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1.0 General

This documentescribes the characteristics of the following IBM 3.5-inch, ATA interfaeed disk drives:

DJAA-31270(1270 MB)
DJAA-31700(1700 MB)

1.1 Glossary

Word Meaning

Kbpi 1 000 Bit Per Inch

Mbps 1 000 000 Bit per second

MB 1 000 000 bytes

KB 1 000 bytes

32 KB 32 x 1 024 bytes

64 KB 64 x 1 024 bytes

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

1.2 General Caution

The drive can be easildamaged by shocks or ES(Electric Static Discharge), so any damages applied to
the drive aftertaking outfrom shippingpackage an@pening ESD protective bag are useesponsibilities.
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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
Segmented to 3Kbytes ofbuffer implementation
Seektime of 12 msec irReadOperation

« Write Cache forsequential writeoperation
Size of sector buffer is 98bytes

« Advanced ECC On The FIYJEOF)

- Addition to the aboveAutomatic ErrorRecovery procedures for read amdite commands
Self Diagnostics onPower on andesident diagnostics
PI1O DataTransfer -Mode 4
DMA Data Transfer
- SingleWord mode : mode Z8.3 MB/sec)

— Multiword mode : mode Z16.6 MB/sec)
CHS and LBA mode

« TransparenDefectManagement with ADR (Automati®efectReallocation) during WriteCache
PowerSavingmodes
Spindle4500 rpm
S.M.A.R.T.function support

0 Copyright IBM Corp. 1995
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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

Bytes

Descriptions DJAA-31270 DJAA-31700
Logical HeadNumber 16 16
Logical Sectors/Track 63 63
Logical CylinderNumber 2480 3308
Logical Sector Size 512 512
Total CustomeUsableData 2 499 840 3 334 464
Sectors
Total CustomeUsableData 1270 MB 1700 MB

(1,279,918,080)

(1,707,245,568)

3.2 Data Sheet

Figure 2. Data Sheet

Mediatransfer rate Mb/sec]

38.7 - 62.1

Interface transfer rate [MBkc]

16.6 MB/sec Max

Data buffer size [KB]

96 KB (3 x 32 KB) (Read/Write)

Rotationalspeed RPM]

4500

Average latency [msec]

6.67

Recordingdensity Kbpi]

99.1 Maximum

Track density [TPI]

6684 Maximum

Areal density Mb/sq.in.]

662 Maximum

Number ofzone 8
Number ofdisks

DJAA-31270 2
DJAA-31700 2

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) < 0.7 [msec]
Read(Cache hit) < 0.6 [msec]
Write < 0.5 [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 12 [msec] 13 [msec]
Write 13 [msec] 14 [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 7.1, “ Environment” on page 33 and 7.2, “ DCPower

Requirements” orpage 34 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 seefime is measured as theeighted average of apjossibleseekcombinations.

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] 2.08 2.41
Write [msec] 2.93 3.80

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] 25 28
Write [msec] 27 30

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 4.2 [msec]

A cylinder switchtime isdefined as theamount of timerequired by thefixed disk access thaext sequential
block after reading the last sector in tleairrentcylinder.

The measurednethod isgiven in 3.3.6, “Througput” on page 12.

3.3.2.5 Head Switch Time (Head Skew)

Figure 8.HeadSkew

Typical

Head Skew

3.1 [msec]

3.3.2.6 Average Latency

Figure 9. Latency Time

Rotation

Time for a revolution

Average Latency

4500 [RPM]

13.3 [msec]

6.67 [msec]
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3.3.3 Drive Ready Time

Figure 10. DriveReadyTime
Condition Typical Max.
Power On to Ready 10 [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) 6.3 [Mbyte/sec]

(Sustained) 5.0 [Mbyte/sec]
Disk-Buffer Transfer(Zone 7)

(Instantaneous) 3.9 [Mbyte/sec]

(Sustained) 3.1 [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) islefined 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 3.3.6, “Thhoughput” onpage 12.

3.3.5 Buffering Operation (Lookahead/Write  Cache)

In order to improve the total performance, tfie utilizesit's own buffer for lookahead. The total of 96K
bytes of the buffer is dividednto three segmented blocks. One segment is usednfite buffer, and the
remaining segments are for readffers.

Write datawill be cached in the buffer for the consecutitaéocks request.
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3.3.6 Throughput

3.3.6.1 Simple Sequential Access
Figure 12.Simple Sequential Acce®®erformance
Operation Typical Max
SequentiaRead/Write (Zone 0 4.2 [sec] 4.4 [sec]
SequentiaRead/Write (Zone 7 6.3 [sec] 6.6 [sec]

The above tablegives the timerequired to read/write for @otal 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)
3.3.6.2 Random Access
Figure 13.RandomAccessPerformance
Operation Typical Max
RandomRead 80 [sec] 88 [sec]
RandomWrite 83 [sec] 91 [sec]

The above tablegives 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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3.3.7 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 Spindlemotor 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.

3.3.7.1 Mode Transition Time

Figure 14.Mode Transition Time
From To Typical Max
Standby Idle 8 [sec] 31 [sec]
Idle Standby Immediate N/A

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

Drive Characteristics 13
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4.0 Data Integrity

4.1 Data loss on Power Off or Hard Reset

Power off or hardresetduring any operationsxcept for writeoperationwill not cause anyataloss.

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

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

4.2 Write Cache

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

There are threavays to check if the data in the write cachave been written onto thdisk. Checking
just beforepower off or hardreset is recommended to prevent datzss.

— To confirm negation 0fDASP signal.
— To confirm successfutompletion ofSoftwareReset.
— To confirm successfutompletion of thefollowing commands.
Check PowemMode, Execute Drive DiagnosticdormatTrack, Identify Drive, Idle, Idlelmmediate,

Initialize Drive Parameters, Recalibrat&eek, SetFeatures, Set MultipleSleep, Standby, Standby
Immediate.

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.

1 MLC code E15496 (Microcodeevision A74B) or later, aldata inwrite cache ardlushedonto disk media prior to
implementation oHard Reset.

0 Copyright IBM Corp. 1995 15
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5.0 Physical Format

Media defects areremapped to the nexavailable sector during Forma®rocess in manufacturing.

mapping from LBA to thephysicallocations is calculated by an internadaintained table.

The

5.1 Shipped Format

Dataareas ar@ptimally used.
No extra sector is wasted as a spéneoughout user datareas.

« All pushesgenerated byefects areabsorbed byspare tracks of inner zone.

N N+1 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. 1995
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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.

0 Copyright IBM Corp. 1995 19



6.1.2 Signal Definition

The pin assignments of interfasggnals are listed as follows:

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

03 HDO7 [/10 3—state 04 HDO08 [/0 3—state
05 HDO06 [/0 3—state 06 HDO09 [/0 3—state
07 HDO05 [/10 3—state 08 HD10 [/0 3—state
09 HDO04 [/10 3—state 10 HD11 [/10 3—state
11 HD03 [/10 3—state 12 HD12 [/10 3—state
13 HD02 [/O 3—state 14 HD13 110 3—state
15 HDO1 [/O 3—state 16 HD14 110 3—state
17 HDOO [/10 3—state 18 HD15 [/0 3—state
19 GND (20) | Key

21 DMARQ 0 3—state 22 GND

23 —HIOW I TTL 24 GND

25 —HIOR I TTL 26 GND

27 HIORDY 0 oC 28 CSEL I TTL
29 —DMACK I TTL 30 GND

31 HIRQ 0 3—state 32 | —HIOCS16 0 oC
33 HAO1 I TTL 34 —PDIAG [/10 oC
35 HAO00 I TTL 36 HAOQ2 I TTL
37 —HCS0 I TTL 38 —HCS1 I TTL
39 | —DASP 110 oC 40 GND

Figure 16. Table ofSignals

Notes:

1

2
3
4
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6.1.3 Signal Description

HDO0O0-HD15

HAO00-HAO02
-HCSO

-HCS1

-HRESET

-HIOW
-HIOR

HIRQ

IORDY

CSEL

-HIOCS16

-DASP

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

Address used teelect theindividual register in the drive.

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

(SeeFigure 21 on page 28 .)

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

(SeeFigure 21 on page 28 .)

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

The rising edge clocks dataom the host data bus to register ordataregister of the drive.

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

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

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

This signal ismonitored todetermine thedrive addressMaster orSlave, when thgumper
on the interface&eonnector is at Position-3(Refer to Figure 23 ompage 30 fojumperposi-
tion.)

When CSEL isground or at a lowlevel, the driveworks as a Master. ICSEL is open or a
high level, the driveworks as aSlave.

The signallevel of CSEL to onedrive should be differenfrom the signal level to another
drive on thesame ATinterface cable, to avoithaster-master oslave-slaveconfigurations.
Signallevel of CSEL should beconstantwhile the drives are on the AT interface.

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

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

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

KEY

-DMACK

DMARQ

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

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

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

When write cache is enabledirive assertsDASP until completion of actuatlisk write oper-
ation.

This signal shall be asserted by drive 1litalicate to drive Othat it hascompleted diagnos-
tics. Thisline is pulled-up to 5 Volt in thedrive through alOKohmresistor.

