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PREFACE

This manual descities he MPG3xxxAT seres, a 3.54ch hard dsk drive with a BUILT-IN controller that
is conpatible with the ATA interface.

This manual exphins, n detil, how b incorporaé the hard dik drives nto user sgtens.

This manual assunes that usershave a basic knowlkedge of hard disk drives and their applicaion in
conmputer systers.

This manual conssts of he following sk chapérs:

Chapter 1 DEVICE OVERVIEW

Chapter 2 DEVICE CONFIGURATION
Chapter 3 INSTALLATION CONDITIONS
Chapter 4 THEORY OF DEVICE OPERATION
Chapter 5 INTERFACE

Chapter 6 OPERATIONS

In this manual, disk drives @y be referred to as drives or devices.
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Conventions for Alert Messages

This manual usestte following convenitons © show the alert messages. An a@rt messageconssts of an
alertsignaland akrt statements. The akrt signal conssts of an alkert symbol and a signal word or just a
signalword.

The following are the alert signals and theganings:

This indicates a hazardous situatliely to result inserious personal
g DANGER injury if the user des rot perform the procecure carectly.

This indicates a hazardous situat@uld resut in personalinjury if the

AWARNING user does not perform the procedure correctly.

This indicates a hazardous situat@uld resut in minor or moderaé
personalinjury if the user des ot perform the rocedure carectly. Ths

ACAUTION alert signalalso indicaks hat danmeges b the producior other propeny,

mayoccur if the user aes rot perform the procedure carectly.

This indicaes nformation that could hep the user usehe productmore

IMPORTANT efficiently.

In the text, the alert signal is centred, followed bebw by the indened message. A wider line space
precedesndfollows the alert nessage to show where the alertssage begins and ends. The following is
an exarple:

(Exanple)
IMPORTANT
HA (host adapter)consists of address decoderriver, and receiver.

ATA is an abbrevation of "AT attachment. Thedi skdriveis
conformeda the ATA-5 nterface

The main alert messags inthe tex are alsdisted inthe “Importart Alert Iters.”
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LIABILITY EX CEPTION

"Disk drive defects" refers to defects that involve adjestinrepair, or replacesnt.

Fujitsu is not | iable for any other disk drive defects, such as those causedby user misoperain or
mishanding, inapproprate operatng environments, defecs in the power suppl or cabk, problens of the
host sysem or oher causes oside te dsk drive.
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MANUAL ORGANIZATION

MPG3xxxAT
DISK DRIVES
MAINTENANCE
MANUAL
(C141-F045)

* MAINTENANCE AND DIAGNOSIS
* REMOVAL AND REPLACEMENT PROCEDURE
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CHAPTER 1 DEVICE OVER VIEW

1.1 Features

1.2 Device Specifications

1.3 Power Requirements

1.4 Environmental Specifications
1.5 Acoustic Noise

1.6 Shock and Vibration

17 Reliability

1.8 Error Rate

1.9 Media Defects

Overview and features are descrbed int his chapter, and specficaions and power requrenent are
descrbed.

The MPG3xxxAT series are a 3.5-inch hard disk drive withlauilt-in ATA controller. The disk drive is
conpact and reliable.

1.1 Features

1.1.1 Functions and performance

Q) Compact

The dbk drive has 1 or 2 dks of 95 rm (3.5 inches) dameter, and is heghtis 26.1 nm (1 inch).

(2) Large capacity
The disk drive canrecordup to 20.49 GB (formatted) on one dsk using the 4851 CC2EPRM
recordng method and 15 recordig zone echnobgy. The MPG3xxxAT seres havea formatted
camcity of 10.24 GB to 40.99 GB respectively.

3) High-speed Transfer rate
Thedisk drive hasaninternal datirate up © 49.8 MB/s. The dsk drive suppoi an exérnal dat

rate up to 16.6 MB/s (PIO node 4, DMA mode 2), 66.6 MB/s (ultra DMA mode4) or 100 MB/s
(ultra DMA mode 5).
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(4) Average pogioning ime
Use of a ro tary voice coil m otor in th e headp ositioning mechansm greatly increasesthe
postioning speed. The average pamiing ime is 9.5 ns (atread).

1.1.2  Adaptability

Q) Power save rade
The powersave node featire for idle operaton, stand byand skeep nodes nakes the disk drive
idealfor applcaions where power consyation is a facor.

(2 Wide tenperature range

The dek drive can be used over adei tenperature range (5°@155°C).

3) Low noise and \braion
In Readystatus, the noise of the disk drive is only about3.4 bek (MPG3409AT,Typical Sound
Power per ISO7779 and 1S09296).

1.1.3 Interface

(N} Connection to interface
With thebuilt-in ATA interfacecontroller,the disk drive can be connected to an ATA interface of
a personatonputer.

(2 Data buffer

The dsk drive uses a 512-KB or 2- daia buffer to transfer dad betwveen he hostandthe disk
media

In combination with the read-ahead cache systerdescribed in item (3) and the write cache
described in itenf6), the buffer contributes to efficient 1/O processing.

) Read-ahead cache system

After the execttion of a disk readcommand, the disk drive auomatically read the subseqient
datablock andwritesit to the databuffer (read ahead operation). This cache sys&rables fast
data access. The next disk read aoamd would nornally cause another disk acces8ut, if the
read ahead datcorresponds ¢ the datarequesed by the nextread conmand, the datain the
buffer can be transferred instead.
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(4)

(%)

(6)

Master/slave

The disk drive can be connected to ATA interface as daisy chain configurationDrive O is a
master device, drive 1 is a slave device.

Error correction and retry by ECC

If arecoverableerroroccursthedisk drive itself attenpts error recovery. The 42 bytes ECC has
improved buffer error correction for correctable data errors.

Write cache

Whenthe disk drive receives a write comand, the disk drive posts the camand conpletion at

conpletion of transferrng daato the das buffer conpletion of writing to the disk media. This
feature reduces the accessdiat writing.
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1.2 Device Specifications

1.2.1

Specifications summary

Table 1.1 showdhe spedicaions of he disk drve.

Table 1.1 Specifications

MPG3153AT MPG3307AT MPG3102AT MPG3204AT MPG3409AT
FormattedCapacity (*1) 15.37 GB 30.74 GB 10.24 GB 20.49 GB 40.99 GB
Number of Disks 1 2 1 1 2
Number of Heads 2 4 1 2 4
?U“S’Zfir Xftg%';ge;s " 28928 + 698 30,784 + 769
Bytes per Sector 512
Recoding Method 48/51 CC2EPRML
Track Density 31,000 TPI 33,000 TPI
Bit Density 388,716 BPI 478,415 BPI
Rotational Speed 5400 rpm
Average Latency 5.56 ns

Positioning tine (Fast)
e Minimum
¢ Average
¢ Maximum

(Read) 1.0 mtypical, (write) 1.2 ms typical

(Read) 9.5 ms typical, (write) 10.5 ms typical
(Read) 17 ms typical, (write) 18 ms typical

Positioning time (Slow)
e Minimum

(Read) 1.0 mtypical, (write) 1.2 ratypical

« Average (Read) 12 ratypical, (write) 13 ratypical
e Maximum (Read) 20 mtypical, (write) 21 rstypical
Start/Stop time

« Start (O rpmio Drive
Read)

« Stop (at Power
Down)

Typical: 8 secMaximum: 15 sec.

Typical: 20 sec. Maximum: 30 sec.

Interface

ATA-5
(Maximum Cable length: @6 m[18 inch)

Data Transfer Rate

¢ To/From Meda
¢ To/FromHost

227 to 386 MB/s

166 MB/s Max. (burst PIO mode4,burst
DMA mode2)

666 MB/s Max. (burst ulta DMA
mode4)

1000 MB/s Max. (burst ultra DMA
mode5)

275 to 498 MB/s
16.6 MB/s Max. (burst PIO mode4,burst DMA mode2)

666 MB/s Max. (burst ultra DMA mode4)

1000 MB/s Max. (burst ultra DMA mode5)

Data buffer

512 KB (option: 2,048 KB)

Physical Dinensions
(Heightx Width x Depth)

26.1 mm max. x 1016 mm x 1460 mm
(1.03” max. x 40" x 5.75")

Weight

600 g or less

*1: Capacityunder the LBA rode.
Under the CHS wde (nornal BIOS specification), foratted capacity, nuber of cylinders, nutver of heads, and number of
sectors are as follows.
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CHS Pararater
Model Formatted Capacity -
No. of Cylinder No. of Heads No. of Sectors
MPG3102AT 10248 MB 16383 16 63
MPG3153AT 15371 MB 16,383 16 63
MPG3204AT 20496 MB 16383 16 63
MPG3307AT 30,743 MB 16,383 16 63
MPG3409AT 40992 MB 16383 16 63
1.2.2 Model and product number
Table 1.2 Ists the nmodelnarres and produchunmbers.
Table 1.2 Model names and product numbers
ModelNare Capady Mounting Order No. Rermarks
(User area) Screw
MPG3102AT | 10.24 GB | No. 6-32UNC | CA05761-B511 512 KB Data Buffer
MPG3153AT | 15.37 GB | No. 6-32UNC | CA05761-B323 512 KB Data Buffer
MPG3204AT | 20.49 GB | No. 6-32UNC | CA05761-B521 512 KB Data Buffer
MPG3307AT | 30.74 GB | No. 6-32UNC | CA05761-B343 2,048 KB Data Buffer
MPG3409AT | 40.99 GB | No. 6-32UNC | CA05761-B542 2,048 KB Data Buffer
1.3 Power Requirements
() InputVoltage
e +5V H%
e +12V 8%
(2) Ripple
+12V +5V
Maximum 200 mV (peak to peak 100 mV (peak to pedk)
Frequency DC to 1 MHz DC to 1 MHz
3) CurrentRequrements and Power Bispaion

Table 1.3 Ists the current and power dissipation.
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Table 1.3 Current and power dissipation

Typical RMS current (*1 .
Mode of Operation yp ("L)pA] Typical Power (*2) [watts]
+12V +5V
Model MPG3102AT MPG3307AT MPG3102AT MPG3307AT
MPG3204AT MPG3204AT
Spin up 1600 1600 570 22.1 22.1
1800 peak 1800 peak 600 peak
Idle (Ready) (*3) 230 270 460 5.1 55
R/W (On Track) (*4) 300 330 460 5.9 6.3
Seek (Randojn(*5)
Seek/W/R 430 450 460 7.5 7.7
Standby 18 18 120 0.8 0.8
Sleep 18 18 120 0.8 0.8
Model MPG3153AT | MPG3102AT | MPG3307AT MPG3409AT
MPG3204AT

Energy efficiency (rank)(*6)[watt/GB] 0.332 (A) 0.249 (A) 0.179 (B) 0.134 (B)

*1 Current is typical rm except for spin up.

*2 Power requiremnts reflect norimal values for +12V and +5V power.

*3 Idle mode is in effect when the drive is not reading, writing, seeking,@ecutingany conmands. A portion of the

R/W circuitry is powered down, the spindl@tor is up to speed and the Drive ready condition exists.

*4  R/W mode is defined as 50% read operations and 50% write operations on a single physical track.

*5 Seek/W/R mde is defined as 33% seek operations, 33% write operations and 33% read operations.

*6 Energyefficiency basedon the Law concerning the Rational Use of Energy indicates the value obtained by dividing

power consuiption by the storage capacity. (Japan only)

C141-E110-02EN




(4) Currentfluctuation (Typ.) when powerd turned on

[A] T

+5VDC
(0.5A/div)

[A]
15 -+ L o
1.0
0.5
(4 1K _ . g gyt +12VDC
(0.5A/div)
0.0 W
0 1 25 3 4 6 [seconds]
Note:
Maximum currentis 1.8 A.
Figure 1.1 Current fluctuation (Typ.) when power is turned on
(5) Power onbff sequence

Thevoltagedetecor circuit monitors+5V and +12 V. The ccuit does nogllow a wrie signalif
either voltage is abnormal. This prevents data from being destroyed and eliminates the need to be
concerned with the power on/off sequence.
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1.4 Environmental Specifications

Table 1.4ists the envionmentl speciicaions.

Table 1.4 Environmental specifications

Tenperature
e Operatirg 5°C to 55°C (afmient)
5°C to 60°C (disk enclosure surface)
* Non-operahg —40°C b 60°C
» Thermal Gradent 20°Chour or kbss
Humidity
» QOperatirg 8% t 80%RH (Non-condensg)
* Non-operahg 5% to 85%RH (Non-condensg)
e Maximum Wet Bulb 29°C
Altitude (relative tosea lee)
» Operatirg —60 b 3,000 m(—200 b 10,000 f}
» Non-operahg —60 © 12,000 m(—200 b 40,000 f}

1.5 Acoustic Noise

Table 1.5 Ists the acoust noise specification.

Table 1.5 Acoustic noise specification

MPG3102AT
Model MPG3153AT MPG3307AT MPG3409AT

Sound Power MPG3204AT
per ISO 7779 and
1ISO9296 Idle mode (DRIVE READY) 3.3 bels 3.4 bels 3.1 bels
(Typical at 1)

Seek mode (Random) 3.6 bels 3.9 bels 3.6 bels
Sound Pressure Idle mode (DRIVE READY) 28 dBA 29 dBA 25 dBA
(Typical at 1n)

Seek mode (Random) 31 dBA 34 dBA 31 dBA
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1.6 Shock and Vibration

Table 1.6ilsts the shock and ‘ration spedicaion.

Table 1.6 Shock and vibration specification

Vibraion (sweptsine, one oGve per nmnute)

« Operatirg 4.9m's* (0.5 GO-p):5 to 300 Hz
(withoutnon-recovered errors)
* Non-operahg 39.2m#* (4.0 GO-p);5 0 400 Hz (no damge)

Shock (hdtsine puke, Operang)
e 2 nsduraton 392m/$ (40G) (without non-recovered error)

Shock (hdtsine puke, Non-operang)
e 2 nsduraton 2940m/$ (300G) (Typical, no damage)

1.7 Reliability
Q) Mean tine between failures (MTBF)

The meantime betveen falures (MTBF) is 500,000 POH (power on hours) or ane (operaiton:
24 hoursday, 7 day/week).

This does notnclude falures occurmg during te firstthree nonths afer installation.

MTBF is defined as fdbws:

MTBE= Total operation time inall fields H)
" number of devie faiure in all fields

"Disk drive defects" refers to defects that involve repair, readprstnor replaceent. Diskdrive
defecs do notinclude faiures caused byexternal factors, such as darage caused byhanding,
inappropriate operating envirommts, defects in the power supply host systaninterface cable.
(2) Mean tine to repair (MTTR)
The meantime to repair (MTTR) is 30 minutes a less, if repairedby a specialist mainterance
staff member.
3) CSS cycle

The nunier of CSS mst be kss han 50,000.
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(4)

(5)

1.8

1)

)

1.9

Service life

In situations where ranagenent and handing are correctthe disk drive requresno overhaulfor
five years when the DE surface tearature is less tha#8°C. Whenthe DE surfacetenperature
exceeds 48°C, the disk drives requires no overhaul for five years or 20,000 hourgpération,
whichever occurs fist Refer to item (3) in Subsedbn 3.3 for the measurerant point of the DE
surface terperature.

Data assuranceithe eveniof power faiure

Excep for the data bock being written to, the data a the dsk meda is asstedin the eert of ary
powersupplyabnornalities. This does not include power supply abnalities during disk nedia
initialization (formatting) or processig of defects (alterative Hock assignmert).

Error Rate

Known defecs, for which alternative blocks can be asgjned, are noi ncluded in the error rate
countbelow. It is assuned that the data blocks to be accessed are evenly distributed on the disk
media.

Unrecoverable read error

Readerrorsthat cannotbe recovered byead reties without uses rety and ECC correabns shdl
occur no nore than 10 imes when readig daa of 10°°bits. Read retries are executed according to
the disk drive's error recovery procedure, and include read retries accopanying head offset
operatons.

Positioning error

Positoning (seek) errorshiat can be recovered bgne rety shal occur nomore than 10 timesin
10’ seek operabns.

M edia Defects

Defective sectors are replaced with alternates when the disk is &ited prior to shiprent from
the factory (low level forrat). Thus, the host sees a defect-free device.

Alternate sectors are autaatically accessed by the disk drive. The user need not bencerned
with access to alternate sectors.

Chaper 6 desciibes he low level format at shipping.
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CHAPTER 2 DEVICE CONFIGURA TION

2.1 Device Configuration

2.2  System Configuration

2.1 Device Configuration

Figure 2.1 showsthe disk drive. The disk drive conssts of a disk encbsure (DE), readArite
preanplifier, and contoller PCA. The di sk enclosure conains the disk media, heads,spindle
motors actuates, ard a circuating air filter.

Figure 2.1  Disk drive outerview
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Q) Disk
The ouer dianmeter of the disk is 95 rm. The nner dameter is 25 nm. The nunber of dsks used
varies with the model,as described below. The di sks are rated at over 50,000 st art/stop
operatons.
MPG3102AT, MPG3153AT, MPG3204AT: 1 disk
MPG3307AT, MPG3409AT: 2 disks

(2 Head
The heads are of the contact start/stop (CSS) type. The head touches the disk surface while the
diskis not rotating ard auomatically lifts whenthe dsk starts.

3) Spindle notor

The dbks are ratted by a drect drive Hal-less DC notor.

4) Actuator

The actiabr uses a revaoling voice col motor (VCM) structure whth consuneslow powerand
gereratesvery little heat. The headasserbly at the tip of the actuatar arm is controlled and
postionedby feedback of he servo nformation read bythe readrite head. If the power & not
on or i the spndle motor is sbpped, he head assénty stays in the specfic CSSzoneon the disk
and is fixed by a mchanical lock.

(5) Air circulation system
The disk enclosure (DE) is sealed to prevent dust and diftom entering. The disk enclosure
featuresa closedloop air circulaion systemthatrelies on the blower effectof the rotating disk.
This system continuously circulates the air through the recirculation filter to m aintain the
cleanliness of the air in the disk enclosure.

(6) Read/write circuit
The read/write circuit usesa LS| chip for the readwrite preanplifier. It im proves dhta relialility
by prevening errors caused Bxternal noise.

(7 Controller circuit

The controller circuit consists of an LSl chipto im prove reliability. Th e high-speed
microprocessor uh{MPU) acheves a hjh-perfornance AT conbller.
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2.2 System Configuration

2.2.1 ATAinterface
Figures2.2and2.3 show the ATA interface systeoonfiguration. The drive has a 40-pin PC AT
interfaceconnectorandsupportshe PIO transfer till 16.6 MB/s (PIO mde 4), the DMA transfer

till 1 6.6 MB/s (Mu Itiword D MA mode 2), the ultra DMA transfer till 6 6.6 MB/s (U ltra DMA
mode 4), and the ultra DMA transfer till 100 MB/s (Ultra DM/Aode 5).

2.2.2 1drive connection

| (Host acaptor)

Host Disk drive

AT bus ATA interface
(Host interface)

Figure 2.2 1 drive system configuration

2.2.3 2 drives connection

HA N .
Host (Host adagtor) N Disk drive #0
AT bus
(Host interface)
— Disk drive #1
ATA interface
Note:

When the drive that is not conformed to ATA is connected to the disk drive is above
configuration, the operation is not guaranteed.

Figure 2.3 2 drives configuration
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IMPORTANT

HA (host adaptor)consists of addressdecoder,driver, and receiver.
ATA is an abbrevi ation of "AT at tachment. Thedi skdriveis
conformedd the ATA-5 nterface.

At high speeddata transfr (PIO mode 3, mode 4, DMA mode 2trd
DMA mode 4, or ul tra DMA mode 5) , occurrence of ri nging or
crosstlk ofthe sgnallines AT bus)betveen he HA and he diskdrive
may be a great cause d the dbstruction of system relibility. Thus, it is
necessaryhat the capadiance ofthe sgnal linesincluding the HA and
cable doesnot exceedthe ATA-3 and ATA-4 standard, and the cable
length between the HA and t he disk drive should be as short as
possble.
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CHAPTER 3 INSTALLA TION CONDITIONS

3.1 Dimensbns

3.2 Handling Cautions
3.3 Mounting

3.4 Cable Connections

3.5 Jumper Settings

3.1 Dimensbns

Figure 3.1 illustratesthe dimensionsof the disk drive and positions of the ounting screw holes.
All dimensions arem mm.
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Figure 3.1 Dimensions

C141-E110-02EN

4-#6-32UNC

146.010.3

15.9)

101.640.15

>

41.620.15

28.540.5

6-$6-32UNC /

(Both Sides)

6.35
$0.15

26 . 1max




3.2

3.2.1

Handling Cautions

General notes

Please keephe following cautons, and handlthre HDD underhe safey environment

ESD mat

Use the Wrist strap Shock absorbing mat

Place the shock absorbinginon the

operation table, and place ESD mat on it.

Do not place HDD vertically
to avod falling down.

Figure 3.2 Handling cautions

Do notdrop.

3.2.2 Installation
(1) Please use the driver of a lowpact when you use an electric driver.
HDD is occasionally daaged by the irpact of the driver.
(2 Please bsere tre tightening torque d the screwstrictly.
6-32UNC--:---- Mix. 0.59 N-m(6 Kg-am)
3.2.3 Recommended equipments
Conteng Model Maker
ESD Wrist stap JX-1200-3056-8 SUMITOMO 3M
ESD mat 76000DES (ASK7876) COMKYLE
Shock Low shock dwer SS-3000 HIOS
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3.3 Mounting
Q) Direction

Figure 3.3 illustratesnormel direction for the disk drive. The disk drives can beounted in any
direcion.

Horizontal mounting with the PCB faang down

Figure 3.3 Direction

(2) Frame
The dsk encbsure (DE) bodys conneatd b signal ground(SG) andthe mounting frame is also
connected to signal ground. These are electrically shorted.
Note:
Use N0.6-32UNC screw for the mouning screw and the screw length shoull saisfy the
specification in Figure 3.5.
3) Limitation of sde-mouniing

When the disk drive is mounted using the screw hoks on boh side of the disk drive, use o
screw hoés shownn Figure 3.4.

Do notuse bhe cengr hole. For screwength, see Fjure 3.5.
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Use these screw
holes

Do not use this screw hole

Figure 3.4 Limitation of side-mounting

25 Side surface 25
]
Bottomsurface rounting | mountng
DE
% LG 25| 4; .
PCA B
Frame of sysém Frame of system
cabinet
cabinet \
A U] m-v_l
4.50r V\ \v\
ess Screw 5.0 or bss Screw
Details d A — AN
)
Details d B

Figure 3.5 Mounting frame structure
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(4 Ambient tenperatue

The temperaturecondtionsfor a disk drive mounted n a cabnetrefer b the anbienttemperature

at a point 3 cm from the disk drive. Pay attentionto the air flow to preventthe DE surface
termperature fromexceeding 60°C.

Provide air circulation in the cabinet such that thePCA side, in particular, receivessufficient
cooling. To check the cooling efficiency, m easure the surface tenperatures of the DE.
Regardles®f the anbienttenmperature this surface terperature nust meet the standards listed in
Table 3.1. Rjure 3.6 showshe temperature neasurerantpoint.

Figure 3.6 Surface temperature measurement points

Table 3.1 Surface temperature measurement points and standard values

No. Measurerantpoint Tenperature

1 DE cover 60°C max
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(5) Service area

Figure 3.7 shows how the driveust be accessed (service areas) during and after installation.

- Mouning screw had

- Mouning screw ha

\ IR side]

- Mountng screw hat

[P side]
- Cabk connedbn
- Mode sding swiches

Figure 3.7 Service area

(6) Externalmagnefc fields

Avoid mouning the disk drive nearstrong magnetc sources such aoud speakers. Ensurédt
the disk drive is not affected by external magnetic fields.
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3.4 Cable Connections
3.4.1 Device connector

The disk drive has the connecors and terminals listed below for connecting external devices.
Figure 3.8 showdhe locaions of hese conneors and érminals.

» Power suppi conneobr (CN1)
» ATA interface connector (CN1)

Power suppl
connecbr (CN1)

B — o | T
Mod — o1 o
ode oy :
Settirg Tr.f"” g N~ (‘-! .
Pins E
\(]
/ 4
2 ®
..— |
I @
E 2 @ Pgo
_l\(‘}’\ rﬂ_r_,":l\’__
ATA
interface
connecobr

Figure 3.8 Connector locations
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3.4.2

Cable connector spedications

Table 3.2 lists the recommended specifications for the cable connectors for Host systiiat do
not supportUltra DMA modes grear than node 2.

For Hostsystemthat supportUl tra DMA modes greatr than mode 2, the 80-conduabr cable
asserhlies shal be used. The 80-conduoctcabk asserhlies are nanufactured byAMP or 3M.

Table 3.2 Cable connector specifications

Name Model Manufactirer

, Cable socket FCN-707B040-AUB | Fujitsu
ATA interface cable (closed-endytpe)
(40-pin, CN1) Cable socket N

(through-endype) FCN-707B040-AUD Fujitsu
Power suppl cabk Cabk sockehousing 1-480424-0 AMP
(CN1) Confact 60617-4 AMP
Note :

The cable of twisted pairs and neighboring line separated individually is not allowed to use for

the host interface cable. It is because that the location®fnallines in thesecablesis not
fixed, and sohie probemon the crosstlk anong sgnallines nay occur.

It is recommended to use the ribbon cable for ATA interface that cable lengtlessthan 18
inch (46 cn) and cable capacitance is less than 35 pico farad. Als®rigconmendedto use
AWG18 power suppyi cabk.

Power supply cable

3.4.3 Device connection
Figure 3.9 shows howotconnect the devices.
ATA interface cable
Disk Drive #0
Host system
Disk Drive #1

Figure 3.9 Cable connections
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3.4.4 Power supply connector (CN1)

Figure 3.10 showde pn assgnmentof the power suppgl conneabr (CN1).

0101030

+12vVvDC

+12V RETURN

+5V RETURN

AW |IDN|PF

+5vVDC

3.4.5

(Viewed from cable side)

Figure 3.10 Power supply connector pins (CN1)

System confgurati on for Ultra DMA

Hostsystemthat supportUltra DMA transfer noedes grear than node 2 shadlnotshare 1D pors.
They shall provide separate drivers and separate receivers for each cable.

a) The80-conduabr cableasserlies shal be used for sgtens operaing atUltra DMA modes
greater than 2. The 80-coductor cable addier®m may be usedin placeof 40-conductorcable
asserhlies to improve signal quality fo r d ata transfer modes that do n ot require an 8 O-
conducor cableasserbly. And t he 80-conduatr cable assenbly shall meetthe following
specifications.

1) Theasserhly utilizes a fine pitch cable to double the ndyar of conductors available to
the 40-pin connector. The grounds assigndaly the interfaceare conmoned with the

additional 40 conductors to provide a ground between each signal line and provide the

effectof a comnon ground pdne.

2) The cabé asserbly may contain up to 3 connecbrs which shall be uniquely colored as
follows. Al conneabrs shdlhave pogion 20 bbcked.

The SystemBoard Connecor shal have a Blue base and Bhck retainer. Pin 34
(PDIAG-: CBLID-) shallbeconnecédto ground and shahotbe wired b the cabé
asserly.

Connector Device “0” shall have a Black base and Black retainer.

Conneobr Device “1” shall have a Graybase and Back retiner. Pin 28 (CSEL)
shallnot be connected to t he cable (contact 28 may be renoved to meet this
requirenent).

The calte asserbly may be printed with connectoridentifiers.

3) Typical cabk characeristics are shown as faws.

Cabk: AWG 30 (pich: 0.635 nm)
Single Endedmpedancetypical 80 Q
Cable capacitance: typical 57 pF/m

4) The dmensions are showmiFigure 3.11.
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2540 to 4572 mm
(10 to0 18 inch)

1270 to 3048 mm 1016 to 1524 mm
(5to 12 inch) (4 to 6 inch) e
Pin 40 (Gound) | O
open
i —
Pin 34 O I O /P
Pin 30 (Ground) | O Pin 34 contact
_ Symbolizes Pin 34 (PDIAG-:CBLID- signal
Pin 26 (Ground) | O Conductor being cut
Pin 24 (Gound) | ©
Pin 22 (Ground) | O
Fin 19 (Gound) | o Position 1
Pin 2 (Gound) | o
System Board Conr?cbr 1 Connecaz
Connectbor

Figure 3.11 Cable configuration

b) Host system thatdo support Ul tra DMA m odes greatr than mode 2 shal either connect
directly to the device without using a cable assbiy, or determine the cable assebly type.
Deternining the cable asselly type may be done either by the host sensitige condition of
the PDIAG-:CBLID- signal (seeFigure 3.12), or byrelying on information from the device
(see Fgure 3.13). Hoststhatrely on i nformation from the device shal havea 0.047 uF
capadior connectd fromt he PDIAG-:CBLID- signalt o ground. The t olerance on this
camcita shall be 20% or less.
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Hog detected CBLID- aboveV 4

PDIAG-: CBLID- condu

daor

Host

Device 1

Device 0

Host detecied CBLID- below V.

open PDIAG-; CBLID- condudor

v

Host Device 1 Device

with 40-condudor cable

with 80-condudor cable

Figure 3.12 Cabletype detecton using CBLID- signal
(Host sensing the condition of the CBLID- signal)

IDENTIFY DEVICE information
word 93 bt13:0
Device ceteced CBLID- below V.

PDIAG-:CBLID- condudor

;e

L 0.047F
+10%or
+20%

Host

Device 1

Device 0

IDENTIFY DEVICE information
word 93 bi13:1
Device detected CBLID- aboveV y

open  PDIAG-:CBLID- condudor

1

<— 0047pF
+10% or
+20%

Host Device 1 Device

with 40-condudor cable

with 80-condudor cable

Figure 3.13 Cable type detection using IDENTIFY DEVICE data
(Device sensing the condition of the CBLID- signal)
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3.5 Jumper Settings
3.5.1 Location of setting jumpers

Figure 3.14 showde locaion of the junpers b selectdrive confguraton and fundbns.

J

—
0

. o
D O 0
\
©

—_—
[———]
——

oHINYYA

O . 0
-

NAERARARA O0RIEEREREAERAERENR, BREARRERRRERARARRRRA
| I b E R

DC Power Connector

Figure 3.14 Jumper location
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3.5.2 Factory default setting

Figure 3.15 shows the default setting position at the factory. (Master device setting)

DC Power Connector

Figure 3.15 Factory default setting

3.5.3 Jumper configuration
(1) Device type

Master device (device #0) or slave device (device #1) is selected.

2 4. 68 2 4.6 8

00O o [6)¢) o
000 Jooo -
1 3579 1 35709

(8) Master device (b) Savedevice

Figure 3.16 Jumper setting of master or save devce

Note:
Whenthe devte type is setby the jumper on he devtce, he devie shoull notbe confgured
for cable selection.
(2) Cable Select (CSEL)

In Cable Select mode, the device can be configured either master device or slave device. For use
of Cable Select function, Unique interface cable is needed.
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2 4 6 8

O OLLO
O OgL0 O
135709

CSEL connectkdto the interface cdle slection
can be done by the special interface cable.

Figure 3.17 Jumper setting of Cable Sekct

Figures 3.18 and 3.19 show exales of cable selection using unique interface cables.

By connecing the CSEL of the master device to the CSEL Line (conductr) of t he cable and
conneding it to ground furher, he CSEL & setto low level. The devce is idenified as a naster
device. At this time, the CSEL of the slave devce does nohave a conduatr. Thus, since te
slave devte is notconnectd © the CSEL condudr, the CSEL & setto high level. The devee s
identified as a slave device.

