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ABSTRACT

The draft standard for AT Attachnent Interface For Disk Drives has been
conpl eted, but as the popularity of the interface has increased, its application
area has grown outside the originally intended purpose. This draft proposed
standard is based upon the AT Attachment Interface For D sk Drives. Thi s
docunent is a stand alone docunent, separate from that documnent. The ATA
Ext ensi ons (ATA-2) standard is intended to broaden the scope and application
area and take advantage of the huge installed BI OS5 (Basic |nput/Qutput System
base, and sof t ware.

This standard defines an integrated interface betwen devices and host
processors. It provides a common point of attachment for systens manufacturers,
systemintegrators, and suppliers of intelligent devices.

The proposed ATA-2 standard shall maintain a high degree of conpatibility with

the AT Attachnent while providing docunentation for new capabilities. Thi s
proposed standard is not intended to require changes to presently installed
devices or existing software. It is intended that this proposed standard woul d

be used to provide additional capabilities.

The proposed ATA-2 standard involves evolutionary expansion of the draft AT
Attachnent standard to provide additional capabilities. The nature of the
proposed project is to insure that the AT Attachment has an upward, highly
conpatible growh path. This wll insure that current investnents in AT
Attachnent are provided with nore stability in the face of technol ogical
devel opnent s. It is likely that any isolated negative inpacts would occur in
any case through non-standard evol ution or revol ution.

PATENT STATEMENT

CAUTI O\ The devel opers of this standard have requested that holder's of patents
that may be required for the inplenentation of the standard, disclose such
patents to the publisher. However, neither the devel opers nor the publisher
have undertaken a patent search in order to identify which, if any, patents nmay
apply to this standard.

As of the date of publication of this standard and following calls for the
identification of patents that may be required for the inplenentation of the
standard, no such clains have been made. No further patent search is conducted
by the developer or the publisher in respect to any standard it processes. No
representation is made or inplied that licenses are not required to avoid
infringement in the use of this standard.
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For ewor d

Thi s standard enconpasses the follow ng:
A ause 1 describes the scope.
Qause 2 lists the normative references.

G ause 3 provides definitions, abbreviations and conventions used wthin
thi s docunent.

O ause 4 contains the electrical and nechani cal characteristics; covering
the interface cabling requirements of the DC, data cables and connectors.

O ause 5 contains the signal descriptions of the AT Attachnent Interface.

Qause 6 contains descriptions of the registers of the AT Attachnent
I nterface.

( ause 7 describes the general operating requirenents of the AT Attachnent
I nterface.

Qause 8 contains descriptions of the comands of the AT Attachment
I nterface.

Qause 9 contains an overview of the protocol of the AT Attachnent
I nterface.

O ause 10 contains the interface ti mng di agrans.

Annexes A through E are informative.
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I ntroduction

Wien the first IBM PC (tm (Personal Conputer) was introduced, there was no hard
di sk storage capability. Successive generations of product resulted in the

inclusion of a hard disk as the primary storage device. Wen the PC AT

devel oped, a hard disk was the key to system performance, and the controller

interface becane a de facto industry interface for the inclusion of hard disks

in PC ATs.

The price of desktop systens has declined rapidly because of the degree of
i ntegration which reduced the nunber of conponents and interconnects. A natural
outgrowth of this integration was the inclusion of controller functionality into
the hard di sk.

In Qctober 1988 a nunber of device suppliers forned the Common Access Method
Commttee to encourage an industry-wide effort to adopt a common software
interface to dispatch input/output requests to SCSI devices. Although this was
the primary objective, a secondary goal was to specify what was known as the AT
Attachnent interface. The resulting AT Attachrment Interface For Disk Drives
standard fulfilled that requiremnent.

As personal conputer type systens continued to evolve, there was a need to

extend the capabilities of the interface. The lap-top and snall conputer
systens needed to nodify the nmechanical aspects of the interface. H gh
per f or mance systens needed to have enhanced transfer rates. |In addition, there

were a nunber of issues in the AT Attachnent standard that needed to be
addr essed.