Following a Power On Resetkoftware reset orHRESET, drive 1 shallnegate-PDIAG
within 1 msec (to indicate tarive 0 that it is busy). Drive 1shall then assert-PDIAG
within 30 seconds to indicatthat it is nolonger busy, and is able to provide statuAfter
the assertion ofPDIAG, drive 1 may beunable toacceptcommandsuntil it hasfinished its
resetprocedure and isesady(DRDY=1).

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

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

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

This signal shall beused by thehost inresponse toDMARQ to either acknowledgethat
data has beeaccepted, othat data isavailable.

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

The interface logic signdtave thefollowing electrical specifications:

Inputs :  Input High Voltage - 2.0 V min.
Input Low Voltage - 0.8 V max.
Outputs :  Output High Voltage - 2.4 V' min.
Output Low Voltage - 0.5 V max.
6.1.5 Reset timings
Resettimings of thedrive areshownbelow.
—-HRESET
|<— T0 —>
BUSY
(Status Register)
< T1 >
READY
(Status Resister)
< T1 >
PARAMETER DESCRIPTION Min Typ Max
(usec) |(sec) [(sec)
T0 —HRESET low width 25 — —
Tl —HRESET high to Not BUSY — 6 18

Figure 17. SystemResettimings
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6.1.6 PIO Timings

The PIO cycletimings meetMode 4 of theATA-2 description.

-HCS0,-HCS1
+HAQ0-2
|[<—T9—>|
<—T1->|< T0 > |
—HIOR, —HIOW
< T2 > < T2l > |
Write data
+HD00-15
< T3 >|<=T4—>|
Read data
+HD00-15
<——T5—>| T6 |<—
=>| 17 |<= —>|T8 |<—
—HIOCS16
|<-T10—>
+HIORDY
|<—T11—>|
MIN MAX |Note
PARAMETER DESCRIPTION (nsec) [(nsec)
T0 Cycle time 120 -
T1 | -HCS0-1, +HA00—02 valid to  —HIOR,-HIOW active 25 -
T2 | —HIOR,—-HIOW pulse width 70 -
T2l | —HIOR,-HIOW recovery 25 -
T3 | +HD00-15 setup to —HIOW high 20 -
T4 | —HIOW high to +HDO00 —15 hold 10 —
T5 | +HD00-15 setup to —HIOR high 20 -
T6 | —HIOR high to +HD00 —15 hol 5 -
T7 | —HCS0-1, +HA00—-02 valid to  —HIOCS16 assertion - 30
T8 | —HCS0-1, +HA00—02 invalid to —HIOCS16 negation - 30
T9 | —HIOR,-HIOW high to -HCS0-1, +HA00—02 hold 10
T10 | —HIOR,-HIOW low to +HIORDY low - 35
T11| +HIORDY pulse width - | 1250

Figure 18. P1Ocycletimings
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6.1.6.1 Write DRQ Interval Time

For write sectors and writenultiple operations,15usec is insertefom the end of negation of the DRQ bit
until setting of thenext DRQ bit.

6.1.6.2 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 isl5usec.
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6.1.7 DMA Timings (Single Word)

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

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

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

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

DMARQ — |
‘<—T9—>|
“DMACK |
< T0 > = |T7 <~
—>|T6 |< T1 >|<—T8——>
“HIOR/—HIOW |
|< T2>|T3|<~
READ DATA I
|<—T4—>[T5 |<—
WRITE DATA I

PARAMETER DESCRIPTION MIN MAX |Note

(nsec) [(nsec)
T0 Cycle time 120 -
T1 | —HIOR,-HIOW pulse width 70 -
T2 | —HIOR data setup 20 -
T3 | —HIOR data hold 5 -
T4 | —HIOW data setup 20 -
T5 | —HIOW data hold 10 -
T6 | —DMACK to —HIOR/-HIOW setu 0 -
T7 | —HIOR/-HIOW to —DMACK hol 5 -
T8 | —HIOR/-HIOW nagated pulse width 25 -
T9 | —HIOR/-HIOW to —DMARQ delay - 35

Figure 20. DMA (Multi Word) cycle timings
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6.1.9 Addressing of drive Registers

The hostaddresses the drivhrough a set ofegisters called & ask File. Theseregisters aranapped into
the host's I/Ospace. Twochip select lines (HCSO and -HCS1) anthreeaddress linegHA00-02) are used
to select one of theseegisters, while aHIOR or -HIOW is provided at thespecifiedtime.

The -HCSO isused to addres€ ommandBlock registers. while theHCS1 isused to addres€ontrol Block
registers.
The followingtable shows the I/Gddressmap.

Addr. |-CSO|[-CS1|HA2|HAL1|HAQ —IOR = 0 (Read) —I0W = 0 (Write)
Command Block Registers

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

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

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

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

1F4 0 1110 | 0 | Cylinder low Reg. Cylinder low Reg.

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

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

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

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

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

Figure 21.RegisterAddress
Note: "Addr." field is shownjust as an example.
During DMA operation (fromwriting to the commandresisteruntil an interrupt), allresistors are not acces-

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

6.1.10 Cabling

The maximumcable lengthfrom the hostsystem to the HDD plugircuit patternlength in thehostsystem
shall not exceed l8iches.

For higherdatatransferapplication(>8.3MB/sec), thecable length should bshorterthan 18inches since
datatransfer characteristiodepends on thériver circuits of thesystem ancharddrive, and/orcabling.
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6.1.11 Jumper Settings

The 7 positiongumperblock shownbelow is to select Master d8lave,Cable Selection and Write&Cache.

Pin pitch is 2mm.
JP1 JP2 JP3 JP4 JP5 JP6 JP7
Cable Write
Master  Slave 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 jumpemositions ofJP1, 2, and 3 should neklectedconcurrently.
2. JP1 is the position for Master, JP2 is felave, and JP3 is fo€able Selectionmode.

3. To enable theCSEL mode(cable selection mae), the JP3 jumpemust beinstalled. In theCSEL
mode, thedrive address isetermined agollows:

« When CSEL isgrounded or at a lovievel, the driveaddress is {Master).
« When CSEL is open or at a highvel, the driveaddress is 1 (Slave).

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

Figure 23.Jumper PinAssignment
JP# Pin # Status Description Signal Name
1 1 - GND
2 In -Device AddressSelectLine -C/+D
2 3 - NC (Slaveposition)
4 - NC
3 5 In Cable Selection (28PIN)
6 In -Device AddressSelectLine -C/+D
4 7 - GND
8 - (Reserved)
5 9 - GND
10 - +Write Cache ON (IfOpen)
6 11 - GND
12 - (Reserved)
7 13 - GND
14 - (Reserved)

6.1.11.2 Shipping Default Condition

The default shippingonditionsare,device ID set otMaster,write cache on an@utoreallocation on.

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

Reserved
Reserved

Write Cache (Enabled)

Reserved

Cable selection (28PIN)

Slave

Master (Enabled)

Device ID

Device ID

Note: ON indicates that the jumper is connected.
OFF indicates that the jumper is not installed.

Figure 24. DefaultlumperSetting
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6.1.11.3 Mechanical Outline

Power |
Connector <— JP7

Jumper

Bottom Side of Drive

<— JP1
AT
Interface
Connector

Logic Card

Figure 25. MechanicaDutline

Specification 31



32 OEM 3.5"Hard Disk Drive specifications



7.0 Specification

7.1 Environment

7.1.1 Temperature and Humidity

Figure 26. Environmental Condition

Operating Conditions

Temperature

Relative Humidity

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

5 to 55[°C] (Seenote)

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

- 300 to 3048 [m]

Non-Operating Conditions

Temperature

RelativeHumidity

Maximum WetBulb Temperature
Maximum Temperature Gradient
Altitude

~ 40 to 65[°C]

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

20[°C / Hour]

~300 to 12,000 [m]

Note:

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

center of the top cover of thérive.

Non-operating condition should not continue beyond graer.

0 Copyright IBM Corp. 1995
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7.2 DC Power Requirements

Connection to the product should be madeisolated secondary cinits (SELV). The following voltage
specification is applied at thpower connector of thelrive. Damage to thdile electronics may result if the
power supply cable is connected or disconnectedhile power is being applied to thefile (No hot

plug/unplug isallowed). There is nospecialpower on/off £quencing 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(with the SCSI termination power enabled)
+5Volts +12Volts Total
(All values in Amps.) Pop Mean Std.Dev Pop Mean Std.Dev (W)
Idle Average 0.32 0.02 0.17 0.02 3.6
Idle ripple (peak-to-peak) 0.15 0.02 0.20 0.03
Seekpeak (*1) 0.50 0.04 0.55 0.13
Seek average (*1) 0.40 0.02 0.37 0.02 6.4
Start up (max) 0.55 0.04 1.20 0.05
RND R/W peak (*2) 0.60 0.02 0.60 0.16
RND R/W average (*2) 0.45 0.02 0.28 0.02 5.6
Standby/Slee@verage 0.15 0.01 0.02 0.01 1.0
Notes:
1. RandomSeeks atLl00% duty cycle.
2. SeekDuty = 30%, W/R Duty = 45%]dle Duty = 25%.
Figure 29. PoweiSupply GeneratedRipple asseen affile power connector
Maximum Notes
+5V DC 100 [mV pp] 0-10 [MHZz]
+12V DC 150 [mV pp] 0-10 [MHZz]

During file start up andseeking, 12volt ripple is generated by théle (referred to asdynamic loading). If
severalfiles have theirpower daisy chained togethethen the power supplyipple plusother file's dynamic

loading mustremain within the regulation tolerance &fLl0/-8%. A common supplywith separate power
leads toeachfile is a more desirablemethod ofpower distribution.