......................................

GND: : + Open
: ' ' L

Host system Maste device Save cevice

Figure 3.18 Example (1) of Cable Sett

......................................

Host system Slave cevice Master device

Figure 3.19 Example (2) of Cable Select
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3) Specal jumper setings

(a) 2.1 GB clip (Limit capacity to2.1 GB)/33.8GB clip (Limit capacity t033.8GB)

If the drive cannotbe recognied by systemwith legacy BIOS’s which do notallow single
volume size greaer than approximately 2.1 GB, t he following jumper setings shoutl be
appied.

This jumper setingsis also used ashe 33.8 GB clp for M PG3409AT. (MPG3409AT does
not have he 2.1 GB dip feaure.)

2 4 6 8 2 4 6 8 2 4 6 8

L 1O OLJ OO o [®] ¢ [®

B B

1 3579 1 35729 1 3579

Master Device Slave Device Cable Slect

Model No. of cylinders | No. of heads No. of secbrs Capacty
MPG3102AT 4,092 16 63 21GB
MPG3153AT 4,092 16 63 21GB
MPG3204AT 4,092 16 63 21GB
MPG3307AT 4,092 16 63 21GB
MPG3409AT 16,383 16 63 33.8GB

(b) Slave present

If the slave device does not use the Device Active/Slave Present (DASP-) signal to indicate
its presence, the device is configured as dMaster with slave presentwhen the following
jumper setings 5 applied.

2 4 6 8
O OLX
O OLX
1 35729
Save present
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Note:

The following Jumper Plug is the recommended spedicaion for jum per setings on this

device.
Pars Nane Parts Nurber Manufactirer Renarks
Junper Plug IMAS-9251H-GF | IRISO ELECTRONICS | 2.54 mm Pitch
CO.,LTD O 0.64 M

206-A-BLK

OUPIIN ENTERPRISE
CO,, LTD
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CHAPTER 4 THEORY OF DEVICE OPERATION

4.1 Outline

4.2 Subassemblies

4.3  Circuit Configuration
4.4  Power-on sequence
4.5 Self-calibration

4.6 Read/write Circuit
4.7  Servo Control

This chapér explains bast desgn concep of the disk drive. Also, his chapér explains subassetlies of
the disk drive, each sequence, servo control, and electrical circuit blocks.

4.1

4.2

421

Outline

This chapér conssts of two pars. First part (Secton 4.2)explans mechantal asserblies of the
disk drive. Second par{Secions 4.3 trough 4.7) expains a servoinformation recordedin the
disk drive and dnve contol method.

Subassemblies

The dbk drive conssts of a dsk encbsure (DE) and pnted circuit asserhly (PCA).

The DE contains all movabk parts int he disk drive, i ncluding the disk, spindle, acuatbr,
readwrite head ard air filter. Fa details, see Sbosectios 42.1 to 4.2.5.

The PCA cordins he contol circuits for the disk drive. The dsk drive has one PCA. For dds,
see Setbns 4.3.
Disk

The DE contains the disks with an outer diameter of 95 mm. The MPG3102AT, MPG3153AT,
and MPG3204AT have 1 dk. The MPG3307AT and MPG3409AT have 2 dks.

The head contacts the disk eachédithe disk rotation stops; the life of tldésk is 50,000contacts
or more.

Servo data is recorded on each cylinder (total 126). Servo data writtefactory is readout by
the read/write head. For servo data, see Section 4.7.
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422 Head
Figure 4.1 showstte readirite head stuctures. The Nurarals 0 b 3 indicak readivrite heads.
These heads are raised frothe disk surface aghe spindlemotor approacheshe ratedrotation
speed.

MPG3102AT

Spindle Actuator

u e —

MPG3153ATMPG3204AT
Spindle Actuator

| I
| |
! !
! !
! !
! !
! 1'_'__: l

| |
! !
| |

MPG3307ATMPG3409AT

Spindle Actuator

\_i‘ 0T ——————

Figure 4.1 Head structure
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4.2.3

424

4.2.5

Spindle

The spindle consists of a disk stack assety and spindle motor. The disk stack asserbly is
acivated bythe direct drive sensordss DC spidle motor, which has aspeedof 5,400rpm. The
spindle is contolled with deecing a PHASE gjnalgeneratd by couner ekcromotive vokage of
the spindle motor at starting. A fter that, the rotational speedis kept with detectirg a servo
information.

Actuator

The actuatorconsistsof a voice coil motor (VCM) and a head carriage. The VCM noves the
head carriage along the inner or outer edge of the disk. The head carriage positimmisolled

by feeding back the differenceof the target postion thatis detecied and reproduced fronthe
servo infornation read by the read/write head.

Air filter

There are tw types d air filters: a lpeather filter ad a circuationfilter.

The breatheffilter makesanair in and out of the DE to prevent unnecessary pressure around the
spindlewhenthe disk starts or stops rotating. h&n disk drives are transported under conditions
where the air pessure carges a la, filtered air is circdated inthe DE.

The circulation filter clears out dust and dirt from inside the DE. Th e diskdrive cycles air

continuously through the circulation filter through an enclosed loop air cycle spgiemtedy a
blower on he rotting disk.

C141-E110-02EN 4-3



4.3

)

)

®3)

(4)

Circuit Configuration

Figure 4.2 showde disk drive circuit configuraton.

Read/write circuit

The read/wite circuit consists d two LSIs; readwrite preanplifier (PreAMP) ard readchamel
(RDC).

The PreAVIP consists d the write curentswitch circut, that flows the write curentto the head
cail, and the wltage anplifier circuit, that anplitudes tre readoutput from the head

The RDC is the read demdulaton circuit using the Extended Paiil Response Glss4 (EPR4),
ard contains the Viterbi detecta, progranmake filter, adaptade transversal filter, times base
generatr, and dat separatr circuits. The RDC ako contins the 4851 group coded recordg
(GCR) encoder and decoder and servoatutaton crcuit.

Servo crcuit

The postion and speed of lhe voice col motor are contolled by 2 closed-bop servousing the
servo information recorded on the data surface. The servo information is an analog signal
converedto digital for processig by a MPU and ten reconverd © an anabg signalfor control
of the voice coil rotor.

Spindle notor driver circuit

The circuit measurestte interval of a PHASE signal generagd by couner-ekectomotive voltage
of a notor, or servo rark at the MPU and controls theator speed coiparing target speed.
Controller circuit

Major functions areikted bebw.

» Databuffer managenent

* ATA interface control and data transfer control

e Sector format control

e Defectmanagenent

 ECC control
e Error recoveryand seftdiagnoss
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ATA

4.4

A

I/F

Console I/F (RS232C)
— Himalaya 2.0
Switch
CL-SH8671 < 40.0 MHz
Flash ROM MCU
64K x 16 bits ARM7TDMI
RDC
CL-SH3515
» Series Termination <—> HDC
SH7661
Head IC SvC
SR1756 HA13627
RO Mode-4
Multiword DMA Mode-2
Utra DMA Mode-4 (66.6MB/9 g ffer Bandwdth = 160.0 MB/s R/W SPMVCM
Ultra DMA Mode-5 (100MB/g control
Data Buffer
256K x 16 bits
Option
(1024K x 16 bity
~

Figure 4.2 MPG3xxxAT Block diagram

Power-on Sequence

Figure 4.3 describes the operation sequence of the disk drive at power-on. The outline is
descrbed bebw.

a)

b)

c)

d)

e)

After the power isturned on, the disk drive execues the MPU bus test, i nternal register
readivrite test, and work RAM read/writet est Whent he self-diagnosst erminates
swceessflly, the dsk drive starts th spndle notor.

The disk drive executs sef-diagnoss (dak bufferreadivrite test) after enabing responsedo
the ATA bus.

After confirming that the spindle rotor has reached ratedpeedthe disk drive releaseghe
head from the actuatar magnet lock mechanismby applying currentto the VCM. Th is
unlocks the heads which are parked at the inner ciienemce of the disks.

The dsk drive posiions he heads ontthe SA area and reads obetsysteminformaton.

The disk drive executes self-seek-calibration. This collects data for VCM torque and
mechancal external forces apjpéd to the actiabr, and updags the calbrating vale.

The drive becoms ready. The host can issue coands.
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Power on Start

a)

b)

c)

d)

Figure 4.3 Power-on operation sequence

Sdf-diagnosis 1

« MPU bus ®st

 Inne register
write/read test

e Work RAM write/read

|

The spindle mator gtarts.

l

Sdf-diagnosis 2
» Data huffer write/read

!

Caonfirming spindle mator

speed
!

Releas heads from
aduata lock

l

Initial on-tradk and read
out of system information

l

Execute sef-calibration

!

Drive ready state
(commard waiting gate

End
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4.5

45.1

1)

(2)

Self-calibration

The disk drive occasionally perform self-calibration in order to sense and calibrateschanical
external forces on the actuator, and VCM torque. This enables precise seelkand read/write
operatons.

Self-calibration contents
Sensing and copensating for external forces

The actuator suffers frortorque due to the FPC forces and winds acgamyingdisk revolution.
The torque varywith the disk drive and he cylinder where be head & postioned. To execué
stable fast seek operations, external forces are occasionally sensed.

The firmware of the drive m easures and stores the force (value of the actuator rator drive
curren) that balances he torque for sbpping head stbly. This includesthe currentoffsetin the
power anplifier circuit and DAC sgtem

The forces are compensated by adding the easured value tdhe specifiedcurrentvalueto the
power anplifier. This mekes he stable servo conbl.

To compensag torque varying by t he cylinder, the disk i s divided into 28 areas from t he
innernost to the outerm ost circumference and the compensating value is measuredat the
measuring cylinder on each area at factory calibration. Tlkeasuared values are storedthe SA
cylinder. In the sef-calibraton, the compensaiing value is updatd using the value inthe SA
cylinder.

Compensaiing open dop gan

Torqueconstantvalue of the VCM hasa dispersion for each drive, and varies depending on the
cylinder that the head is positioned. To realize the high speed seek operation, the value that
compensags torque consnt value change andbp gan change oftte whok servo sgtemdueto
termmperature change iseasured and stored.

For sensig, the firmware mixes he disturbance gjnal to the postion signal atthe siate that the
headis positionedto any cylinder. The firmvare calculates the loop gain fraime position signal
and stores the cquansation value against to the target gain as ratio.

For compensating, the direction current value to the power am plifier is m ultiplied by the
conpensaion value. By this compensaiton, loop gain becones consént value and the stable
servo conwl is reaized.

To conpensate torque constant value change depending on cylinder, whole cylindersrrosh
inner to most outer cylinder are divided into 15 partitions at calibration in the factay, and the
conpensation data is easured for representative cylinder of each partition. Teasured/alue

is stored in the SA area. The cqransation value at self-calibration is calculated using the value
in the SA area.
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452

45.3

Execution timing of self-calibration
Self-calilration is execued when

e The powers$ turned on.
» The self-calibration execution tewhart of the disk drive specifies self-calibration.

The disk drive perform self-calibration according to the &rhartbasedon thetime elapsedrom
power-on. After power-on, sel-calibration is performed aboutevery 30 minutes and when the
hostconmand & notissued for 15 seconds.

Command processig during sef-calibrati on

If the disk drive receives a com mand execution requestfrom the host while executingself-
calibration according to the timechart, the disk drive term inates self-calibration and starts
executing the comand precedingly. In other words, if a diskeador write serviceis necessary,
the disk drive postions the head b the track requestd bythe host reads or wries data. Then
restars calbration if the hostcommand is notissued for 15 seconds.

This enableghe hostto executehe command without waiting for a long tim, even when the disk

drive i s performing self-calibraion. Onl y t he fi rst command executon wait time is about
maximum 100 .
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4.6 Read/write Circuit

The readwrite circut consists d the readwrite preanplifier (PreAMP), the write circuit, the read
circuit, and the time base grerato in the readchamel (RDC).

4.6.1 Read/write preamplifier (PreAMP)

One PreAMP is nounid on he FPC. TheéPreAMP conssts of a 4-channefreadpreanplifier and
a write current switch and senses a write error. Each chaoehnectedo eachdatahead. The
head IC swiches he heads byhe seral port (SDEN, SCLK, SDATA). ThelC generags a write
error sensesignal (WUS) when a wri te error occurs duet o head short -circuit or head
disconneadbn.

4.6.2 Write circuit
The write datais ouputfrom the hard dsk contoller (HDC) with the NRZ dat format, and sent
to the ercoder circuit in the RDC with syrchronizing with the write clock. The NRZ write datais
convered from48-bits datto 51-bits daa by the encoder aicuit then sentto the PreAMP, and
the dita is witten onto the media.

(1) 4851 GCR

The dsk drive convers dai using the 4861 group coded recomty (GCR) agjorithm.

(2 Write precanpersatin

Write preconpensationconpensatesduring a write process, for write non-linearity generated at
reading.

4.6.3 Read circuit

The head read signal frotthe PreAMP is regulated by the autatit gain control (AGC) circuit.
Thenthe outputis converted into the sapled read data pulse by the programable filter circuit
andthe FIR adapétion equaizer circuit. This clock sgnal is converéd into the NRZ dag by the
4851 GCR decoder aicuit based on he read data maximum-likelihood-degcied by the Viterbi
detectim circut, thenis ser to the HDC.

(1) AGC circuit
The AGC circut automatically regulates the output amplitude to a constart value even when the

input anplitude level fluctuates. The AGC aofifier outputis maintainedat a constanievel even
when he head outut fluctuates dued the head charaetistics or ouerfinner head posons.
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®3)

(4)

(5)

(6)

46.4

Progranmable filter

The progranmable filter circuit has a low-pass filter function that eliminatesunnecessaryigh

frequencynoise conponentanda high frequencyboostup funcion that equalzes he waveform
of the read signal.

Cut-off frequency of the low-pass filter and boost-up gain are controlleddemin DAC circuit in
read channel. The MPU optimzes the cut-off frequency andboost-upgain accordingto the

transfer frequency of each zone.

FIR (Digital Finite Inpulse Response Equalization Filter) adaptation circuit

The FIR provides supporfor changing equaizaion needs fromheadto headand zoneto zone.
The FIR is a spcializeddigital filter with tenindependertly controlled ccefficients.

Viterbi detection circuit

The Viterbi detection circuit dendulates data according to the survivor path sequence.

Data separator circuit

The dat separatr circuit generaes clocks in synchronzaion with the output of the adapive
equalzer circuit. To write data, the VFO circuit generaés clocks in synchronization with the
clock spnals froma synthesizer.

4851 GCR decoder

This circuitconvers the 51-bts read datinto the 48-bts NRZ daa

Time base generator circuit

The drive uses camstart dersity recading to increase ttal capacity. This is differert from the
conventonal method of recording datawi th a fi xed datatransfer rag at all data area. In the
constant density recordingetihod, data area is divided into zonbyg radiusandthe datatransfer
rateis setsothatthe recordingdensity of the inner cylinder of each zone is nearly constant. The
drive dividesdat area into 15 zones b setthe daatransfer rae. Table 4.1 descibes he daa
transfer rate and recording density (BPI) of each zone.
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Table 4.1 Transfer rate of each pne

MPG3153AT/3307AT MPG3102AT/3204A3A09AT
Zone Cylinder Transfer rad Zone Cylinder Transfer ra¢
[MB/s] [MB/s]
0 0 to 2655 38.59 0 0to 3231 49.80
1 2656 b 5311 38.59 1 3232 b 5727 48.47
2 | 531206527 38.04 2 | 57289055 46.47
3 6528 © 9151 36.71 3 9056 © 11071 45.10
4 9152 b 11839 35.29 4 11072 613055 43.76
5 11840 613823 34.12 5 13056 © 15743 41.76
6 13824 © 15743 32.94 6 15744 6 17663 40.47
7 15744 6 18751 30.98 7 17664 b 20031 38.59
8 18752 619583 30.59 8 20032 b 22335 36.71
9 19584 b 21887 29.02 9 22336 b 23999 35.29
10 | 21888 b 24191 27.45 10 | 24000 b 25375 34.12
11 | 24192 b 25631 26.35 11 | 25376 b 27135 32.55
12 | 25632 0 27039 25.29 12 | 27136 0 28799 30.98
13 | 27040 b 28895 23.53 13 | 28800 b 30431 29.41
14 | 28896 b 25927 22.75 14 | 30432 b 30783 27.45

The MPU transfers the data trarsfer rate setyp data tothe RDC that includes the time base
gererata circut to change the data trasfer rate.
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4.7 Servo Control

The actwatar motor and the sgndle motor are sibmitted to servo control. The actuate motor is
conftolled for moving and podioning the head o the track contining the desied dat. To turn
the disk at a constantvelocity, the actuator mtor is controlled according to the servo data that is
written on the data side bforehard.

4.7.1 Servo control circuit

Figure 4.4 § the block diagramof the servo combl circuit. Thefollowing descrbesthe functions
of the blocks:

(1)
MPU SVC
2 3 4 5
S)elvo (3) @) ©) VCM curren
Head | burst > ADC » DSP > pac[ P
ea r unit Amp.
captue —>
A h 4
CSR
Position Sense
A4
VCM
(6) (7)
Spindle .
N m%tor —»{ Driver——» Sprt:)dle
CSR: Curent SeseResista cortrol motor
VCM: Voice Coil Motor

Figure 4.4 Block diagram of servo control circuit

Q) Microprocessor unit (MPU)

The MPU ircludesDSP unit, etc.,and the MPU starts the spndle motor, moves the head tothe
reference cylinders, seeks the specified cylinder, and executes calibration actmthdéigternal
operatons of he MPU.

The ngjor internal operabns areibted bebw.

a. Spindle notor start

Starts the spindle otor and accelerates it to naahspeed when power is applied.
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b. Move headd reference dynder
Drivesthe VCM to position the headat the ary cylinder in the data area. Tle logical initial
cylinder is at the outerast circunference (cylinder 0).

c. Seek to specified cylinder

Drives tke VCM to position the headto the sgecified cylinder.
d. Calibration

Sensesindstoresthe therndl offsetbetween heads and theenhanical forces on the actuator,
and sbres he calbration vale.
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Servo frame
(126 servo frames per revolution)

< _——7 /\ >« >|
IGB Data area 0OGB
expand
CYln+1 CYln CYln-1 (n: odd number)

W/R Recovery | W/R Recovery | W/R Recovery

Servo Mark Servo Mark Servo Mark <:>
GrayCode GrayCode Gray Code Diameter direction
Erase | Servo A Erase Servo A Erase @

Servo B Erase Servo B Erase Servo B

Circumference idection
Servo C Erase Servo C Erase

Erase Servo D Erase Servo D Erase: DC erase area

PAD

Figure 4.5 Physical sector servo confjuration on disk surface

(2) Servo burst capture circuit

The four servosignals can be sgchronous) detecied by the STROB sgnal, full-wave recified
integrated

3 A/D converer (ADC)

The A/D converter(ADC) receives the servo signals are integrated, converts tlredigital, and
transfers thk dgital signal tothe DSP uwnit.
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(4) D/A converer (DAC)
The D/A converer (DAC) convers the VCM drive currentvalue (digital value) calculated by the
DSP uni into anabg vales andransferstiemto the power amgfier.

(5) Power anplifier

The power amlifier feeds curremst, correspondig to the DAC ouput signal votage b the VCM.

(6) Spindle notor contol circuit
The spindle motor control circuit controls the sersar-less spndle motor. Th is circuit d etects
number of revolution of the motor by the interrupt g ereratedp eriodcally, compares with the
targetrevolutionspeedthenflows the current into the rotor coil according to the differentiation
(aberration).

@) Driver circuit
Thedriver circuit is a power aplitude circuit that receives signals fraime spindle rator control
circuit and feeds currents to the spindleton.

(8) VCM current sense resistor (CSR)
This resisor controk currentat the power anplifier by convertng the VCM currentinto voltage
and feedig back.

4.7.2 Data-surface servo format
Figure 4.5 desdbpes he physical layout of the servo frara. The tree areagndicaiedby (1) to (3)
in Figure 4.5 are destxd bebw.

Q) Inner guard band
The head is in contact with the disk in this spagkenthe spindlestartsturning or stops,andthe
rotational speed oftte spidle can be comblled on his cyinder area for head aming.

(2) Data area

This area is used as the user data area and SA area.

) Outer guard band

This areais locatedat outer position of the user data area, and the rotational speed of the spindle
can be comblled on his cylinder area for head awing.
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4.7.3 Servo frame format

As the servo nformation, the drive uses he two-phaseservo generad from the gray codeand
Pos AtoD. Thi s servo information is usedfor postioning operaton of radius direcion and

posiion deecion of crcunstance

diection.

The servoframe consekts of 6 blocks;write/read recoveryservo nark, preanble, graycode, Pos
AtoD and PAD. Rjure 4.6 showshe servo frara format

0.16us

0.17us

0.80us

0.72us 1.81us 0.53us 0.74us 0.5aus 0.5aus 0.56us

PA SCD PosA PosB PosC PosD |PAD
A
| ASM SSM
R/W Recovey Field
6.63us
Servo DATA DATA Servo DATA
Frame Frame
88.18us

Figure 4.6 126 Servo framesn each track
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(1) Write/read recovery

This area is used to absorb the write/read transient and to stabilize the AGC.

(2 Servo nark (ASM, SSM)
This area generates a ting for denodulating thegray codeand position-denodulating PosA to
D by dekcing the servo rark.

3) Preanble
This area is used to synchronize with the PLL, which is useddéarchthe SSM by detectingthe
ASM.

(4) Gray code (hcluding index bt) (SCD)
Thisarea s used as dinder address. The @dh this areas convergd into the bnary daa by the
gray code dewdulaton crcuit.

(5) Pos A, Pos B, Pos C, Pos D
This areais usedaspositionsignalsbetween tracks, and the device control at on-track so that Pos
A level equals to Ps B level.

(6) PAD

This areas used as a gap beten servo and dat

4.7.4  Actuator motor control
The voice col motor (VCM) is contolled by feeding backthe servodaia recordedon the daa
surface. The MPU fetches the position sense data on the servo fesah a constantinterval of
sanpling ime, execus catulation, and updas the VCM drive current
The servo control of the actuabr includesthe operaton to move the head to t he reference
cylinder, the seekoperation to move the headto the target cylinder toreador write data, aml the
track-following operabn o postion the head ord the targettrack.

Q) Operation to rave the head to the reference cylinder

The MPU moves te head b the reference clinder when he power is turned. The reference
cylinder is inthe chta area.

When power is applied the heads are noved fromthe inner circunference shuntzone to the
normel servo da zone h the following sequence:

a) Micro current is fed to the VCM to press the head against the inner éin@moe.
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4.7.5

1)

b) A currentisfed b the VCM to move he headdward he ouer circunference.

¢) When the servo rak is detected the head isowedslowly towardthe outercircunferenceat
a constant speed.

d) If the head is stopped at the reference cylinder filwane. Track following control starts.

Seek operation

Upon a data read/write request frotine host, the MPU confirns the necessity of access to the
disk. If a read or instruction is issued, the MPU seeks the desired track.

TheMPU feedsthe VCM currentvia the D/A converer and power aptfifier to move he head. The
MPU calculates the difference (speed error) betweendpecifiedtargetpositionand the current
positionfor eachsanpling timing during head oving. The MPU then feeds the VCM drive current
by setting the calculated result into the D/A converter. The calculation is digitally exégutesl
firmware. Wen the head arrives at the target cylinder, the track is followed.

Track folowing operabn

Exceptduring head novenentto the reference cyinder and seek operabn under the spindle
rotatesin steaq speed the MPU doestrackfollowing control. To position the headat the cerer
of a track, the DSP drives the VCM by feedingaro current. For each saiing time, the VCM
drive currentis determned by filtering the position differerce ketweenthe target position and the
position clarified by the detectedposition serse cata. The filtering includes sere compensatio.
These are igjitally controlled by the firmware.

Spindle motor control

Hall-less three-phase eidnt-pole motor is usedfor the spndle motor, and the 3-phase ful/half-
wave anabg currentcontrol circuitis used as he spindle motor driver (called SVC hereafér).
The firmware operats on he MPU manufacured byFujitsu. The spidle notor is contolled by
sendng severakignals fromthe MPU to the SVC. There arehtee nodes forthe spindle controt
start node, acceleration otle, and stable rotationade.

Start node

When powers suppled, the spindle notor is strted in the following sequence:

a) After the power & turned on, he MPU sends a ginal  the SVC to chargethe changepunp
capadior of the SVC. The charged ant defnes he currenthat flows in the spndle notor.

b) Whenthe charge pum capadior is charged enoughhe MPU ses the SVC b the nmotor start
mode. Then, a curreifapprox. 1.6 A) bws nto the spndle notor.

c) The SVC generas a phase sviching signal byitsef, and changeshe phaseof the current
flowed n the notor in the order of (V-phasectU-phase), (W-phasetJ-phase), (W-phaset
V-phase)(U-phaseto V-phase), (U-phasetW-phase), and (V-phase W-phase) (aftr that,
repeaing tis order).
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d) During phase swiching, the spindle motor startsrotating in | ow speed, and generags a
couner ekecromotive force. The SVC defcs this couner elecromotive force andrepors to
the MPU using a PHASE gjnal for speed detion.

e) The MPU iswaiting for a PHASE gjnal. When nophasesignalis sentfor a specfic period,
the MPU reses the SVC and starts from the begnning. When a PHASE gjnal is sent the
SVC enters the acceleratiorode.

Acceleration mde

In this mode, the MPU staps to serd the phase svitching signal to the SVC. The SVC starts a
phaseswitching by itsef based on e couner elecromotive force. Then, radtion of the spindle
motor accelerates. The MPU calculates a rotational speed of the spindle wtor based on the
PHASE signalfrom the SVC, andaccelerates till the rotational speed reaches 5,400.rpthen
the rotational speed reaches 5,400,rima SVC enters the stable rotationds.

Stable rottion node

The MPU cakulates a time for one revoution of the spindle motor basedon the PHASE signal
from the SVC. The MPU takes a difference between the current tim e and a tim e for one

revolution at5,400 rpmthatthe MPU alreadyrecognized. Then, he MPU keeps he rotational
speedto 5,400 rpm by charghg or dischargng the charge punp for t he differenttime. For

exanple, whenthe actual rotational speeds 5,600 rpm the time for one revalition is 10.714 s.

And, the time for onerevolution at 5,400rpmis 11.111 ns. Therefore, he MPU dischargeshe
charge purp for 0.397 ns x k (k: constent value). This mekes te flowed curreninto the motor

lower and he rogtional speed down. Wheté actial rotational speeds later than 5,400 rpmthe
MPU chargesthe punp the other way. This contol (charging/dischargng) is performed every
1/4 revoution.
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Physical Interface
Interface signals

Table 5.1 shows the interface signals.

Table 5.1 Interface signals

Description Host | Dir | Dev Acrorym
Cable select see note CSEL
Chip select 0 N CS0-
Chip select 1 5 CS1-
Data bus bit 0 - DDO
Data bus bit 1 o DD1
Data bus bit 2 - DD2
Data bus bit 3 o DD3
Data bus bit 4 - DD4
Data bus bit 5 o DD5
Data bus bit 6 - DD6
Data bus bit 7 o DD7
Data bus bit 8 - DD8
Data bus bit 9 o DD9
Data bus bit 10 - DD10
Data bus bit 11 o DD11
Data bus bit 12 - DD12
Data bus bit 13 o DD13
Data bus bit 14 - DD14
Data bus bit 15 o DD15
Device active or slave present see note DASP-—
Device address bit 0 N DAO
Device address bit 1 5 DAl
Device address bit 2 N DA2
DMA acknowledge 5 DMACK-
DMA request - DMARQ
Interrypt request - INTRQ
1/0 read - DIOR-
DMA ready during Ultra DMA data in bursts - HDMARDY-
Data strobe during Ultra DMA data out bursts 5 HSTROBE
1/0 ready - IORDY
DMA ready during Ultra DMA data out burst$ DDMARDY-
Data strobe during Ultra DMA data in bursts| — DSTROBE
1/0O write N DIOW-
Stop during Ultra DMA data bursts - STOP
Passed diagnostics see note PDIAG-
Cable type detection CBLID—
Reset - RESET-

Note See signal descriptions
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5.1.2 Signal assgnment on the connector

Table 5.2 shows the signal assigamhon the interface connector.

Table 5.2 Signal assignment on the interface connector

Pin No. Signal Pin No. Signal
1 RESET- 2 GND
3 DATA7 4 DATAS8
5 DATAG6 6 DATA9
7 DATA5 8 DATA10
9 DATA4 10 DATAll
11 DATA3 12 DATA12
13 DATA2 14 DATA13
15 DATA1 16 DATAl14
17 DATAO 18 DATA15
19 GND 20 (KEY)
21 DMARQ 22 GND
23 DIOW-, STOP 24 GND
25 DIOR-, HDMARDY-—, HSTROBE 26 GND
27 IORDY, DDMARDY-, DSTROBE 28 CSEL
29 DMACK~- 30 GND
31 INTRQ 32 reserved
33 DAl 34 PDIAG—, CBLID-
35 DAO 36 DA2
37 CSO0- 38 CS1-
39 DASP- 40 GND
[signall [I/0] [Description]

RESET- I Reset sigal from the host. This signal is low active ard is asserted
for a mnimum of 25us during power on. The desg has a 10®
pull-up resstor on his sgnal

DATA 0-15 I/O  Sixteen-bi bi-direcional dah bus betveen he hostand he devte.
These signals are used for data transfer

DIOW-, STOP I DIOW-is the stobe sgnalasserd bythe hostto write device

regisers or he daha port

DIOW- shall be negated by the host frior to initiation of anUltra
DMA burst STOP shéalbe negaad by the hostbefore dais
transferredn an Utra DMA burst Asserton of STOP bythe host
during an Utra DMA burstsignak the ermination of e Ultra
DMA burst
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[signal

DIOR-

HDMARDY-

HSTROBE

INTRQ

CS0-

CS1-

DA 0-2

KEY
PIDAG-

CBLID-

DASP-

[110]
|

/0

11O

I/O

[Descrption]

DIOR- is the stobe sgjnal assedd bythe hostto read devie
regisers or he dat port

HDMARDY- is a fow contol signalfor Ultra DMA datain burss.
This signal is assertetly the host toindicate to tle device that the
host is ready to receive Ultra DMA data in bursts.

The hostmay negat HDMARDY- to pause an Wta DMA datain
burst

HSTROBE s the dat outstrobe gjnal fromthe hostfor an Utra
DMA dataoutburst Both the rising and fdling edge of HSTROBE
latch the datfrom DATA 0-15 into the devce. The hosinay stop
generaing HSTROBE edge®fpause an Wila DMA data outburst

Interrypt signal to the host.
This signal $ negaad in the following cases:
— asseibn of RESET- gjnal
— Reseby SRST oflhie Device Contol register
— Write to the command regster bythe host
— Read ofte sttus regster bythe host
— Conpletion of seabr dat transfer
(without readng the Satus regster)
When he devce & notsekcied or nterruptis disabled,ie INTRQ
Signal shdlbe in a high impedance stte.

Chip sekctsignal decoded frorthe hostaddress bus. Thisignal $
used bythe hostto sekctthe command block regsters.

Chip sekctsignal decoded frorthe hostaddress bus. Thisignal $
used bythe hostto sekctthe contol block regsters.

Binary decoded address signals asserted by the host to access task

file registers.
Key pin for prevenion of erroneous connestinserton

This spnalis an hputmode for he mester devce and an oput
mode for he shve devte n a dasy chan configuraton. Thi signal
indicaes thatthe slave dewie has been cauteted sef diagnosics.
This signalis puled up b +5 V tirough 10 R resistor at each device.