Page 10 wor ki ng draft AT Attachment Extensions (ATA-2)
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1. Scope

This standard extends the AT Attachment Interface with the addition of new
commands, and defining inproved interface transfer rates. In addition, general
i nprovenents have been nmade in content for conpleteness and to inprove clarity.

This standard defines the AT Attachnent |nterface. This standard defines an
integrated interfaces between devices and host processors. |t provides a comon
poi nt of attachment for systens manufacturers, systemintegrators, and suppliers
of intelligent devices.

The application environnent for the AT Attachment Interface is any device which
uses internal storage.

The PC AT Bus (tM s a wi dely used and inplenmented interface for which a variety
of devices have been nanufact ured. As a neans of reducing size and cost, a
class of products has energed which enbed the controller functionality in the
device. Because of their conpatibility with existing AT hardware and software
this interface quickly becane a de facto industry standard. Wile the AT
Attachment Interface has its roots in the PC AT Bus tn) its use has extended to
many ot her systens.

2. Nor mat i ve ref erences

None.

wor ki ng draft AT Attachment Extensions (ATA-2) Page 11
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3. Definitions, abbreviations and conventions
3.1. Definitions and Abbrevi ati ons

For the purposes of this International Standard, the followi ng definitions
appl y.

3.1.1. ATA (AT attachment)

ATA defines the physical, electrical, transport, and comrand protocols for the
internal attachnment of bl ock storage devices.

3.1.2. ATA-1 devi ce

A device which conplies with X3.221-1994, the AT Attachenent Interface for D sk
Drives.

3.1.3. ANG
Anerican Wre Gauge.
3.1. 4. Comrand accept ance

A command is considered accepted whenever the host wites to the Comrand
Regi ster and the device currently selected has its BSY bit equal to zero. An
exception exists for the EXECUTE D AGQNCSTI C command (see the description of the
EXECUTE DI AGNCSTI C command) .

3.1.5. CHS (CQylinder - head-sector)

This termdefines the addressing of the device as being by cylinder nunber, head
nunber and sector nunber.

3.1.6. Dat a bl ock

This termdescribes a unit of data words transferred using PIO data transfer. A
data block is transferred between the host and the device as a conplete unit. A
data block is a sector, except for data blocks of a READ MLTIPLE, WRTE
MLLTI PLE, READ LONG and WRI TE LONG commands. I n the cases of READ MUWLTI PLE and
WRI TE MLTI PLE comrands, the size of the data block may be changed in multiples
of sectors by the SET MLTIPLE MXDE comrand. In the cases of READ LONG and
WRI TE LONG the size of the data block is a sector plus a vendor specific nunber
of bytes. The default length of the vendor specific bytes associate with the
READ LONG and WRI TE LONG conmmands is four bytes, but nay be changed by use of
the SET FEATURES conmand.

3.1.7. Devi ce

Device is a storage peripheral. Traditionally, a device on the ATA interface
has been a hard disk drive, but any form of storage device may be placed on the
ATA interface provided it adheres to this standard.

3.1.8. Devi ce sel ection

A device is selected when the DEV bit of the Drive/Head register is equal to the

devi ce nunber assigned to the device by neans of a Device O/Device 1 junper or
switch, or use of the CSEL signal.
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3.1.9 DVA (Direct nmenory access)

A means of data transfer between device and host nenory wthout processor
i ntervention.

3.1.10. LBA (Logi cal bl ock address)

This termdefines the addressing of the device as being by the |inear napping of
sectors.

3.1.11. Mast er

Previous to this standard, Device 0 has also been referred to as the naster.
Through out this document the termDevice O shall be used.

3.1.12. ot i onal
This term describes features which are not required by the standard. However,
if any optional feature defined by the standard is inplemented, it shall be done

in the way defined by the standard. Describing a feature as optional in the
text is done to assist the reader.

3.1.13. Pl O (Programmred i nput/ out put)

A neans of accessing device registers. PIOis also used to describe one form of
data transfers. PIO data transfers are performed by the host processor
utilizing PlOregister accesses to the Data register.

3.1.14. Reserved

Reserved bits, bytes, words, fields and code values are set aside for future
st andar di zat i on. Their use and interpretation may be specified by future
extensions to this or other standards. A reserved bit, byte, word or field
shall be set to zero, or in accordance with a future extension to this standard.
The recipient shall not check reserved bits, bytes, words or fields. Receipt of
reserved code values in defined fields shall be treated as an error.

