh,94h  STANDBY IMMEDIATE (1) Yes Optional  — (2
E1h,95h IDLE IMMEDIATE (1) Yes Optional - (2
E2h,96h STANDBY (1) Yes Optional - (2
E3h,97h IDLE (1) Yes Optional - (2
E4h READ BUFFER Yes Optional
E5h,98h CHECK POWER MODE (1) Yes Optional — (2
E6h,99h SLEEP (1) Vendor specific Optional - (2
E7h Reserved Reserved Reserved

E8h WRITE BUFFER Yes Optional

E9h WRITE SAME No Optional
EAh—EBh SECURE MODE SET No Optional — (3)
ECh IDENTIFY DEVICE Yes Mandatory

EDh MEDIA EJECT No Optional — (5)
EEh IDENTIFY DEVICE DMA Yes Optional

EFh SET FEATURES Yes Optional

FOh Vendor specific Reserved Vendor specific
F1h SET PASSWORD (3) No Optional

F2h UNLOCK (3) No Optional

F3h ERASE PREPARE (3) No Optional

F4h ERASE UNIT (3) No Optional

F5h FREEZE LOCK (3) No Optional

F6h DISABLE PASSWORD (3) No Optional
F7h—FFh Vendor specific Reserved Vendor specific

Note:(1) These commands have two command codes and appear in this
table twice, once for each command code.

2) Power Management Feature Set

3) Secure Mode Feature Set (Not supported)

4) S.M.A.R.T. Function Set
5) Removable

Figure 94.Commandcoverage ---Continued ---
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13.2 SET FEATURES Command Support Coverage

Following table is provided to facilitate the understanding of DAQA-3xxxx "Set Featwresimand support
coveragecomparing to theATA-3 definedcommandset. Thecolumn of 'Implementationshows the capa-

bility of DAQA-3xxxx for those commands.
page 103.

Fadetail operation,refer to 11.17,“Set Features(EFh)” on

Features Features Implementation ATA -3 Categoly
Register Name for DAQA —3XXXX
01h Enable 8 bit data transfers No Optional
02h Enable write cache Yes Vendor specific
03h Set transfer mode Yes Optional
04h Enable all auto reassignment No Vendor specific
33h Disable retry No Vendor specific
44h Set vendor specific bytes ECC Yes Optional
54h Set cache segments No Vendor specific
55h Disable read look —ahead feature Yes Optional
66h Disable reverting to power on defaults  Yes Optional
77h Disable ECC No Vendor specific
81h Disable 8 bit data transfers No Optional
82h Disable write cache Yes Vendor specific
84h Disable all auto reassignment No Vendor specific
88h Enable ECC No Vendor specific
99h Enable retries No Vendor specific
9Ah Set device maximum average current No Optional
AAh Enable read look -—ahead feature Yes Optional
ABh Set maximum prefetch No Vendor specific
BBh Set 4 bytes ECC Yes Optional
CCh Enable reverting to power on defaults Yes Optional
others  Reserved Reserved Reserved

Figure 95. SETFEATURESCommandcoverage
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