This signal $ useda detctthe cabé type (80 or 40-conduot
calle) installedin the system This signal is pulled up to +5V
through 10 K resistor at each device.

This is a tine-rultiplexed signal that indicates tht the cevice is
active and a slave device is present.
This signalis puled up b +5 V tirough 10 R resistor at each device.
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[signal

IORDY

DDMARDY —

DSTROBE

CSEL

DMACK-

DMARQ

GND

Note:

[1/0]

[Description]

This signal is regatedto exerd the tost trarsfer cycle oary host
register access (Read ait¥y when the device is not ready to respond
to a dita trasfer regest.

DDMARDY- isa fow contol sgnalfor Utra DMA dag outburss.

This sigual is asserteay the device toindicate tahe host that the

device is ready to receive Ultra DMA data out bursts. The dgvice m
negat DDMARDY- b pause an tth DMA dai outburst

DSTROBE s the datiin strobe gjnal fromthe devce for an Ulra
DMA datain burst Both the rising and fding edge of DSTROBE
latch the dafrom DATA 0-15 into the host The devie nay stop
generaing DSTROBE edge®fpause an Wila DMA datain burst

This signal to configure the device as astar or a slave device.
When CSEL gjnal s grounded,he IDD is a naster devce.
When CSEL gjnal is open, he IDD is a save devte.

This signalis puled up wih 10 kQ resistor.

The hostsystemassen this sgnal as a responseat the hostsystem
receive data or to indicate that data is valid.

This signal $ used for DM\ transfer beteen he hostsysemand
the devce. The dewe assestths signal whenhe devce conpletes
the preparabn of DMA dafa transfer ¢ the hostsysem (atreadng)
or fromthe hostsysem (atwriting).

The drecton of daa transfer § contolled by the IOR- and IOW-
signals. In dher word, he devce negats the DMARQ signal afer
the hostsysemassent the DMACK- signal. When here 5 anoher
datto be tansferred,hie devce assestthe DMARQ signal agan.
When he DMA data transfer § perforned, IOCW16—, CSO- and
CS1- sgnals are noassertd. The DMA datatransfer § a 16-hi
dattransfer. The deek has a 10® pull-down resstor on tis
signal.

Grounded

"I" i ndicates nput signal fronthe hostto the devce.
"O" indicates ouput signal fromthe devte b the host
"I/O" indicaies conmon ouput or birdirecional signal beteen he hostand he devce.
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Logical Interface

The device can operate for camend execution in either address-specifiedde; cylinder-head-
sector (CHS) or Logical bl ock address (LBA) mode. The IDENTIFY DEVICE information
indicates wheher the device suppors the LBA mode. When he hostsystem specfiesthe LBA
mode by setting bit 6 i n the DeviceHead regster to 1, HS3 to HSO bits of the DeviceHead
register indicates the head No. under the LBAode, and all bitsof the Cylinder High, Cylinder
Low, and Sear Number regsters are LBA His.

The sectorNo. under the LBA node proceeds in the ascending order with the start point of LBAO
(defined as follows).

LBAO = [Cylinder 0, Head 0, Semt 1]

Evenif the hostsystem changeshe assgnmentof the CHS node bythe INITIALIZE DEVICE
PARAMETER conmand, the sector LBA address is not changed.

LBA = [((Cylinder No.)  x (Number of head) + (Head No.)) x (Num ber of sector/track)]
+ (Sector No.) — 1
I/O registers

Conmunicaion between the host systemand t he device is done through inputoutput (I/O)
regisers of he devce.

Thesel/O regiserscanbe sekeced bythe coded ginals, CS0—, CS1—, and DA® DA2 from the
host systm Tabk 5.3 showshe codng address andhé functon of 1/O regsters.
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Table 5.3

I/O registers

CSo- | CS1-| DA2 | DAL | DAO /O registers Hostl/O
Readoperation Write operation address
Command block registers
0 0 0 0 Data Data X'1F0'
1 0 0 0 1 Error Regster Featires X'1F1'
1 0 0 1 0 Secbr Count Secbr Count X'1F2'
1 0 0 1 1 Secor Nunber Secor Nunber X'1F3
1 0 1 0 0 Cylinder Low Cylinder Low X'1F4
1 0 1 0 1 Cylinder Hgh Cylinder High X'1F5'
1 0 1 1 0 DeviceHead DeviceHead X'1F6'
1 0 1 1 1 Status Command X'1F7
1 X X X (Invalid) (Invalid) —
Contol block registers
0 1 1 1 0 Alternae Satus | Device Contol X'3F6'
0 1 1 1 1 — — X'3F7
Notes:
1. The Data register for read or write operation can be accessed iy d#tabus(DATAO
to DATAL5).
2. Theregisterdor read or write operation other than the Data registers can be accessed by
8 bit datbus (DATAO b DATA7).
3.  When readig the Drive Address regter, bt 7 is high-impedance stte.
4. ThelLBA mode s specfied, he DeviceHead, Cyinder High, Cylinder Low, and Secr

Number regsters indicate LBA bits 27 to 24, 23 to 16, 15to 8, and 7 to 0.
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Command block registers

Data register (X'FO)

The Dataregister is a 16-bit register for data bl ock transferbetwveen the device and the host

system

Error register (XLF1)

The Error registerindicatesthe status of the comand executed by the device. The contents of
this regster are vad when he ERR bi of the Satus regster is 1.

This register contains a diagnositc code afer power is turned on, a reset, or the EXECUTIVE
DEVICE DIAGNOSTIC conmand is execuid.

[Status atthe conpletion of command execubn oter han dagnositc command]

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ICRC UNC X IDNF X ABRT | TKONF | AMNF
X: Unused
-Bit 7: Interface CRC error (ICRC). This bit indicates that an interface CRC error has
occurred durig an Utra DMA datatransfer. The coentof this bi is not
appicabk for Multiword DMA transfers.
- Bit 6: Uncorrectable Data Error (UNC). This bit indicates that an uncorrectable data error
has been encouwsried.
- Bit 5: Unused
- Bit 4: ID Not Found (IDNF). Ths bt indicaes an error excefor, uncorrecable error and
SB notfound, and Abodd Conmmand.
- Bit3: Unused
- Bit 2: Aborted Command (ABRT). Ths bitindicaes hatthe requesid conmand was
abortd due b a devce satus error (e.g. NoReady Write Faut) or the command
code wasrivalid.
- Bit 1: Track 0 NotFound (TKONF). Ths bt indicaks hat track 0 was notound durihg
RECALIBRATE conmand execution.
- Bit0: Address Mrk Not Found. Thé bitindicakes hatan SB nofound error has been

encounéred.
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(4)

(5)

[Diagnostc code]

X'01% No Error Deecied.

X'02: HDC Regster Conpare Error
X'03% Data Buffer Corpare Error.
X'05: ROM SumcCheck Error.

X'80% Device 1 (save devce) Faied.
Error regster of the mester devce s vald under o devices (naser and save)
configuraton. If the shve dewte fals, the master devtce post X'80’ OR (the dagnositc
code) wth its own satus (X01'to X'05)).
However, whenhe hostsystemsekcts the shve devie, he diagnosic code of he shve
device & poséd.

Features register (XF1)

The Features register provides specific feature to a ecoamd. For instance, it is used with SET
FEATURES comand to enable or disable caching.

Sector Countegster (X'1F2)

The SectorCountregiser indicaies the nunber of sectors of daato be transferred n a read or
write operaton betveenthe hostsystemand te devce. When bhe value in this regster is X'00,
the seabr countis 256.

Whenthis registerindicatesX'00' at the conpletion of the conrmand execution, this indicates that
the command is completed successfully. If the command is not completed successfully, this
regiser indicates the nunmber of secors to be transferred ¢ complete the requestfrom the host
system Thatis, this regster indicaes e nunber of remeining sectorshat the data hasnot been
transferred due to the error.

The content of t his register has other definition for t he following commands; INITIALIZE

DEVICE PARAMETERS,FORMAT TRACK, SET FEATURES, IDLE, STANDBY and SET
MULTIPLE MODE.

Sector Nunber register (XtF3)

The conent of this register indicates the starting sectornumber for the subsequentonmmand.
The secbr nunber shoull be between X'01'and [the nunber of sectors per track defined by
INITIALIZE DEVICE PARAMETERS conmand.

Under he LBA mode, his regster indicaies LBA bts 7 b 0.
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(6) Cylinder Low register (XLF4)

The conent of this register indicakes low-order 8 bits of the starting cylinder address forany
disk-access.

At the end of a comand, the contents of this register are updated to the current cylindé&enum

Under e LBA mode, his regster indicaies LBA bis 15 b 8.

(7 Cylinder Hgh regster (X'1F5)
The contents of this register indicates high-order 8 bits of the disk-access start cylinder address.

At the endof a conmand, the contentsof this register are updated to the current cylinder bem
The hgh-order 8 i of the cyinder address are getthe Cylinder Hgh regster.

Under he LBA mode, his regster indicaes LBA bis 23 b 16.

(8) Device/Head register (X'1F6")
The contents of this register indicate the device and the hedsbnum

When executingINITIALIZE DEVICE PARAMETERS conmand, the contents of this register
defines "he nunter of heads mus 1"

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

X L X DEV HS3 HS2 HS1 HSO

-Bit 7: Unused

- Bit 6: L. 0 for CHS node and 1 for LBA rade.

- Bit 5: Unused

- Bit 4: DEV bit. 0 for the mester devce and 1 fortie shve dewvie.
- Bit 3: HS3 CHS rode head address 32 LBA bit 27.

- Bit 2: HS2 CHS rode head address 32 LBA bit 26.

- Bit 1: HS1 CHS rode head address 32 LBA bit 25.

- Bit O: HSO0 CHS mode head address %.(2.BA bit 24.
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Status register (XF7)

The contentsof this registerindicatethe status of the device. The contents of this register are
updatedat the conpletion of each conmand. W hen the BSY bit is cleared, other bits in this
register shoutl be validated within 400 ns. Whenthe BSY bit is 1, oher bits of this regster are
invalid. Whenthe host systenreads this regster while aninterrupt is perding, it is considered to
be the Int errupt Acknowl edge (the host sy stemacknowledges the i nterrupf). Any pending
interruptis cleared (negatg INTRQ sgnal)whenevertis regster is read.

Bit 7

Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BSY

DRDY DF DSC DRQ 0 0 ERR

- Bit 7:

- Bit 6:

-Bit 5:

- Bit 4:

Busy (BSY) bit. This bit is set whenever the Comand register is accessed. Then
this bit is clearedwhenthe command is conpleted. However, evenfia command s
being execued this bitis 0 w hile data trarsfer is being requested (DRQ bit =
1).When BSY bit is 1, the host sy stemshould not wri tet he command bl ock
regisers. If the hostsystemreads anycommand bbck regster when BSY btis 1,
the contens of the Status regster are posed. This bit is setby the device under
following condiions:

(&) Within 400 ns afer RESET- is negagd or SRST & setin the Device Control
regster, the BSY bit is set. the BSY bit is cleared when the resetprocessis
completed

The BSY bit is set for no longer than 15 seconds after the IDD accepts reset.

(b) Within 400 ns fronmthe host systerstarts writing to the Comand register.

(c) Within 5 ps following transfer of 512 bytes data during executon of the
READ SECTOR(S),WRITE SECTOR(S),FORMAT TRACK, or WRITE
BUFFER conmand.

Within 5 ps following transfer of 512 bies of datand he approprte number
of ECC bytes during execubn of READ LONG or WRITE LONG comand.

DeviceReady(DRDY) bit. This bit indicaes hat the device is capabd to respond
to a conmand.

The IDD checks its status when it receives a amamd. If an erroris detectednot
readystate), the IDD clears his bit to 0. This is cleared b 0 at power-on andtiis
cleared until the rotational speed of the spinditomreaches the steady speed.

The Device Write Fadt (DF) hit. This hit indicates tlat a device fault (write fault)
condtion has been detied.

If a write fadt is detectedduring command execttion, this hit is latched ard retaired
until the device accepts the next coamd or reset.

Device Seek Conplete (DSC) bit. This bit indicates that the device heads are
posiioned over arack.

In the IDD, this hbit is always set td. after tke spn-up control is campleted
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- Bit 3; Data Regest (DRQ) bit. This hit indicates tlat the deviceis read/ to transfer data
of word unt or byte unit betveen he hostsysemand he devce.

- Bit 2: Always 0.
- Bit 1: Always 0.

- Bit O Error (ERR) bit. This bit indicatesthat an error was detectedwhile the previous
command was being executed. The Error regi  ster i ndicaes t he additional
information of the cause for the error.

Conmand regster (X'1F7))

The Command regster confains a conmand code bemg sentto the device. After this regiseris
written, the canmand execution starts inmediately.

Table 5.3 lists the executable cormands and their conmand codes. This table also lists the

necessaryparangters for each command which are written to certain registers before the
Commanrd regster is witten.
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5.3

Control block registers
Alternate Status register GF6)

The AlternateStatusregistercontains the saminformation as the Status register of the amand
block regster.

The only differencefrom the Sttus regster is that a read of his regster does notmply Interrupt
Acknowledge and INTRQ ghalis notreset

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BSY DRDY DF DSC DRQ 0 0 ERR

Device Control register (F6)

The Devce Contol register contiins devee nterrupt and sofivare reset

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

X X X X X SRST nlEN 0

- Bit 2: SRSTis the host sdtware resetbit. W henthis bit is set, the device is held reset
state. Wien two device are daisy chained on the interface, setting this bit resets both
device sinultaneousy.

The shve deuvie s notrequired b execué the DASP- handshake.

- Bit 1: nlEN bit enabdes aninterrupt (INTRQ signal) from the device tothe ost. Whenthis
bitis 0 and the device is selecied, an interruption (INTRQ signal) can be enabéd
through a ti-state buffer. WhenHis bit is 1 or he devte & notsekckd, he INTRQ
signal s in the high-impedance stte.

Host Commands

The host system issuesa command to t he device by wri ting necessanparameters in rel ated
regisers n the command block and wriing a cormand codern the Command regster.

The device can accept the amand when the BSY bit is 0 (the device is not in the busy status).

The hostsystemcan hat the unconpleted command execuiton only at executon of hardwareor
software reset.

When te BSY btis 1 or he DRQ bt is 1 (he devceisrequeding the data transfer)andthe host
systemwrites tothe command regster, the correcidevice operabn is notguaranted.
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5.3.1 Command code and parameters

Table5.4 lists the supporéd commands, conmand code andhe regsters hat needed parasters
are witten.

Table 5.4 Command code and parameters (1 of 2)

Cormmand code (Bit) Paranaters used
5|1 4| 3| 2 SC|SN|CY |DH

Command nane

o
-
Py)

READ ECTOR(S)

READ UMTIPLE

READ MB

READ ERIFY EGITOR(S)

WRITE UMTIPLE

WRITE MB

WRITE ERIFY

oO|lFr|[O|FR,|O|OC|F|O
O|O(R,r|O|O|OC|O|(O |

WRITE ECIOR(S)

RECALIBRATE

X

SEEK

X

INITIALIZE DEVICE DIAGNOSTIC

IDENTIFY EWCE

zlz|<|z|lz|<|<|<|<|<|<]|<

IDENTIFY EWICE MB

SET EATURES

Z
*

o|lo|lo|lo|<|<|o|l<|<|<|=<|<|<]|=<]|=x<

SET UMTIPLE OME

zlzlzlz|z|z|<|z|<|<|<|<|<|<]|<

>

EXECUTE DEVICE DIAGNOSTIC

<
*

FORMAT RACK

READ ONG

WRITE ONG

READ UBFER

zlzlzlz|z|z|z|<|z|z|z|z|z|z|z|2z|2z|2z|2|2|2
zlz|<|<|<|z|z|lz|z|z|z|<|zZz|<|=<|<|<|<|=<]|=<]|=<

o|lo|r|r|O|O|r|r|r|O|O
2l Z2[(<[<[Z2[Z2]<<

z|lz|=<|<
olo|<|<|=x<

WRITE UFBFER

IDLE

z
<
z
z
O

IDLE IMMEDIATE

STANDBY

ro|(roflrofr| (|| fr|loloflofr|fr|r|lo|lr|oflr|r|lololo|lofo|r
or|OFRr|(|OFR|O|lO|+|O|+r|rP|OoO|lO|lO|O|r|P|FP|r|r|O|lO|lO|J]O|O|O
co|loco (oo (r|o|lo|lo|lo|lo|lo|r|r|r|lo|X|[X|o|r|r|o|lo|lr]|o]|lo
co|rr|rPr|o|lo|DM|TWWM|o|o|o|r|o|lo|r | X|[X|D|lo|D|r|DW|WM|O|D

PrRr|lRPrRr|RPRr|R|(rRr|lo|lo|lo|r|r|[r|rRr|[rR|rRr|lo|lo|o|lo|r|rRr|o|RrR|R|oO|N
ro|ro|rO|rRr|rRr|Oo|lo|r|o|r|[r|r|[r|Oo|lr|o|lo|lo|r|R|rR|R|R|O|lo

or|or|or|lo|r|o|lo|olo|lr|r|r|r|o|X]|X

PR | OO |REKk
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Table 5.4 Command code and parameters (2 of 2)

Conmand code (Bit) Paraneters used
Conmmand nane

716|514 3| 2| 1] 0 |FR|SC|SN|CY|DH
STANDBY IMMEDIATE 1 2 2 (1) 8 é 8 8 NInNININID
IRRBBRRBRRRRE
CHECK POWER MDDE i (i (i éL) é (i 8 (1) NINININID
SMART i1]1]0(1)1{0| 0] O0O[O|]Y|[Y]|Y]|]Y]|D
FLUSH ACHE 1112(1)0[0| 1] 21| N[N|N|N|D
SECURITY |ISABLE A$SWORD 1212|2121 0] 1 1|O0O[N|N|N|[N|D
SECURITY RASE RHPARE 1212|2121 0] 0f 1|2 |[N|N|N[N|D
SECURITY RASE NIO 1112(1) 10| 1] OfO|IN[N|N|N|D
SECURITY FREEZE LOCK 111(1) 10| 1] Of1|N[N|N|N|D
SECURITY ETS ASSWORD 1112(1) 10| 0] Of1T|N[N|N|N|D
SECURITY NUOCK 11]12(1) 10| 0] 1{O|IN[N|N|N|D
SET MAX ADDRESS 1]1(1) 11| 0] Of1T|N[Y|Y|Y]|Y
READ NATIVE MAX ADDRESS 112122121 0f O)JO[N|N|N|[N|D

Notes:

FR : Features Register
SC :Secbr CountRegster
SN : Secor Nurmber Regster

R:R=0or1

CY: Cylinder Registers

DH DriveHead Regiter

Y: Necessary to set paratars

Y*: Necessaryo setparaneters underie LBA mode.

N: Necessarjo setparaneters (The paramter isignored f it is set)
N*: May set araneters

D: The dewe pararater isvalid, and he head paragter isignored.

D*: The conmand is addressedtthe master devce, butboth the master deviceandthe slave

device execute it.

X: Do notcare
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5.3.2 Command descriptions

The contentsof the 1/O registers to be necessary for issuing a com mand and the example
indicaion of te I/O regsters atcommand conpletion are shown as fildwing in this subsedon.

Exanple: READ SECTOR(S)

At command issuance (D regsters seing conent)

Bit 7 6 5 4 3 2 1 0

1F74(CM) o 0 1 0 0 0 o0 0

1F6,(DH) x | L | x | DV | HeadNo./LBA [MSB]

1F5(CH) Start cylinder address [MSB] / LBA
1F44(CL) Start cylinder address [LSB] / LBA
1F34(SN) Start sector No. / LBA [LSB]
1F2,4(SC) Transfer sector count
1F14(FR) XX

At command completion (I/O registers contents to be read)

Bit 7 6 5 4 3 2 1 0

1F74(ST) Error information

1F6,(DH) x | L x | DV | EndHead No./LBA [MSB]

1F5(CH) End cylinder address [MSB] / LBA
1F44(CL) End cylinder address [LSB] /LBA
1F34(SN) End sector No. / LBA [LSB]
1F24(SC) X‘00’
1F1L(ER) Error information
CM: Conmmand register FR: Features register
DH: DeviceHead regiter ST: Shtus regster
CH: Cylinder High register ER: Error register
CL: Cylinder Low regster L: LBA (logical block address) sing bi
SN: Secbr Number register DV: Device address. bit
SC: Sector Count register X, XX: Do not care (no necessary to set)

5-16 C141-E110-02EN



)

Notes:

1. Whenthe L bit is specifiedto 1, the lower 4bits of the DH regster andall bits of the CH
CL and SN registers indicate the LBA bits (bits of th®H registerare the MSB (most
significant bit) and bits of the SN register are the LSB (least significant bit).

2. At error occurrencéet SC regier ndicakes he renaining seair counpf daatransfer.

3. Inthe talbe irdicatirg I/O regdsters coterts inthis supsectin, bit indicatian is anitted

READ SECTOR(S) (X0’ or X21)

Thiscommandreadslat of seabrs spefied n the Seatr Countegster fromthe address spéed in
the DeviceHead,CylinderHigh, Cyinder Low and Seat Nunber regsters. Nurber of sedrs can
be spedied 1 256 seabrs in maximum. To specfy 256 seabrs readig, 00'is spedied. Forthe
DRQ, INTRQ, and BSY puomtok retted o dat transfer, see Subsent5.4.1.

If the head is not on the track specified by thest,the deviceperforns aimplied seek.After the
head reaches to the specified track, the device reads the target sector.

The DRQ bit of the Statis regster is always set pior to the data trarsfer regardessof an error
condiion.

Upon the conpletion of the conmand execution,conmand block registerscontainthe cylinder,
head, and seot addressesifithe CHS node) or bgical block addresgin the LBA mode)of the
last sector read.

If an error occurs in a sector, the read operationimatednat the sector where the error occurred.
Conmmand block regsters condin the cylinder, he head, andhe secbr addresses ohe sector(in

the CHS mode) or the logical block address ( the LBA mode) where the error occurred,and
remaining nunber of seatrs of whth dat was notransferred.

At command issuance (D regsters seing conent)

1F74(CM) 0 0 1 0 0 0 0 R

1F6,(DH) x | L x | DV | Starthead No./LBA [MSB]

1F5(CH) Startcylinder No. [V5B] / LBA
1F44(CL) Startcylinder No. [LSB] /LBA
1F34(SN) Start sector No. / LBA [LSB]
1F2,4(SC) Transfer sector count
1F1(FR) XX

R=0orl
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(2)

At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F6,4(DH) x L x DV | Endhead No./LBA [MSB]
1F5,(CH) End cyinder No. [VMBB] /LBA
1F44(CL) End cyinder No. [LSB] /LBA
1F34(SN) End seatr No. / LBA [LSB]
1F24(SC) 00 (*1)
1F1(ER) Error information

*1 If the conmand isterminated due b an error, the remaining number of
secbrs of whth datwas notiransferreds setin this register.

READ MULTIPLE (X'C4)

This command operaes similarly to the READ SECTOR(S) command. The device doesnot
generate an interrupt (assertion of the INTRQ signal) oneach every sector. An interrupt is
generatd after the transfer of a bbck of secors for which the nunber is specfied bythe SET
MULTIPLE MODE conmand.

The implementation of the READ MULTIPLE command is id ertical to th at of the READ

SECTOR(S) cormand except that the nunber of sectors is specified bythe SET MULTIPLE

MODE command are t ransferred withouti ntervening i nterrupts. Int he READ MULTIPLE

command operabn, the DRQ bi of the Satus regster is setonly atthe sart of the daa block, and
is not set on each sector.

The nunber of seabrs (bbck coun} to be ransferred wthout interruption is spedied bythe SET
MULTIPLE MODE command. The SET NULTIPLE MODE command shoud be execued prior
to the READ MULTIPLE command.

When he READ MULTIPLE command isissued,le Secbr Countregster contins the nunber of
secbrs request] (nota nurber of he bbck counbr a nurber of secirs n a bbck).

Upon receipt of this comand, the device executes thisroand even if the valuwd theSectoiCount
regster sless han he defned bbck coun(the valie of he Seair Counshoutl notbe 0).

If t he number of requesed secbrs is not divided eveny (having the sane nunber of sectors
[block count]), as many ful | bl ocks as possble are transferred, hen a final partial block is
transferred. The nunber of sectordan the partia block to be transferreds n where n = remnder
of ("number of seatrs"/'block count).

If the READ MULTIPLE command is issued before the SET MULTIPLE MODE comand is
execued or whenthe READ MULTIPLE command is disabled, he device rejecs the READ
MULTIPLE command with an ABORTED COMMAND error.

If an error occurs, readng secbr is stopped atthe secbr where the error occurred. Command
block registers contin the cylinder, the head, the secbr addressedin the CHS mode) or the
logical block addresgin the LBA mode) of the secbr where te error occurred, and remining
number of seatrs hat had nottransferred aéir the secbr where e error occurred.

An interrupt is generated when the DRQ bit is set at the beginning of each block or a partial block.
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Figure 5.1 shows an exafe of he execubn of he READ MULTIPLE conmand.

e Block countspecfied by SET MULTIPLE M ODE conmand = 4 (number of secbrs in a
block)
« READ MULTIPLE command specifies;
Number of requestd seatrs = 9 (Sedr Countregister = 9)
!
Number of seabrs in inconplete block = renainder of 94 =1

v Commard Issue

Parameer
Write : \/ Status read \/ Status read \/ Status read
vV : :
s - |
pROY = // '

INTRQ | | ||
PRQ Sectr | 1234|—| 5§6§7§8|_|9|_

transferred ' ' ' Partial
IA LI IA Ll
! Block 1 Block ! block

Figure 5.1 Execution exampk of READ MULTIPLE command

At conmand issuance (I regsters seing conent)
1F74(CM) 1 1 0 0 0 1 0 0
1F6,(DH) x L x DV | Starthead No./LBA [MSB]

1F5(CH) Startcylinder No. [MBB] / LBA
1F44(CL) Startcylinder No. [LSB] / LBA
1F34(SN) Start secor No. / LBA [LSB]
1F24(SC) Transfer semt count
1F1(FR) XX

At command conpletion (I/O registers contents to be read)

1F74(ST) Status information

1F6,(DH) x L x DV | Endhead No./LBA [MSB]
1F5(CH) End cyinder No. [VBB] /LBA

1F44(CL) End cyinder No. [LSB] /LBA

1F34(SN) End seabr No. / LBA [LSB]
1F24(SC) QD(*1)

1F1L(ER) Error inforration

*1 If the conmand is terminated due to an error, the remaining number of sectors for which data
was not transferred is set in this register.
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®3)

READ DMA (X'C8' or X'C9)

This command operages similarly t o t he READ SECTOR(S) command exceptfor following
events.

» The daatransfer sarts at he timing of DMARQ signal asseibn.
e The devce contols the asserbn or negabn iming of he DMARQ signal.

» The device posts a status as the result of a@nd execution only once abnpletion of the
data trarsfer.

When an error, suchas an unrecoverablmediumerror, thatthe command execuion cannotbe
contnued s deteced, he daatransfer $ stopped wihouttransfermg daa of secbrs after the erred
secbr. The deee generes anmterruptusig te INTRQ gjnaland posta satus b the hostsystem
The fornat of the error inforation is the sasas the READ SECTOR(S) coand.

In LBA mode

The logical block addresss spediied ushg the start head No. start cylinderNo., andfirst sector
No. fields. At command conpletion, the logical block address of he last secbr and remaining
number of seatrs of whth daa was nottransferred,ike inthe CHS node, are set

The hostsysemcan sedctthe DMA transfer node byusing the SET FEATURES comand.

1) Multiword DMA transfer node 2:
Sesthe FR regiter = X03'and SC reger = X22'bythe SET FEATURES caonand

2) Ultra DMA transfer node 2:
Sesthe FR regier = X03'and SC regier = X42'bythe SET FEATURES conand

At conmand issuance (D regsters seing conent)

1F74(CM) 1 1 0 0 1 0 0 R

1F6,(DH) x | L | x | DV | Starthead No./LBA[MSB]

1F5(CH) Startcylinder No. [MBB] / LBA
1F44(CL) Startcylinder No. [LSB] / LBA
1F34(SN) Start sector No. / LBA [LSB]
1F24(SC) Transfer sector count
1F1(FR) XX

R=0orl
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(4)

At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F64(DH) x L x DV | Endhead No./LBA [MSB]
1F5(CH) End cyinder No. [V5B] /LBA
1F44(CL) End cyinder No. [LSB] /LBA
1F34(SN) End seatr No. / LBA [LSB]
1F24(SC) 00 (*1)
1F1(ER) Error information

*1 If the conmand isterminated due b an error, the remaining number of
secbrs of whth datdwas notiransferreds setin this register.

READ VERIFY SECTOR(S) (X0'or X'41)

This commard operates sirilarly to the READ SECTCR(S) canmard except that the datais not
transferredto the host system

After all requested sectors are verified, the device clears the BSY bit Stahesregisterand
generats an interrupt Upon t he completion of the command execuion, the command block
regisers condin the cylinder, head, and sectnunber of he last secor verfied.

If an error occurs, the verify operation is terimated at the sectowherethe error occurred.The
command block registers congin the cylinder, the head, andthe sectoraddressegin the CHS
mode) or he logical block address i the LBA mode) of he seobr where be error occurred. The
Sector Countegsster indicaies he nunber of seatrs hat have nobeen vefied.

At conmand issuance (D regsters seing conent)

1F74(CM) o 1 Oo0 OO O 0 0 R

1F6,(DH) x | L | x | DV | Starthead No./LBA[MSB]

1F5(CH) Startcylinder No. [MBB] / LBA
1F44(CL) Start cylinder No. [LSB] /LBA
1F34(SN) Start sector No. / LBA [LSB]
1F24(SC) Transfer sector count
1F1(FR) XX

R=0orl
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(5)

At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F64(DH) x L x DV | Endhead No./LBA [MSB]
1F5,(CH) End cyinder No. [VMBB] /LBA
1F44(CL) End cyinder No. [LSB] /LBA
1F34(SN) End seatr No. / LBA [LSB]
1F24(SC) 00 (*1)
1F1(ER) Error information

*1 If the conmand isterminated due b an error, the remaining number of
secbrs of whth datdwas notiransferreds setin this register.

WRITE SECTOR(S) (330" or X'31)

This command writes data of sectors fromthe address specified in the Device/Head, Cylinder
High, Cylinder Low, and Seabtr Number regsters to the address spefiied in the Secor Count
register. Nunber of seabrs can be spefied 1 256 seabrsin maximum. Data transferbegis at
the secbr specfied in the Secor Number regster. For the DRQ, INTRQ, and BSY protocols
related to dat transfer, see Subséeuh 5.4.2.

If the head is not on the track specified by thest,the deviceperforns aimplied seek.After the
head reaches to the specified track, the device writes the target sector.

The datastaredin the buffer, and CRC code ard ECC bytes are witten to the data field of the
correspondig secbr(s). Upon the completion of t he command executon, the conmand block
regsters catain the cylincer, head ard secto addresses ofhe last sectowritten.

If anerror occurs during multiple secta write operatian, the write operatim is terminated at tte
sector where he error occurred. Conmand block registers contin the cylinder, the head, te
sector addressesn(the CHS node) or he logical block address (i the LBA mode) of the sector
wherethe error occurred. Then the host can read theramd block registers to deteme what
error has occurred and on which sedhe error has occurred.