[Editor's note: Look carefully at this as it may be considered by sonme to be a
t echni cal change!

3.1.15. Sect or
A uni quel y addressabl e set of 256 words (512 bytes).
3.1.16. Sl ave

Previous to this standard, Device 1 has also been referred to as the slave.
Through out this docurent the termDevice 1 shall be used.

3.1.17. Unr ecover abl e error
An unrecoverable error is defined as having occurred at any point when the

device sets either the ERR bit or the DF bit to one and the BSY bit to zero in
the Status register when processing of a comrand.
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3.1.18. VS (Vendor specific)

This termis used to describe bits, bytes, fields and code values which are
reserved for vendor specific purposes. These bits, bytes, fields and code
values are not described in this standard, and nay be used in a way that varies
bet ween vendors. This termis also applied to levels of functionality whose
definition is left to the vendor.

3. 2. Conventions

If there is a conflict between text and tables, the table shall be accepted as
bei ng correct.

3.2. 1. Keywor ds

Lower case is used for words having the normal English meaning. Certain words
and terns used in this International Standard have a specific meani ng beyond the
normal English neaning. These words and terns are defined either in clause 3 or
in the text where they first appear.

The names of abbreviations, comands, fields, and acronyns used as signal nanes
are in all uppercase (e.g., |DENTIFY DEV CE). Fields containing only one bit
are usually referred to as the "name" bit instead of the "nane" field. (See
A ause 3.2.4 for the nam ng convention used for namng bits.)

Names of device registers begin with a capital letter (e.g., Cylinder Low
register).

3.2.2. Nunber i ng

Nunbers that are not imrediately followed by a | ower-case "b" or "h" are deci nal
values. MNunbers that are immediately followed by a |ower-case "b" (e.g., 0lb)
are binary val ues. Nunbers that are immediately followed by a |ower-case "h"
(e.g., 3Ah) are hexadeci mal val ues.

3.2.3. Si gnal Conventi ons

Signal names are shown in all upper case letters.

Al signals are either high active or low active signals. A dash character (

at the end of a signal nanme indicates it is a low active signal. A |low active
signal is true when it is below ViL, and is false when it is above ViH No dash
at the end of a signal nane indicates it is a high active signal. A high active

signal is true when it is above ViH and is false when it is below Vi L.
Asserted neans that the signal is driven by an active circuit toits true state.

Negat ed means that the signal is driven by an active circuit toits false state.

Rel eased neans that the signal is not actively driven to any state. Somre
signals have bias circuitry that pull the signal to either a true state or false
state when no signal driver is actively asserting or negating the signal. These

cases are noted under the description of the signal, and their rel eased state is
st at ed.

Control signals that nay be used for two nutually exclusive functions are

identified with their two names separated by a colon e.g. SPSYNC CSEL can be
used for either the Spindle Sync (SPSYNC) or the Cable Select (CSEL) functions.
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3.2.4. Bit Conventions

Bit names are shown in all upper case letters except where a lower case n
precedes a bit name. |If there is no preceding n, then when BIT is equal to one
the neaning of the bit is true, and when BIT is equal to zero the neaning of the
bit is false. |If there is a preceding n, then when nBIT is equal to zero the
nmeaning of the bit is true and when nBIT is equal to one the neaning of the bit
is fal se.

3.2.5. Byte O dering For 8-bit and 16-bit Data Transfers

Assuming a block of data contains "n" bytes of information, and the bytes are
| abel ed Byte(0) through Byte(n-1), where Byte(0) is first byte of the field, and
Byte(n-1) is the last byte of the bl ock.