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

screws in auser system frame which has no electritalel difference at the four screwmsition, and hasess
than+/-300 millivolts peak to peakevel difference to thdile power connector ground.
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7.3 Reliability

7.3.1 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.

7.3.2 Contact Start Stop(CSS)

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

7.3.3 Preventive Maintenance

None.

7.3.4 Data Reliability

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

ECC implementation

A Read Solomon Error Code afegree-8 withnon-interleaved is used to cover thatafield. The ECC
polynominal isderivedfrom

g(xX) = (X + 1)(X+ A)X+ A?)-—-(X+ A7)

On-The-Flycorrection implemented in thiéle covers four orlesssymbols of error in one sector(One
symbol is 10bits.)
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7.3.5 Seek/ID Mis-compare Errors
A non-recoverableseek/ID mis-comparerror is defined as a seekperation that cannot beorrected by
fixed disk error recoveryprocedure. Seek errorsoccurring forfield format operations areonsidered to be

non-recoverable.

No drive hasmore than onaon-recoverableseek/ID mis-comparerror per 5 milionseekoperations (1 in 5
x 10°) when operated at thiill range of voltage anénvironmental conditions.

Non-recoverable seek/ID mis-compagerors indicate alefective drive.

7.3.6 Equipment Errors

A recoverableequipmenterror is any errorother than a seek/ID mis-compargror or read errotthat is
detected and corrected by tltgive error recoveryprocedure. Examples are Writeault, Drive Not Ready
and internaldrive errors.

No drive hasmore than oneecoverableequipmenterror per 10 reads, 10 writes or 10 seeksoperations
when operated at thill range of voltage anénvironmental conditions.

Non-recoverablequipmenterrors indicate alefective drive.
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7.4 Mechanical Specifications

7.4.1 Outline
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Figure 30.Outline of DJAA-31270/31700

7.4.2 Mechanical Dimensions and Weight

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

DJAA-31270/31700

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

Figure 31.PhysicalDimension andWeight
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Figure 32. Mechanical Dimension
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Specification 39

7.4.3 Connector Locations
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7.4.4 Hole Locations
The Figure 34 orpage 40 shows theutline of DJAA-31270/31700 whicincludes thehole locations.
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Figure 34. MountingPositions and the Tappings
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7.4.5 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 orientations from which it was formattedThus adrive formatted in a horizontal orientatiowill be
able to runvertically and viceversa.

The recommended mountirsgrew 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 hoziontal
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 lsenducted by mounting thdrive to thetable usingbottom four
screws.

7.4.6 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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7.5 Vibration and Shock

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

7.5.1 Operating Vibration
7.5.1.1 Random Vibration
The drive operatewith no unrecoverable erromshile beingsubjected to thdollowing vibration levels.

The measurements awarried outduring 30 minutes ofrandomvibration using thepower spectral density
(PSD) levels specified in IBMstandards as V5L. The vibration tdswel for V5L is0.67G (RMS).

Figure 35.RandomVibration PSDProfile Breakpoints (Operating)

Hz Random Vibration PSD Profile Breakpoints (Operating)
[HZ] 5 17 45 48 62 65 150 200 500
x10% [G2/HZz] 0.02 1.1 11 8.0 8.0 1.0 1.0 0.5 0.5

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

The harddisk drivewill meet thecriteriashownbelow while operating inrespectiveconditions.

No errors 0.5 G 0-peak5h-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 2majorresonances
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7.5.2 Non-Operating Vibrations

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

7.5.2.1 Random Vibration

The test consists of eandomvibration applied for each of three mutually perpendicudaeswith the time
duration of 15 minutes peaxis. The PSDlevels for thetest simulates the shipping and relocation environ-
mentwhich isshownbelow.

Figure 36.RandomVibration PSDProfile Breakpoints (Non-Operating)

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

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

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

- 0.5 oct/minsweep rate

- 3 minutesdwell at twomajor resonances
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7.5.3 Operating Shock

The drive meets thefollowing criteria while operating inrespectiveconditionsdescribed below. Thehock
test consists of ten shocks inputs in eaohs anddirection fortotal of 60. Theremust be adelay between
shockpulses, longenough toallow the drive tocomplete allnecessarerror recoveryprocedures.

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-sineshock pulse

7.5.4 Non-Operating Shock

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

7.5.4.1 Trapezoidal Shock Wave

« Approximate squarétrapezoidal) pulse shape.

- Approximaterise and fall time ofpulse = 1 ms.

« Averaged acceleratiolevel = 50 G.
(Averagedresponse curve value during the tinfi@lowing the 1 msrise time andbefore the 1 mdall
with a time "duration of 11msec")
Mimimum velocity change = 4.23 meters/sec.

7.5.4.2 Sinusoidal Shock Wave

« Approximatehalf-sine pulseshape.
Maximum accelerationlevel = 75G.
Shock duration = 1Insec.

All shock input shall be applied in each direction of the drive's three mutually perpendical®s. The
heads are not displacdcom thelandingzone as aesult of this test.
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7.6 Acoustics

7.6.1 Sound Power Levels

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

Figure 37. Octavédbandsound power levels

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

Background powetevels of theacoustic testhamber foreach octavdband are to beecorded.

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

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

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

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

Where N = number of maximum dataurfacesn=4 for &Model17000.)

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

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

where:

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

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

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

7.7 ldentification

7.7.1 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 logos.

3. A bar code labetontaining thedrive serialnumber.

The labels may béntegrated withotherlabels.

7.8 Electromagnetic Compatibility

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

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

guency interference and theverband Deutscher Elektrotechnikdi/DE) requirements ofGermany
(GOP).
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7.9 Safety

7.9.1 Underwriters Lab(UL) Approval

DJAA-31270/31700 complies with U1950.

7.9.2 Canadian Standards Authority(CSA) Approval

DJAA-31270/31700 complies with CSA C22.2, #950-M89.

7.9.3 |EC Compliance

DJAA-31270/31700 complies with IEC 950.

7.9.4 German Safety Mark
DJAA-31270/31700 are approved by TUV on Td&quirement:

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

7.9.5 Flammability
Printed Circuit boardsised in thisproduct are made ahaterial with a ULrecognized flammability rating of
V-1 or better. The flammability rating isnarked oretched on theboard. All other parts notonsidered

electricalcomponents are made afaterial with a ULrecognized flammability rating of V-1 obetter except
minor mechanical parts.

7.9.6 Secondary Circuit Protection

Fuses are provided in both 5V and 128put of the harddisk drive forover currentprotection.

7.10 Packaging

Drives are shipped in ESD protectiags.
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8.0 Interface

The interfaceconforms to the Working Draft of Informatiotechnology ATA Attachmentinterface with
Extensions (ATA-2) dated oduly-6-1994 with certain limitationshownbelow.

Automatic Power Down SequenceéA hard resetwill disable theautomatic power dowisequence.

Format Track A drive will not perform aphysical format. Instead itwill simply write a
data pattern of allzeros to the sectors which haueeen specified by the
Format Trackcommand. Badsectors which hadeen set by format track
commandwill be cleared by writecommand(i.e. write sectors, writemul-
tiple, write DMA, write long).

Format Track Interleave Factor The drive only supports aninterleave factor ofl:1, and mayignore the
sectornumber informat tablewithout returning an error.

Write Long Write long command should bexecuted for the same sectafter read long
command execution. Otherwise, unexpected ECC correctable error may
occur. Because of the limitation of themulation technique teupport
4-byte ECC mode which is implemented in thave.

SeekOverlap The drive will wait for the seek tocomplete before interrupting thehost.
Therefore, noseekoverlap can occur.This will be transparent to the host
exceptthat performance may bdegraded in certaienvironmentswvhere the
host could perform other workwhile waiting for seekcomplete, such as
multitasking operatingystems.

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

Drive/Head Register Bits 5 and 7 of Dive/Head Register are not written to 0 (These 2 bits are
always read as '1' even afteostwrites to'0").

Write Cache Jumper See Figure 38 onpage 52 for the relationship betweef¥)write cache
jumper and setfeaturescommand. (+)Write cache jumper is checked
during theinitial POR check.
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Power On

P

0

R

C OPEN for No (NO write cache)

H +Write Cache

E Jumper?

C

T Yes (Write Cache ON)

Set Features Set Features Command Set Features Set Features Command

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

Command Processed Command Processed Aborted Command Command Processed

Figure 38. Relation8etween WriteCache And Set Featuré&dommand
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9.0 Vendor Specific Options

The driveconforms to thereferenced specificationsyith vendorspecificoptionsdescribed below.

SeekOverlap When aseekcommand isissued the drivewill wait for the seek tocom-
plete before resetting thieusy bit in theinterfacestatusregister.

Sleep/Standby/ldlemode When entering sleepstandby orldle mode as aresult of acommand the
busy bit in the statugsegister will remain set until the transition to the
new state is complete.
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10.0 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 Drive 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 Drive/Head Drive/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

Figure 39.Register Set

= signal negated

does not matter which it is

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

The Commandlock Registers are used for sendingmmands to thelrive or posting status from thdrive.