At command issuance (D regsters seing conéent)
1F74(CM) 0 0 1 1 0 0 0 R
1F6,4(DH) x L x DV | Starthead No. /LBA [MSB]
1F5(CH) Startcylinder No. [V5B] / LBA
1F44(CL) Startcylinder No. [LSB] / LBA
1F34(SN) Start sector No. / LBA [LSB]
1F2,4(SC) Transfer sector count
1F1(FR) XX
R=0orl
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(6)

At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F64(DH) x L x DV | Endhead No./LBA [MSB]
1F5,(CH) End cyinder No. [VMBB] /LBA
1F44(CL) End cyinder No. [LSB] /LBA
1F34(SN) End seatr No. / LBA [LSB]
1F24(SC) 00 (*1)
1F1(ER) Error information

*1 If the conmand isterminated due b an error, the remaining number of
secbrs of whth datdwas notiransferreds setin this register.

WRITE MULTIPLE (X'C5)

This command is similar to the WRITE SECTOR(S) conmand. The device does notgenerag
interrupts(assertionof the INTRQ signal) on each sector but on the transfer of a block which
contins the nunber of secbrs for which the nunber is defined bythe SET MULTIPLE MODE
command.

The implemertation of the WRITE MU LTIPLE command is id ertical to that of the WRITE
SECTOR(S) cormand except that the nunber of sectors is specified bythe SET MULTIPLE
MODE conmand are transferred wthouti ntervening i nterrupts. In t he WRITE M ULTIPLE
command operaiton, the DRQ bit of the Status regster isrequired to setonly at the start of the
data block, not on each sector.

Thenunber of seabrs (bbck coun} to be ransferred whout nterruption is spedied bythe SET
MULTIPLE MODE command. The SET NULTIPLE MODE command shoud be execued prior
to the WRITE MULTIPLE command.

When he WRITE MULTIPLE command isissued,he Seatr Countregster continsthe nurber of
secbrs request] (nota nurber of he bbck counbr a nurber of secirs n a bbck).

Upon receipt of this comand, the device executes thisroand even if the valuwd theSectoiCount
regseer sless han he defied bbck counthe valie of he Seair Counshoudl notbe 0).

If t he number of requesed secbrs is not divided eveny (having the sane nunber of sectors
[block count]), as many ful | bl ocks as possble are transferred, hen a final partial block is
transferred. The nulbrer of seobrs in the partal block to be transferreds n wheren = remainder
of ("number of seatrs"/'block count).

If the WRITE MULTIPLE command is issued before the SET MULTIPLE MODE comand is
execued or when WRITE M ULTIPLE command is disabled, he device rejecs the WRITE
MULTIPLE command with an ABORTED COMMAND error.

Disk errorsencourgredduring execuion of the WRITE MULTIPLE command are poséd after
atempting to write the block or the parta block thatwas transferred. Wte operaton ends athe
secbr where he error was encoueted evenfithe secbr isin the middle of a block. If anerror
occurs,he subsequebtock shdlnotbe tansferred. latrups are geneiat whenhe DRQ Hiof the
Status register is set at the beginning of each block or partial block.
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The conent of the conmand block regsters reéted to addresses ait the transfer of a datblock
contaning an erred seat are undefied. To olain a vaid error nformation, the hostshout retry
datmtransfer as amdividual request

At conmand issuance (D regsters seing conent)
1F74(CM) 1 1 0 0 0 1 0 1
1F6,(DH) x L x DV | Starthead No./LBA [MSB]

1F5(CH) Startcylinder No. [MBB] / LBA
1F44(CL) Start cylinder No. [LSB] / LBA
1F34(SN) Start secor No. / LBA [LSB]
1F24(SC) Transfer sector count
1F1(FR) XX

At command conpletion (I/O registers contents to be read)

1F74(ST) Status information
1F6,4(DH) x L x DV | End head No. /LBA [MSB]
1F5(CH) End cyinder No. [VBB] /LBA
1F44(CL) End cyinder No. [LSB] /LBA
1F34(SN) End seabr No. / LBA [LSB]
1F24(SC) Qo
1F1L(ER) Error information
Note:

Whenthe canmand terminates die to error, only the DV bit and the erra information field
are valid.
WRITE DMA (X'CA' or X'CB))

This command o perates sinilarly to the WRITE SECTOR(S) commard except for following
events.

* The daatransfer sarts at he timing of DMARQ signal asseibn.
e The devce contols the asserbn or negabn iming of he DMARQ signal.

» The device posts a status as the result of a@nd execution only once abnpletion of the
data trarsfer.

When an error, such as an unrecoverahbhedium error, that the command execuion cannotbe
continuedis deteckd, the datatransfer s stopped wihout transferrng data of sectors after the
erred seatr. The devte generass an interrupt using the INTRQ signal and post a satusto the
host system The form at of the error inform ation is the sane as the WRITE SECTOR(S)
command.

A hostsystemcan be selctthe following transfer nede usng the SET FEATURES comand.
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1) Multiword DMA transfer node 2:
Sesthe FR regiter = X03'and SC regker = X22'bythe SET FEATURES canand

2) Ultra DMA transfer node 2:
Sesthe FR regiter = X03'and SC reger = X42'bythe SET FEATURES caonand

At conmand issuance (I regsters seing conent)
1F74(CM) 1 1 0 0 1 0 1 R
1F6,(DH) x L x DV | Starthead No. /LBA [MSB]

1F5(CH) Startcylinder No. [MBB] / LBA
1F44(CL) Startcylinder No. [LSB] / LBA
1F34(SN) Start secor No. / LBA [LSB]
1F24(SC) Transfer sector count
1F1(FR) XX

R=0orl1

At command conpletion (I/O registers contents to be read)

1F74(ST) Status information

1F6,(DH) x L x DV | Endhead No. /LBA [MSB]
1F5,(CH) End cyinder No. [M5B] /LBA

1F44(CL) End cyinder No. [LSB] /LBA

1F34(SN) End seabr No. / LBA [LSB]
1F24(SC) 00 (*1)

1F1(ER) Error information

*1 If the conmand isterminated due b an error, the remaining number of
secbrs of whch datiwas nottransferreds setin this register.

(8)  WRITE VERIFY (X'3C)

This canmand operates sirifarly to the WRITE SECTOR(S) canmard except that the device \erifies
each sector immediately after being written. The verify operation is a read and check for data errors
without dataransfer. Anyerror hatis deeced dumg te verfy operabn i poséd.

At command issuance (D regsters seing conent)
1F74(CM) 0 0 1 1 1 1 0 0
1F6,(DH) x L x DV | Starthead No. /LBA [MSB]

1F5(CH) Startcylinder No. [V5B] / LBA
1F44(CL) Startcylinder No. [LSB] /LBA
1F34(SN) Start sector No. / LBA [LSB]
1F2,4(SC) Transfer sector count
1F1(FR) XX
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At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F6,4(DH) x L x DV | Endhead No./LBA [MSB]
1F5(CH) End cyinder No. [V5B] /LBA
1F44(CL) End cyinder No. [LSB] /LBA
1F34(SN) End seatr No. / LBA [LSB]
1F24(SC) 00 (*1)
1F1(ER) Error information

*1 If the conmand isterminated due b an error, the remaining number of
secbrs of whth datwas notiransferreds setin this register.
9) RECALIBRATE (X'1x), x: X'0'to X'F)
This command perforns the rezero. Upon receipt of tlienmand, the devicesetsBSY bit of the
Statusregisterand perforns a rezero. Wien the device copletes the rezero, the device updates

the Satus regster, ckears he BSY bt, and generas an nterrupt

This command can bedsuedm the LBA mode.

At command issuance (I/O registers setting contents)

1F7(CM) 0 0 0 1 X X X X
1F64(DH) X x X DV XX

1F5,(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F6,4(DH) x x x DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1L(ER) Error information
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SEEK (X7x', x : X'0'to X'F)

This command perforns a seek operation to the track and selects the head specified in the
command block regisers. After completing the seek operabn, the device clears he BSY bitin
the Satus regster and generes an nterrupt

The IDD alvays se$ the DSC bi (Drive Seek Compiete statis) of he Satus regster o 1.

In the LBA mode, his command perforns the seek operatn to the cylinder and head padsbn in
which the sector is specified with the logical block address.

At conmand issuance (D regsters seing conent)

1F74(CM) 0 1 1 1 X X X X
1F6,4(DH) x L x DV Head No. /LBA [MSB]
1F5(CH) Cylinder No. [M5B]/ LBA

1F4,4(CL) Cylinder No. [LSB] / LBA

1F34(SN) Sector No. / LBA [LSB]
1F24(SC) XX

1F1(FR) XX

At command conpletion (I/O registers contents to be read)

1F74(ST) Status information

1F6,4(DH) x L x DV Head No. /LBA [MSB]
1F5,(CH) Cylinder No. [M5B]/ LBA

1F44(CL) Cylinder No. [LSB]/ LBA

1F34(SN) Secbr No. / LBA [LSB]
1F24(SC) XX

1F14(ER) Error information
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(12)

INITIALIZE DEVICE PARAMETERS (X91)

The host system can set the nunber of sectors per track and the maximum head number
(maximum headnumnber is "number of heads ninus 1") per cylinder with this command. Upon
receiptof this command, the devicesets the BSY bit of Status register and saves the patars.
Then the device clears the BSY bit and generates an interrupt.

When the SC regster is specfied to X'00, an ABORTED COMMAND error is postal. Other
than X'00' is specified this canmand terminates ormally.

The paraneters setby t his command are retained even after resetor power save operaton
regardess of he seting of dsabling the revering o defaut seting.

In LBA mode

The device ignoresthe L bi t specficaton and operats with t he CHS mode spedicaton. An
accessible area of this oaend within head oving in thd.BA modeis alwayswithin adefaultarea.
It isreconmended hatthe hostsystemrefers he addressabluser seots (btal nunber of sears) n
word 600 61 of be pararger informaion bythe IDENTIFY DEVICE comand.

At command issuance (D regsters seing conent)

1F74(CM) 1 0 0 1 0 0 0 1

1F64(DH) X x X DV Max. head No.
1F54(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) Number of sectors/track
1FI4(FR) XX

At conmand conpletion (I/O regsters contents to be read)

1F74(ST) Status information

1F6,(DH) x x x DV Max. head No.
1F5(CH) XX

1F4,4(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1L(ER) Error Information

IDENTIFY DEVICE (X'EC)

The host system issuesthe IDENTIFY DEVICE command to read paraneter i nformation (512
bytes) fromthe device. Upon receipt of this command, the drive setsthe BSY bit of Status
register and ses required paraneter i nformation in the secor buffer. The device then sesthe
DRQ bit of the Status register, and generas an interrupt  Aft er that, the hostsystemreads he

information out of t he secbr buffer. Tabl e 5.5 shows the arrangements and values of the

parameter words and the meaning in the buffer.
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At conmand issuance (@ regsters sding conent)

1F7(CM) 1 1 1 0 1 1 0 0
1F64(DH) x x x DV XX

1F54(CH) XX

1F4,4(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(ER) Error information

Table 5.5 Information to be read by IDENTIFY DEVICE command (1 of 7)

Word Value Description
0 X'045A’ General Configuration *1
1 *2 Number of cylinders
2 X'0000’ Retired
3 *3 Number of Heads
4 X'0000’ Retired
5 X‘0000’ Retired
6 X‘003F’ Number of sectors per track
7-9 X'000000000000°( Retired
10-19 - Serial number (ASCII code) *4
20 X'0003’ Old specifications
21 X‘0400’ Buffer size in 512 byte increments
22 X'0004 Number of ECC bytes transferred at READ LONG or WRITE LONG command
23-26 - Firmware revision (ASCII code) *5
27-46 - Model nhumber (ASCII code) *6
47 X‘8010’ Maximum number of sectors per interrupt on READ/WRITE MULTIPLE command
48 X‘0000’ Reserved
49 X'2B00’ Capabilities *7
50 X'4000’ Capabilities
51 X'0200 PIO data transfer mode *8
52 X'0200° Single word DMA data transfer timing mode
53 X‘0007’ Enable/disable setting of words 54-58, 64-70 and 88 *9
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Table 5.5 Informati on to be read by IDENTIFY DEVICE command (2 of 7)

Word Value Description
54 (Variable) Number of current Cylinders
55 (Variable) Number of current Head
56 (Variable) Number of current sectors per track
57-58 (Variable) Total nunber of current sectors
59 *10 Transfer sector count currently set by READ/WRITE MULTIPLE omnd
60-61 *11 Total nunber of user addressable sectors (LBA mode only)
62 X‘0000’ Retired
63 X'xx07’ Multiword DMA transfer node *12
64 X‘0003’ Advance PIO transfer ode support status *13
65 X'0078’ Minimum multiword DMA transfer cycle time per word : 120 [ns]
66 X'0078’ Manufacturer's recomended DMA transfer cycle time : 120 [ns]
67 X'00F0’ Minimum PIO transfer cycle time without flow control : 240 [ns]
68 X'0078’ Minimum PIO transfer cycle time with IORDY flow control : 120 [ns]
69-79 X'00’ Reseved
80 X‘003E Major version number *14
81 X'0015’ Minor version nurber ATA/ATAPI5 X3T13 1321D Support of rev 1
82 X'346B’ Support of command sets *15
83 X'4108’ Suppot of command sets *16
84 X'4000’ Support of comnand set/feature extension (fixed)
85 X'34xx’ Enable/disable Comand set/feature enabled. *17
86 XIXXXX Enable/disable Comand set/feature enabled. *18
87 X'4000’ Default of conmand set/feature (fixed)
88 X'xx3F’ Ultra DMA modes *19
89 X'000x’ Time required for security erase unit completion *20
90 X‘0000’ Time required for Enhanced security erase completion
91 X' 00xx’ Cument advanced power management value
92 X'0000’ Reseved
93 XIXXXX CBLID detection results *21
94 X'00xx’ Automatic Acoustic Management (Slow Seek mode) *22
95-127 X'00’ Reseved
128 X'OxXxx' SecurityStatus
129255 X'00’ Reseved
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Table 5.5

*1 Word 0: Generakonfiguraton

Information to be read by IDENTIFY DEVICE command (3 of 7)

Bit 15: 0 = ATA devce 0
Bit 14-8: Vendor spedic 0
Bit 7: 1 = Renovabk media devce 0
Bit 6: 1 = notrenovabk contoller andbr devce 1
Bit 5-1: Vendor spedic 0
Bit O: Resered 0
*2 Number of Cyinders , *3 Number of Heads,
*11 Tofa nunber of user addressabseadrs (LBA mode on}.)
MPG3102AT | MPG3153AT | MPG3204AT | MPGS3307AT | MPG3409AT
*2 X'3FFF' - - - <
*3 X'10' - - - -
*11 | X'01316AF0'| X'01CAL1E70] X'0262D5EQ' X'03943CH0' X'04C5ABCO’
*4 Word 10-19:Seril nunber; ASCII code (20 charaets, rght-justfied)
*5 Word 23-26:Firmware revsion; ASCII code (8 charaets, Leftjustfied)
*6 Word 27-46:Modelnunber;
ASCII code (40 characters, Leftystified), renainder filled with blark code (X'20")
One of he following nodelnunmbers;
MPG3102AT, MPG3153AT, MPG3204AT, MPG3307AT, MPG3409AT
*7 Word 49: Camhilities
Bit 15-14. Reserved
Bit 13: Standbytimer valie 0 = Sandbytimer valies shdlbe managed bythe devce
Bit 12: Resered
Bit 11: IORDY support 1 = Suppored
Bit 10: IORDY inhibition 0 = Disabe irhibition
Bit 9: LBA support 1 = Suppored
Bit 8: DMA support 1 = Suppored
Bit 7-0: Vendor spedic

*8 Word 51:PI1O da& transfer node

Bit 15-8:
Bit 7-0:

P10 daa transfer node
Vendor spedic

X'04'= PIO node 4

*9 Word 53:Enabb/disabk seting of word 54-58 ,64-70 and 88

Bit 15-3: Reserved

Bit 2: Enabk/disabk seting of word 88 1 = Enabé
Bit 1: Enabk/disabk seting of word 64-70 1= Enabé¢
Bit O: Enabk/disabk seting of word 54-58 1= Enabé¢
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Table 5.5 Information to be read by IDENTIFY DEVICE command (4 of 7)

*10 Word 59: Transfer sector count currently set by REAIRWE MULTIPLE command

Bit 15-9: Reserved

Bit 8: Multiple sectwo trarsfer 1= Erale

Bit 7-0: Transfer sector count currently set by REAIRWE MULTIPLE without
interrupt suppors 2, 4, 8 and 16 seus.

*12 Word 63:Multiword DMA transfer node
Bit 15-11: Reserved

Bit 10: 1 = Multiword DMA mode 2 & sekcied

0 = Multiword DMA mode 2 s notsekcied
Bit 9: 1 = Multiword DMA mode 1 & seécied

0 = Multiword DMA mode 1 s notsekcied
Bit 8: 1 = Multiword DMA mode 0 § sekcied

0 = Multiword DMA mode 0 s notsekcied
Bit 7-3: Reserved

Bit 2: 1 = Multiword DMA mode 2 and belw are suppoed
Bit 1: 1 = Multiword DMA mode 1 and belw are suppoed
Bit O: 1 = Multiword DMA mode 0 § suppord

*13 Word 64:Advance PlOransfer node supporstatus

Bit 15-8: Reserved

Bit 7-0: Advance PlOnansfer node
Bitl=1 Mode 4
Bit0=1 Mode 3

*14 Word 80:Magjor verson nunber
Bit 15-6: Reserved

Bit 5: ATA-5 Suppored =1
Bit 4: ATA-4 Suppored =1
Bit 3: ATA-3 Suppored =1
Bit 2: ATA-2 Suppored =1
Bit 1: ATA-1 Suppored =1
Bit O: Undefined

*15 Word 82:Supportof command se$

Bit 15: Resered

Bit 14: NOP command suppormd = 0

Bit 13: Read Buffer cormand suppoed = 1

Bit 12: Write Buffer command suppord = 1

Bit 11: Write Verify command suppord (Old Spec.) =0
Bit 10: Host Proécied Area featre conmand suppoed = 1
Bit 9: Device Resetonmand supposed = 0

Bit 8: SERVICE Inerrupt supporéd = 0

Bit 7: Release Ingrrupt supporéd = 0

Bit 6: Lock Ahead suppoed = 1

Bit 5: Write-cache supported = 1

Bit 4: Packet command feature set supported =0

Bit 3: Power Managenent feaure setsupporéd = 1

Bit 2: Renovabk featire setsupporéd = 0

Bit 1: Security feature set supported =1

Bit O: SMART feaure setsupporéd = 1
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Table 5.5

Information to be read by IDENTIFY DEVICE command (5 of 7)

*16 Word 83:Supportof conmand se$

Bit 15:
Bit 14:
Bit 13-5:
Bit 4:
Bit 3:
Bit 2:
Bit 1:
Bit O:

0

1

Reserved

Renovabk Mdia Sttus Notficaion featire setsupporéd = 0
Advanced Power ldhagenent feaure setsupporéd = 1

CFA featre setsupporéd = 0

READWRITE DMA QUEUED suppomrd = 0

DOWNLOAD MICROCODE comand suppord = 0

*17 Word 85: Enable/disable Canand set/feature enabled

Bit 15:
Bit 14:
Bit 13:
Bit 12:
Bit 11:
Bit 10:
Bit 9:
Bit 8:
Bit 7:
Bit 6:
Bit 5:
Bit 4:
Bit 3:
Bit 2:
Bit 1:
Bit O:

Resered

NOP conmand enabdd = 0

READ BUFFER comand enabdd

WRITE BUFFER command enabdd
Resered

Host Protected Area feature set enabled
DEVICE RESET comand enaldd = 0
SERVICE irterrupt eralded = 0

Release interrupt enabled = 0
Look-ahead enabtl

Write cache enabled

PACKET Command feature set enabled = 0
Power Managenent feaure setenabéd
Renovable Media feature set enabled =0
Security Male featue set eabed

SMART feature set enabled

*18 Word 86:Conmmand seffeature enaled

Bit 15-10:
Bit 9:
Bit 8:
Bit 7:
Bit 6:
Bit 5:
Bit 4:
Bit 3:
Bit 2:
Bit 1:
Bit O:

Reserved

1 = Aubbmatic Acoustc Managenent feaure setenabéd

1 = SET MAX secuity extersion erabed by SET MAX SET PASSWORD
Resered

0 = SET FEATURES subcamend requied b spin-up afer power-up
0 = Power-Up In Sindbyfeaure setenabéd

0 = Renovabk Mdlia Satus Notficaion featre setenabéd

1 = Advanced Power Bhagenent feaure setenabéd

0 = CFA feature set enabled

0 = READWRITE DMA QUEUED command suppomrd

0 = DOWNLOAD MICROCODE comand suppoed
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Table 5.5 Information to be read by IDENTIFY DEVICE command (6 of 7)

*19 Word 88:Ultra DMA modes

Bit 1
Bit 1

Bit 1

Bit 1

Bit 1

Bit9

Bit 8

Bit 7

Bit 5:
Bit 4:
Bit 3:
Bit 2:
Bit 1:
Bit O:

5-14. Reserved
3 1 = Ultra DMA mode 5 § seécied

0 = Ultra DMA mode 5 § notsekced
2: 1 = Ultra DMA mode 4 s seleatd

0 = Ultra DMA mode 4 s notsekcid
1 1 = Ultra DMA mode 3 & seécied

0 = Ultra DMA mode 3 § notsekced
0: 1 = Ultra DMA mode 2 s sekcied

0 = Ultra DMA mode 2 s notsekcied
: 1 = Ultra DMA mode 1 & seécied

0 = Ultra DMA mode 1 § notsekcid
: 1 = Ultra DMA mode 0 § seécied

0 = Ultra DMA mode 0 s notsekcied
-6: Reserved
1 = Ultra DMA mode 5 and belw are suppoed
1 = Ultra DMA mode 4 and belw are suppoet
1 = Ultra DMA mode 3 and belw are suppoed
1 = Ultra DMA mode 2 and belw are suppoed
1 = Ultra DMA mode 1 and belw are suppoed
1 = Ultra DMA mode 0 § suppord

*20 Word89: Time required for SECURITY ERASE UNIT comand b conplete.

MPG3102AT = 0004: 8 mnutes

MPG3153AT = 0008: 16 ninutes
MPG3204AT = 0008: 16ninutes
MPG3307AT = 001Q: 32 ninutes
MPG3409AT = 001Q: 32 mnutes

*21 Word 93: Hardware resetesut. The contents of bits 12-0 of this word shal changeonly
during the execubn of a hardware reset

Bit 15: 0
Bit 14: 1
Bit 13: 1 = devte deeced CBLID- above Y; (80-conduatr cabk)

Bit 1

0 = devce deeced CBLID- bebw V,_ (40-conduatr cabk)

2-8: Device 1 hardware resedsut. Device 0 shdlclear hese bis © zero.
Device 1shall set ttese lits as fdlows:
Bit 12: 0 = Reserved
Bit 11: 0 = Devce 1 dd notasserPDIAG-
1 = Devie 1 asseed PDIAG-
Bit 10-9: These bis indicake how Devee 1 de¢rmined the devce nunber.

00 = Reserved

01 = a jumper was used

10 = he CSEL gjnalwas used

11 = sone other nethod was used ohé nethod is unknown
Bit 8: 1
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Table 5.5 Information to be read by IDENTIFY DEVICE command (7 of 7)

Bit 7-0: Device 0 hardware resegsut. Device 1 shdlclear hese his 0 zero.
Device Oshall set tlese lits as fdlows:
Bit 7: 0
Bit 6: 0 = Devtce 0 does natespond when Dewe 1 5 seéced
1 = Devtce 0 responds when Dee 1 5 seécied
Bit 5: 0 = Devce 0 dd notdeectthe asserbn of DASP-
1 = Device 0 detcied he asserbn of DASP-
Bit 4: 0 = Devce 0 dd notdeectthe asserbn of PDIAG-
1 = Device 0 det¢cied he asserbn of PDIAG-
Bit 3: 0 = Devte 0 faled diagnosics
1 = Devte 0 passed dgnosics
Bit 2-1: These Wis indicate how Devee 0 de¢rmined he devce nunber.

00 = Reserved

01 = a jumper was used

10 = he CSEL gjnalwas used

11 = sone other nethod was used ohé nethod is unknown
Bit O: 1

*22 Word 94:Automatic Acoustc Managenent

Bit 15-8: 0
Bit 7-0: Currentautamatic acousitc managenent value

C141-E110-02EN 5-35



(13)

(14)

IDENTIFY DEVICE DMA (X'EE)

When this commard is not usedto transfer data to the host in D MA mode, this command
functions inthe sane way as tle ldertify Device canmand.

At conmand issuance (D regsters seing conent)
1F74(CM) 1 1 1 0 1 1 1 0

1F64(DH) x x x DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) XX

At command conpletion (1/O regsters congénts to be read)

1F74(ST) Status information
1F64(DH) x x x DV XX
1F5(CH) XX

1F4,4(CL) XX

1F34(SN) XX

1F24(SC) XX

1FL(ER) Error information

SET FEATURES (XEF)

The hostsystemissuesthe SET FEATURES command to set pararaers in the Features register
for the purpose of changing the device features to be executed. Fortta@sfermode (Feature
register = 03), dedil seting can be done ugj the Seabr Countregister.

Upon receipt of this conmand, the device sets the BSY bit of the Status register and saubs
parangters in the Features register. Then, the device clears the BSY bit, and generatesan
interrupt.

If the value int he Features register i snot supported ori ti si nvalid, t he device postsan
ABORTED COMMAND error.

Table 5.6 Ists the avaiable valies and operational modes that may be set in the Features register.
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Table 5.6 Features register values and settable modes

Featres Regiter

Drive operabn node

X'02’ Enables the write cache function.

X'03’ Specifies the transfer mode. Supports PIO mode 4, single word DMA mod
and multiword DMA mode regardless of Sector Count register contents.

X'o4 No operation.

X'05’ Enable the advanced power management function.

X'33’ No operation.

X'42 Enable Automatic Acoustic Management feature set

X654’ No operation.

X'55’ Disables read cache function.

X'66’ Disables the reverting to power-on default settings after software reset.

XTr No operation.

X'81 No operation.

X'82’ Disables the write cache function.

X84’ No operation.

X'85’ Disable the advanced power management function.

X'88’ No operation.

X'89’ No operation.

X'AA’ Enables the read cache function.

X‘AB’ No operation.

X'BB’ Specifies the transfer of 4-byte ECC for READ LONG and WRITE LONG
commands.

X'C2’ Disable Automatic Acoustic Management feature set

X'ccC Enables the reverting to power-on default settings after software reset.
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At command issuance (D regsters seing conentk)

1F74(CM) 1 1 1 0 1 1 1 1

1F6.|(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) xx or transfer mode
1F14(FR) [See Table 5.6]

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

The host sets X03' to the Featues regster. By issung this command with settirg a value to the
SectorCountregister, the transfermodecan be selced. Upper 5 1§ of the Seabr Countregister
defines he transfer ype and bwer 3 bts spedies he binary node vale.

However, the IDD can operate with the PIO transfedm4 and mitiword DMA transfermode?2
regardless of reception of the SET FEATURES owmd for transfer made setting.

The IDD suppors following values n the Secor Countregister value. If other value than below
is spedied, an ABORTED CONIAND error is poséd.

P10 defaul transfer node 00000 000 (X'00")

P10 flow contol transfer node X 00001 000 (X'08': Mode 0)
00001 001 (X‘09': Mode 1)
00001 010 (X‘0A:Mode 2)
00001 011 (X'OB:Mode 3)
00001 100 (X‘0C":Mode 4)

Multiword DMA transfer node X 00100 000 (X‘20’: Mode 0)
00100 001 (X'21': Mode 1)
00100 010 (X'22': Mode 2)

Ultra DMA transfer node X 01000 000 (X'40’: Mode 0)
01000 001 (X‘41’: Mode 1)
01000 010 (X'42’: Mode 2)
01000 011 (X'43: Mode 3)
01000 100 (X'44’: Mode 4)
01000 101 (X‘45': Mode 5)
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(15)

Subcomnmand code42hallowsthe hostto enabé the Automatic Acoustc Managenent feaure set
To enabé the Automatic Acoustic M anagenent feature set t he hostwri tes the Secor Count
regiser with the requestd aubmatic acousitc managenent level andexecues a SET FEATURES
command with subcommand code 42h. The acoust managenent level is sekcied on a scale
from 01h b FEh. Folowing teble showshe acoust managenent level values.

Enablng or di sablhg of t he Automatic Acoustic M anagenent feature set and the current
auomatic acastic maragemert level settirg will b e presened by the device acrossall forms of
resefi.e., power on, hardware, and software reset

Automatic managenent levels

Level Sector Counvalue
Reserved FFh
Maximum performance COh - FEh
Minimum acousic emanaton level 80h - BFh
Reired 01lh - 7Fh
Vendor Specific (Maximum performance) 00h

Subcommand code C2h dsabks the Automatic Acoustic Managenent feature set Devicesthat
implement SET FEATURES subcomand 42h are notequired to implementsubconmand C2h.
If device successfily completes execution of this subcommard, thenthe acaustic behavior of the
device shal be vendor-spedic, and the device reurn zeros n bits 0-7 of word 94 andbit 9 of
word 86 of he IDENTIFY DEVICE da&

SET MULTIPLE MODE (XC6)

This conmand enables the device to perforrthe READ MULTIPLE and WRITE MULTIPLE
commands. The hick count(nurmber of seabrs in ablock) for thesecommandsarealso specfied
by the SET MULTIPLE MODE comand.

The nunber of sectors per block is written into the Sector Cananfister. The IDD supports2, 4,
8 and 16 (seors) as e block couns.

Upon receiptof this command, the devicesets the BSY bit of the Status register and checks the
contens of the Seobr Countregister. If the conent of the Secbr Countregister is vaid and s a
suppored block count the value is stored for all subsequenREAD M ULTIPLE and WRITE
MULTIPLE commands. Execution of these canands is then enabled. If the value of the Sector
Countregisteris nota suppord block count an ABORTED COMMAND error is posed and he
READ MULTIPLE and WRITE MULTIPLE conmands are disabled.

If the conent of the Secbr Countregister is 0 whenthe SET MULTIPLE MODE commandis
issued, the READ MULTIPLE and RITE MULTIPLE commands are disabled.

Whenthe SET MULTIPLE MODE conmand operation is corpleted, the device clears the BSY
bit and generas an nterrupt
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At command issuance (D regsters seing conentk)
1F74(CM) 1 1 0 0 0 1 1 0

1F6.|(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) Sector count/block
1F1(FR) XX

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) x x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) Sector count/block
1F14(ER) Error information

After power-on or after hardwareresett he READ M ULTIPLE and WRITE M ULTIPLE
command operdbn are diabkd aslte defaul mode.

Regarding software reset, th@de set prior to software reset is retained after software reset.

The pararreters for the multiple commards w hich are p ostedto th e host systemw henth e
IDENTIFY DEVICE command is$ ssued are listed below. See Subsection 5.3.2 for the
IDENTIFY DEVICE command.

Word 47 = 8010: Maximum number of secbors thatcan be transferred per nterruptby the
READ MULTIPLE and WRITE MJLTIPLE conmands are 16 (fied).

Word 59 = 0000: The READ MULTIPLE and VRITE MULTIPLE commands are disabled.

=01xx: The READ MULTIPLE and WRITE MULTIPLE commands are enabled.
"xx" i ndicates the current setting for num ber of sect ors thatcan be
transferred per i nterruptby t he READ MULTIPLE and WRITE
MULTIPLE commands.
e.g. 0110 = Bick countof 16 has been sél the SET MULTIPLE MODE
commeand.