Wen such a block of data is transferred on the ATA interface in 16 bit w de
transfer node, then the bytes shall be presented in the follow ng order:

DD DD DD DD DD DD DD Db DD DD DD DD DD DD DD DD
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 OO

First transfer -------- Byte(1l)--------  -------- Byte(0)--------
Second transfer -------- Byte(3)--------  -------- Byte(2)--------
Léét transfer  ------- Byte(n-1)-------  ------- Byte(n-2)-------

Wen such a block of data is transferred on the ATA interface in 8 bit wde
transfer node, then the bytes shall be presented in the follow ng order:

DD DD DD DD DD DD DD DD
07 06 05 04 03 02 01 00

First transfer  -------- Byte(0)--------
Second transfer ~  -------- Byte(1)--------
Next to last transfer ------- Byte(n-2)-------
Last transfer = ------- Byte(n-1)-------

Not e: The above description is for data on the ATA Interface. Host systens
and/ or host adapters nmay cause the order of data, as seen in the menory of the
host, to be different.
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4. Interface Physical and Hectrical Requirenents

The traditional 40-pin ATA interface is docunented in this section as one of the
connection schenes being utilized. Annex B and Annex C provide a basic
definition of two alternative connection schenes.

4.1. Configuration

This standard defines the ATA interface containing a single host or host adapter
and one or two devices. |If two devices are connected to the interface, they are
connected in a daisy chained configuration. One device is configured as Device
0 and the other device as Device 1.

The designation of a device as Device O or Device 1 nay be nade in a nunber of
ways:

- aswitch or a junper on the device
- use of the Cable Select (CSEL) pin

[ SR +

| Host or |------- EEEEE T +

| Adapter | | |

[ SR + e - oo R G S +
| Device O | | Device 1 |
Fomm e o - R S +

[ SR +

| Host or |------- EEEEE T +

| Adapter | | |

[ SR + e - oo R G S +
| Device 1 | | Device 0O |
Fomm e o - R S +

In a two drive configuration, the order of placenment of Device O and Device 1 on
the ATA interface cable is not significant to the operation of the interface.

If only a single device is attached via the ATA interface to a host, it is
recomrended that the host and the device be placed at the two ends of the cable.

Figure 1 - ATA Interface Cabling D agram

Al so see clause 5.2.15.2 on CSEL operati on.
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4.2. DC cabl e and connect or

The devi ce recei ves DC power through a 4-pin connector.

4.2.1. 4-pi n power

The pin assignments are shown in table 1. Recommended part nunbers for the

mating connector to 18 AW cable are shown bel ow, but conpatible parts nay be
used.

Connector (4 pin) AWP 1-480424-0 or conpatibl e.
Contacts (Il oose pi ece) AW 60619-4 or conpati bl e.
Contacts (strip) AW 61117-4 or conpati bl e.
[Editor's Note: Are these the device side connectors or the cable side

connectors? Attenpt to get diagrans from SFF-8012. ]

[Editor's Note: Does anyone el se feel uneasy about specifying a nmanufacturer's
part nunber? Wat if the manufacturer changes its specification for that part?
As far as | know they are under no obligation to tell us. | know the history,
keep it sinple and get the ATA specification out, but does this approach apply
to ATA-2 as wel | ?]

+ + +
| Power line designation | Pin Nunber |
+ + +
| +12 Vol ts | 1 |
T B S +
| +12 Volt Return | 2 |
T B S +
| +5 Volt Return | 3 |
T B S +
| +5 Vol ts | 4 |
T B S +

/ 4 | 3 | 2 | 1 \
| +5VDC | +5V Return |+12V Return| +12VDC |

Figure 2 - Drive Side Connector Pin Nunbering

[Editor's note: 4.3 Gound connection was del eted, subject to no objections.]

wor ki ng draft AT Attachment Extensions (ATA-2) Page 17



X3T10/ 0948D Revi sion 3

4. 3. 1/0O connector

The /O connector is a 40-pin connector as shown in figure 3, wth pin
assignments as shown in table 5. The connector should be keyed to prevent the
possibility of installing it upside down. A key is provided by the renoval of
pin 20. The corresponding pin on the cabl e connector should be pl ugged.

The pin locations are governed by the cable plug, not the receptacle. The way
in which the receptacle is mounted on the printed circuit board affects the pin
positions, and pin 1 should remain in the sane relative position. This neans
the pin nunbers of the receptacle may not reflect the conductor nunber of the
plug. The header receptacle is not polarized, and all the signals are relative
to pin 20, which is keyed.