The ControlBlock Registers are used falrive control and to postlternate status.
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10.1 Alternate Status Register

Alternate Status Register

7 6 5 4 3 2 1 0
BSY | RDY | DWF | 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. Se#&0.13,“Status Register” on
page 59 for the definition of the bits in thiegister.

10.2 Command Register

This registercontains thecommandcode being sent to thdrive. Commandexecutionbegins immediately
after this register iswritten. Thecommand set is shown iRigure 49 onpage 69.

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

10.3 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.

10.4 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.
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10.5 Data Register

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

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

The registercontainsvalid data onlywhenDR Q=1 in the Statufkegister.

10.6 Device Control Register

Device Control Register

7 6 5 4 3 2 1 0
- - - - 1 |[SRST |-IEN 0
Figure 41.Device Control Register
Bit Definitions
SRST (RST) Software Reset. Thedrive is held resetwhen RST=1. SettingRST=0 re-@ables

the drive.

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

-IEN Interrupt Enable. When IEN=0, and thedrive is selected, drivénterrupts to the
hostwill be enabled. When |EN=1, or thedrive is not selected, drivinterrupts to
the hostwill be disabled.

10.7 Drive Address Register

Drive Address Register

7 6 5 4 3 2 1 0
HIZ |-WTG | -H3 | -H2 | -H1 | -HO |-DS1 [-DS0O

Figure 42. Drive Addres®fegister

This registercontains thenverteddrive select andhead selecaddresses of theurrently selected drive.

Bit Definitions

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

of the currentlyselectedchead. -HO is thdeast significant.
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-DS1

-DSO

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

-Drive Select 0. Drive select bit for drive 0, active low. DS0=0 whendrive 0
(master) isselected and active.

10.8 Drive/Head Register

Drive/Head Register

——
—o

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

Figure 43.Drive/HeadRegister

This registercontains thedrive andhead numbers.

Bit Definitions

L

DRV

HS3,HS2,HS1,HSO

Binary encodechddresamodeselect. WhenL =0, addressing is by CH#&o0de. When
L=1, addressing is by LBAmode.

Drive. WhenDRV=0, drive 0 (master) is selectedWhen DRV =1, drive 1 (slave)
is selected.

HeadSelect. These four bitdandicate binary encodedddress of thénead . HSO is the
least significant bit. Atcommandcompletion,these bits araipdated toreflect the
currently selectedhead.

The headhumber may bdrom zero to thenumber ofheadsminus one.

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

10.9 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 drive, or a diagnostiode.

At the completion of anycommandexcept Execute Drive Diagnostic, ttmntents ofthis register are valid
always even ilERR =0 in the Statufegister.

Following a power on, aeset, orcompletion of an Execut®rive Diagnosticcommand,this registercon-
tains a diagnostic code. Séégure 48 onpage 62 for the definition.
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Bit Definitions

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

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

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

ABRT (ABT) Aborted Command. ABT=1 indicates the requestedommand hasheen aborted
due to a drivestatus error or afnvalid parameter in amutputregister.

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.

10.10 Features Register

This register iscommandspecific. This isused with the SeFeaturescommand.

10.11 Sector Count Register

This registercontains thenumber ofsectors of data requested to be transferred on a read or ep#eation
between thénost and thalrive. If the value in theaegister is set to 0, aount of 256sectors isspecified.

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

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

10.12 Sector Number Register

This registercontains the starting sectoiumber 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.

10.13 Status Register

Status Register

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

Figure 45. StatuRegister
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This registercontains thedrive 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 thaaterrupt acknowedge.
Any pending interrupt i€learedwhenever thigegister isread.

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

BSY Busy. BSY=1 whenever thedrive 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.

DRDY (RDY) Drive Ready. RDY=1 indicatesthat the drive is capable of responding to a
command. RDYwill be set to Oduring power on until thedrive is ready toaccept a
command. If thedrive detects arerror while processing @ommand, RDY is set to 0
until the Status Register is read by thest, at which time RDY is set back to 1.

DWF Drive Write Fault. DWF=1 indicatesthat thedrive hasdetected a write faultondi-
tion. DWF is set to (after the Status Register is read by thest.

DSC Drive SeekComplete. DSC=1 indicatesthat a seek hascompleted and thealrive
head issettled over a track. DSC is set to 0 by tHave just 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.

DRQ Data Request. DRQ=1 indicatesthat thedrive is ready to transfer word or byte of
data between thiéost and thedrive. Thehost should notwrite the Command reg-
ister whenDRQ=1.

CORR (COR) CorrectedData. COR=1 indicatesthat acorrectable data error wancountered and
the data has beecoorrected using the drive'ECC. Thesector buffercontains the
corrected data and multi-sector reagtsntinue. The bit is set to 0 when@mmand
is received.

During multi-sectorreads,COR=1 only while DRQ=1 for the sector or sectors
containing correctable errors.

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

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

ERR Error. ERR=1 indicatesthat anerror occurred during execution of the previous
command. The ErroRegister should be read to determine the error type. dittine
setsERR =0 when thenextcommand igeceivedfrom the host.
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11.0 Reset Response

There are threg¢ypes of reset in ATA asollows:

Power On Reset(POR)

Hard Reset (Hardware Reset)RESET-signal isnegated in ATA Bus.
Soft Reset (Software ResetpRST bit is set in thérive Control Register.

The actions of eacheset isshown inFigure 46

POR | hard reset soft reset

Aborting Host interface
Aborting Drive operation
Initialization of hardware
Internal diagnostics.
Spinning spindle
Initialization of registers ( Note.2 )
DASP handshake
PDIAG handshake
Reverting programmed parameters to default
— Number of CHS
(set by Initialize Drive Parameter)
— Multiple mode
— Write cache
— Read look —ahead
— ECC bytes
Disable automatic power down 0 0 X
Power mode ldle ldle Note.4

No

OO oOooooo |
OO O0OO0O>XXO0OO0OOoOo

0 — execute
X — not execute

Figure 46. Reset Response Table
Note 1.Executeafter the data in write cache hagen written.
Note 2.Defaultvalue on POR ishown inFigure 47 onpage 62.

Note 3. The Set Features commawith Featureregister = CChenables thalevice torevert thesgparame-
ters to thepower ondefaults.

Note 4. In thecase of sleepnode, thedrive goes to idlemode. In othercase, the drivedoes not change
current mode.
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11.1.1 Register Initialization

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

Figure 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 Slave drive failed

Figure 48. Diagnostic Codes

The meaning of th&rror Register diagnostic codes resultifrpm power on, hardeset or theExecute Drive
Diagnosticcommand are shown iRigure 48.
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12.0 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 allcommandsexcept Execute Drive Diagnostics aimitialize Drive Parameters the hostust
also wait forRDY =1 before proceeding.

A device must maintain eiher 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 commandshall only beinterrupted with a hardware osoftware reset. The result of writing to the
Command register whileBSY=1 or DRQ=1 is unpredictable and may result idata corruption. A
commandshould only be interrupted by eeset at times when thieostthinks there may be aroblem, such
as a devicehat is nolonger responding.

Interrupts arecleared when théhost reads the Sttus Register,issues a reset, or writes to tHeommand
Register.

Figure 84 onpage 117 shows thdrive timeoutvalues.

12.1 Data In Commands
Thesecommandsare:
ExecuteS.M.A.R.T. Function (Readttribute Values)
ExecuteS.M.A.R.T. Function (Readttribute Thresholds)
Identify Drive
ReadBuffer
Read Long
ReadMultiple
ReadSectors
Executionincludes the transfer of one anore 512byte (>512 bytes onReadlLong) sectors of datdrom
the drive to thehost.

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

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

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

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

d. The drive clears thaterrupt in response to the StatRegister being read.
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e. The hosteads one sector (dylock) of data via theData Register.

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

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

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

. In response to the interrupt, thestreads theStatusRegister.

o o

The drive clears thinterrupt in response to the StatRegister being read.
e. The hosteads the sector afata via theData Register.

f. The drivekeepsDR Q=1 after the sector habeentransferred to thénost toindicate the ECC bytes
are available for transfer to thieost.

g. The hostreads the ECC bytes via tHeata Register.
h. The drive set® RQ =0 after the ECC bytebave beenransferred to thdost.

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

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

If the drive detects an invalijgarameterthen it will abort the command bygettingBSY=0, ERR=1,
ABT=1, andinterrupting the host.

If an error occurs, tharive will set BSY=0, ERR=1, and DRQ=1. Thdrive will then store the error
status in theError Register, andinterrupt the host. Theegisters willcontain the locationfCHS) of the
sector in error.

If an UncorrectableData Error (UNC=1) occurs, thedefective data will beransferredfrom the media to
the sector buffer, anavill be available to be transferred to thHeost, at the host's option. loase 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 transfewvill continue
normally. Therewill be no indication to thehost that anyetry occurred.

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

12.2 Data Out Commands

Thesecommandsare:
FormatTrack
- Write Buffer
« Write Long
« Write Multiple

- Write Sectors

64 OEM 3.5"Hard Disk Drive specifications



Executionincludes the transfer of one anore 512byte (>512 bytes on WriteLong) sectors of datdrom
the host to thalrive.