(16) EXECUTE DEVICE DIAGNOSTIC (X90)

This conmand perforns an nternal diagnosic test (sef-diagnoss) of the device. This conmand
usuallysets the DRV bit of the Drive/Head register is to 0 (however, the DV bit is not checked).
If two devces are preserthoth devces executsef-diagnoss.

5-40 C141-E110-02EN



If device 1 B present

« Both devices shdlexecue sef-diagnoss.

* The device 0 waits for up to 5 seconds until device 1 asserts the PDIAG- signal.

e Ifthe device 1 does notassertthe PDIAG- signal butindicaies an error, he device 0 shal
append X80'to its own dagnosic status.

* The devee O ckars he BSY bt of the Staitus regster andgenerags aninterrupt (Thedevice
1 does nogenerat an nterrupt)

» Adiagnosic status of the device 0 is read bythe hostsystem When a diagnosic failure of
the device 1 is detected, the host systam read a status of the device 1 by setting the DV bit
(selecting the device 1).

When devie 1 & notpresent

* The devee 0 post onl the resuls of its own setdiagnose.
» The devtce 0 ckars he BSY bt of the Satus regster, and generes an nterrupt

Table 5.7 lists the diagnostic code written in the Error register which is 8-bit code.
If the devicel fails the sef-diagnoss, the device 0 "ORs" X80'with its own satus and set that

code to the Error register.

Table 5.7 Diagnosttc code

Code Resut of diagnositc
X‘00’ Mechanical failure

Xo1r No error detected

X'02’ Hardware error

X'03’ Buffer failure

X'04' SRAM failure

X'05’ SA read failure

X'06’ Power ON cabration faiure
X‘8x’ Failure of device 1

At conmand issuance (I regsters seing conent)
1F74(CM) 1 0 0 1 0 0 0 0
1F64(DH) x x x DV XX
1F5(CH) XX
1F4,4(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) XX
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At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F6,(DH) 00
1F5,(CH) 00
1F4,4(CL) 00
1F34(SN) 01,
1F24(SC) 01,
1FIL(ER) Diagnostic code

(17) FORMAT TRACK (X'50)

Upon receipt of this comand, the device sets the DRQ bit and watite conpletion of 512-byte
format paramster transfer fronthe host systemAfter conpletion of transfer, the device clears the
DRQ bits, ses the BSY bit. Howeverthe devce does noperformformat operaton, butthe drive
clears he BSY bt and generas an nterrupt soon. Whenhe command executon conpletes, the
device ckars he BSY bt and generats an nterrupt.

The drive supports this canand for keep the copatibility with previous drive only.

(18)  READ LONG (X22'or X'23)

This command operatessimilarly tothe READ SECTOR(S) command except that the device
transfers the data in the requested sector and the ECC bytes to the host sy§thkemECC error
correctonis notperformed for this command. Ths command s used for checkig ECC funcion
by conbining with the WRITE LONG command.

The READ LONG comand suppom only single seobr operaiton.

At command issuance (D regsters seing conéent)
1F74(CM) 0 0 1 0 0 0 1 R
1F6,(DH) x L x DV Head No. /LBA [MSB]

1F5,(CH) Cylinder No. [M5B]/ LBA
1F44(CL) Cylinder No. [LSB]/ LBA
1F34(SN) Secbr No. / LBA [LSB]
1F24(SC) Number of seatrs b be tansferred
1F1(FR) XX

R=0orl

5-42 C141-E110-02EN



(19)

At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F6,4(DH) x L x DV Head No. /LBA [MSB]
1F5,(CH) Cylinder No. [M5B]/ LBA
1F44(CL) Cylinder No. [LSB]/ LBA
1F34(SN) Secbr No. / LBA [LSB]
1F24(SC) 00 (*1)
1F1(ER) Error information

*1 If the command is ternmated due to an error, this register indicates 01.

WRITE LONG (X32'or X'33)

This command operatessimilarly tothe READ SECTOR(S) command except that the device
writes the data ard the ECC bytes trarsferredfrom the host systemto the diskmedum. The
device doesnot generag ECC bytes byitsef. The WRITE LONG conmand suppors only single

sector operabn.

This command is operated under the following conditions:

e Theconmandisissuedin a sequence ofie READ LONG or WRITE LONG (to the sane
address) comand issuance. (WRITE LONG comand can be conhuousy issuedafter the
READ LONG command.)

If above condition is not satisfied, the cawand operation is not guaranteed.

At conmand issuance (I regsters seing conent)

1F74(CM) 0 0 1 1 0 0 1 R
1F6,4(DH) x L x DV Head No. /LBA [MSB]
1F5,(CH) Cylinder No. [M5B]/ LBA
1F44(CL) Cylinder No. [LSB]/ LBA
1F34(SN) Secbr No. / LBA [LSB]
1F24(SC) Number of seatrs b be tansferred
1F1(FR) XX

R=0orl1

At command conpletion (1/O registers contents to be read)

1F74(ST) Status information

1F6,(DH) x L x DV Head No. /LBA [MSB]
1F5,(CH) Cylinder No. [M5B]/ LBA

1F44(CL) Cylinder No. [LSB] /LBA

1F34(SN) Sector No. / LBA [LSB]
1F24(SC) 00 (*1)

1F1(ER) Error information

*1 If the command is terminated due to an error, this register indicates 01.
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(20)

(21)

READ BUFFER (XE4

The host systemcan readthe currentcontents of the sector buffer of the device by issuing this
command. Uponreceiptof this command, the device sets the BSY bit of Status register and sets
up the sectorbuffer for a read operabn. Then the device ses the DRQ bit of Status regster,
clears he BSY bt, and generat an nterrupt.  After that, the hostsystem can read upot512 bytes

of data fromthe buffer.

At command issuance (D regsters seing conent)
1F74(CM) 1 1 1 0 0 1 0 0

1F6.|(DH) X X X DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1FI4(FR) XX

At conmand completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) x x x DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1L(ER) Error information

WRITE BUFFER (XE8)

The hostsystemcan overwrie the conent of the secbr buffer of the device with a desred daa
pattern by issuing this comand. Upon receipt of this comrmand, the device sets th&SY bit of
the Statusregister. Thenthe device sets the DRQ bit of Status register and clears the BSY bit
whenthe device is ready to receive the data. After that, 512 bytes of data is transferrectfi@m
host andhe devtce wries the datito the seabr buffer, hen generas an nterrupt

At conmand issuance (D regsters seing conent)
1F74(CM) 1 1 1 0 1 0 0 0
1F64(DH) x x x DV XX
1F5(CH) XX
1F4,4(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) XX
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(22)

At conmand conpletion (I/O regsters congnis to be read)
1F74(ST) Status information
1F64(DH) x x x DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1FL(ER) Error information

IDLE (X'97'or XE3)

Upon receipt of this cormand, the device sets the BSY bibf the Statusregister,and entersthe
idle mode. Then, he devce clears he BSY bit, and generagss aninterrupt The device generats
aninterrupt evenif the device has rot fully enteredthe idle mode. If the spindle of the deviceis
alreadyrotating, the spn-up sequence sHalotbe mplementd.

If the conents of the Secor Countregister is other than 0, he aubmatic power-down fundbn is
enabled and the tier starts countdown imediately. When the timer reacheshe specifiedtime,
the devte enérs the sandbymode.

If the conent of he Seobr Countregister is 0, he aubmatic power-down fungbn is disabéd.

Enabling the autonatic power-down function means thatthe device autonsatically entersthe
standbymode afer a ceréin period of ime. When e devce enérs te idle mode, he imer sharts
coundown. If any command is noti ssued whiet he timeris countng down, the device
autonatically entersthe standbymode. If any command is issued while the tirer is counting
down, the timer is initialized and the conmand is executed. The tirar restarts countdown after
conpletion of the command execution.

The period of timer countis setdependig on the value of the Secbr Countregister as shown
below.

Sector Countegsster valie Point of timer
0 [X'00] Disable of timer
10240 [X'01'to X'FO7 (Value x5) seconds
2410251 [X'F1'to X'FB] (Value — 240%30 minutes
252 [X'FC 21 minutes
253 [X'FD'] 8 hours
254 p 255 [X'FE'to X'FF] 21 minutes 15 seconds
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At command issuance (D regsters seing conentk)

1F7(CM) X'97' or X'E3'
1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F2,4(SC) Period of timer
1F1(FR) XX

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

(23)  IDLE IMMEDIATE (X'95' or X'E1)

Upon receipt of this comrmand, the device sets the BSY bibf the Statusregister,and entersthe
idle mode. Then,the devce clears he BSY bit, and generass an interrupt This command does
not supportthe aubmatic power-down fungon.

At command issuance (/O registers setting contents)

1F7(CM) X'95' or X'E1'
1F64(DH) x x x DV XX
1F54(CH) XX

1F4,4(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(ER) Error information
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(24)

(25)

STANDBY (X'96'or X'E2)

Upon receiptof this command, the device sets the BSY bit of the Status register and enters the
standbym ode. The device then clears the BSY bi t and generaks an i nterrupt. The devi ce
generatesninterruptevenif thedevice has not fully entered the standbgds. If the device has
alreadyspun down,le spih-down sequencesinotimplementd.

If the conents of the Secor Countregister is other than 0, he aubmatic power-down fundbn is
enabéd and he timer sarts countlown when he devce retirns © idle mode.

When the tiner value reaches 0 (passed a specified)tithe device enters the standbyda.
If the conent of he Seobr Countregister is 0, he aubmatic power-down fungbn is disabéd.
Under he sandbymode, he spndle notor is sbpped. Thus, whemé command involving a seek

suchasthe READ SECTOR(S) comand is received, the device processes the corand after
driving the spindle notor.

At command issuance (D regsters seing conéent)

1F74(CM) X'96' or X'E2'
1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) Period of timer
1F1(FR) XX

At conmand conpletion (I/O regsters contents to be read)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

STANDBY IMMEDIATE (X'94' or X'EQ)

Upon receiptof this command, the device sets the BSY bit of the Status register and enters the
standbymode. The dewe hen ckars he BSY bt and generates an interrupt. This command does
not support the automatic power-down sequence.
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(26)

At command issuance (D regsters seing conentk)

1F74(CM) X'94' or X'EQ'
1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

SLEEP (X99'or X'E6)

This canmand is the anly way tomake the device erter the sleepmode.

Upon receipt of this command, the device sets the BSY bit of the Status register and enters the
sleep node. The dewie then ckars he BSY bit andgenerats aninterrupt The devicegenerats

aninterryot evenif the device has rot fully enteredthe sleep rade.

In the sleepmode,the spindlemotor is stopped and the ATA interface section is inactive. All I/O
regiser ouputs are n high-impedance site.

The only way to release the device frelaep node is to execute a software or hardware reset.

At conmand issuance (I regsters seing conent)
1F74(CM) X'99' or X'E6'
1F64(DH) x x x DV XX
1F5(CH) XX
1F4,4(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) XX
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At command conpletion (1/O regbsters congénis to be read)

1F74(ST) Status information
1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(ER) Error information

CHECK POWER MDDE (X'98'or X'E5)

The hostchecks e power nede of he devece wih this command.

The hostsystem can confrm the power save wde of he devce byanalzing the conent of the

Secbr Countand Seddr regsters.

Thedevice ses the BSY bit andses the following regster value. After that, the devie ckars he

BSY bit and generas an nterrupt

Power save mode

Sector Count regist

 During noving o siandbymode

« Standbymode X'00'
* During retirning fromthe sandbymode

* Idle mode X'80'
» Active mode X'FF

At command issuance (/O registers setting contents)

1F74(CM) X'98' or X'E5'
1F64(DH) x x X DV XX
1F5(CH) XX

1F4,4(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(FR) XX
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At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F64(DH) x x x DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) X'00' or X'FF'
1F1(ER) Error information

SMART (X'B0)

This command perforns operations for device failure predictions according t@a subconmand
specfiedin the FR register. If the value speciied in the FR regster is suppored, the Aborted
Conmmand error & postd.

It is necessaryor the hostto setthe keys (CL = 4Fh and CH = C2h)n the CL and CH regiters
prior to issuing this conmand. If the keys are set incorrectly, the Aborted Cormand error is
postd.

Whenthe failure predction featire is disabkd, he Aborted Conmand error $ poséd in response
to subconmands oher han SMART Enabk Operatons (FR regiter = D8h).

When the failure prediction feature is enabkd, the device collects or updaies severalitems to

forecastfailures. In the following sections, note that the values of itsmollected or updated by
the device to forecast failures are referred to as attribute values.
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Table 5.8 Features Register values (subcommands) and functions (1/2)

Features Resister

Function

X'Do’

SMART Read Atribute Values:

A device that received this subcomand asserts the BSY bit and saves all the
updaed atribute vales. The dewdie tien ckars he BSY bt and tansfers 512-hg
attribute value information to the host.

* For information abouthe format of the atribute valie information, see Talel 5.9.

XDr

SMART Read Atribute Threshals:

This subconmand is used ¢ transfer 512-bie insurance fdure threshotl value daa

to the host.

* For information about the format of the insurance failure threshold value datd
Table 5.10.

L, See

X'D2’

SMART Enabk-Disable Attribute AubSave:

This subconmand is used ¢ enabé (SC regster # 00h) or dsabk (SC regiter =
00h) the setting of the aut@tit saving feature for the device attribute data. The
setting is maintainedevery time the device is tured off and thenon. Whenthe
autonatic saving feature is enabled, the attribute values are saved afténdfgesn
passed sice he prevbus sauig of he atribute valies. However fithe faiure
predction featue is dsabled the attribute values are ot auomatically saed

When the device receives this subeoand, it asserts the BSY bit, enables or
disables the autagtic saving feature, then clears the BSY bit.

X'D3’

SMART Save Atribute Values:
When the device receives this subepand, it asserts the BSY bit, saves device
attribute value data, tlken clears th BSY hit.

X' D4’

SMART Execute off-line Irmediate/Execute Self Test:

The device that received these subo@mds shall execute off-line data collection
Sef Test or devtce shdlabortcurrentSef Test

The seting of SN regiter is descrbed as fdbwing.

Off-line da& collecion: (SN regster = 00h)
Sef Testfuncions:
- Quick Test— Off-line Mode (SN regster = 01h)
- Quick Test— Capive Mode (SN regster = 81h)

- Conprehensie Test— Off-line Mode (SN regster = 02h)

- Conprehensie Test Capive Mode (SN regster = 82h)

- Sef TestStop (SN regster = 7Fh)
The device that received subamand (SN register is described 00h, 01h or 02h)
shall execue Off-lin e cata cdlection or Self Test after assertsatf8SY bit and clears
it.
The device that received subamand (SN register is described 81h or 82h) shall
execue Self Test after asseretiBSY bit, then clears tie BSY bit after canpletes
these comand process.
The device that received subamand (SN register is described 7Fh) shall assert
BSY bit. When he devte kin process of performg Sef Testor off-line daa
collecion, it shoutl abortthe currentSelf Test or off-line data collection, then cleg

the

the BSY bit.

C141-E110-02EN 5-51



Table 5.8 Features Register values (subcommands) and functions (2/2)

X'D5’

SMART Read Logging Da&:
This subcomand is usedd transfer 512-bie logging dat to the host
The seting of SN regiter is desched as fdbwing.
Log Secbr Address 01lh (SC regiter 01h): SMART Error Log
(See Tak# 5.11)
06h (SC regiter 01h): SMART Sef TestLog
(See Tah# 5.12)
80-9Fh: Hostvendor spedic
When the device receives these subemmds, it asserts the BSY bit and transferg
512-byte logging daa to the hosfthen ckears he BSY bi.

X'De’

SMART Write Logging Da&:

This subconmand is used ¢ transfer 512-bte logging daa from the host and saves
these data on theadlia.

Log Secor Address 80-9Fh: Hostvendor spedic

When the device receives this subeoand, it receives 512-byte logging data fron;
the hostand assestthe BSY bt and saves 512-bydat on the nmedia, then ckars
the BSY hit.

X'D8’

SMART Enabék Operaitons:

This stbcommand enaltes tte failure redction featue. The settilg is maintained
even whenhe devce s turned off andhien on.

When the device receives this subeoand, it asserts the BSY bit, enables the
failure prediction feature, then clears the BSY bhit.

X'D9’

SMART Disabk Operabns:

This stbcommand disables tle failure pedction featue. The settiig is maintained
even whenhe devce & twrned off and tten on.

When the device receives this subenand, it asserts the BSY bit, disables the
failure prediction feature, then clears the BSY bhit.

X'DA’

SM ART Reurn Satus:

When the device receives this subeoand, it asserts the BSY bit and saves the
current device attribute values. Then the devicepzwes the device attribute valu
with insurance failure threshold values. If there is an attribute value exceeding
threshold, F4h and 2Ch are loaded into the CL and CH registers. If there are 1
attribute values exceeding the thresholds, 4Fh and C2h are loaded into the CL|
CH registers. After the settings for the CL and CH registers have beenidetgrmn
the device clears the BSY bit.

bS
the
o]
and

X'DPB’

SMART Erabe/Disalde Automatic Of-lin e:

The device that receives this subeoand enables (SC registgrOOh) or dsabks
(SC register = 00h) autaatic off-line data collection. The condition isamtained
even whenhe devte sturned off andurned on.

Whenthe failure predction featue ard auomatic df-lin e data cdlection are
enabéd, an off-ine data collecion shall be perforned regardiss of hosissued
command afer more than 4 hours passecdisie power-on orhie prevous off-ine
data cdlection.

When the device receives this subcoand, it asserts the BSY bit, enables or

disabes atomatic off-line data collectim, thenclears tlie BSY hit.
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The host must reguhbrly i ssue he SMART Read Attribute Values subcormand (FR register =
DOh), SMART Save Attribute Values subcommand (FR register = D3h), or SM ART Return
Status subcomand (FR regster = DAh) b save he devce atribute valie dad on a nedium.

Alternative, the device mustissue he SMART Enabk-Disabk Attribute AutoSave subcomand
(FR register = D2h) to use a feaure which regularly save the device atribute value dai to a
medium.

The host canpredct failures inthe device by periodcally issuirg the SMART Return Statis
subconmand (FR regster = DAh) b referencelie CL and CH regiters.

If an atribute valie is bebw the insurance fdure threshotl value, he devce s abouto fail or the
deviceis nearingthe endof it life . In this case, the host recanends that the user quickly backs
up the dat.

At command issuance (I-O registers setting contents)
1F74(CM) 1 0 1 1 0 0 0 0

1F64(DH) X X X DV XX
1F5,(CH) Key (C2h)
1F4,(CL) Key (4Fh)
1F34(SN) XX

1F24(SC) XX

1F1(FR) Subcommand

At command completion (I-O registers setting contents)

1F74(ST) Status information

1F64(DH) X x X DV XX
1F54(CH) Key-failure predction satus (C2h-2Ch)
1F44(CL) Key-failure prediction status (4Fh-F4h)
1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information
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The attribute value information is 512-byte dat; the format of t his datais shown in Table 5.9.

The hostcanaccesghis data using the SMART Read Attribute Values subomand (FR register

= DO0h). The insurance fdiure threshotl value datis 512-byte data; the formatof t his da@is

shown in Table 5.10. The host can access this data using the SMART Read Attribute Thresholds
subconmand (FR regster = D1h).

Table 5.9 Device attribute data structure

Byte (HeX) Descrigion

88 Data structure revision number *1

02 1% attribute Attribute ID nunber *2

03 Status flag *3

04

05 Normalized atribute valies *4

06 Worst ever normalized *5

(307 Raw atribute values *6

0C

0D Reserved

OE 2" to 30™ Reserved

to attribute _ _ .
169 (Each attribute formt is the samas £' attribute.)
16A Off-lin e cata Off-line data collection status *7
16B callection Sef Testexecution status byte *8
igg Off-line data collection executing ti&s (sec)
16E Reserved

16F Off-lin e data cdlection capahlity * 9
170 SMART cambhlity flag *10

171

172 Drive error logging capability *11

173 Sef Testfailure checkpoint

174 Quick Test completion time (min) *12

175 Comprehensive Test completion time (min) *13

176 Reserved

to

181

182 Vendor ungue

to
1FE

1FF Check sunt14
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Table 5.10 Warranty failure threshold data structure

Byte (Hex) Descrigion

00
01

02 18t drive thresholl | Attribute ID number *2

Data structure revision number *1

03 Attribute threshold *15
04

05 Reserved
06

07
to
0C

0D

OE 2" to 30" drive Reserved
to threshotl (Each threshold format is the same &sliive
169 threshold.)

16A Reserved
to

17B

17C
to

1FE

1FF Check sum

Vendor unique

*1 Datastructure revsion nunber

It indicates the revision number of device attribute and warranty failure threshold. They will
have the same “Data structure revision number”.
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*2 Attribute ID

The atribute ID is defned as fdbws:

Attribute 1D (Dec) Description
0 (Indicates unused attribute data)
1 Read error rate
2 Throughput performance
3 Spin up time
4 Number of times the spindle motor is activated
5 Number of alternative sectors
6 Read channel margin (Not supported)
7 Seek error rate
8 Seek time performance
9 Power-on time
10 Number of retries made to activate the spindle motor
11 Number of retries to calibration
12 Number of turn on/off times
131 198 Reserved
199 Ultra ATA CRC Error Rate
200 Write error rate
201 b 255 (Vendor unique)
*3 Status flag
Bit Description
0 If this bit is set to 1, it indicates the attribute is guaranteed for
normal operation when an attribute value exceeds the threshold.
1 If this bit is set to 1 (0), it indicates the attribute is updated only
by on-line test (off-line test).
2 If this bit is set to 1, it indicates a performance attribute.
3 If this bit is set to 1, it indicates an error-rate attribute.
4 If this bit is set to 1, it indicates an event count attribute.
5 If this bit is set to 1, it indicates the attribute shall be collected
and saved even if the failure prediction feature is disabled.
6 t0 15 Reserved bits
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*4 Normalized atribute valie
The current attribute value is the naimed raw attribute data. The value varies betw@&m
and64h. Thecloserthevaluegets to 01h, the higher the possibility of a failure. The device
conyparesthe attributevalueswith thresholds. \hen the attribute values are larger than the
threshdds, the device is geratirg normally.

*5 Worst ever norrdlized

This is the worst attribute value among the attribute values colecid to date. Thi s value
indicates the state nearest to a failure so far.

*6 Raw atribute vabie
Rawattributes data is retaiad

*7 Off-line dah collecion shtus

Values Descrption

00h or 80h Off-line dat collecion is not started.

01lh or 81h Reserved

02h or 82h Off-line dat collecion has been completed without error.

03h or 83h Reserved

04h or 84h Off-line dat collecion has been suspended by an interrupt
command from the host.

05h or 85h Off-line dat collecion has been aborted by an interrupt
command from the host.

06h or 86h Off-line dat collecion has been aborted with a fatal error. (Ngt
used)

40h to 7Fh Vendor unique (Not used)

COh to FFh

07h b 3Fh Reserved

87h b BFh

If bit [7] is 1, it indicates tlt adomatic off-line data collectim function is eraded.
*8 Sef Testexecuton status byte [16Bh]
Bit 0-3: Self Test rerain time.

The values inthese lits indicate the remining percenage (% - 90%) o Self Test util
conpletion byOh-9h.

Bit 4-7: Sef Testexecuion satus
00h: Self Test has been cqieted nornally. Otherwise Self Test has not
perforned.
01lh: Sef Testhas beemierrupted byhost
02h: Sef Testhas beemierrupted bythe softhard resefrom the host
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03h:
04h:
05h:
06h:
07h:

Sef Testhas been abad for a final error.

Self Test has been cqieted abnorrdly for an unknown reaning.
Self Test has been cqieted abnorraly by Write/Read Test.
Self Test has been cqieted abnorrdly by servo analysis.

Self Test has been cqieted abnorrdly by Read Scan Test

08h-0Eh: Reserved
OFh: Sef Testis beng perforned.

*9 Off-lin e data cdlection camhlity [1 6Fh]

Bit Descrigion

0 If this bit is set tol, it indicates SMART EXECUTE OFF-LINE
IMMEDIATE subcommand is supported. (FR register = D4)

1 Vendor ungue

2 If this bit is set tol, it indicates off-line data collection being
aborted when a new command is received.

3 If this bit is set tol, it indicates SMART off-line read scanning |s
supported.

4 If this bit is set to 1, it indicates SMART Self Test is supported.

5107 Reserved bits

*10  SMART capability flag [170-171h]

Bit Descrigion
0 If this hit is set tol, it indicates the attribute data is saved to the
media before the drive enters power save mode.
1 If this hit is set tol, it indicates the device saves the attribute
automatically according to fixed operation.
2-15 Reserved bits

*11 Drive error logging capability [172h]

Bit Descrigiion
0 If this bit is set to 1, it indicates the drive error logging is
supported.
1t015 Reserved b

*12 Quick Testconpletion ime [minutes]

This value indicates the processingdiof the Quick Test (off-line ode).

*13 Conprehensie Test completion time [minutes]
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This value indicaks he processig ime of he Conprehensie Test(off-line node).
*14 Check sum

Twos conplement of the lower byte, obtained byadding 511-bye data one byata time from
the beghning.

*15 Attribute threshot

The limit of a varying attribute value. Th e host compares the attribute values with the
threshdds toidertify a failure.

Table 5.11 Error logging data structure

Address Descrption
(Hex)

00 SMART error bgging version 01h
01 Index ponter of latest error data structure

02 to 31 Error log data Reserved
32 stucture 1 Conmmand daa Device contol register
33 structure Features register
34 Secbr countregster
35 Secbr nunber regster
36 Cylinder low register
37 Cylinder high register
38 DriveMead register
39 Conmand register

3A to 3D Elapsedime frompower-on

[ms]

3E Error data Reserved
3F structure Error register
40 Secbr countregster
41 Secbr nunber regster
42 Cylinder bw register
43 Cylinder hgh register
44 DriveMHead regiter
45 Status regster

46 to 58 Vendor unique
59 State
gg Cumulative elaedtime [H

5Cto 1C3 | Errordg daga Data structure sa@as error log data structure 1

structure 2-5
1C4 Total error count
1C5
1C6 b 1FE | Reserved

1FF Check sum
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*16

*17

*18

*19

Command daa structure
It indicates that the device has received structure of the o@md when the drive occurs the
error.

Error data structure

It indicates that structure of the ATA taskfile register which the drive occurs the error.

Total error count

It indicakes hat the taal countof the error regstered n the error bg.

Check sum

Twos conplement of the lower byte, obtained byadding 511-bye data one byat a time from
the beghning.
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(29)

FLUSH CACHE (X'ET)

This command is use by the host to request the device to flush the write cache. If the write cache
is to beflushed,all datacachedshallbewritten to the media. The BSY bit shall remin set to one

until all data has been successfully written or an error occurdlhe device shoulduseall error
recoverymethodsavailableto ensurethe data is written successfully. The flushing of write cache
may take severakeconds ¢ complete depending upon he anountof datato be flushed andhe
success ofte operabn.

NOTE - This command nmay take longer han 30 sa conplete.

If the command is notsuppored, the device shal setthe ABRT bit to one. An unrecoverabé
error encountered during execution of writing data results in the iteation of the cormandand
the Command Block regisers contan the sector address of t he sector where t he fi rst
unrecoverable error occurred. The sector is renoved from the cache. Subsequent FLUSH
CACHE conmands continue the process of flushing the cache.

At command issuance (D regsters seing conéent)

1F74(CM) X'ET'

1F64(DH) X X X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At conmand conpletion (I/O registers contents to be read)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information
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(30)

SECURITY DISABLE PASSWORD (F6h)

This conmand invalidates the user password already set and releases the lock function.
The hosttransfers he 512-bye data shown in Table 1.1 © the device. The dewvie conpares he
user password or naster password i t he transferred daa wi th the user passwordor master
password akadyset and reéaseshe lock funcion if the passwords arée sane.

Although this command invalidates the user password, he master passwordis retained. To
recover he master password, $sue he SECURITY SET PASSWORD comand and resetthe
user password.

If t he user password or @ster password tansferred fronthe hostdoes notmatch, the Aborted
Command error is returned.

Issuing this command whilei n LOCKED M ODE or FROZEN M ODE returns the Aborted
Command error.

(The section about the SECURITY FREEZE LOCK comand describes LOCKED MODEand
FROZEN MODE.)

Table 5.12 Contents of securiy password

Word Conenss

0 Control word

Bit O: Idertifier

0 = Conpares he user passwords.

1 = Conpares the master passwords.

Bits 1 to 15: Reserved

1016 Password (32 bytes)

17 to 255 Reserved
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(31)

At command issuance (I-O registers setting contents)

1F74(CM) 1

1

1 1 0 1 1

1F6,(DH) x

X

X DV XX

1F54(CH)
1F4,(CL)
1F3,(SN)
1F24(SC)
1F1,(FR)

XX
XX
XX
XX
XX

At command completion (I-O registers setting contents)

1F74(ST)

Status information

1F6,4(DH) x

X DV XX

1F5;(CH)
1F4,(CL)
1F34(SN)
1F24(SC)

1F1,(ER)

XX
XX
XX
XX

Error information

SECURITY ERASE PREPARE (F3h)

The SECURITY ERASE UNIT command feature is enabled bissuingthe SECURITY ERASE
PREPARE command and then the SECURITY ERASE UNIT com mand. The SECURITY
ERASE PREPARE command preverts data fram being erasedunnecessarily g the SECWRITY

ERASE UNIT conmand.

Issuing tlis command durng FROZEN MDDE retrns he Abored Conmand error.
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(32)

At command issuance (I-O registers setting contents)
1F74(CM) 1 1 1 1 0 0 1 1

1F6.|(DH) X X X DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F14(FR) XX

At command completion (I-O registers setting contents)

1F74(ST) Status information
1F6,4(DH) x x x DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1L(ER) Error information

SECURITY ERASE UNIT (F4h)

This command erases all user data. This e¢oand also invalidates the user password and releases
the lock function.

The hosttransfers he 512-bye data shown in Table 1.1 b the device. The dewte conpares he

user password or naster password n t he transferred dad wi th the user passwordor master
password already set. The device erases user data, invalidates the user password, anthecleases
lock funcion if the passwords arbd sane.

Although this command invalidates the user password, he master passwordis retained. To
recover he master password, $sue he SECURITY SET PASSWORD comand and resetthe
user password.

If the SECURITY ERASE PREPARE comand is notissuedimmediately beforethis conmand
is issued, e Aboried Conmand error § retirned.

Issuing this command whie in FROZEN MODE retirns he Abored Conmand error.
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At command issuance (I-O registers setting contents)

1F74(CM) 1 1 1 1 0 1 0 0
1F64(DH) X X X DV XX

1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At command completion (I-O registers setting contents)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

(33) SECURITY FREEZE LOCK (F5h)

This command pus the device into FROZEN MODE. The folowing commands usedd change
the lock funcion retirn the Aboreed Cormmand error f the devce sin FROZEN MODE.

SECURITY SET PASSWRD

SECURITY UNLOCK

SECURITY DISABLE PASSVORD

SECURITY ERASE UNIT

FROZEN MODE is cancekd when the power isturned off. Ift hiscommand is reissuedin
FROZEN MODE, the command is conpleted and FROZEN NDDE renains unchanged.

Issuing this command durng LOCKED MODE retirns fie Abored Command error.