By using the plug positions as prinary, a straight cable can connect devices.
As shown in figure 3, conductor 1 on pin 1 of the plug has to be in the sane
relative position no matter what the receptacle nunbering |ooks Iike. I f
receptacle nunbering was followed, the cable would have to tw st 180 degrees

between a device with top-mounted receptacles, and a device w th bottom nounted
recept acl es.

I
| 40 20 2|

Figure 3 - 40-Pin Connector Munting

Recomrended part nunbers for the mating connector are shown below but
equi val ent parts nay be used.

Connector (40 pin) 3M 3417- 7000 or equival ent.
Strain relief 3M 3448- 2040 or equival ent.

4.4, 1/0O cable

The cabl e specifications affect systemintegrity and the maxi numlength that can
be supported in any application.

Fl at cabl e (stranded 28 AW, 3M 3365-40 or equival ent.
Fl at cabl e (stranded 28 AW, 3M 3517-40 (shiel ded) or equivalent.

Cable total length shall not exceed O0,46m (18 inches).

Cabl e capacitance shall not exceed 35 pf.

Page 18 wor ki ng draft AT Attachment Extensions (ATA-2)



4.5, Hectrical Characteristics

Interface signal are defined in Table 2 and Table 3.

X3T10/ 0948D Revi sion 3

o S B S +
| Description | Mn | Max |
R S, o S B S +
| ToL | Driver sink current | 12mA | |
| ToH | Driver source current | 400uA | |
| Vih | Voltage Input H gh | 2,0 VDC| |
| Vil | Voltage Input Low | | 0,8 VDC|
| Voh | Voltage Qutput Hgh (loh =-400u A | 2,4 VDC|
| Vol | Voltage Qutput Low (lol = 12na) | | 0,5V DC|
R S, o S B S +
Table 2 - DC Characteristics
o Foem oo - Fomm oo +
| Description | Mn | Max |
Fomm e e o Foem oo - Fomm oo +
| tRISE| Rsetime for any signal on AT interface(l)| 5ns | |
| tFALL | Fall time for any signal on AT interface(l)| 5ns | |
| 4n | Input Capacitance(each host or Device) | | 25 pf |
| Gout | Qutput Capacitance(each host or Device) | | 25 pf |
Fomm e e o Foem oo - Fomm oo +

(1) tR SE and tFALL are neasured from 10-90% of full

with a total capacitive |load of 100 pf.

Table 3 - AC Characteristics

signal anplitude

Not e: loH value at 400 uA is insufficient in the case of DVARQ which is

typically pulled I ow by a 5.6k ohmresistor.
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4.5.1. ATA-2 Driver Types and Required Pull -ups
+ + + + + + +
| | | Driver | Pull-up | Pull-up | |
| Signal | Source | Type | at Host | at each | Notes |
I I Il (1) | (2 | Device(2)] I
S B S Fomm oo S U S S Fomm oo - +
I I | I I I |
| Reset | Host | TP | | | |
| DD 0:15 | Bidir. | TS | | | |
| DVARQ | Device | TS | 5.6K PD | | (3) |
| DOR DOV | Host | TS | | | |
| 1 ORDY | Device | TS | 1.0K | | (4) |
| SPSYNG CSEL | | I I | (5) |
| CSEL | Host | | Gound | 10K | (6) |
| SPSYNC | Device | TS COC | | 'S | (7) |
| DMVACK- | Host | TP | | | |
| INTRQ | Device | TS | | | |
| 10Cs16- | Device | GC | 1.0K | | |
| DAO: 2 | Host | TP | | | |
| PDAG | Device | TS | | 10K | |
| CSO- Cs1- | Host | TP | | | |
| DASP- | Device | GC | | 10K | (5) |
| S A S

+

(1) TS=Tri-State; OC=Cpen ollector; TP=Totem Pole; PU=Pull-up;
PD=Pul | - down; VS=Vendor specific

(2) Al resistor values are mninum (I owest) all owed.

(3) ATA-2 defines this line to be tri-stated whenever the device is
not selected or is not executing a DVA data transfer. Wen enabl ed
by DMA transfer, it shall be driven high and | ow by the device.

(4) This signal should only be enabled during DIOR'DI ON cycles to
the sel ected devi ce.