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

2. The hostwrites thecommandcode to theCommandRegister.
3. The drive set8SY=1.
4. For each sector (or block) afata to betransferred:
a. The drive setBSY=0 andDR Q=1 when it isready toreceive asector (or block).
b. The hostwrites one sector (oblock) of data via theéData Register.
c. The drive set8 SY =1 after it has received thsector (or block).
d. When thedrive has finished processing tlsector (or block), itsetsBSY =0, andinterrupts the host.
e. In response to the interrupt, thestreads the Status Register.
f. The drive clears thénterrupt in response to the StatRegister being read.
5. For the WriteLong command:
a. The drive setBSY=0 andDR Q=1 when it isready toreceive asector.

The hostwrites one sector of data via tH2ata Register.

O

. The drivekeepsD R Q=1 after it has received theector to request ECC bytes.

o o

. The hostwrites the ECC bytes via thBata Register.

e. Afterreceiving the ECC hies, thedrive setsBSY=1.

f. After processing the sector and ECC bytes, thive setsBSY=0 andinterrupts the host.
g. In response to the interrupt, thmstreads the Status Register.

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

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

If the drive detects an invaliggarameterthen it will abort the command bygettingBSY=0, ERR=1,
ABT=1, andinterrupting the host.

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

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

12.3 Non-Data Commands
Thesecommandsre:

Check PoweMode

Erase Prepare

Execute Drive Diagnostics

ExecuteS.M.A.R.T. Function(Enable/Disable Attribute Autosave)
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ExecuteS.M.A.R.T. Function(SaveAttribute Values)
ExecuteS.M.A.R.T. Function(EnableS.M.A.R.T. Operations)
ExecuteS.M.A.R.T. Function (Disable S.M.A.R.TOperations)
ExecuteS.M.A.R.T. Function (Return S.M.A.R.TStatus)
FreezelLock

Idle

Idle Immediate

Initialize Drive Parameters

ReadVerify Sectors

Recalibrate

Seek

Set Features

Set Multiple

Sleep

Standby

Standby Immediate

Execution ofthesecommandsnvolves no data transfer.

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

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

In response to the interrupt, thestreads the Status Register.

o 0k~ w N

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

12.4 DMA Data Transfer Commands
Thesecommandsre:
Read DMA
« Write DMA

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

no intermediate sectanterrupts ardssued onmulti-sectorcommands

Initiation of the DMA transfercommands igdentical to theRead Sector 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
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the hostresets the DMAchannel prior toreadingstatus from thedrive.
The DMA protocol allows high performance multi-tasking operatingystems to eliminate processor over-
headassociatedvith PI1O transfers.
1. Hostinitializes theslave-DMA channel

2. Host writes any required parameters to the Features, Sed@munt, Sector Number, Cylinder and
Drive/Headregisters.

Hostwrites commandcode to theCommandRegister

The drive setDMARQ when it isready to transfer anpart of the data.
Hosttransfers the data using the DMA transfaeotocol currently ineffect.

When all of the data haseentransferred, the drive generates merrupt to the host.

Host resets theslave-DMA channel

© N o o~ w

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

Command Hex Code Binar%_Code
It
7654321
Check Power Mode E5 111001
Check Power Mode* 98 100110
Execute Drive Diagnostics 90 100100
Execute S.M.A.R.T. Function BO 101100
Format Track 50 010100
Identify Drive EC 111011
ldle E3 111000
ldle* 97 100101
ldle Immediate El 111000
ldle Immediate* 95 100101
Initialize Drive Parameters 91 100100
Read Buffer E4 111001
Read DMA Eretry) C8 110010
Read DMA (no retry) C9 110010
Read Long Eretry) 22 001000
Read Long (no retry) 23 001000
Read Multiple C4 110001
Read Sectors Eretry) 20 001000
Read Sectors (no retry) 21 001000
Read Verify Sectors Eretry) 40 010000
Read Verify Sectors (no retry) 41 010000
Recalibrate 1x 0001 ——
Seek X 0111 —-
Set Features EF 111011
Set Multiple C6 110001
Sleep E6 111001
Sleep* 99 100110
Standby E2 111000
Standby* 96 100101
Standby Immediate EO 111000
Standby Immediate* 94 100101

Commands marked * are alternatemmandcodes for previouslefinedcommands.

Figure 49.Command Set
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Command Hex Code Binar%_Code
It

76543210
Write Buffer E8 11101000
Write DMA Eretry) CA 11001010
Write DMA (no retry) CB 11001011
Write Long Eretry) 32 00110010
Write Long (no retry) 33 00110011
Write Multiple C5 11000101
Write Sectors Eretry) 30 00110000
Write Sectors (no retry) 31 00110001

Figure 50.Command Set --€Continued ---

Figure 49 onpage 69 andrigure 50 shows theommands that are supported by théve. 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 drive number bit. Indicatesthat the drive number bit of the Dive/Head Register
should be specifiedZero selects thanasterdrive and one selects the slave drive.

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

LBA mode. Indicates the addressimgpode. 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 theheadnumber part of the Drie/HeadRegister is aninput
parameter andavill be set by thedrive.

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

Indicatesthat the bit is not part of an inpygarameter.

The commandlescriptionsshow the contents of the Status and ErRmgisters after the drive ha®mpleted
processing theommand and hasiterrupted the host.
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13.1

Check Power Mode

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 | — = - - —— ——
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100101 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |O0O]|O I A I O I e

Figure 51. Check PoweMode CommandE5h)

The Check PoweMode commandwill report whether thalrive is spun up and thenedia isavailable for

immediateaccess.

Input Parameters From The Drive

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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13.2 Execute Drive Diagnostics

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101 ——=—-—-~— Drive/lHead | - — - — - — — —
Command 10010000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY/RDY/ DWFDSC|DRQ|COR|IDX |ERR
ViV | V|V | V]|V | V]V ojo0ojo0|—-|—-1]0|—-10

Figure 52. Execute Drive Diagnosti€&ommand(90h)

The Execute Drive Diagnosticcommandperforms the internal diagnostitestsimplemented by thealrive.
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 62 for the definition.
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13.3 Execute S.M.A.R.T. FUNCTION

Command Block Output Registers

|
Command Block Input Registers |I

ll
\ Register
|

[ |

Register 76543210 ||76543210||

[ |

Daa | -------- |I Data |I -------- |I
| [ |

Feature VVVVVVVY |I |I Error |I ..See Below... |I
| [ |

Sector Count | - - - - - - - - |I |I Sector Count |I -------- |I
| [ |

Sector Number | - - - - - - - - |I |I Sector Number |I -------- |I
| [ |

Cylinder Low VVVVVVYV V\ \ Cylinder Low |I VVVVVVYV V|I
| [ |

Cylinder High VVVVVVYV V\ \ Cylinder High |I VVVVVVYV V|I
| [ |

Drive/Head 1-1D---- \ \ Drive/Head |I -------- |I
| [ |

Command 10110000 \ \ Status |I ..See Below... |I

Error Register

I .
\ \ Status Register |

7165 alalaltlo] [706(5(4(3(2]1]0]
38K|UNG| 0 [IDN | O [ABT|TON{AMN  |BSY|RDY|DIWRDSCIDRGCOR DX |ERR

[ [ [ | | |
ovovovov( (0(V(V|IV|I-||0|I-|IV|I

Figure 53. Execut&.M.A.R.T.FUNCTION Command(B0Oh)

The ExecuteS.M.A.R.T. FUNCTION commandprovidesaccess toAttribute Values,Attribute Thresholds

and other lowlevel subcommands.

Output Parameters To The Drive

Feature

Cylinder Low
Cylinder High

S.M.

DOh
D1h
D2h
D3h
D8h
D9h
DAh
4Fh
C2h

A.R.T. subcommandode.
ReadAttribute Values
ReadAttribute Thresholds

Enable/Disable Attribute Autosave

SaveAttribute Values
EnableS.M.A.R.T. Operations
DisableS.M.A.R.T. Operations
Return S.M.A.R.T. Sdtus

( key value )

( key value )
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13.3.1 Read Attribute Values (subcommand = DOh)

This subcommandeturns the AttributevValues to thehost. Uponreceipt of thesubcommandrom host,
the drive saves anuypdated AttributeValues to the disk, andhen transfer the 512 bytes dkttribute Value
informationdescribed in 13.3.8, “Drivéttributes Data Structure” onpage 75 to théost.

13.3.2 Read Attribute Thresholds (subcommand =  D1h)

This subcommandreturns the Attribute Thresholds to the host. Upuroateipt of thesubcommandrom
host, thedrive saves anypdated AttributeValues to the disk, and then transfer the 512 bytedtifibute
Thresholds informatiordescribed in 13.3.9, “Drivéttribute ThresholdsData Structure” onpage 77 to the
host. The Attribute Threshold®ata areread from the disk at power-on time and kept in theolatile
memory of the drive.

13.3.3 Enable/Disable Attribute Autosave (subcommand =  D2h)

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

This subcommand isupported for thesystem which might requiréhat thedrive respondswithout error for

the subcommand. The Attribut®¥alues are saved as described in 13.3.10, “Attribute Values Saving
Function” onpage 77regardless of th@alue of the Secto€Countregister.

Upon receipt of thesubcommandrom host, thedrive saves anypdated Attributévalues to the disk.

13.3.4 Save Attribute Values (subcommand =  D3h)

This subcommandauses the drive tanmediatelysave anyupdated Attributevalues to the disk.