The following medium access commands return the Aborted Command error when the device is
in LOCKED MODE:
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» READ DMA
* READ LONG

* READ MULTIPLE
» READ SECTORS

WRITE DMA

WRITE LONG
WRITE MULTIPLE
WRITE SECTORS
WRITE VETIFY

SECURITY DISABLE PASSVORD
SECURITY FREEZE LOCK
SECURITY SET PASSWRD

At command issuance (I-O registers setting contents)

1F74(CM)

1

1

1 1

0

1

0 1

1F6,(DH)

X

X

X DV

XX

1F5,(CH)
1F44(CL)
1F34(SN)
1F24(SC)
1F14(FR)

XX
XX
XX
XX
XX

At command completion (I-O registers setting contents)

1F7(ST)

Status information

1F6,(DH)

X DV

XX

1F5,(CH)
1F4,(CL)
1F3,(SN)
1F24(SC)
1F1,(ER)

Error information

XX
XX
XX
XX

(34)  SECURITY SET PASSWORD (F1h)

This conmand enalds a user password oragter passwordabe set

The hostransferstie 512-bye daa shown n Table 1.2to the device. The device deerminesthe
operation of the lock function according to the specifications of the Identifier biand Security
level bit in the trarsferreddata. (Tabke 1.3)

Issuing this command in LOCKED M ODE or FROZEN MODE returns the Aborted Cormmand

error.
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Table 5.13 Contents of SECURITY SET PASSWORD data

Word

Conens

0

Control word
Bit O Idertifier
0 = Ses a user password.
1 = Ses a nester password.
Bits 1to 7 Resered
Bit 8 Secuity level
0 = High
1 = Maximum

Bits 9 to 15 Reserved

1to 16

Password (32 bytes)

17 to 255

Reserved

Table 5.14 Relationship between combination of Identifier

and Security level, and

operation of the lock function

Indentifier

Level

Description

User

High

The spedied passwordsisaved as a hew user password. Dok |
function is enabéd after the devee sturned off andhien on.
LOCKED MODE can be canceled using the user password or {
master password already set.

Master

High

The specified password is saved as a new master password.
lock function is not enabled.

The

User

Maximum

The spedied passwordsisaved as a hew user password. Dok |
function is enabéd after the devee sturned off andhien on.

LOCKED MODE can be canceled using the user password onl
The master password already set cannot cancel LOCKED MO

DE.

Master

Maximum

The specified password is saved as a new master password.

The

lock function is not enabled.
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(35)

At command issuance (I-O registers setting contents)

1F74(CM) 1 1 1 1 0 0 0 1

1F64(DH) x x x DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) XX

At command completion (I-O registers setting contents)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

SECURITY UNLOCK (F2h)
This command cancels LOCKED MODE.

The hosttransfers he 512-byte data shown in Table 1.1 to the device. Operaiton of the device
varies as fdbws dependtig on whetter the hostspeciies he nester password or user password.

*  When the naster password is selected

When the secuity level in LO CKED MO DE is high, the password is co mpared with the
master password already set. If the passwords are the sanb©@CKED MODE is canceled.
Otherwise the AbortedConmand error is returned. If the security level in LOCKED MODE
is setto the highestlevel, the Abored Command error$ always returned.

» When the user password is selected

The password is copared with the user password already set. If the passwords asartiee
LOCKED MODE is cancebd. Oherwise, the Abored Command error $ returned.

If the password comparison fails, the device decrerents the UNLOCK couner. The UNLOCK
counterinitially hasa value of five. When the value of the UNLOCK counter reaches zero, this
command or the SECURITY ERASE UNIT conmand causestie Aborted Cormmand error untl

the device is tuned off and thenon, or until a hardwvare reset is escued Issung this commard
with LOCKED MODE cancetd (n UNLOCK MODE) has no affeain the UNLOCK coungr.

Issuing this conmand in FROZEN MODE retirns te Abored Command error.
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At command issuance (I-O registers setting contents)

1F74(CM) 1 1 1 1 0 0 1 0
1F64(DH) X X X DV XX

1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX

At command completion (I-O registers setting contents)

1F74(ST) Status information
1F64(DH) X x X DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F14(ER) Error information

(36-1) SET MAX ADDRESS (F9)

This command allows the maximum address accessible by the user to be set in LBA oICHS
mode. Upon receipt of the camand, the device sets the B2t andsaveshe maximum address
specified in the DH, CH, CL and SN registers. Then, it clears BSY and generates an interrupt.

The new addressnformation setby this conmand is reflecied in Words 1, 54, 57, 58, 60 and 61
of IDENTIFY DEVICE i nformation. If an attempt is made to performa reador write operaton
for an address beyond the new address space, an ID Not Found error will result.

When SC regsterbit 0, VV (Value Volatile), is 1, the value set by this command is held even
after power on and he occurrence of a hard rese¥When the VV bitis 0, the value setby this
command becones invalid whenthe poweris turned on, andhe maximum address refrns o the
value (cefadt value if not set) nost lately set wwenVV bit = 1.

After power on and te occurrence of a hard resethe hostcan issue his command only once
whenVV bit=1.Ift his command withVV bi t=1i sissued twice or more, any command
following the first time will result in an Aborted Comand error.
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At conmand issuance (D regsters sding conént)

1F7,(CM) 1 1 1 1 1 0 0 1

1F64(DH) x L x DV Max head/LBA [MSB]
1F5(CH) Max. cylinder [MSB]/Max. LBA
1F44(CL) Max. cylinder [LSB]/Max. LBA

1F34(SN) Max. sector/Max. LBA [LSB]

1F24(SC) XX A%
1F1H(FR) XX

At command completion (1/O registers contents to be read)

1F74(ST) Status information

1F64(DH) x x x DV Max head/LBA [MSB]
1F5(CH) Max. cylinder [MSB]/Max. LBA
1F4,4(CL) Max. cylinder [LSB])/Max. LBA
1F34(SN) Max. sector/Max. LBA [LSB]
1F24(SC) XX

1F(ER) Error information

(36-2) SET MAX SET PASSWORD (F9)

This conmand requesta tansfer of angle seobr of dat from the hostand defies he conéntof
this sector of inforration. The password is retained by the device until the next power cycle.

At command issuance (/O registers setting contents)
1F74(CM) 1 1 1 1 1 0 0 1
1F64(DH) 1 L 1 DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) 0 0 0 0 0 0 0 1
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At command conpletion (1/O regbsters congénis to be read)
1F74(ST) Status information
1F6,(DH) 1 L 1 DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1(FR) Error information

SET MAX SET PASSWORD datconent

Word Content
0 Reserved
1-16 Password (32 bytes)
17 - 255 Reserved

(36-3) SET MAX LOCK (F9)

After this command is conpleted anyother SetMax commands excepBET MAX UNLOCK and
SETMAX FREEZE LOCK are rejected. The device rams in this state until a power cycle or
the acceptance of A SET MAX UNLOCK or SET MAX FREEZE LOCK coand.

At command issuance (/O registers setting contents)
1F74(CM) 1 1 1 1 1 0 0 1

1F64(DH) 1 L 1 DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX

1F1L(FR) 0 0 0 0 0 0 1 0

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F6,4(DH) 1 L 1 DV XX
1F5(CH) XX

1F44(CL) XX

1F34(SN) XX

1F2,4(SC) XX

1F14(FR) Error information
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(36-4) SET MAX UNLOCK (F9)

This command requed a tansfer of a sigle seabr of dat from the host

The passwordsuppled in the secbr of data transferred shalbe conpared wih the stored SET
MAX password.

If the password conrpare fails, then the device returns conmand abortedand decrenents the
unlock counter. On the acceptance of the SET MAX LOCK comand, this counter is set to a
value of five and shall be decremted for each passwordsmatch when SET MAX UNLOCK is
issued and the device is locked.

When this counterreachesero,thenthe SET MAX UNLOCK command shall return command
aborted until a power cycle.

If the password com pare m atches, then the device shallm  ake a transition to the
Set_Max_Unlocked state and all SET MAX aomands will be accepted.

At command issuance (D regsters seing conéent)
1F74(CM) 1 1 1 1 1 0 0 1
1F6,4(DH) 1 L 1 DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1L(FR) 0 0 0 0 0 0 1 1

At command completion (I/O registers contents to be read)
1F74(ST) Status information
1F6,(DH) 1 L 1 DV XX
1F5(CH) XX
1F44(CL) XX
1F34(SN) XX
1F24(SC) XX
1F1L(FR) Error information

(36-5) SET MAX FREEZE LOCK (F9)

This SET MAX FREEZE LOCK com mand sets the device to Set_ Max_Frozenstate. After
command conpletion anysubsequenSET MAX commands are rejeetd. Commandsdisabledoy
SET MAX FREEZE LOCK are:
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(37)

« SET MAX ADDRESS
 SET MAX SET PASSVORD
« SET MAX LOCK

+ SET MAX UNLOCK

At conmand issuance (@ regsters sding conent)

1F74(CM) 1 1 1 1 1 0 0

1F64(DH) 1 L 1 DV XX
1F54(CH) XX
1F4,4(CL) XX
1F34(SN) XX
1F24(SC) XX

1F1,(FR) 0 0 0 0 0 1 0

At command completion (I/O registers contents to be read)

1F74(ST) Status information
1F6,(DH) 1 L 1 DV XX
1F5(CH) XX

1F4,4(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) Error information

READ NATIVE MAX ADDRESS (F8)

This command poss$ the maximum address mtrinsic to the device, which can be seby the SET
MAX ADDRESS command. Upon receipt of this command, the device sets the BSY bit and
indicates the naximum address in the DH, CH, CL and SN registers. Then, it clearBSY and

generats an nterrupt

At command completion (I/O registers setting contents)

1F74(CM) 1 1 1 1 1 0 0 0
1F64(DH) X L x DV XX

1F5,(CH) XX

1F44(CL) XX

1F34(SN) XX

1F24(SC) XX

1F1(FR) XX
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At command conpletion (1/O regsters congénis to be read)

1F74(ST) Status information

1F64(DH) x DV Max head/LBA [MSB]
1F5(CH) Max. cylinder [MSB]/Max. LBA
1F44(CL) Max. cylinder [LSB]/Max. LBA
1F34(SN) Max. sector/Max. LBA [LSB]
1F24(SC) XX

1F1(ER) Error information
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5.3.3  Error posting

Table 5.14 lists the defined errors that are valid for eachrezmah

Table 5.15 Command code and parameters

Command nane

Error register (XIF1)

Status register (XF7)

ICRC | UNC | INDF | ABRT

TRONF

DRDY DWF ERR

READ SECTOR(S)

V

WRITE SECTOR(S)

READ MULTIPLE

V

WRITE MULTIPLE

READ DMA

WRITE DMA

WRITE VERIFY

READ VERIFY SECTOR(S)

<
<I<IFIS S I] <<

RECALIBRATE

SEEK

INITIALIZE DEVICE PARAMETERS

IDENTIFY DEVICE

IDENTIFY DEVICE DMA

SET FEATURES

SET MULTIPLE MODE

<
<<<<<<<<<< <<<<

<
<<<<<<<<<< <<<<

EXECUTE DEVICE DIAGNOSTIC

FORMAT TRACK

READ LONG

WRITE LONG

<I<|I<

READ BUFFER

WRITE BUFFER

IDLE

IDLE IMMEDIATE

STANDBY

STANDBY IMMEDIATE

SLEEP

CHECK POWER MODE

SMART

<

FLUSH CACHE

SECURITY DISABLE PASSWORD

SECURITY ERASE PREPARE

SECURITY ERASE UNIT

SECURITY FREEZE LOCK

SECURITY SET PASSWORD

SECURITY UNLOCK

SET MAX ADDRESS

READ NATIVE MAX ADDRESS

Invalid command

<<<<<<<<<<<<<<<<<<<<<<>e<<<<<<<<<<<<<<<

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

<|<|<

<<<<<<<<<<<<< < SIS << <<
< <|<

<|<I<I<l<l< << < <5< =T <|<[<I<I<

V: Valid on this cormand
*. See the command descriptions.
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54

54.1

Command Protocol

The host shoudl confirm thatthe BSY bit of the Stitus regster of the device is 0 prior to issue a
command. If BSY bit is 1, the host should wait for issuing a camand until BSY bit is cleared to
0.

Conmands can be execet only when the DRDY bit of the Status regiser is 1. However,the
following commands can be exe@at even f DRDY bit is 0.

« EXECUTE DEVICE DIAGNOSTIC
* INITIALIZE DEVICE PARAMETERS

Data transferring commands from device to host
The execubn of the following commands nvolves dad transfer fronthe devce b the host

 |IDENTIFY DEVICE

 |DENTIFY DEVICE DMA

« READ SECTOR(S)

» READ LONG

» READ BUFFER

« SMART: SMART Read Atribute Values, SMART Read Atribute Threshals

The execution of these cormands includes the transfer one or nore sectors of data fromthe
device to the host In the READ LONG conmand, 516 bytes are tansferred. Fdbwing shows
the protocol outline.

a) The hostwri tes any required parameters to t he Featres, Secbr Count, Sector Number,
Cylinder, and DevieHead regsters.

b) The hostwrites a cormand code ¢ the Conmand regster.

¢) The device sets the BSY bit of the Status register and prepares for data transfer.

d) When one seor (or bbck) of daais avalable for ransfer ¢ the host the device set DRQ bt
and clears BSY bit. The drive then asserts INTRQ signal.

e) After detecing the INTRQ spnal asseibn, the hostreads he Status regster. Thehostreads
one sectorof data via the Dataregister. In response b the Status register being read, he
device negas the INTRQ sgnal.

f) Thedrive clearsDRQ bit to 0. If t ransfer of andber secor is requestd, the device ses the
BSY bit and steps d) and after are repeated.

Even if an error is encountered, the device prepares for data transfer by setting the DRQ bit.
Whether or not to transfer the data is deteimed for each host.In otherwords,the hostshould
receivetherelevantsector of data (512 bytes of uninsured dyrdata) or release the DRQ status
by reseting.

Figure 5.2 shows an exae of READ SECTOR(S) comand probcol, and Figure5.3 showsan
exanple probcol for conmand abort
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Commard

Parameer write v Status read Status read
V~v b : C V- o 000 '
o~ e
DROY — 4 d

- L L
INTRQ : | l—
Data tansfer mw m

Expanded  _.---"7"

Commard
— E;Min. 30us (*1)
DRQ J o |_
w7

Sdection. /1]
B S EID GED G EESHED G R

IOR- |_ |_ |_ coes |_

Word © 0 1 2 255

IOCS16-
]

*1 Whenthe IDD recevesa commard that hits the cache data diring read-ahead, ard
transfers data fom the buffer without readng from the disk medium.

Figure 5.2 Read Sector(s) command protocol

Even if the error status exists, the drivekms a preparation (setting the DR@) of datatransfer.
It is up to the host whether data is transferred. In other words, the host should receive tbé data
the sector (512 bytes of uninsured duoyndata) or release the DRQ by resetting.

C141-E110-02EN 5-77



Note:

Fortransferof a sectorof data,the hostneeds to read Status register (X'1F7") in order to clear
INTRQ (interrup) signal. The Sttus regster shoull be read wthin a period from the DRQ
seting by the devce b starting of the secor dattransfer. No¢ that the hostdoes noneed 6
readthe Statis regsterfor the readng of a single secto or the last sectoin multiple-secta
reading. If thetiming to read the Status register does notet above condition, norghdata
transfer operadn is notguarantéed.

When the hostnew command even f the device request the datatransfer(settng in DRQ
bit), the correctdevice operdbn is notguaranted.

Commard

_ \ 4 Status read
Paraméer write ' v

o — 1]
DRDY J—//

DRQ | —
INTRQ ,—I
Data traisfer T ———

* Transfers dummydata

* The host should receve 512-bye dummydata @ release the DRQ set statehby resetting.

Figure 5.3 Protocol for command abort

5.4.2 Data transferring commands from host to device
The execubn of he following commands nvolves Daa transfer fromthe hostto the drive.

« FORMAT TRACK

«  WRITE SECTOR(S)

- WRITE LONG

«  WRITE BUFFER

«  WRITE VERIFY

« SECURITY DISABLE PASSVORD
« SECURITY ERASE UNIT

« SECURITY SET PASSWWRD

« SECURITY UNLOCK

The execution of these camands includes the transfer one omone sectors of data frorthe host
to the device. In the WRITE LONG command, 516 byes are tansferred. Fdbwing showsthe
protocol outline.
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a) The hostwri tes any required paramneters to t he Feaures, Secbr Count, Secor Number,
Cylinder, and DevieHead regsters.

b) The hostwrites a conmand code h the Conmand regster. The drve ses the BSY bit of the
Status regster.

c) Whenthe deviceis readyto receive the data of the first sector, the device sets DRQ bit and
clears BSY bit.

d) The hostwrites one seair of daa through he Daaregister.
e) The device clears the DRQ bit and sets the BSY bit.

f)  When the drive conpletes transferring the data of the sectdhe deviceclearsBSY bit and
asserd INTRQ sgnal. If transfer of andter seabr is requestd, he drive se$ the DRQ bi.

g) After deecing the INTRQ sgnal asserbn, the hostreadslhe Statis regster.
h) The devee reset INTRQ (he nterrupt signal)
i) If transfer of another sector is requested, steps d) and after are repeated.

Figure 5.4 shows an exapte of WRITE SECTOR(S) command protocol, and Figure 5.3 shows
an exarple probcol for conmand abort

Parameter write YCommard Statusread Statusread
V=V i \V4 \Y
BSY 2 . , LA ( 179
B e —
DRDY ' ‘e :

DRQ —l EEE
INTRQ [ o
Data transfer dd W W

Exparqu L. N
Commard__ "~

DRQ :¢— Max.1ps e
_— L

Data Reg. Selection

IOR- \T‘ u \7‘ T

255

Figure 5.4 WRITE SECTOR(S) command protocol
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54.3

Note:

Fortransferof a sectorof data,the hostneeds to read Status register (X'1F7") in order to clear
INTRQ (interrup) signal. The Sttus regster shoull be read wthin a period from the DRQ
seting by the devce b starting of the secor dattransfer. No¢ that the hostdoes noneed 6
readthe Statusregister for the first and the last sector to be transferred. If thangro read

the Statusregister does not meet above condition, nornal data transfer operation is not
assured guaraeed.

When the hostissues the command even if the drive requests the data transfer (DRQ bit is
se), or when he hostexecués resding, he devce correcbperaion is notguaranted.

Commands without data transfer

Executon of the following commands does not nvolve daiatransfer betveen he hostand the
device.

» RECALIBRATE

» SEEK

* READY VERIFY SECTOR(S)

» EXECUTE DEVICE DIAGNOSTIC

* INITIALIZE DEVICE PARAMETERS
»+ SET FEATURES

 SET MULTIPLE MODE

» |IDLE
 |IDLE IMMEDIATE
+ STANDBY

*+ STANDBY IMMEDIATE

+ CHECK POWER MDDE

*+ FLUSH CACHE

*+ SECURITY ERASE PREPARE

* SECURITY FREEZE LOCK

* SMART: exceptfor SMART Read Atribute valies and SMRT Read Atribute Threshals
*+ SET MAX ADDRESS

* READ NATIVE MAX ADDRESS

Figure 5.5 showdhe probcol for the command execubn withoutdat transfer.

Commard
Parameder write v Status read
BSY :

I/ . é
DRDY ! ;
INTRQ ’—|7

Figure 5.5 Protocol for the command execution without data transfer
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545

Other commands

» READ MULTIPLE
» SLEEP
*  WRITE MULTIPLE

See the description of each cmand.

DMA data transfer commands

* READ DMA
*  WRITE DMA

Starting t he DM A t ransfer conmand i s the sameas t he READ SECTOR(S) or WRITE
SECTOR(S) comand except the point that the host initializes the DM&hannelprecedingthe
conmand issuance.

The nterrupt processig for the DMA transfer difers the following pont.

* The interrupt processig for the DMA transfer difers the following pont.

a)

b)

<)
d)

e)

f)

9)
h)

The hostwrites any parangtersto the Features, Sector Count, Sector Nanen Cylinder,
and DevceHead regster.

The tost intializes tre DMA chamel
The hostwrites a conrmand code i the Conmand regster.
The devce ses the BSY bt of the Satus regster.

The devce asser the DMARQ signal afer completing the preparaion of dat transfer.
The devce assest ether the BSY bt during DMA data transfer.

When the command execuiton is conpleted, the device clears bolh BSY and DRQ bis
and asserts the INTRQ signal.

The host reads the Status register.

The hostreses the DMA channel
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Paramder write ¥ Commard Status read

V=V ©¢,d V
sy 2 LI LT :

DRDY J—// f
DRQ e[__;J__W_J..I_r__LJ__W
Data tansfer m_I_I_ ML A0

Expanded

[Multiword DMA transfer]

o ] ceee
DMARQ _ | o I

DMACK- —I ,7

IOR- or .

ow- L UU L

Word 0 1

Figure 5.6 Normal DMA data transfer
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551

Ultra DMA Feature Set
Overview

Ultra DMA is a daa transfer prodcol used wth the READ DMA andWRITE DMA conmands.
When this probcolis enabdd it shal be usednsteadof the Multiword DMA protocol whenthese
commands are $sued bythe host This probcol appies to the Ultra DMA dat burstonly. When
this probcol is usedtiere are no changes btherelenment of the ATA protocol(e.g.: Conmand
Block Register access).

Severalksignal lines are redefied o provide new functons durng an Ultra DMA burst. These
lines assurathese defhitions when 1) an Utra DMA M ode is sekcied, and 2) a hostissuesa
READ DM A or a WRITE DM A, command requiring data transfer,and 3) the host assers
DMACK-. Thesesignal lines revertback to the definitions used for non-Ulra DMA transfers
upon e negaiton of DMACK- by the hostat the termination of an Ultra DMA burst All of the
contol signak are urdirecional DMARQ and DMACK- retain their standard defiitions.

With the Ultra DMA protocol, the contol signal (STROBE) hatlatches da& from DD (15:0) is
generatd by the same agent(either hostor device) hat drives he datonto the bus. Ownerslp
of DD (15:0) and his daa strobe sgnalare given ether to the device during an Ultra DMA data
in burstor to the hostfor an Utra DMA data out burst

During an Ultra DMA burst a sender shalalways drive dat onto the bus, and after a sufficient
time to allow for propagationdelay, calle settling, and setup time, the serder shall gereratea
STROBE edje to latch the data. Bah edges d STROBE areusedfor datatransfersso that the

frequencyof STROBE s limited to the sane frequencyas the dat. The hi ghestfundamental

frequencyonthe cable shall be 16.67illion transitions per second or 8.33 MHz (the saas the
maximum frequencyfor PIO Mode 4 and DM\ Mode 2).

Wordsin the IDENTIFY DEVICE dataindicaie supportof the Ultra DMA feature and he Ultra
DMA Modes be devte s capale of supporing. The Setransfer node subcomand in the SET
FEATURES command shall be used by hostto sekctthe Ultra DMA Modeat which the system
operaes. The Utra DMA Mode setcted bya hostshal be less han or equalto the fastestmode
of which the device is capable. Only the Ultra DMA Mode shall be selected at any givendgim
All timing requrements for a sekected Ultra DMA M ode shal be satsfied. Devices supporng
Ultra DMA Mode 2 shal also supportUltra DMA M odes 0 and 1. Devices suppoiihg Ultra
DMA Mode 1 shdlalso supportJitra DMA Mode 0.

An Ultra DMA capbe device shall retain its p reviously selectedU Itra D MA Mo de after
executing a Software reset sequence. An Ultra DM#&apabledeviceshall clear any previously
sekecied Ultra DMA Mode and revertto i ts defaut non-Ultra DMA M odes afer execuing a
Power on or hardware reset

Both the host and device perforamCRC function during an Ultra DMA burst.At the endof an
Ultra DMA burst the host sends the its CRC data to the devicélhe deviceconparesits CRC
data to the dat sentfrom the host If t he two values do notmatch the device repors an error n
the error regster atthe end of he conmand. If an erroroccursduring one or more Ultra DMA
bursts for any one comand, at the end of the camand, the device shall report the first ertbat
occurred.
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5.5.3

553.1

Phases of operatin

An Ultra DMA data transfer is accorplished through a series of Ultra DMA dati& or dataout
bursts. EachUltra DMA burst has three mardatay phases 6 operation: the initiation phase the
datmtransfer phase, anti¢ Ultra DMA bursttermination phase.ln addiion, anUltra DMA burst
may be pausedduring the datatransfer phase (see 5.5.3 and 5.5.4 for he detailed protocol
descriptionsfor eachof thesephases5.6 defines the specific timing requirements). In the
following rules DMARDY- is used i ncases thatcoul d applyt o ei ther DDM ARDY- or
HDMARDY-, and STROBE$ usedm caseshat could appl to either DSTROBEor HSTROBE.
The folowing are generdlltra DMA rules.

a) An Ultra DMA burstis defned ashe perbd fromanasseribn of DMACK- by the hostto the
subsequentegaion of DMACK-.

b) A recipient shall be prepared to receive at least two data words whenever it enters oegesum
an Ulra DMA burst

Ultra DMA data i n commands

Initiating an Ultra DMA data i n burst

The following steps stall occur in the order they arelisted unlessotherwise specifically allowed
(see 5.6.3.1 and 5.6.3.2 for sgecitiming requiements):

1) The host stall keepDMACK- in the necated state dfore anUltra DMA burst is intiated

2) The device shall assert IMARQ to initiate anUItra DMA burst. After assertio of DMARQ
the cevice shall not negate DMARQ until after the first regation of DSTROBE.

3) Steps (3), (4) and (5) @ occur in any order or at the satime. The host shall assert STOP.
4) The hostshal negat HDMARDY-.

5) The hostshall negae CS0-,CS1-,DA2, DAL, and DAO. The hostshal keep CS0-, CS1-,
DA2, DA1, and DAO negated until after negating DMACK- at the end of the burst.

6) Steps(3), (4) and (5) shall have occurred at leagt before he hostassers DMACK-. The
host stall kkepDMACK - assertedintil the erd of anUItra DMA burst.

7) The hostshal release DD (1®) within t,; after asseling DMACK-.

8) The device may assertDSTROBE t;orpy after the hosthas asseed DMACK-. Once the
device has diven DSTROBE the device shall not releaseDSTROBE until after the host has
negaed DMACK- at the end of an Uta DMA burst

9) The host shal negat STOP and asserdHDM ARDY - wi thin tgyy after assering DMACK-.
After negaing STOP and assertlg HDMARDY-, the hostshal not change lhe stte of ether
signal until after receiving the first transition of DSTROB&M the device(i.e., afterthefirst
data word has been received).

10) The devce shal drive DD (15:0) no sooner han tz4p after the hosthas assertd DMACK-,
negaed STOP, and assed HDMARDY-.

C141-E110-02EN



5.5.3.2

5.5.3.3

11) The devece shdldrive the firstword of the dat transfer ond DD (150). This stepmay occur

when te devce firstdrives DD (150) in siep (10).

12) To transfer he firstword of data the device shal negae DSTROBE within tgs after the host

hasnegaed STOPandasserd HDMARDY-. The devie shadl negae DSTROBE no sooner
thantpys after driving the firstword of daé onto DD (150).

The data n transfer

The following steps stall occur in the order they arelisted unlessotherwise specifically allowed
(see 5.6.3.3 and 5.6.3.2 for sgectiming requrements):

1) The devece shdldrive a daaword onb DD (150).

2) The devce shal genera¢ a DSTROBE edged latch the newword no soonerthan tpys after

3)

4)

changng the state of DD (15: 0). The devi ce shall genera¢ a DSTROBE edge more
frequently thantcyc for t he sekcied Ultra DMA M ode. The devce shal not generag two
rising or two falling DSTROBE edyes nore frequertly than 2tcyc for the selectedlitra DMA
mode.

The device shall not charge the state of DD (15:0) until at least oy after generatng a
DSTROBE edgea latch the dah.

The device shall repeatsteps (3, (2) and (3) until the data trarsfer is complete or an Ultra
DMA burstis paused, wihever occurs fst

Pausing an Ultra DMA data i n burst

The following steps stall occur in the order they arelisted unlessotherwise specifically allowed
(see 5.6.3.4 and 5.6.3.2 for sgectiming requrenments).

a)

b)

Device pausig an Utra DMA datain burst

1) The device shall not pause anUltra DMA burst until at least ane data word of an Ultra
DMA bursthas beernransferred.

2) The devce shdlpause an Wila DMA burstby not generahg DSTROBE edges.
NOTE - The host shall notim medately assert STQP to in itiate Ultra D MA b urst
termination when the device sbps generahg STROBE edges. If he device does not
negate DMARQ, in order to initiate ULTRA D MA burst termination, the host shall
negae HDMARDY- and wat tzp before asserting STOP.

3) The devece shdlresune an Utra DMA burstby generahg a DSTROBE edge.

Hostpausing an Utra DMA datain burst

1) The host shall not pause anUltra DMA burst until at least one data word of an Ultra
DMA bursthas beernransferred.

2) The hostshal pause an Wta DMA burstby negaing HDMARDY-.
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3) The device shal stop generaing DSTROBE edges within t s 0f t he host negaing
HDMARDY-.

4) If the hostnegaes HDMARDY - wi thin tsy after the device has generatl a DSTROBE
edge then the host shall be prepared to receive zero or one additional data words. If the
host negads HDMARDY - greater than tsg after the device has generatl a DSTROBE
edge,thenthe host shall be prepared to receive zero, one or two additional data words.
The addiional dat words are a resulof cable round trip delay and tzestiming for the
device.

5) The hostshal resune an Utra DMA burstby asseiing HDMARDY-.

5.5.3.4 Terminating an Ultra DMA data in burst
a) Device grminating an Utra DMA datain burst

The following steps shall occur in the order they are listed unless otherwise specifically
allowed (see 5.6.3.5 and 5.6.3.2 for sfiediming requiements):

1) The device shall in itiate terminationo f an U Itra D MA b urst by n ot g enerating
DSTROBE edges.

2) The devce shdl negae DMARQ no soonerltan tss after generaing the last DSTROBE
edge. The device shall not assert DMARQ again until after the Ultra DMA burst is
terminated.

3) The devece shdlrelease DD (1%) no kter than t; after negaing DMARQ.

4) The host shall assert ST® within t,, after the devicehas negaad DMARQ. The host
shall not negate STORagain until after the Utra DMA burst is ternmated.

5) The hostshal negae HDMARDY - within t;, after the devce has negatl DMARQ. The
host shall continue to negate HDMARDY - until th e Ultra DMA burst is terminated
Steps (4) and (5) ay occur at the saatime.

6) The hostshall dri ve DD (15: 0) no sooner t han tz5y aft er t he device has negaed
DMARQ. For this step,the host may first drive DD (15:0) with the resut of its CRC
calculation (see 5.5.5):

7) If DSTROBE is negatd, the device shal assertDSTROBE within t, after the host has
assertd STOP. No dat shal be transferred durig this asseibn. The hosshal ignore
this transition on DSTROBE. D STROBE shall remain asserteduntil th e Ultra DMA
burst is ternmated.

8) If the host hasnot placed the result of its CRC calculation on DD (15:0) since first
driving DD (15:0) during (6), the host shall place the result of its CRC calculati®D
(15:0) (see 5.5.5).

9) The hostshall negate DM ACK- no soonerthan ty,, after the device has asserted
DSTROBE and negaéd DM ARQ and t he host has asserted STOP and negated
HDMARDY-, and no sooner t han tpys after the host places the result of its CRC
calculation on DD (150).
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b)

10) The device shall latch the host's CRC data fronDD (15:0) on the negating edge of

DMACK-.

11) The device shall copare the CRC data received frdire host withthe resultsof its own

CRC calculation. If anisconpare error occurs during one oora Ultra DMA bursts for
any one command, at the end of the comand the device shall report the first error that
occurred (see 5.5.5).