(5) See signal descriptions for information on dual use of this
si gnal .

(6) Wien used as CSEL, Line is grounded at Host and 10K Pull-up is
requi red at bot h devi ces.

(7) Wen used as SPSYNC, application is vendor specific.

Table 4 - ATA-2 Driver Types and Required Pull -ups
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5. Interface Signal Assignnents and Descriptions
5.1. Signal summary

The physical interface consists of receivers and drivers commnicating through a
40-conductor flat ribbon non-shielded cable using an asynchronous interface
pr ot ocol . The pin nunbers and signal names are shown in table 5. Reser ved
signals shall be left unconnected. Table 6 contains an al phabetical |isting by
pi n acronym

+ + + + +
| Description | Source | Pin | Acronym |
S RS B +
| Reset | Host | 1| RESET- |
| | n/fa | 2| Gound |
| Data bus bit 7 | Host/Device | 3| DDr |
| Data bus bit 8 | Host/Device | 4 | DD8 |
| Data bus bit 6 | Host/Device | 5| DD6 |
| Data bus bit 9 | Host/Device | 6 | DD9 |
| Data bus bit 5 | Host/Device | 7 | DDb |
| Data bus bit 10 | Host/Device | 8 | DD10 |
| Data bus bit 4 | Host/Device | 9| DM |
| Data bus bit 11 | Host/Device | 10 | DD11 |
| Data bus bit 3 | Host/Device | 11 | DD3 |
| Data bus bit 12 | Host/Device | 12 | DD12 |
| Data bus bit 2 | Host/Device | 13 | DD2 |
| Data bus bit 13 | Host/Device | 14 | DD13 |
| Data bus bit 1 | Host/Device | 15 | DDL |
| Data bus bit 14 | Host/Device | 16 | DD14 |
| Data bus bit 0O | Host/Device | 17 | DDO |
| Data bus bit 15 | Host/Device | 18 | DD15 |
| Gound | n/fa | 19 | Gound |
| (keypin) | n/fa | 20 | Reserved |
| DVA Request | Device | 21 | DVARQ |
| Gound | n/fa | 22 | Gound |
| 1/OWite | Host | 23| DOw |
| Gound | n/fa | 24 | Gound |
| 1/0 Read | Host | 25| DOR |
| Gound | n/fa | 26 | Gound |
| 1/0 Ready | Device | 27 | 1ORDY |
| Spindle Sync or Cable Sel ect | (note 1) | 28 | SPSYNC. CSEL |
| DVA Acknow edge | Host | 29 | DVACK- |
| Gound | n/fa | 30 | Gound |
| I'nterrupt Request | Device | 31 | INTRQ |
| 16 Bit I/0O | Device | 32 | 1QCS16- |
| Device Address Bit 1 | Host | 33| DAL |
| PASSED DI AGNCSTI CS | (note 1) | 34 | PDAG |
| Device Address Bit O | Host | 35| DAO |
| Device Address Bit 2 | Host | 36 | DA2 |
| Chip Select O | Host | 37 | CSO- |
| Chip Select 1 | Host | 38 | Csi- |
| Device Active or Slave (Device 1) Present | (note 1) | 39 | DASP- |
| Gound | n/fa | 40 | Gound |
S RS B +
| Note 1: See signal descriptions for information on source of these signals |
+ +
Table 5 - Interface Signal Names and Pin Assignnents
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+ + + + + +
| Signal | Pin | | Signal | Pin |
[ R [ SR + S S S R +
| CSO- | 37 | | DD12 | 12 |
| Csi- | 38 | | DD13 | 14 |
| DAO | 35 | | DD14 | 16 |
| DAL | 33 | | DD15 | 18 |
| DA2 | 36 | | DR | 25 |
| DASP- | 39 | | DI OW | 23 |
| DDO | 17 | | DVACK- | 29 |
| DD1 | 15 I | DVARQ | 21 I
| DD2 | 13 I | INTRQ | 31 I
| DD3 | 11 | | 1ocsi6- | 32 |
| D4 | 9 | | TORDY | 27 |
| DD5 | 7 | | PDAG | 34 |
| DD6 | 5 | | RESET- | 1 I
| DD7 | 3 | | SPSYNC. | 28 |
| DD8 | 4 | | CSEL | 28 |
| DD9 | 6 | | keypin | 20 |
| DDL1O | 8 | | ground | 2,19, 22,|
| DD11 | 10 | | | 24, 26, 30, |
| | | I | 40 I
+ | | I i i

Table 6 - Interface signals - Al phabetical Listing
5.2. Signal descriptions
5.2. 1. CS0- ( CH P SELECT 0)

This is the chip select signal fromthe host used to select the Comrand Bl ock
Regi sters. See Table 7.