13.3.5 Enable S.M.A.R.T. Operations (subcommand = D8h)

This subcommandenablesaccess to allS.M.A.R.T. capabilitieswithin the drive. The state ofS.M.A.R.T.
(either enabled or disabled) is preserved by thiee acrosgpower cycles.

Upon receipt of thesubcommandrom host, thedrive saves anyipdated Attributevalues to the disk.

13.3.6 Disable S.M.A.R.T. Operations (subcommand = D9h)

This subcommandlisables access to a8.M.A.R.T. capabilitieswithin the drive. The state ofS.M.A.R.T.
(either enabled or disabled) is preserved by tiiee acrosgpowercycles.

Upon receipt of thesubcommandrom host, thedrive saves anypdated Attributévalues to the disk.

Any Attribute Valuessupported by DJAA-3xxxx are monitored amsdved by the drive regardless thmte of
S.M.AR.T..
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13.3.7 Return S.M.A.R.T. Status (subcommand = DANh)

This subcommand isised tocommunicate theeliability status of thedrive to thehost at the host'sequest.
Upon receipt of thesubcommandrom host, thedrive saves anypdated AttributeValues to the disk and
comparethem to theAttribute Thresholds.

The drive setsS.M.A.R.T. statusinto the Cylinder Low and the CylindeHigh register adelow.

If the drive does not detect ahresholdExceededCondition,
Cylinder Low 4Fh
Cylinder High C2h

If the drive does detect &hresholdExceededCondition,
Cylinder Low F4h
Cylinder High 2Ch

13.3.8 Drive Attributes Data Structure

Byte Offset | Bytes | Contents Description

0- 1 2 0005H Data Structure Revision Number

2 - 13 12 see below 1st Drive Attribute

350 - 361 12 see below 30th Drive Attribute

362 - 367 6 0000H Off-line Data Correction Status
368 - 369 2 0002H SMAR.T. capability
370 - 385 16 0000H Reserved
386 - 510 | 125 XXXXH Vendor Unique
511 1 XXH Checksum

Figure 54. DriveAttributes Data Structure
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|
Byte Offset | Bytes | Contents Description |I
|
0 XXH Attribute 1D Number \
|
1- 2 XXH Status Flags
bit 0 : Pre-Failure/Advisory
bit 1 - 5 : Vendor Specific
bit 6 - 15 .  Reserved |
|
3 XXH Attribute Value |I
|
4- 1 XXH Vendor Unique \

Figure 55. Individual AttributdData Structure

13.3.8.1 Supported Attributes

DJAA-3xxxx supports 6 Attributeslescribed below.

1st Attribute

2nd Attribute

3rd Attribute

4th Attribute

5th Attribute

6th Attribute

Spin Up Time

Attribute 1D 03H
Pre-Failure/Advisory Flag 1
Start/StopCount

Attribute 1D 04H
Pre-Failure/Advisory Flag 0
Reallocated Secto€ount

Attribute 1D 05H
Pre-Failure/Advisory Flag 1
Power-On Hours

Attribute 1D 09H
Pre-Failure/Advisory Flag 0
Spin RetryCount

Attribute 1D OAH
Pre-Failure/Advisory Flag 1
PowerCycle Count

Attribute 1D OCH
Pre-Failure/Advisory Flag 0
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13.3.9 Drive Attribute Thresholds Data Structure

Byte Offset | Bytes | Contents Description

0- 1 2 0005H Data Structure Revision Number

2 - 13 12 see below 1st Drive Attribute

350 - 361 12 see below 30th Drive Attribute

|

362 - 379 18 0000H Reserved {I
380 - 510 | 131 XXXXH Vendor Unique {I
511 1 XXH | Checksum (

Figure 56. Drive Attribute Threshold®ata Structure

Byte Offset | Bytes | Contents Description \I
0 1 XXH Attribute ID Number \I

1 1 XXH Attribute Threshold \I

2- 1 10 00H Reserved \I

Figure 57. IndividualThresholdData Structure

13.3.10 Attribute Values Saving Function

The drive saves itReallocated Secto€Count upon theeventlisted below.
- Automatic SectorReallocation
« FORMAT TRACK command with ASSIGN otJNASSIGN descriptor
The drive saves anttribute Values Data other than theReallocated Secto€ount upon theeventlisted
below.
« After initialization by Power-On or HardReset
+ S.M.A.R.T. commands
. PowerMode commands
- IDLE IMMEDIATE
- |IDLE
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- STANDBY IMMEDIATE
- STANDBY
- SLEEP

Though thedrive supports Auto-Standbfunction, it does nosave itsAttribute Valuesupon transition from
an Idle state to thé\uto- Standbystate.
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13.4 Format Track

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 01010000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY/RDY/ DWFDSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O O |V I V|V | -]0]|-]V

Figure 58.FormatTrack Command50h)

The FormatTrack commandformats asingletrack on thedrive. Each goodsector of data on the trackill
be initialized tozero. Any data previously stored on the trashl be lost.

The hostwrites a sectorcontaining a format table to thérive. Theformat table shouldcontain twobytes
for each sector on the track to be formatted. Thist byte should contain a desptbr value and the second
byte should contain theectornumber. The dscriptor valueshould be

« 00h for a goodsector,
« 20h for an unassign sectérom an alternate location,
- 40h for an alternate sector,
- 80h for a bad sector,
and any other dscriptor valuewill be ignored. The remaining bytes of the secfolowing the format table

are ignored.

Since driveperformance is optimal at l:thterleave, and the drive uses relatibbock addressing internally,
the drive will alwaysformat a track in the same way nmatter whatsectornumbering isspecified in the
formattable.

Output Parameters To The Drive

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

The headhumber of thetrack to be formatted(L=0)
In LBA mode, this register specifies LBAaddress bits 24 - 27 to lermatted.(L=1)

Input Parameters From The Drive

Sector Number

Cylinder High/Low

H

Error

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

In LBA mode, this register specifiecurrent LBA address bits 8 - 15Low), 16 - 23
(High)
In LBA mode, this register specifiesurrent LBA address bits 24 - 2{L=1)

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.

In LBA mode, this commandformats asingletrack including thespecified LBA.
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13.5

|dentify Drive
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — - ——— — — —
Sector Number | — = - - - - - — Sector Number | — — - — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — — — — — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head | — — - - - — — —
Command 11101100 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |O0O]|O o |vi|io0o|—-|—-—10]—-1]V

Figure 59.Identify Drive Command(ECh)

The ldentify Drivecommandrequests thalrive to transferconfiguration information to théost. Thedrive

will transfer a sector to thkostcontaining the information in Figure 60 guage 82.
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Word Content Description
00 045AH Drive classification, bit assignments:
15(=0): 1=not magnet|c disk drive
14(=0): 1=format speed tolerance gaP required
13(=0): 1=track offset ortion available
12(=0): 1=data strobe offset option available
11(=0): 1=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): 1=spindle motor control option implemented
4(=1): 1=head switch time > 15 us
3(=1): 1=not MFM encoded
2(=0): 1=soft sectored
1(=1): 1=hard sectored
0(=0): reserved
01 Note.l Number of cylinders in default translate mode
02 0 Number of removable cylinders
03 Note.1l Number of heads in default translate mode
04 0 Reserved
05 0 Reserved
06 Note.1 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 0080H Buffer size in 512  —byte increments
22 0010H Number of ECC bytes as currently selected via
the set features command
2326 XXXX Microcode version in ASCII
2746 Note.1 Model number in ASCII
47 0010H 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:
15-12(=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
51 0200H PIO data transfer cycle timing mode

Figure 60. Identify drive information
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Word Content Description

52 0000H DMA data transfer cycle timing mode
Refer Word 62 and 63
53 0003H Validity flag of the word
15— 2(=0)  Reserved
1 1= Word 64-70 are Valid
0 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

60—61 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 xx07H Multiword DMA Transfer Capability
15— 8 Multi word DMA transfer mode active

7— 0(=7) Multi word DMA transfer modes supported
(support mode 0,1 and 2)

64 0003H Flow Control PIO Transfer Modes Supported

15— 85:0; Reserved

7— 0(=3) Advanced PIO Transfer Modes Supported
‘03" = PIO Mode 4 Supported
65 0078H Minimum Multiword DMA Transfer Cycle Time Per Word
15— 0(=078) Cycle time in nanoseconds (120ns, 16.6MB/s)
66 0078H #/I,anufacturer's Recommended Multiword DMA Transfer Cycle
ime

15— 0(=078) Cycle time in nanoseconds (120ns, 16.6MB/s)
67 00C8H Minimum PIO Transfer Cycle Time Without Flow Control
15— 0(=0C8) Cycle time in nanoseconds (200ns, 8.3MB/s)

68 0078H Minimum PIO Transfer Cycle Time With IORDY Flow Control
15— 0(=078) Cycle time in nanoseconds (120ns, 16.6MB/s)
69-127 | 0000H Reserved

Figure 61.ldentify driveinformation --- Continued ---

Word Content Description

128 XXXXH 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 62.ldentify driveinformation --- Continued ---
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Note 1. The number o€ylinders,heads, sectors per tractqtal number of usemaddressable sectors and the
modelnumber in ASCII are afollows.