12) The devee shdlrelease DSTROBE whin tiorpyz after the hostnegats DMACK-.

13) The host stall not negate STCP no assert DMARDY - until at least kck after negating

DMACK-.

14) The host shall not assert DIOR-, CS0-, CS1-, DAA1, or DAO until atleasttack after

negaing DMACK.

Hostterminating an Utra DMA dafta in burst

The following steps shall occur in the order they are listed unless otherwise specifically
allowed (see 5.6.3.6 and 5.6.3.2 for sfiediming requiements):

1)

2)

3)

4)

5)

6)

7)

8)

9)

The host shall not initiate Ultra DMA burst termnation until at least me data word of an
Ultra DMA bursthas beernransferred.

The host stall initiate Ultra DMA burst ternination by negatingHDMARDY -. The host
shall continue tonegate HDMARDY - until the Utra DMA burst is ternnated.

The device shal stop generaing DSTROBE edges withint s 0f t he host negaing
HDMARDY-.

If the hostnegaes HDMARDY- wi thin tsy after the device has generatl a DSTROBE

edge then the host shall be prepared to receive zero or one additional data words. If the
host negads HDMARDY - greater than ts after the device has generatl a DSTROBE
edge,thenthe host shall be prepared to receive zero, one or two additional data words.
The addifonal daawords are a resulof cable round trip delay and trestiming for the
device.

The host shall asserfSTOP no sooner han tzp after negatng HDMARDY-. The host
shall not negate STORagain until after the Utra DMA burst is ternmated.

Thedevice shdlnegae DMARQ within t,, after the hosthas asseed STOP. The degée
shall not assert MARQ agnin until after the Utra DMA burst is ternmnated.

If DSTROBE is negagd, the device shal assertDSTROBE within t, after the host has
assertd STOP. No dat shal be transferred durig this asseibn. The hosshal ignore
this transition on DSTROBE. D STROBE shall remain asserteduntil th e Ultra DMA
burst is ternmated.

The devce shdlrelease DD (1®) no kter than 1, after negaing DMARQ.
The hostshall dri ve DD (15: 0) no sooner t han tzay aft er t he device has negaed

DMARQ. For this step,the host may first drive DD (15:0) with the resut of its CRC
calculation (see 5.5.5).
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10) If the host hasnot placed the result of its CRC calculation on DD (15:0) since first
driving DD (15:0) during (9), the host shall place the result of its CRC calculati®D
(15:0) (see 5.5.5).

11) The hostshall negate DM ACK- no soonerthan ty,, after the device has asserted
DSTROBE and negaed DM ARQ and t he host has asserted STOP and negated
HDMARDY-, and no sooner t han tpys after the host places the result of its CRC
calculation on DD (150).

12) The device shall latch the host's CRC data fronDD (15:0) on the negating edge of
DMACK-.

13) The device shall copare the CRC data received frahre host with the results of its own
CRCcalculation. If a niscornpare error occurs during one orone Ultra DMA burst for
any one comand, at the end of the comand, the deviceshall reportthe first error that
occurred (see 5.5.5).

14) The devee shdlrelease DSTROBE wiin torpyz after the hostnegaes DMACK-.

15) The host shall neither negate STCP nor assert DMARDY - until at least tack after the
hosthas negad DMACK-.

16) The hostshal notasserDIOR-, CS0-, CS1-, DA2PA1L, or DAO until atleasttack after
negaing DMACK.

Ultra DMA data out commands

5.5.4.1 Initiating an Utra DMA data out burst

The following steps shall occur in the order they arelisted unlessotherwise specifically allowed
(see 5.6.3.7 and 5.6.3.2 for sgectiming requiements):

1) The host shall keepDMACK- in the regated state éfore anUltra DMA burst is iftiated

2) The cevice shall assert MARQ to initiate anUltra DMA burst.

3) Steps (3), (4), and (5)an occur in any order or at the sammme. The host shall assert STOP.
4) The host shall assert HSTROBE.

5) The hostshall negae CS0-,CS1-,DA2, DAL, and DAO. The hostshal keep CS0-, CS1-,
DA2, DA1, and DAO negated until after negating DMACK- at the end of the burst.

6) Steps (3), (4), and (5) shall have occurred at l¢ast before he hostassers DMACK-. The
host stall kekepDMACK- assertedintil the erd of anUItra DMA burst.

7) The devte may negae DDMARDY- tzorpy after the hosthas asseed DMACK-. Oncethe
device has regated IDMARDY -, the cevice slall not release DMARDY - until after the host
has negad DMACK- at the end of an Uta DMA burst

8) The hostshal negate STOP within tgyy after assering DMACK-. The host shall not assert
STOP until after the first regation of HSTROBE.
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5.5.4.2

55.4.3

9) The device shal assertDDM ARDY- wi thint, after t he hosthas negaed STOP. Aft er
assertig DMARQ and DDMARDY - the device stall not negate eitter signal until after the
firstnegaiton of HSTROBE bythe host

10) The hostshal drive the firstword of the dattransfer ond DD (15:0). This siep may occur
ary time during Ultra DMA burst initiation.

11) To transfer be firstword of da&: the hostshallnegae HSTROBENo soonerthant, | after tre
devicehasassertd DDMARDY-. The hostshal negaé HSTROBE no soonehan by after
the driving the firstword of da& onto DD (150).

The data out transfer

The following steps stall occur in the order they arelisted unlessotherwise specifically allowed
(see 5.6.3.8 and 5.6.3.2 for sgecitiming requiements):

1) The hostshal drive a daéword onb DD (150).

2) The host shdl generat an HSTROBE edged | atch the new word no soonerhan tyys after
changng the state of DD (150). The hosshal genera@ an HSTROBEedgemore frequenty
thantcyc for the selectedlitra DMA Mode. The host stall not gererate tvo rising or falling
HSTROBE edjes nore frequertly than2 tcyc for the selected Ultra DMA otde.

3) The host shall not charge th e state of D D (1 5:0) until at least t pyy after generatng an
HSTROBE edgea latch the dat.

4) The host shall repeat step (1), (2) ard (3) until the datatransferis complete or anUltra DMA
burst is paused, whichever occurs first.
Pausing an Utra DMA data out burst

The following steps stall occur in the order they arelisted unlessotherwise specifically allowed
(see 5.6.3.9 and 5.6.3.2 for sgeciiming requienments).

a) Hostpaushg an Utra DMA data out burst

1) The host shall not pause anUltra DMA burst until at least one data word of an Ultra
DMA bursthas beenransferred.

2) The hostshal pause an UWia DMA burstby not generabhg an HSTROBE edge.
Note: The device shall not immediately negate DMARQ to initiate Ultra DMA burst
termination whenthe hoststops generang HSTROBE edges. Ihe hostdoes notassert
STOP, in order to in itiate U Itra D MA b urst termination, the device shall negate
DDMARDY- and walt tgp before negahg DMARQ.

3) The hostshal resune an Utra DMA burstby generahg an HSTROBE edge.
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b) Device pausig an Utra DMA data outburst

1) The device shall not pause anUltra DMA burst until at least ane data word of an Ultra
DMA bursthas beernransferred.

2) The devece shdlpause an Wia DMA burstby negaing DDMARDY-.

3) The hostshall stop generaing HSTROBE edges within t res0f t he device negatng
DDMARDY-.

4) If the devce negats DDMARDY- within tsg after the host has generad an HSTROBE
edge,thenthe device shall be prepared to receive zero or one additional data words. If
the device negats DDM ARDY- greater t han tsg aft er t he host has generated an
HSTROBE edge, then the device shall be prepareddeivezero,oneor two additional
daawords. The addiional datwords are a resul of cableroundtrip delay and tges
timing for the host.

5) The devee shdlresune an Utra DMA burstby asseihg DDMARDY-.

5.5.4.4 Terminating an Ultra DMA data out burst
a) Hostterminating an Utra DMA daia outburst

The following stops shal occur i nthe order they are |isted unless otherwise specficaly
allowed (see 5.6.3.10 and 5.6.3.2 for spiediming requiements):

1) The host shall initiate termination of an Ultra DMA burst by not generating HSTROBE
edges.

2) ThehostshallasserlSTOP no soonertan g after it lastgeneragd an HSTROBE edge.
The tost shall not negate STORagain until after the Utra DMA burst is terninated.

3) The devce shdlnegae DMARQ within t, after the host asserts STOP. The device shall
not assert MARQ again until after the Utra DMA burst is ternnated.

4) The device shal negae DDM ARDY- wi th t,, after the hosthas negaéd STOP. The
device shall not assert DMARDY - again until after the Ultra DMA burst terminationis
complete.

5) IfHSTROBE is negaéd, the hostshal assertHSTROBE with t |, after the device has
negaéd DMARQ. No datshal be transferred dung this asseiibn. The devce shal
ignore this transitionon HSTROBE. HSTROBE shall rensin asserted until the Ultra
DMA burstis terminated.

6) The host shall place the result of its CRC calculation on DD (15:0) (see 5.5.5)
7) The host shall negate DM ACK- no sooner than ty,, after the host has asserted
HSTROBE and STOP andhe device hasnegaed DMARQ and DDMARDY-, andno

sooner han pys after placing the result of its CRC calculation on DD (15:0).

8) The device shall latch the host's CRC data fronDD (15:0) on the negating edge of
DMACK-.
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b)

9)

10)

11)

12)

The device shall copare the CRC data received frahe host with the results of its own
CRC calculation. If anisconpare error occurs during one oora Ultra DMA bursts for
any one comand, at the end of the comand, the deviceshall reportthe first error that
occurred (see 5.5.5).

The device shall rel ease DDMARDY- wi thint orpyz aft er t he host has negated
DMACK-.

The host shall n either negate STOP nor n egate HSTROBE until at least t Ack after
negatng DMACK-.

The host shall not assert DIOWCSO0-, CS1-, DA2DA1, or DAO until atleast ick after
negaing DMACK.

Device erminating an Utra DMA data out burst

The following steps shall occur in the order they are listed unless aherwise specifically
allowed (see 5.6.3.11 and 5.6.3.2 for sfiediming requiements):

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

The device stall not initiate Ultra DMA burst termnation until atleastone data word of
an Ukra DMA bursthas beenransferred.

The cevice shall initiate Utra DMA burst ternination by negating DDMARDY -.

The host shall stop generaing an HSTROBE edges vihin tges of t he device negaitng
DDMARDY-.

If the devce negats DDMARDY - within ts after the host has genered an HSTROBE

edge,thenthe device shall be prepared to receive zero or one additional data words. If

the device negats DDM ARDY- greater t han tsg aft er t he host has generated an
HSTROBE edge, then the device shall be prepareddeivezero,oneor two additional
daawords. The addiional datwords are a resul of cableroundtrip delay and tges
timing for the host.

The devte shal negae DMARQ no sooner han tzp after negathg DDMARDY-. The
device shall not assert MARQ again until after the Utra DMA burst is terninated.

The hostshal assertSTOP wih t,, after the devce has negatl DMARQ. The hosshall
not negate STORagain until after the Utra DMA burst is ternmnated.

If HSTROBE is negaéd, the hostshal assertHSTROBE with t |, after the device has
negatd DMARQ. No dat shal be transferred dung this asseiibn. The devtce shal

ignore this transition of HSTROBE. HSTROBE shall renain asserted until the Ultra
DMA burstis terminated.

The host shall place the result of its CRC calculation on DD (15:0) (see 5.5.5).
The host shall negate DM ACK- no sooner than ty,, after the host has asserted
HSTROBE and STOP andhe device hasnegaed DMARQ and DDMARDY-, andno

sooner han pys after placing the result of its CRC calculation on DD (15:0).

The device shal | atch the hosts CRC datafrom DD (15: 0) on the negatng edge of
DMACK-.
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11) The device shall copare the CRC data received frahe host with the results of its own
CRC calculation. If anisconpare error occurs during one oora Ultra DMA bursts for
any one comand, at the end of the comand, the deviceshall reportthe first error that
occurred (see 5.5.5).

12) The dewe shdlrekease DDMRDY - within torpyz afer the hoshas negati DMACK-.

13) The host shall neither negate STOP nor H STROBE until at least t ack after negaing
DMACK-.

14) The host shall not assert DIOWCSO0-, CS1-, DA2DAL, or DAO until atleast ick after
negaing DMACK.

5.5.5 Ultra DMA CRC rul es

The following is a list of rules for calculating CRC, deternming if a CRC error has occurred
during an Utra DMA burst and repoing anyerror hat occurs athe end of a command.

a) Both the host and the device shall have a 16-bit CRC calculation function.
b) Both the host and the device shall calculate a CRC value for each Ultra DMA burst.

¢) The CRCfunction in the host ard the device stall be initialized with a seedof 4ABAh at the
begnning of an Utra DMA burstbefore anydat is ransferred.

d) For each STROBE transition used for data transfer, both the host and the device shall
calcdate a new CRC value by applying the CRC polynomial to the currert value of their
individual CRC functions and the word being transferred. CRC is not calculated for the return
of STROBE to the assentd state after the Ultra DMA burst termination requesthas been
acknowkdged.

e) At the end of any Ultra DMA burst the host shall send the results of its CRC calculation
function t the devce on DD (159) with the negabn of DMACK-.

f) The device shall then cqrare the CRC data frothe host with the calculated value in its own
CRC calculation function. If the two values do notith, thedeviceshall savethe errorand
reportit at the end of he command. A subsequentitra DMA burst for the sanme conmand
that does not have a CRC error shall not clraerror savedfrom a previousUItra DMa burst
in the sane command. If a misconpare error occurs dung one or nore Ultra DMA bursts
for any one command, at the end of the conmand, the device shall report the first error that
occurred.

g) For READ DMA or W RITE DMA commands: When a CRC error is detected, it shall be
reportedby settingbothICRC andABRT (bit 7 and bit 2 in the Error register) to one. ICRC
is defined as the "Interface CRC Error" bit. The host shall respond to this byroge-issuing
the conmand.

h) A hostmay send exta daawords on te last Ultra DMA burst of a dai out command. If a
device deteriimes that all data has been transferred for amand, the device shaterminate
the burst. A devicemay have already received ore data words than were required for the
command. These extra words are used by both the host and the device to calth#a®&®kC,
but, on an Ulra DMA data out burst the exta words shalbe dscarded byhe devce.
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5.5.6

i) The CRC generator polynaahis : G (X) = X16 + X12 + X5 + 1.

Note: Since no bit clock is available, the recomended approach for calculating CRC is to
use a word cl ock derived from t he bus strobe. The combinational logic shall then be
equivalent to shifting sixteen bits serially through the generatgolynomal where DDO is
shifted in firstand DD15 $ shfted in last

Series termination required for Ultra DMA

Seriestermination resisbrsare requied atboth the hostand te devce for operdbn in any of the
Ultra DMA Modes. The fdlowing table descrbes recormended vales for seréstermination at

the hostand he devce.

Table 5.16 Recommended series termination for Ultra DMA

Signal Host Ternination Device Ternination
DIOR-:HDMARDY-:HSTROBE 22 ohm 82 ohm
DIOW-:STOP 22 ohm 82 ohm
CSO0-, Cs1- 33 ohm 82 ohm
DAO, DA1, DA2 33 ohm 82 ohm
DMACK- 22 ohm 82 ohm
DD15 through DDO 33 ohm 33 ohm
DMARQ 82 ohm 22 ohm
INTRQ 82 ohm 22 ohm
IORDY:DDMARDY-:DSTROBE 82 ohm 22 ohm
RESET- 33 ohm 82 ohm

Note: Only those signals reqiring termination are listedn this tade. If a signal is
notlisted, seres ermination is notrequied for operabn in an Utra DMA Mode.
For sgnals also requing a pul-up or pul-down resstor atthe hostsee Fgure 5.7.

Vce

Figure 5.7
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5.6 Timing
5.6.1 PIO data transfer

Figure 5.8 shows ohe dat transfer tming betveen he devtce andle hostsysem

> 0 )
Addresses >< ><
DIOR-/DIOW- e 2 o -
' ", 2
Write data : / E \ :
DDO0-DD15 :
: t3 t4
Read data
DDO0-DD15 _ :
15, 6
IORDY t10 —>—<— _,_4_ t11
T2
Symbd Timing pararster Min. | Max. | Unit
t0 Cycle time 120 — ns
t1 Dataregster seéction setup time for DIOR-/DIOW- 25 — ns
t2 Pulse width of DIOR-DIOW- 70 — ns
t2i Recoverytime of DIOR-/DIOW- 25 — ns
t3 Data setip ime for DIOW- 20 — ns
t4 Data hold time for DIOW- 10 — ns
t5 Time from DIOR- assertion to read data available — 50 ns
t6 Data hold time for DIOR- 5 — ns
t9 Dataregster seéction hold time for DIOR-/DIOW- 10 — ns
t10 Time fromDIOR-/DIOW- assertion to IORDY "low" level — 35 ns
t11 Time from validity of read data to IORDY "high" level 0 — ns
t12 Pulse width of IORDY — 1,250 ns

Figure 5.8  PIO data transfer timing
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5.6.2 Multiword data transfer
Figure 5.9 showsthe multiword DMA data transfer tining between the device and the host
system

3 t0 R
DMARQ N
DMACK-  ————— e ‘L'//
DIOR-/DIOW-= — tD - >
Write data : / \
DDO0-DD15 : ; : :

L G
Read data
DDO0-DD15 : :

tE . tF

Symbol Timing paranater Min. | Max. | Unit

t0 Cycle time 120 — ns
tC Delay time fromDMACK asselion b DMARQ negaiton — 35 ns
tD Pulse width of DIOR-DIOW- 70 — ns
tE Data setip ime for DIOR- — 50 ns
tF Data hold time for DIOR- 5 — ns
tG Data setip ime for DIOW- 20 — ns
tH Data hold time for DIOW- 10 — ns
tl DMACK seup ime for DIOR-DIOW- 0 — ns
tJ DMACK hold time for DIOR-DIOW- 5 — ns
tK Coninuous ime of high level for DIOR-DIOW- 25 — ns

Figure 5.9 Multiword DMA data transfer timing (mode 2)
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5.6.3 Ultra DMA data transfer

Figures 5.10Hrough 5.19 defie te timings assoeited with all phases of Wia DMA burss.

Table 5.16 contains the values for theitigs for each of the Ultra DMA Modes.

5.6.3.1 Initiating an Utra DMA data i n burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ

(device) tu —»

DMACK-
(host)

«— lEnv—p

STOP
(host)

i« s ——p

tZAD

trs

HDMARDY-

teny

-

(host)

tzioroY

A

tzap

E——

<

tzrs

DSTROBE
(device)

7?\_7\:_/V\_7\_\_/\_ N
- __/'(_7 _7(__/4_7\__/
L_DL_N_ N _ NN Ds_

<-
N

DD (15:0)

<

"/~
5t
AR "4

[

«— tvps

l«— fozrs — 3l

tDVH

A

tack

_ XXX

-

DAO,DA1,DA2,
CS0-,CS1-

Note:

The definitions for the STOP, HDMARDY- and DSTROBE- signal lines are not in effect

until DMARQ ard DMACK- are

asserted

Figure 5.10 Initiating an Ultra DMA data i n burst
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5.6.3.2 Ultra DMA data burst timing requirements

Table 5.17 Ultra DMA data burst timing requirements (1 of 2)

NAME

MODE 0
(in ns)

MODE 1
(in ns)

MODE 2
(in ns)

MODE 3
(in ns)

MODE 4
(in ns)

MODE 5
(in ns)

MIN | MAX

MIN | MAX

MIN | MAX

MIN |MAX

MIN MAX

MIN  MAX

COMMENT

tZCYCTYP

240

160

120

90

60

40

Typical sustained average two|
cycle time

teve

112

73

54

39

25

16.8

Cycle time allowing for
asymmetry and clock variations

(from STROBE edge to STROBE

edge)

tacve

230

153

115

86

57

38

Two cycle time allowing for clogk

variations (from rising edge to
next rising edge or from falling
edge to next falling edge of
STROBE)

15

10

Data setup time at recipient (frof
data valid until STROBE edge)

(*2), (*5)

4.6

Data hold time at recipient (from
STROBE edge until data may
become invalid) (*2), (*5)

tDVS

70

48

31

20

6.7

4.8

Data valid setup time at sender
(from data valid until STROBE
edge) (*3)

tovw

6.2

6.2

6.2

6.2

6.2

4.8

Data valid hold time at sender
(from STROBE edge until data
may become invalid) (*3)

15

10

CRC word setup time at device

(*2)

ten

CRC word hold time device (*2)

tevs

70

48

31

20

6.7

10

CRC word valid setup time at h
(from CRC valid until DMACK-
negation) (*3)

tevn

6.2

6.2

6.2

6.2

6.2

10

CRC word valid hold time at
sender (from DMACK-negation
until CRC may become invalid)

(*3)

tzrs

35

Time from STROBE output
released-to-driving until the first
transition of critical timing

tDZFS

70

48

31

20

6.7

25

Time from data output released
driving until the first transition of
critical timing

trs

230

200

170

130

120

90

First STROBE time (for device tp

first negate DSTROBE from
STOP during a data in burst)

0 150

0 150

0 150

0 100

0 100

Limited interlock time (*1)

20

20

20

20

20

20

Interlock time with minimum (*1

Unlimited interlock time (*1)
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Table 5.17 Ultra DMA data burst timing requirements (2 of 2)

MODE 0 MODE 1 MODE 2 MODE 3 MODE 4 MODE 5
NAME (in ns) (in ns) (in ns) (in ns) (in ns) (in ns) COMMENT
MIN | MAX | MIN [MAX | MIN |MAX | MIN [MAX | MIN [ MAX [ MIN | MAX
taz 10 10 10 10 10 10 | Maximum time allowed for outpyt
drivers to release (from asserted|or
negated)

tzan 20 20 20 20 20 20 Minimum delay time required for|

output

tzap 0 0 0 0 0 0 Drivers to assert or negate (from

released)
teny 20 70 20 70 20 70 20 55 20 55 20 50| Envelope time (from DMACK- fo
STOP and HDMARDY - during
data in burst initiation and from
DMACK to STOP during data ou
burst initiation)
tres 75 70 60 60 60 50 | Ready-to-final-STROBE time (nd
STROBE edges shall be sent thig
long after negation of DMARDY-

trp 160 125 100 100 100 85 Ready-to-pause time (that recipient
shall wait to pause after negating
DMARDY-)

tioroyz 20 20 20 20 20 20 | Maximum time before releasing
IORDY

tziorDY 0 0 0 0 0 0 Minimum time before driving
IORDY (*4)

tack 20 20 20 20 20 20 Setup and hold times for DMACK-
(before assertion or negation)

tss 50 50 50 50 50 50 Time from STROBE edge to
negation of DMARQ or assertion
of STOP (when sender terminatgs
a burst)

*1: Except for sorainstances ofit, that apply to host signals only, the paedens ¢, tw., and t, indicate sender-to-recipient or
recipient-to-sender interlocks, i.e., one agent (either sender or recipient) is waiting for the other agent to respagdakitefare
proceeding. ( is an unlinited interlock that has noaximum time value. ., is a limted time-out that has a definedmmum. t
is a limted time-out that has a definedarimum.

*2: 80-conductor cabling shall be required in order &etisetup ff, tcs) and hold on, tcr) times in nodes greater than 2.

*3: Timing fortpys, tovn, tovs @and tvy shall be rat for lunped capacitive loads of 15 and 40 pf at the connector where all signals (Data
and STROBE) have the samapacitive load value. Due to reflections on the cable, dzsuanerant of these timgs is not vali in
a nornally functioning system

*4: For all nodes the paraeter toroy May be greater thapnt, due to the fact that the host has a pull up on IORDY- giving it a knpwn
state when not actively driven.

*5: The pararaters #s, and b for mode 5 is defined for a recipient at the end of the cable only in a configuration with one devicg at the

end of the cable.

Note:

All timing measurerant switching points (low to high and high to low) shall be taken at 1.5V.
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Table 5.18 Ultra DMA sender and recipient timing requirements

MODE 0

MODE 1

MODE 2

MODE 3

MODE 4 MODE 5
NAME (in ns) (in ns) (in ns) (in ns) (in ns) (in ns) COMMENT
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

tosic 14.7 9.7 6.8 6.8 4.8 2.3 Recipient IC data setup ter(from
data valid until STROBE edge)
(*1)

toHic 4.8 4.8 4.8 4.8 4.8 2.8 Recipient IC data hold tien(from
STROBE edge until dataan
becone invalid) (*1)

tovsic 72.9 50.9 33.9 22.6 9.5 6 Sender IC data valid setup gm
(from data valid until STROBE
edge)(*2)

tovhic 9 9 9 9 9 6 Sender C ata valid hold tire
(from STROBE edge until data
may becone invalid) (*2)

*1: The correct data value shall be capturedhsyrecipient given input data with a slew rate of 0.4 V/ns rising and faltidghe input
STROBE with a slew rate of 0.4 V/ns rising and falling,atdand t.ctiming (as neasued though 15V).

*2: The pararaters #,sc and tvac shall be ret for lunped capacitive loads of 15 and 40 pf at the IC where all signals have the saf
capacitive load value. Noise thagyrcouple onto the output signals fraxternal sources in a noafty functioning system hasot

been included in these values.

Note:

All timing measurement switching points (low to high and high to low) shall be taken at 1.5V.
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5.6.3.3 Sustaned Ultra DMA data i n burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

- tacve
———— tcyc —_— tCYC —_—

tacve ﬂ
DSTROBE N

at device

A

EDVH tovs tovH tovs tov
DVHIC t t
ovsic_ | tovrig _ lovsic :tDVH i

< Ll

DD(18:0) XX XX XX

at device

DSTROBE
at host

toH tbs o oH tbs <« IDH
toHic tosic toric

DD(15:0) .
at host PRGOS CCEI SO0 COCEED S 9:00:9704

Note:

DD (150) and DSTROBE gnals are shown ditoth the hostand he deviceto enphaske that
cale setting time as well as cable propagation delay shall not allow the data signals to be
considered stale at the host until some time after tley are divenby the device.

Figure 5.11 Sustaned Ulra DMA data i n burst
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5.6.3.4 Host pausihg an Utra DMA data in burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ
(device)

DMACK-
(host)

A

e

(host)

HDMARDY-
(host)

« W®es 5

DSTROBE — 1
(device) >< >< ~

IO XX XX XX SOCKKK

Notes:

1) The hostmay assertSTOP b requestermination of the Ultra DMA burstno soonethan
trp after HDMARDY- is negadd.

2) After negating HDMARDY-, the host may receive zero, one, two or three more data

words fromthe devce.

Figure 5.12 Host pausing an Ultra DMA data i n burst
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5.6.3.5 Device terminating an Ultra DMA data in burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ
(device)
la— tuii —
DMACK-
(host)
— t — el t > < tack -
STOP h N
(host) tack
- t|_| > - -
HDMARDY- )
(host) ’
s “—> tiorovz
DSTROBE
(device)
-tz —P
* ™ taz tevs [e—ple{tovn
TN TR TARTTART AKX T
DD(15:0) CRC AR
tack

DAO, DAL, DA2,
CS0-, CS1- XK

Note:
The definitions for the STOP, HDMARDY- and DSTROBE signal lines are no longerin
effectafter DMARQ and DMACK- are negad.

Figure 5.13 Device terminating an Ultra DMA data in burst
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5.6.3.6 Host terminating an Ultra DMA data in burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ
(device)
tLI tMLI
DMACK- Rl >
(host)
) tZAH g - tACK .
tAZ VW il Ll
«— ke =
STOP *
(hosty ~ —mW —~ {1 | TTT
- tack >
HDMARDY- N T
(host) - -
‘tRFS - « tLI - tMLI —
<+— tiorpyz
DSTROBE Np
(device) £
tevs |¢—»le—»| tovn
0as0 XXX XXXK
<« K
DAO, DA1, DA2,
CS0, Cs1 Y 5252
Note:

The definitions for the STOP, HDMARDY- and DSTROBE signal lines are no longerin
effectafter DMARQ and DMACK- are negad.

Figure 5.14 Host terminating an Ultra DMA data in burst
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5.6.3.7 Initiating an Utra DMA data out burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ
(device) ty  —

DMACK-
(host)
. teny
tack > >
STOP %
(host)  ~"TTTTTTTTTTTTTo ’
o L e U
tziorDY - o »
DDMARDY-
(device)
tack [¢—>
HSTROBE %
(host) — ---------------—- . tozes
<«— Ibvs —ple—»| tovn
DD(15:0) 57 S S TSNS S ST K
(host) NN AN AN ARV NNV
tack [
DAO, DA1, DA2
CS0-, CS1- i
Note:

Thedefinitionsfor the STOP,DDMARDY- and HSTROBE gjnal ines are notn effectuntil
DMARQ and DMACK- are asseéed.

Figure 5.15 Initiating an Ultra DMA data out burst
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5.6.3.8 Sustaned Ultra DMA data out burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

HSTROBE
at host

DD(15:0)
at host

HSTROBE
at device

DD(15:0)
at device

Note:

-l
i}

«—— tcve

— >l fcvc —pf

tacve

-

-

-«

tovh
tovHic

tovs tovk tovs

tovsic | pvHiC tovsic

<& »

A

tacve 4>Iﬁ

tovh
DVHIC

»

A4

« > <

L] »

XXX

XXX

ton
touic

tbs
tosic

v
x

toH tbs
toric tosic

ton

tDHIC

KXXAXAX XXX XXXX

KXXAXXXX

DD (150) and HSTROBE gnals are shown ditoth the devce and lhe hostto enphaske that
cale setting time as well as cable propagation delay shall not allow the data signals to be
considered stale at tre device wuntil some time after tley are diven by the host.

Figure 5.16 Sustaned Ultra DMA data out burst
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5.6.3.9 Device paushg an Utra DMA data out burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ
(device)

DMACK-
(host)

STOP
(host)

DDMARDY-
(device)
HSTROBE

(host)

DD(15:0)
(host)

Notes:

1)

2)

5-106

«— R )

N\
N\

l— RFs ————

N 7
v
7\ 7\

XX XX XX XX XXXAXXXX

The device may negate DM ARQ to requestt ermination of t he Ultra DM A burst no
sooner han &p after DDMARDY- is negaad.

After negating DDMARDY-, the device nay receive zero, onewo or threemore data

words fromthe host

Figure 5.17 Device paushg an Ultra DMA data out burst
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5.6.3.10Host terminating an Ultra DMA data out burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ l— L —p]
(device)
i
DMACK-
(host)
la— L —p] -
otss tack
STOP N
(host) - {0 TTTTTTTTTT=="
tL
4—
<«—|liorDYZ
DDMARDY-
(device)
L tACK
HSTROBE
(host) D, AN
tevs [P tevn
BDUS0) SSRGS S5
(host) CRC A A A
D tack >

DAO, DA1, DA2 W
CSO0-, CS1-
Note:
The definitions for the STOP, DDMARDY- and HSTROBE signal lines are no longerin

effectafter DMARQ and DNACK- are negadd.

Figure 5.18 Host terminating an Ultra DMA data out burst
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5.6.3.11Device terminating an Ultra DMA data in burst

5.6.3.2 contains the values for theitigs for each of the Ultra DMA Modes.