Note: This signal has al so been known in the industry as CS1FX-.
5.2.2. CS1- (CH P SELECT 1)

This is the chip select signal fromthe host used to select the Control Bl ock
Regi sters. See Table 7.

Note: This signal has al so been known in the industry as CS3FX-.
5.2.3. DA2, DAl, and DAO ( DEVI CE ADDRESS )

This is the 3-bit binary coded address asserted by the host to access a register
or data port in the device. See Table 7.
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5.2. 4. DASP- (Device active, device 1 present)

This is a time-multiplexed signal which indicates that a device is active, or
that Device 1 is present. This signal shall be an open collector output and
each device shall have a 10K ohmpul | -up resistor.

During power on initialization or after RESET- is negated, DASP- shall be
deasserted by both Device O and Device 1 within 1 nsec, and then Device 1 shall
assert DASP- within 400 nsec to indicate that Device 1 is present.

Device 0 shall allow up to 450 nsec for Device 1 to assert DASP-.

DASP- shall be negated foll owi ng acceptance of a conmand by Device 1 or after 31
seconds, whichever cones first.

Any time after negation of DASP-, either device nay assert DASP- to indicate
that a device is active.

If the host connects to the DASP- signal for the illumnation of an LED or for
any other purpose, the host shall ensure that the signal |evel seen on the ATA
interface for DASP- shall naintain Voh and Vol conpatibility, given the loh and
lol requirenments of the DASP- device drivers.

5. 2. 5. DDO- DD15 ( Devi ce Dat a)

This is an 8 or 16-bit bi-directional data interface between the host and the
device. The lower 8 bits are used for 8-bit transfers e.g. registers, vendor
specific bytes associated with the READ LONG and WRI TE LONG commands and, if the
device supports the Features register capability to enable 8-bit-only data
transfers (see clause 8.24, Set Features).

5.2.6. DIOR (Devic e I/O read)

This is the read strobe signal fromthe host. The falling edge of DIOR enabl es
data from a register or data port of the device onto the signals, DDO-DD7 or
DDO- DD15. The rising edge of DICR latches data at the host and the host shall
not act on the data until it is |atched.

5.2.7. DOV (Device I/Owite)

This is the Wite strobe signal fromthe host. The rising edge of DIOWV | atches
data fromthe signals, DDO-DD7 or DDO-DD15, into a register or the data port of
the device. The device shall not act on the data until it is |atched.

5.2.8. DVACK- (DVA acknow edge) (Qptional)

This signal shall be used by the host in response to DMARQ to initiate DVA
transfers.

NOTE: This signal may be negated by the Host to suspend the DVA transfer
in process. For Miulti-Wrd DVA transfers, the Device may negate DVARQ
within the tL specified time (refer to Figure 12) once DVACK- is asserted
and reassert it again at a later time to resune the DMA operation.
Alternatively, if the device is able to continue the transfer of data, the
devi ce may | eave DVARQ asserted and wait for the host to reassert DVACK-.
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5.2.9. DVARQ (DVA request) (Qptional)

This signal, used for DVA data transfers between host and device, shall be
asserted by the device when it is ready to transfer data to or from the host.
The direction of data transfer is controlled by DCR and DDOWN. This signal is
used in a handshake nmanner with DVACK- i.e. the device shall wait until the
host asserts DVACK- before negating DVMARQ and re-asserting DVARQ if there is
nore data to transfer.

This line shall be released (high inpedance state) whenever the device is not
selected or is selected and no DMA command is in progress. Wen enabl ed by DVA
transfer, it shall be driven high and | ow by the devi ce.