Model Cylinders Heads Sectors Total LBAs| Model Number in ASCII
DJAA-31270 09BOH 10H 3FH 262500H | 'IBM-DJAA-31270'
DJAA-31700 OCECH 10H 3FH 32E140H | 'IBM-DJAA-31700'
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13.6

Idle
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ——— — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100011 Status ...See Below...

Error Register

Status Register

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

Figure 63.ldle Command(E3h)

The Idlecommandcauses the drive tenter Idlemode.

When theldle mode is entered, thdrive isspun up tooperatingspeed. If the drive is alreadypinning, the

spin up sequence is not executed.

During Idle mode the drive ispinning and ready toespond to hostommands immediately.

The automatic power dowsequence is enabled and the timer starts courdimgn.

Output Parameters To The Drive

Sector Count

12 to 255.

When the automatipower downsequence is enabled, thdrive 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.

TimeoutParameter. lzero,then the automatic power dowsequence is disabled. If
non-zero, then the automatic power doveequence is enabled, and thieneout
interval is set ot thelimeout Parametetimes 5, in seconds, for the value ranfyjem
If the value is 1 to 11, thEimeoutValue is 60 seconds.
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13.7 Idle Immediate
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
Data = | -=-=-=-=-=-—- = Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 111000001 Status ...See Below...

Error Register

Status Register

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

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

Figure 64.ldle ImmediateCommand(E1h)

The IdleImmediatecommandcauses the drive tenter Idlemode. Thedrive isspun up tooperatingspeed.

If the drive is alreadyspinning, the spin up sequence is not executed.

During Idle mode the drive ispinning and ready toespond to hostommandsmmediately.

The IdleImmediatecommandwill not affect to autopower down timeouparameter.
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13.8

Initialize Drive Parameters

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 | — = - - —— ——
Drive/Head 101DHHHH Drive/Head | — — — — — — — —
Command 10010001 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |O0O]|O I A I O I e

Figure 65. Initalize Drive ParametersCommand(91h)

The Initialize Drive Parametercommandenables thehost to set the number afectors per track and the
number ofheadsminus 1, percylinder. Words54-58 inldentify Drive Informationreflectsthese parameters.

The parameters remain igffectuntil following events:

- Anotherlnitialize Drive Parametereommand igeceived.

« The drive ispoweredoff.

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

Output Parameters To The Drive

Sector Count

H The number ofheadsminus 1 percylinder. Theminimum is 0 and the maximum is
15. Howeverinline with ATA-2 any othervalue will be accepted butrive operation

is then not guaranteed.

The number ofsectors per track. 0 does noteanthere are 256 sectors per track,
but there is no sector per track.
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13.9 Read Buffer
Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — == — - - — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100100 Status ...See Below...

Error Register

Status Register

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

716 |5 (432 ]1]0
BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
o|vi|o0o|—-|—-—10]—-1]V

Figure 66.ReadBuffer Command(E4h)

The ReadBuffer commandtransfers a sectofrom the sector buffer to thenost.

through theData Register 16 bits at a time.

The sector transferredill be from the sameuart 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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13.10 Read DMA

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

Figure 67.Read DMA CommandC8h/C9h)

The Read DMA commandransfers one omore sectorsfrom the drive to thehost. Thesectors are trans-
ferredthrough theData Register 16 bits at a time.

The hostinitializes aslave-DMA channel prior tassuing thecommand The dat&ransfers are qualified by
DMARQ and areperformed by the slave-DMA channel. Thigive issuesonly one interrupt pecommand
to indicatethat datatransfer haderminated and status &vailable.

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

Output Parameters To The Drive

Sector Count The number of continuousectors to be transferred. If zero $pecified, 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 - 1§Low) 16 - 23 (High) to
be transferred(L=1)

H The headhumber of thefirst sector to be transferredL=0)
In LBA mode, this register specifies LBAbits 24-27 to be transferredL=1)

CommandDescriptions 89



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

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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13.11 Read Long

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count 00000001 Sector Count | — = ———— — Vv
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 0010001R Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY/RDY/ DWFDSC|DRQ|COR|IDX |ERR
0|00 |V O]V 0]V o |V |0 |V | —-]0]|-1]V

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

The Read Long commanttansfers the data and ECC bytes of the designated séctor the drive to the
host.

After 512 bytes ofdatahave beenransferred, the drivavill set DRQ=1 toindicatethat thedrive is ready to
transfer the ECC bytes to theost. The data isransferred 16 bits at a time, and the ECC bytes are trans-
ferred 8bits at a time. Thenumber of ECCbytes are 4 or 18 according to setting of $etature option.
The default setting is 4 bytes of ECdata.

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 Drive

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 Drive
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 thedrive internally uses 18 bytes of ECC data on all data written or reath the

disk. The 4byte mode of operation iprovided via an emulation. It is recommend#tht for testing the
effectiveness andhtegrity of the drives ECQunctionsthat the 18oyte ECC mode should besed.
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13.12 Read Multiple

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

Figure 69.ReadMultiple Command(C4h)

The ReadMultiple commandtransfers one omore sectorsfrom the drive to the host. Thesectors are
transferredhrough theData Register 16 bits at a timeCommandexecution isidentical to theReadSectors
commandexceptthat aninterrupt is generated for eachlock (asdefined by the SeMultiple command)
instead of for each sector.

Output Parameters To The Drive

Sector Count The number of continuousectors to be transferred. If zero $pecified, 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)
Input Parameters From The Drive

Sector Count The number ofrequested sectors not transferredhis will be zero, unless amnre-
coverable error occurs.
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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 - 15Low), 16 - 23 (High).
(L=1)

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

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

Figure 70.ReadSectorsCommand(20h/21h)

The ReadSectorscommandtransfers one omore sectorsfrom the drive to thehost. Thesectors are trans-
ferredthrough theData Register 16 bits at a time.

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

Output Parameters To The Drive

Sector Count The number of continuousectors to be transferred. If zero $pecified, 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.
Input Parameters From The Drive

Sector Count The number ofrequested sectors not transferredhis will be zero, unless amnre-
coverable error occurs.
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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 - 15Low), 16 - 23 (High).
(L=1)

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

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

Figure 71.ReadVerify SectorsCommand(40h/41h)
The ReadVerify Sectorsverifies one ormore sectors on the drive. No data is transferred to hlost.

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

Output Parameters To The Drive

Sector Count The number 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.
Input Parameters From The Drive

Sector Count The number ofequested sectors netrified. This will be zero, unless an unrecover-
able error occurs.
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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 - 15Low), 16 - 23 (High).
(L=1)

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

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 0001 ——-—~— Status ...See Below...

Error Register

Status Register

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

Figure 72. Recalibrat€ommand(1xh)

The Recalibrateeommandmoves the read/write heads from anywhere on diek to cylinder 0. If the drive

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

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number VVVVVVVY Sector Number VVVVVVVY
Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/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/ DWFDSC|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 designatadck andselects thedesignatechead. Thedrive need
not be formatted for seek to execut@roperly. Thedrive will wait for the seek tocompletebefore setting
BSY=0,DSC=1, andissuing theinterrupt.

Output Parameters To The Drive
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 faeek.(L=1)

Input Parameters From The Drive

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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13.17 Set Features

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature VVVVVVVY Error ...See Below...
Sector Count Note.l Sector Count | — - — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | - - - - - - - —
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11101111 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |O0O]|O o |vi|io0o|—-|—-—10]—-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 Drive

Feature

Destinationcode for thiscommand.

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

Enablewrite cache (Warning.1)

Set transfer mode based on value in sectountregister

18 bytes of ECC apply oReadLong/Write Long commands

Disable readook-aheadfeature

Disablereverting topower ondefaults

Disable write cache

AAH Enablereadlook-aheadfeature

BBH 4 bytes of ECC apply oiReadLong/Write Long commands

CCH Enablereverting topower ondefaults

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

commandcompletion whenwrite cache is enabled.

CommandDescriptions 101




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)

Note 2.

If the number of autoreassigned sector reaches the driveassignment capacity, the write cachmction
will be automaticallydisabled. Although thedrive still accepts the Sefeaturescommandwith Feature reg-
ister = 02hwithout error, but thewrite cachefunction will remains disabled. Focurrentwrite cache func-
tion status, pleaseefer toldentify Drive Information(129word) byldentify Drive command.

Note 3.

After power onreset, the drive is set to the following features as default.

Write cache . Enable
ECC bytes .4 bytes
Read look-ahead . Enable
Reverting to power on defaults  : Disable
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13.18 Set Multiple

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ————— —
Sector Number | — = - - - - - — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — == — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
Command 11000110 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY/RDY/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o|Vvi|o|—-]—-]0]-1]V

Figure 75. SeMultiple Command(C6h)

The Set Multiplecommandenables thedrive to perform 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, abort error will be returned to the host, anBeadMultiple and Write
Multiple commandswill be disabled.
Output Parameters To The Drive

Sector Count. The blocksize to beused forReadMultiple and Write Multiple commands. Valid
block sizes can beaelectedrom 0, 2, 4, 8, or 16. If 0 ispecified,then ReadMultiple
and Write Multiplecommands arelisabled.
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13.19 Sleep

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ——— — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — == — - - — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | - - - - - —-——
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100110 Status ...See Below...

Error Register

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

Figure 76.SleepCommand(E6h)

This command ishandled as Standbgommand.
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Status Register

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




13.20 Standby

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count VVVVVVVY Sector Count | — = ——— — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11100010 Status ...See Below...