DMARQ
(device)

DMACK-
(host)

t tuu ol ACK
STOP A
(host)

l— thp —
DDMARDY-

| tiorDYZ
(device) |

— trrs ‘»‘ ‘ ty P tvur _ tack
HSTROBE +
(host) X MR R N,
CVH
DD(150) \/7\_:K_7\__7\_,_/_-
RO XX OO et S

=N NN N/

D EEE—
tack
DAO, DA1, DA2, \/Y
CSO0-, CS1-

Note:

The definitions for the STOP, DDMARDY- and HSTROBE signal lines are no longerin
effectafter DMARQ and DNACK- are negadd.

Figure 5.19 Device terminating an Ultra DMA data out burst
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5.6.4 Power-on and reset

Figure 5.20 shows power-on and re@etrdware and softare resettiming.

(1) Only master device is present

\/ Clear Reset *1

Paower-on 4l

RESET- “—tM—>
Software reset [ :
— N «—
BSY T
DASP-
“—tP —»

*1: Reset means including Power-on-Reset, Hardware Reset (RESET-), and Software Reset.

(2) Master and slave devices are present (2-drives configuration)
VCIIear Reset
[Mager device] —>EtN 4_
BSY il
DASP- ]
[Slave device] : :
BSY il l
—tP —>e Q >
PDIAG- [ [
: L tS K
DASP- 1T |
< IR tl
Symbol Timing pararater Min. | Max. | Unit
tM Pulse width of RESET- 25 — Us
tN Time from RESET- negabn o BSY set — 400 ns
tP Time from RESET- negation to DASP- or DIAG- negation — 1 ms
tQ Sef-diagnostics execution time — 30 S
tR Time from RESET- negation to DASP- assertion (slave device) — 400 ms
tS Durafon of DASP- assddn — 31 S

Figure 5.20 Power-on Reset Tining
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CHAPTER 6 OPERATIONS

6.1 Device Response to the Reset
6.2 Address Transhtion
6.3 Power Save
6.4 Defect Management
6.5 Read-Ahead Cache
6.6  Write Cache
6.1 Device Response to the Reset

This secton descrbes how he PDIAG- and DASP- gjnals responds whehd power of he IDD

is turned on or the IDD receives a reset or diagnostiaa .
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6.1.1 Response to power-on

After the master device (device 0) rekasests own power-on resestate, the master device shal

check a DASP- ggnal for up to 450 ms to confirm presence of a slve devce (device 1). The

master device recogrzes presence ofte slave devce when t confirms asselibn of the DASP-

signal. Then, the aster device checks a PDIAG- signaldeeif the slavedevicehassuccessfully
conmpleted the power-on dignosics.

If the master device cannotconfirm asserton of the DASP- signal within 450 ms, the master
device recogmies hatno shve devie s connead.

After the slave devie (device 1) releasests own power-on resetstate, the slave device shall
reportits presence anti¢ resul of power-on dagnosics tothe mester devce as desdoied bebw:

DASP- signal:  Asserted within 400 s, and negated after thérst conmandis receivedfrom
the hostor wi thin 31 seconds or after execuing software reset which ever

comes first.
PDIAG- signat Negated within 1 ms and asserd within 30 seconds, hen negagd within 31
seconds.
V Power on
Master deice
Powe On Reset-
sawsreg.
BSY bit Max. 31sec. _
ChecksDASP- forupto  If presence of a slaw device is
450 ns. corfirmed, PDIAG- is cheded for
upto 31seconds.
Slave device
Powe On Reset-
BSY bit ...
<+—» Max. 1ms.
PDIAG- J
3 Max. 30sec.
DASP- _,—
< » Max. 400ms.
3 Max. 31sec. R

Figure 6.1 Response to power-on
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6.1.2 Response to hardware reset
Response to RESET- (hardware reset through the interface)lar so1the power-on reset.

Upon receipt of hardware reset, the aster device checks a DASP- signal for up to 450 mto
confirm presencef aslave devte. The naster devce recogries he presence ohe shve devie
whenit confirms asseibn of the DASP- sgnal. Then te mester devce checks a PDIAG- ghal
to see if the slave device has successfullyptetad the self-diagnostics.

If the master device cannotconfirm asserton of the DASP- signal within 450 ms, the master
device recogmies hatno shve devie s conneaid.

After the slavedevicereceives the hardware reset, the slave device shall report its presence and
the resull of the sel-diagnostcs tothe master devte as desdoed bebw:

DASP- signal:  Asserted within 400 s, and negated after thérst conmandis receivedfrom
the hostor wi thin 31 seconds or after execuing software reset which ever
comes first.

PDIAG- signat Negated within 1 ms and asserd within 30 seconds, hen negagd within 31
seconds

e ]

Master device :
StatusReg. — | |7
BSY bit ; Max. 31 =c. !
“ » If preerceof adave ceviceis
:Checks DASP- for up to  confirmed, PDIA G- is checked for
5450 ns. up to 31 seconds.
Slave ckvice

BSY bit 4[ |7

4—» Max. 1 ms. _
|

PDIAG- 4—'
DASP- : ' I

»; Max. 400ms.

Max. 31 «c.

Max. 30 sc.

.". -

At

A
V.

Figure 6.2 Response to hardware reset

C141-E110-02EN 6-3



6.1.3 Response to software reset

The master device doesnot check the DASP- signal for a software reset. If a slave device is
present the master device checksthe PDIAG- signal for up to 31 seconds b see if the slave
device has copleted the self-diagnosis successfully.

After the slave device receives the software reset, the slave ddalteeportits presencandthe
resut of the sef-diagnostcs tothe mester devce as desdned bebw:

PDIAG- signatl negaed within 1 ms and assertd within 30 seconds then negaéd wi thin 31
seconds.

When the IDD i s setto a slave devie, the IDD asser the DASP- signal when negaing the
PDIAG- signal,and negass the DASP- gjnal when assertg the PDIAG- sgnal.

X'3F6' Reg. L

X"0C" {}ﬁ X"00"
Master device or X"04"

Status Reg. 4l |7

BSY bit 5 Max. 31 %c.

If the slare deviceis preset, DASP- is checked for up to
31 sconds.

Slave cevice

BSY bit 4'

«—» Max. 1 ms.

PDIAG- g

‘&
B

DASP- —I

Max. 30 sc.

- .". -

.
]
-

Figure 6.3 Response to software reset
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6.1.4 Response to diagnostic command

When the naster device receives an EXECUTE DEVICHAGNOSTIC conmand andthe slave
device & presentthe master device checks e PDIAG- signal for up to 6 seconds ¢ see if the
slave device has cqieted the self-diagnosis successfully.

The naster devece does notheck he DASP- gjnal.

After the slave device receives the EXECUTE DEVICE DIAGNOSTIC coand, it shall report
the resull of the sel-diagnostcs tothe master devte as desdoed bebw:

PDIAG-signat negaéd within 1 ms and assereéd within 5 seconds then negatd wi thin 6
seconds.

When the IDD i s setto a slave devie, the IDD assen the DASP- signal when negaing the
PDIAG- signal,and negas the DASP- synal when assertg the PDIAG- sgnal.

X'1F7' Reg. ||
Write :
Master device E
Status Reg. [
BSY bit ; ;
' Max. 6 c. .
If the slavedevice is preset, DASP- signal is checked for up to
. 6 seconds.
Slave cevice
BSY bit

4—» Max. 1 ms.

L
PDIAG- —'_I Max. 5 ec. u
—

«& ' »'
& T »,

DASP- ——[

Figure 6.4 Response to diagnostic command
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6.2 Address Transhtion

Whenthe IDD receives any comand which involves access to the diskedium, the IDD always
implements the address translation fronthe logical address (a host-specified address) to the
physical address (lgical to physical addressranslaton).

Following subse¢bns exphins he CHS tanslaton node.

6.2.1 Default parameters

In the logical to physical address translation, the logicglinder, head,and sectoraddresseare
translaed to the physical cylinder, head, and seat addresses based ohet nunber of heads and
the num ber of sectors per track which are specified with an INITIALIZE DEVICE
PARAMETERS command. This is called as the current translatiaydm

If the nurrber of heads andhe nunber of seabrs are nospecfied with an INITIALIZE DEVICE

PARAMETERS comand, the default values listed in Table 6.1 are useds CHilisdasthedefault
transhion node. The parasters n Tabk 6.1 are datl BIOS speficaton.

Table 6.1 Default parameters

Formatted Paraneters (logical)
capacity (MB) )
Number of cyinders Number of heads Number of sectors/track
MPG3102AT 10,248 16,383 16 63
MPG3153AT 15,371 1 1 1
MPG3204AT 20,496 1 1 1
MPG3307AT 30,743 1 1 1
MPG3409AT 40,992 1 1 1

As long as the formatted capacity of the IDD does not exceed the value shown on Table 6.1, the
hostcan freey specfy the nunber of cyinders, heads, and sexg per tack.

Generally the devicerecognizeshe nunber of heads and sectors per track with the INITIALIZE
DEVICE PARAMETER conmmand. However, it cannot recognizes the nuyar of cylinders.In
otherwords, thereis no way for the device to recognize a host access area on logical cylinders.
Thus the host shouldanage cylinder access to the device.

The host can specify a logical address freely within an area where an address can be specified
(within the specified nurber of cylinders, heads, and sectors per tragk}the currenttranslation
mode.

The host can read an addressable paragter information from the device by the IDENTIFY
DEVICE conmand (Words 54a 56).
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6.2.2 Logical address

Q) CHS node

Logical addressassignnentstarts from physical cy linder (PC) 0, physical head (PH) 0, and
physical sector(PS) 1 andis assignedby calculating the number of secbrs per track which is
specifiedby the INITIALIZE DEVICE PARAMETERS conmand. The head address is advanced
at the subsequensector fromthe last sector of the current physical head address. The first

physical sector of the subsequent physical sector is the consecutive |
sector of the current physical sector.

Figure 6.5 shows an exate (assurmg tere s no tack skew).

Physical sector

ogseaitorfrom the last

1 2 3 6263 64 126 127 189 1900 796 797798
Physical cylinder 0 [Ls|Ls| | | |usYis| |LsfLs| ‘[LsfLs| |LslLs|Ls
Physical head 0 1| 2 63| 1 63 1 63| 1 28 29| 30
.. R e . B
LHO LH1 LH2

Physical sector

798

. . 1 . 33534 96,97 159,160, 2225223 797
Physical cylinder O || 5| |Ls{Ls| |Ls(Ls| [LsfLs| |[Ls(Ls
Physcalhead 1 |31| |63 1| |63 1| |63 1| |63 1

D e e A L DL

LH13 LH14 LH15 LH16 LH1

ex: Zone 0

Physical parameter
- Physical sector: 1 to 798 (For the rest, 2 spare sectors)
Specification of INITIALIZE DEVICE PARAMETERS comand
- Logical head: LH=0to 15
- Logical sector: LS1 to 63

Figure 6.5 Address transhtion (example in CHS mode)
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(2) LBA mode
Logical addressassignnentin the LBA mode sarts fromphysical cylinder 0, phgical head 0, and
physical sectorl. The logical addresss advanced ahe subsequersecor from the last secor of
the current track. The first physical sector of the subsequephysicaltrack is the consecutive
logical sector fronthe last sector of the current physical track.

Figure 6.6 shows an exate of (assunmg there 5 no tack skew).

Physical secor

1 2 3 795 796 797 798
Physical cylinder O | LBA| LBA| LBA LBA| LBA|LBA [LBA
Physical head0 0 1 2 794 795| 796 | 797
1 2 3 795 796 797 798
Physicalcylinder O | LBA| LBA| LBA LBA| LBA|LBA [LBA
Physical head1 798| 799 | 800 1592( 1593) 1594(1595

ex: Zone0

Physical parameter
- Fhysical sector: 1 to 798

Figure 6.6 Address transhtion (example in LBA mode)

6.3 Power Save
The hostcan changehie power consurmption stte of the device byissuing a power command to
the device.

6.3.1 Power save mode

There are four ypes of power consumtion state of the deviceincluding acive mode whereall
circuits are active.

In the powersavemode, powersupplyingto the part of the circuit is turned off. There are three
types of power save odes:

e ldle mode
e Standbymode
e Sleep node

Q) Active node

In this mode, al the electic circuitin the device are adtve or the deviceis underseek,reador
write operaton.
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A device enters the activeatdle under the following conditions:

A command with Seek or Wite or Read $ issued.

Idle mode

In this node, cicuits on he devce is setd power save mode.

The device enters the Idleatte under the following conditions:

e AIDLE or IDLE IMMEDIATE command is issuedi the actve or sandbymode.

*  Whenone d following commard is isswed the canmard is executed normally ard the device
is still stayedn the ide mode.

— Reset (hardware or software)
— IDLE conmand
— IDLE IMMEDIATE command
— A command without Seek or Wite or Read s issued.
Standby mode
In this node, he VCM circuitis turned off andhe spndle motor is stopped.
The devicecanreceivecommandsthroughthe interface. However if a camand with disk access
is issued, responsénte to the conmand under he sandbymode tkes longer han the acive or
Idle mode because the access to the disttiom cannot be rde inmediately.
The drive enters the standbyde under the following conditions:
e A STANDBY or STANDBY IMMEDIATE conmand is issuedm the acive or dle mode.
*  When auwbmatic power down sequence énabdd, the timer has elpsed.

* Avresetis issedin the sleep rade.

When one of following commands is issted, the canmand is execued normally and the device is
still stayed in the standbyade.

* Reset (hardware or software)

* STANDBY command

e STANDBY IMMEDIATE conmand

* A command without Seek or Wite or Read $ issued

* CHECK POWER MDDE command
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(4)

6.3.2

6.4

Sleep node

The power consurption of the drive is minimal in this mode. The drve eners only the siandby
mode fromthe sleep node. The only method to return from the siandbymode is to execue a
software or hardware reset.

The drive enters the sleepde under the following condition:

e A SLEEP command is issued.

Issued comnands arerivalid (ignored) i this mode.

Power commands

The folowing conmands are avééble as power comands.
« IDLE

« IDLE IMMEDIATE

« STANDBY

« STANDBY IMMEDIATE

e SLEEP

» CHECK POWER MDDE

Defect Management

Defective sectorsof which the m edium defect location is registered in the systemspace are
replaced with spare sectors in the fatting at the factory shipent.

All the user space area are fatted at shiprent from the factory based otine defaultparangters
listed in Table 6.1.
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6.4.1 Spare area
Following wo types of spare area are providedhe user space.

1) Spare sector for sector slip:
used for alternating defective sectors at fattimg in shipnent (128 sectors/32 cylinders)

2) Spare cylinder for alternative assigemt:
usedby auomatic altermtive assigmert. (4 cylinder/dive)
6.4.2 Alternating defective sectors

The wo akernating methods deschied bebw are avdable:

Q) Sector dp processig

A defectve sectoris not used and b skipped and a logical sector address & assgned to the
subsequent norahsector (physically adjacent sector to the defective sector).

When defective sector is present, the sector slip processing is pedforrithe formatting.

Figure 6.7 shows an exate where (physical) sector 5 is defective on head 0 in cylinder 0.

index | | L

Sector (physical)
1 2 3 4 5 6 7 8 796 797 798
Cy“nder 0 Defedive
sedor
HeadO
1 2 3 4 T s s 7 795 796 797
unused

If an access remst to sector 5 is specifietthe deviceaccesses physical sector 6teadof secta 5.

Figure 6.7 Sector slip processing
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Alternate cylinder assigrent
A defective sector is assigned to the spare sector in the alternate cylinder.

This processig is performed when a phgical track conains three or more defectve sectorsand
when he aubmatic alternate proceseq is perforned.

Figure 6.8 shows an exahe where (physical) sector 5 is detective on head 0 in cylinder 0.

ndex | | L

Sector (physical)

1 2 3 4 5 6 7 797 798
Cylinder 0
Defedive
sedor
HeadO
1 2 3 4 (unwsed) 6 7 797 798
1)
Alternate
cylinder Already,
assigned
HeadO

®3)

Defective sector is assigned toassigned seato

1 aternate cylinder & provided in hner sde.

When an acess requddto setor 5 is speified, thedevice accessesthealternatal sector in the
alternate clnder instead of sector 5. Mgn anaccess ragest to sectors neto sector 5 is
specifiedthe device seeks to dinder 0, keadO, and contioes the procesgin

Figure 6.8 Alternate cylinder assignment

Automatic alternate assigrent
The device perforsithe autoraic assignment at following case.

1) When ECC correction performance is increasedduring read error retry, a read error is
recovered.

Before autoratic alternate assignemt, the device perforsmrewriting the corrected data to the

erredsectorandrereading. If no error occurs at rereading, the aldiieralternate assignemt
is not perforned.

2) When a write error occurs and the error does not recovered.
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6.5 Read-Ahead Cache
After a readcommand which readsthe data fromthe disk mediumis completed, the read-ahead
cache function reads the subsequent data blocks ausimally and storesthe datain the data
buffer.

Whenthe next conmand requests to read the read-ahead data, the data can be transferrdg:from
data buffer without accessing the diskdium. The host can access the data at higher speed.

6.5.1 Data buffer configuration

The device hasa 512-KB or 2,048-KB dat buffer. The buffer is used bydivided into two and
other conmands parts; for MPU work, for read cache of read mmmds and other camands (see

Figure 6.9).
512 KB (524,288 higs)
for MPU work for R/'W conmand
< 80 KB 432 KB (442,368 htgs)
(81,920 byes)
2,048 KB (2,097,152 ligs)
for MPU work for R/'W command
<— 80 KB 1,968 KB (2,015,232 ligs)
(81,920 byes)

Figure 6.9 Data buffer configuration

The read-ahead operaion i s performed at execution of t he READ SECTOR(S), READ
MULTIPLE, or READ DMA command, and read-ahead data are stored in the buffer for read
cache.
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6.5.2

1)

)

®3)

Caching operation

Thecachingoperatioris perforned only at receipt of the following coiands. The device transfers
data fran the chta luffer tothe rost systenif the fdlowing data eist inthe cata loffer.

» All secbr datto be processed ke command
* A partof datincluding the strting seotr to be processed ke command

When a part of datato be processedkexist in the data huffer, the remaining data are readrom the
disk medium and areransferredd the hostsysem

Commands that are object of caching operation

The following conmands are object of caching operation.

* READ SECTOR (S)

« READ MULTIPLE

* READ DMA
* READ VERIFY (Only Sequen#l Access)

Whenthe cachingoperationis disabledby the SET FEATURES comand, no caching operation
is performed.

Data that are object of caching operation

The following data are object of caching operation.

1) Read-ahead datread from t he disk mediumi nt he databuffer aft er conpletion of the
command that are object of caching operation.

2) Datatransferredo the host systemonce byrequesing with the conmand that are objectof
caching operation. Wen the sector data requested by the host does not fisishingin the
buffer for read cache, it is not object of caching operatidgdnd also,whenthe sequentiahit
occurs continuously, the caching data required by the host lesdowalid.

Invalidating caching data

Cachirg data in tte data luffer is invalidated inthe fdlowing case.

1) Commands other than the following enends are issued (all caching data are invalidated)
e  WRITE SECTOR(S) e READ SECTOR(S)

«  WRITE DMA « READ MULTIPLE

*  WRITE MULTIPLE * READ DMA
+ CHECK POWER MDDE

2) Cachng operabn is disabled byhe SET FEATURES comand.
3) Command isstedby the host is ternmated wth anerra.

4) Softresetor hard reseits executd, or power $ turned off.
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6.5.3

@

Usage of read segment

This subsedbn exphins he usage oftie read segentbuffer atfollowing cases.

Miss-Hit (no hit)

A leadblock of the read-requesid datis not stored n the dat buffer. The request daais read
from the disk nedia.

1) Ses the host address paiter (HAP) and the disk address paiter (DAP) to the sequenitl
address to the last read segn

HAP

|

Segnent for read

DAP

2) Transfers the requested data that already readhe host systemwith readingthe requested
dat from the disk media.

Storesthe read-requested
HAP data upto this point

— I
/{?ﬁy@e{ daa Empty area
|

|

DAP

3) After reading the requestd dat and transferrig the requestd datito the hostsystemhad
been comleted, the disk drive continues to read till a certaimamh of data is stored.

HAP
| ", (stoppe)

/R/e@/egyéﬁéa/ Read Ahead Data

l ’:I (stopped)
DAP

4) Following shows the cache enabled data for next read command.

Cache enabled data

Start LBA Last LBA
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©)] Sequential read

Whenthedisk drive receives the read comnd that targets the sequential address to the previous
read cormand, the disk drive tries to fill the buffer space with the read ahead data.

a. Sequeril command justafter non-sequerd conmand

1) Atreceiving the sequential read canand, the disk drivesetsthe DAP andHAP to the
sequenitl address ofte lastread cormand and readsie requestd daa

HAP

Mis-hit data Empty data

DAP

2) The disk drive transfers the requested data thatakeadyreadto the host systemwith
readng te requestd dah.

|74
Mis-hit data /I}e{{u;(d/d/ Empty data

3) After conpletion of the reading and transferrhg the requestd dafito the hostsystem
the disk drive perforns the read-ahead operation continuously till gertainamount of
data is stored.

Read-
Mis-hit data equesid d ahead| EMPty
data | dai

DAP

v,
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Sequeritl hit

When the last sector address of the previous read cmand is sequentiafto the lead sector
addresof the received read camend, the disk drive transfers the hit data in the buffer to the
host system

The disk drive perforns the read-ahead operiain of the new contnuous daato the enpty
area that becoes vacant by data transfer at the satime asthe disk drive startstransferring
data tothe host system

1) Inthe case that the contents of buffer is as follows at receiving a reambodm

HAP (Completion of trarsferring reqeged dag)

|

Readahead data :// /4t at7/

DAP

S5

|
> Last LBA| Stat LBA S

2) The disk drive starts the read-ahead operation to tiptyeareathat becones vacantby
data trarsfer at tle sane time as tle dskdrive starts trasferring hit data.

HAP
I v
Read-ahead data i New read-ahead dat %c}at{
| g
DAP

3) After completion of datatransfer of hit data, the disk drive perforns the read-ahead
operaton for the dat area of whih the disk drive transferred hidat.

e

HAP >

Read-ahead data

(o),
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3

(4)

Full hit (hit all)

All requested data are stored in the data buffer. The disk drive starts transfertivgrequested
dat from the address of wheh the requestd datiis stored. After completion of conmand, a
previously existed cache data before the full hit reading are still kept in the buffer, and the disk
drive does not perfornthe read-ahead operation. If the disk drive receives a full hibmmand
while performing the read-ahead operain, the disk drive starts transferng the requestd dag
withoutstopping the read-ahead operan.

1) Inthe case that the contents of the data buffer is as follows foexanple and the previous
command is a sequentl read conmand, the disk drive ses the HAP to the address of with

the ht data is stoed

¢—Last position aprevious read comand

HAP Hj\P (setto hit position for data transfer)

|
\ v

Cache data ﬁy«@aﬁ Cache data

!

DAP
Lastpostion atprevious read comand —T

2) The disk drie ransferstie requesid dah butdoes noperformthe read-ahead operan.

HAP
| ¥ (stoppe)

Cache dita %w{daé Cacte data

Partially hit

A partof requestd dahincluding a kad sedr arestoredin the dat buffer. Thedisk drive starts
the dat transfer fromthe address oftie hit dat correspondig to the leadsectorof the requestd
data, andead renmaining requesteddata fromthe dsk meda drectly.

Following is an example of partially hit to the cache data.

Cache data

Start LBA Last LBA
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1) The disk drive setsthe HAP to the address where tte partially hit data is stoed, and sets the
DAP to the adiress pst after tle partially hit data.

HAP

/@é(lyﬁﬁd&é Ladck data

DAP

2) The disk drive startstrarsferring partially hit data aml reads lackdata fran the dsk meda at
the sanetime.

HAP
| Requested datto be tarsferred (sto‘pl)ped)
| "y
/Pgr j IWPaé Lack cata
- %* -
'/ DAP i
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6.6 Write Cache

The write cachefunction of the drive makes a high speed processing in the case that data to be
written by a write command is logically sequent the data of previous aoand and randonwrite
operaton is perforned.

When the drive receives a write comand, the drive starts transferring data of sectoegjuested
by the hostsystemand writing on the disk medium. After transferrhg dat of sectorsrequestd
by the host systemthe drive gererates tle interrypt of commarnd complete. Also, the drive sets
the normal endstatusin the Statusregiser. The drive contnues wrting dat on the disk medium.
When all data requestedby the host are written on the disk medium, actual w rite operation is
completed

The drive receives the next comand continuously. If the received command is a "sequential
write" (datato be written by a command is logically seqiert to data d previous canmand), the
drive starts data transfer and receives data of sectors requested by the hostAtgientime, if
the write operation of the previous command is still been executed, the drive continuously
execues the write operaton of the nextcommand from the secbr nextto the last secor of the
previouswrite operaion. Thus, he latency time for deecing a trget seatr of the nextconmand
is eliminated. This shortens the access tim. The drive generatesan interrupt of conmmand
conplete after conpletion of data transfer requested by thkost systemas sane as at previous
command. Whenthe write operaton of the previous conmand had been copieted, the latency
time occurs to search the target sector.

If the received command is not a "sequential write", the drive receives data of sectors requested by
the host systemas sane as "sequentialwrite”. The drive generates the interrupt of cormand
complete after conpletion of data transfer requested by the host system Received data is
processed adt conpletion of the write operaiton o the disk medium of the prevous conmand.

Even if a hard reset or soft reset is received or the write cache function is disabledthy SET
FEATURES command during unwritten data is kept, the instruction is not executeduntil
remaining unwritten data is written onto the dislegium.

The drive uses a write data as a read cache datd/hen a readcommand is issuedto the sane
address afr the write command, the read operatn 1 the disk mediumis notperformed.

When an error occurs dug the write operaton, te drive mekes rety as nuch as possie. If the
error cannotbe recovered byetry, the drive stops the write operaton to the erred seabr, and
continuesthe write operationfrom the next sector if the write data is remained. (If the drive
stacksa write conmand, for that the drive posts the camand conpletion, next to the comrmand
that wri te operation i s stopped by error occurrence.) Aft er an error occurs at above write
operaton, the drive poss the error satus o the hostsystematnextconmand. (The drve does not
execue this command, ses the error satus that occurred athe write operaton, andgenerags the
interrupt for abnormal end. However, when the drive receives a write com mand after the
completion of error processig, the drive poss the error afer writing the write data of the write
command.)
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At the time that the drive has sbpped he conmand execubn after the error recovenhasfailed,

the write cache function is disabled autatinally. The releasing the disable statanbe doneby

the SET FEATURES conmand. When the power of the drive is turned on afer the power is

turned off once, the status of the write cache function returns to the default state. The default state
is “write cache enable”, and can be disable by the SET FEATUREBaoadh

The write cache function is operated with the following owamd.

«  WRITE SECTOR(S)
«  WRITE MULTIPLE
«  WRITE DMA

IMPORTANT

When be write cache @incion is enabéd, the transferred data from the
host by the WRITE SECTOR(Sis not completely written on the disk
medum at t he time t hatt he interrupt of command compkte is
generated. When the unrecoverable error occurs during the write
operation, the command execution is stopped. Then, when the drive
receivesthe next command, it generates an interrupt of abnormal end.
However an interrupt of abnormal end is not generated when a write
automatic assignment succeeds. However, since the host miague
several write commandsbefore the drive generates an interrupt of
abnormalend,the hostcannotrecognize hatthe occurred error § for
which commandgeneraly. Therefore, itis very hardtoretry the
unrecoverable write error for the host in the write cache operation
generally. So, take care to use the write cache function.
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Comments concerning this manual can be directed to one of the following addresses:

FUJITSU LIMITED

Business Planning

Solid Square East Tower

580 Horikawa-cho,Saiwai-ku, Kawasaki,
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TEL: 81-44-540-4056

FAX: 81-44-540-4123

FUJITSU COMPUTER PRODUCTS OF AMERICA, INC.
2904 Orchard Parkway, San Jose,

California 95134-2009, U.S.A.

TEL: 1-408-432-6333

FAX: 1-408-432-3908

FUJITSU CANADA INC.
2800 Matheson Blvd. East, Mississauga, Toronto,
Ontario L4W 4X5, CANADA

TEL: 1-905-602-5454
FAX: 1-905-602-5457
FUJITSU EUROPE LIMITED

2, Longwalk Road, Stockley Park, Uxbridge,
Middlesex UB11 1AB, ENGLAND

TEL: 44-81-573-4444

FAX: 44-81-573-2643

FUJITSU DEUTSCHLAND GmbH

Frankfurter Ring 211, 80807 Miinchen, GERMANY
TEL: 49-89-323780

FAX: 49-89-32378100

FUJITSU NORDIC AB

Kung Hans Vag 12, S-192 68 Sollentura, SWEDEN
TEL: 46-8-626-6000

FAX: 46-8-626-6711

FUJITSU ITALIA S.p.A.

Via Nazario Sauro, 38 20099 Sesto S. Giovanni (MI), ITALY

TEL: 39-2-26294-1
FAX: 39-2-26294-201

FUJITSU FRANCE S A.

|, Place des Etas-Unis, SILIC 310,
94588 Rungis Cedex, FRANCE
TEL: 33-1-41-80-38-80
FAX: 33-1-41-80-38-66

FUJITSU ICL ESPANA S.A.
Almagro 40, 28010 Madrid, SPAIN
TEL: 34-91-681-8100
FAX: 34-91-681-8125

FUJITSU AUSTRALIA LIMITED

2 Julius Avenue (Cnr Delhi Road) North Ryde N.S.W. 2113,
AUSTRALIA

TEL: 61-2-9776-4555

FAX: 61-2-9776-4556

FUJITSU HONG KONG LTD.

10/F., Lincoln House, 979 King's Road, Taikoo Place, Island East,
Hong Kong

TEL: 852-2827-5780

FAX: 852-2827-4724

FUJITSU KOREA LTD.

Coryo Finance Center Bldg, 23-6, YoulDo-Dong,
Young DungPo-Gu, Seoul, Republic of KOREA
TEL: 82-2-3787-6000

FAX: 82-2-3787-6070

FUJITSU COMPUTERS (SINGAPORE) PTE. LTD
20 Science Park Road #03-01,

TELETECH PARK SINGAPORE SCIENCE PARK I,
Singapore 117674

TEL: 65-777-6577

FAX: 65-771-5499

FUJITSU TAIWAN LTD.

8F, Hun Tai Center, 168-170, Tun Hwa North Road,
1st Sec., Taipei, TAIWAN

TEL: 886-2-545-7700

FAX: 886-2-717-4644

FUJITSU SYSTEMS BUSINESS (MALAYSIA) SDN. BHD.
Fujitsu Plaza, 1A, Jalan Tandang 204, P.O. Box 636 Pejabat Pos
Jalan Sultan

46770 Petaling Jaya, Selangor Darul Ehsan, Malaysia

TEL: 60-3-793-3888

FAX: 60-3-793-0888

FUJITSU SYSTEMS BUSINESS (THAILAND) LTD.
12th F1., Olympia Thai Tower, 444 Rachadapisek Road,
Samsennok, Huay Kwang, Bangkok 10320, Thailand
TEL: 66-2-512-6066
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Reader Comment Form

FUJITSU LIMITED

We would appreciate your comments and suggestions for improving this publication.

Publication No. Rev. Letter  [Title Current Date
How did you use this publication? Is the material presented effectively?
] Leaming [ Installing [] sales 0 Fully O Well O Well ] Clean
[J Reference O Maintaining [[] Operating covered lllustrated Organized
What is your overall rating of this publication? What is your occupation?
] Very Good 1 Fair [ Very Poor
[ Good 1 poor

Your other comments may be entered here. Please be specific and give page,
paragraph and line number references where applicable.

Your Name & Return Address

Thank you for your interest. Please send this sheet to one of the addresses in a left page.
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