Error Register Status Register

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

Figure 77. Standbyommand(E2h)
The Standbycommandcauses the drive tenter the Standbivode.

When theStandby mode igntered, thedrive isspun down but thenterfaceremainsactive. If the drive is

alreadyspun down, thespin down sequence is not executed.

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

The automatic power dowsequence is enabled and the timer starts coundioggn when thedrive returns
to Idle mode.

Output Parameters To The Drive

TimeoutParameter. Izero,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.

Sector Count

When the automatipower downsequence is enabled, ttgrive 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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13.21 Standby Immediate

Command Block Output Registers Command Block Input Registers
Register 76543210 Register 76543210
pbata | —-=-—-=-—-=-—-= pbata | —-=-—-=-—-=—-=
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — ————— — — Sector Count | — = ————— —
Sector Number | — = - - — - — — Sector Number | — = - - — - — —
Cylinder Low | — == - —— — — Cylinder Low | — = = — — — — —
Cylinder High | — == - — - — — Cylinder High | — == - - - — —
Drive/Head 101D —---~- Drive/lHead | - — - — - — — —
Command 11100000 Status ...See Below...
Error Register Status Register
716 [543 ]2 |10 716 [543 ]2 |10
BBK{UNC| 0 [IDN| O |ABT|TON|AMN BSY/RDY/ DWFDSC|DRQ|COR|IDX |ERR
o000 O]V | O0]O o |V |0 |V | —-]0]|-1]V

Figure 78. Standby Immediat@ommand(EOh)
The Standby Immediateommandcauses the drive tenter Standby modenmediately. Thedrive isspun
down but theinterfaceremainsactive. If the drive is alreadgpun down, thespin down sequence is not

executed.

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

The Standby Immediateommandwill not affect to autopower down timeout parameter.
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13.22 Write Buffer

Command Block Output Registers

Command Block Input Registers

Register 76543210 Register 76543210
Data @ = | -—--—-—-—--- Data | - == - - - =
Feature | ——=—-——-—-—— Error ...See Below...
Sector Count | — = ————— — Sector Count | — — — — — — — —
Sector Number | — = - — - - — — Sector Number | — = — — — — — —
Cylinder Low | — = = ——— — — Cylinder Low | — — - - - — — —
Cylinder High | — - ——-—-—-—— Cylinder High | — - ——-—-———
Drive/Head 101D —---~- Drive/Head @ | — - - - - — — —
Command 11101000 Status ...See Below...

Error Register

Status Register

716 514132 ]1]0 716 |5 (432 ]1]0
BBK{UNC| O [IDN| O |ABT|TON|AMN BSY|RDY|DWHDSC|DRQ|COR|IDX |ERR
0 (0000 ]V |O0O]|O o |vi|io0o|—-|—-—10]—-1]V

Figure 79. WriteBuffer Command(E8h)

The Write Buffer commandtransfers a sector of dafaom the host to thesector buffer.

are transferredhrough theData Register 16 bits at a time.

The ReadBuffer and Write Buffer commands arsynchronized suclhhat sequential WriteBuffer and Read
Buffer commandsaccess thesame 512 byte withimuffer.
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13.23 Write DMA

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 1100101R Status ...See Below...
Error Register Status Register

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

Figure 80. Write DMACommand(CAh/CBh)

The Write DMA commandtransfers one omore sectors of datdrom the host to thadrive. The sectors of

data aretransferredthrough theData Register 16 bits at a time.

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

to indicatethat datatransfer haderminated and status @&vailable.

Dataransfers are qualified by

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

Output Parameters To The Drive

Sector Count

sectorswill be transferred.

Sector Number

The number of continuousectors to be transferred.

If zero specified,then 256

The sectomumber of thefirst sector to be transferredL=0)

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

Cylinder High/Low

The cylindernumber of thefirst sector to be transferredL=0)

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

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

In LBA mode, this registercontains LBA bits 24 - 27(L=1)
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R The retry bit. If set to onethenretries are disabled. But ignoreddhenwrite cache is
enabled. (Ignoring the retry bit is in violation &TA-2.)

Input Parameters From The Drive

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

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

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

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

Command Block Output Registers

Command Block Input Registers

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

Sector Count

00000001

Sector Count

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 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/ DWFDSC|DRQ|COR|IDX |ERR
o0 (0 |VvV | O]V | O0]O O |V I V|V | -]0]|-]V

Figure 81. WriteLong Command(32h/33h)

The Write Long commandtransfers the data and ECC bytes of the designated séwtor the host to the
drive.

After 512 bytes of data havieeentransferred, the drivavill set DRQ=1 toindicatethat thedrive is ready to
receive the ECCbytes from the host. The data ifransferred 16 bits at a time, and the ECC bytes are
transferred 8 bits at a time. Theumber of ECCbytes are 4 or 18 according to setting of Setature
option. Thedefaultnumberafterpower on is 4 bytes.

Output Parameters To The Drive

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 Drive
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 driveinternally uses 18 bytes of ECC on all data read or writes. Thiey#e mode of operation is
provided via anemulation technique. As a consequencetlif emulation it is recommended that 18 byte
ECC mode is used for all tests to confirm tlo@eration of thedrives ECChardware. Unexpectetesults
may occur if suchtesting isperformed using dyte mode.

The last 2 bytes for 18 bytes ECC dataosild bealways OOHdata.
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13.25 Write Multiple

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 11000101 Status ...See Below...
Error Register Status Register

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

Figure 82. WriteMultiple Command(C5h)

The Write Multiplecommandtransfers one omore sectorsfrom the host to thalrive. Commandexecution
is identical to the Write Sectorsommandexceptthat aninterrupt isgenerated for eachlock (asdefined by
the Set Multiplecommand)instead of for each sector. The sectors are transfettremugh theData Register

16 bits at a time.

Output Parameters To The Drive

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)

Input Parameters From The Drive

Sector Count

coverable error occurs.
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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 - 15Low), 16 - 23 (High).
(L=1)

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

Command Block Output Registers

Command Block Input Registers

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

Sector Count

VVVVVVYVY

Sector Count

VVVVVVYVY

Sector Number

VVVVVVYVY

Sector Number

VVVVVVYVY

Cylinder Low VVVVVVVY Cylinder Low VVVVVVVY
Cylinder High VVVVVVVY Cylinder High VVVVVVVY
Drive/Head 1LIDHHHH Drive/Head ————HHHH
Command 0011000R Status ...See Below...
Error Register Status Register

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

Figure 83. WriteSectorsCommand(30h/31h)

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

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

Output Parameters To The Drive

Sector Count

Sector Number

Cylinder High/Low

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

sectorswill be transferred.

The sectomumber of thefirst sector to be transferredL=0)

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

The cylindernumber of thefirst sector to be transferredL=0)

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

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

The retry bit. If set to 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 Drive

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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14.0 Timings

The timing of BSY and DRQ in Status Register ateown inFigure 84

FUNCTION INTERVAL START STOP TIMEOUT
Power On | Drive Busy After Power On Status Register 400 ns
Power On BSY=1
Drive Ready After Power On Status Register 31 sec
Power On BSY=0 and RDY=1
Software Drive Busy After Device Control Status Register 400 ns
Reset Software Reset Register RST=1 BSY=1
Drive Ready After Device Control Status Register 6 sec
Software Reset Register RST=1 BSY=0 and RDY=1
Hard Drive Busy After Bus RESET Signal Status Register 400 ns
Reset Hard Reset Asserted BSY=1
Drive Ready After Bus RESET Signal Status Register 31 sec
Hard Reset Asserted BSY=0 and RDY=1
Data In Drive Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt, DRQ For Status Register Status Register 30 sec
Data Transfer In BSY=1 BSY=0 and DRQ=1,
Interrupt
Drive Busy After 256th Read From Status Register 10 us
Data Transfer In Data Register BSY=1
Data Out Drive Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Data Request For Status Register Status Register 900 us
Data Transfer Out BSY=1 BSY=0 and DRQ=1
Drive Busy After 256th Write From Status Register 5 us
Data Transfer Out Data Register BSY=1
Interrupt For Status Register Interrupt 30 sec
Data Transfer Out BSY=1
Non-Data Drive Busy After OUT to Command Status Register 400 ns
Command Command Code Out Register BSY=1
Interrupt For Status Register Interrupt 6 sec
Command Complete BSY=1
Figure 84. TimeouWValues
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FUNCTION INTERVAL START STOP TIMEOUT

DMA Data | Drive Busy after Out to Command Status Register 400 ns
Transfer Command Code Out Register BSY=1
Command

Figure 85. TimeouWalues ---Continued ---
Commandcategory is referred to 12.0CommandProtocol” onpage 63.

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

Write cache is a performancenhancementvhereby thedrive reports as completing tharite command
(Write Sectors and Writd/ultiple) to the host as soon as thdrive has received all of the datato its buffer.
And the driveassumes responsibility to write the databsequently onto theisk.

14.1.1 Attention

« While writing data aftercompleted acknowledgment of \arite command,soft reset does noaffect its
operation. But hardeset orpower off terminatesvriting operationimmediately andunwritten data are
to be lost. Sohardreset orpower off must not be done in Seconds after theompletion of awrite

command.

« The retry bit of Write Sectors is ignored when write cache is enablEldlis is in violation of ATA-2.
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