Wen a DVA operation is enabled, 10CS16-, CSO- and CS1- shall not be asserted
and transfers shall be 16-bits wi de.

NOTE: In ATA-1 devices, this signal was either totempole or tri-state in
different inplenentations. In EISA systens, 5.6K pull-down is used to
cause a logic low on undriven lines. ATA-2 defines this line to be in
hi gh-i npedance node except when DVA transfer is active from the sel ected
devi ce.

In systens which may use mxed devices where totempole drivers are used, and
the system shares this line with other non-ATA devices, the ATA host or ATA
adapter shall ensure that appropriate protection is enployed to protect ATA
devi ce DVARQ drivers from damage.

5. 2.10. | NTRQ (Device interrupt)

This signal is used to interrupt the host system INIRQ is asserted only when
the device has a pending interrupt, the device is selected, and the host has
cleared the nlEN bit in the Device Control register. |If the nlEN bit is equal

to one, or the device is not selected, this output is in a high inpedance state,
regardl ess of the presence or absence of a pending interrupt.

The interrupt pending condition shall be cleared by:
- assertion of RESET- or
- the setting of the SRST bit of the Device Control register, or
- the host witing the Comrand regi ster or
- the host reading the Status register

Oh PIO transfers, INTRQ is asserted at the beginning of each data block to be
transferred. A data block is typically a single sector, except when decl ared
otherwise by use of the SET MLTIPLE MXDDE comrand. An exception occurs on
FORMAT TRACK, WRITE SECTOR(S), WRITE BUFFER and WRITE LONG commands - | NTRQ
shall not be asserted at the beginning of the first data block to be
transferred.

Onh DVA transfers, INTRQis asserted only once, after the conmand has conpl et ed.
If the systemshares this |line wth non-ATA devices, the ATA host or ATA adapter

shall ensure that appropriate protection is enployed to protect ATA device | NTRQ
drivers from danage.
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5.2.11. | OCS16- (Device 16-bit 1/0

During PIO transfer nodes 0, 1 or 2, IQCS16- indicates to the host system that
the 16-bit data port has been addressed and that the device is prepared to send
or receive a 16-bit data word. This shall be an open coll ector output.

- Wien transferring in any Pl O node and accessing any register except the
data port, transfers shall be 8-bit using DDO-7.

- Wen transferring in PPIO nmodes 0, 1 or 2, if 1Q0CS16- is not asserted,
transfers shall be 8-bit using DDO-7.

- Wen transferring in PO mdes 0, 1 or 2, if 10CSl6- is asserted,
transfers shall be 16-bit using DDO-15.

- Wien transferring in PlO nodes 3 or 4, |QOCSl16- shall not be used by the
host, and all transfers shall be 16-bit using DDO-15, except for bytes
beyond the 512th byte for READ LONG and WRI TE LONG commands whi ch shal |
be 8-bit using DDO-7.

- Wien transferring in DVA node, the host shall use a 16-bit DVA channel
and | GCS16- shall not be asserted.

5.2.12. | CRDY (1/0O channel ready) (Qptional)

This signal is negated to extend the host transfer cycle of any host register
access (Read or Wite) when the device is not ready to respond to a data
transfer request.

If actively asserted, this signal shall only be enabled during D CR/D ON
cycles to the selected device. If open collector, when ICRDY is not negated, it
shall be in the high-inpedance (undriven) state.

The use of ICRDY is required for Pl O nodes 3 and above.
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5.2.13. PDI AG (Passed di agnosti cs)

This signal shall be asserted by Device 1 to indicate to Device O that it has
conpl eted diagnostics. A 10K ohm pull-up resistor shall be used on this signal
by each devi ce.

Following a power on reset, software reset or RESET-, Device 1 shall negate
PDIAG within 1 msec (to indicate to Device O that it is busy). Device 1 shall
then assert PDIAG within 30 seconds to indicate that it is no |onger busy, and
is able to provide status. |If Device 1 is present, then Device O shall wait for
up to 31 seconds from power-on reset, software reset or RESET- for Device 1 to
assert PDOAG. If Device 1 fails to assert PDOAG, Device 0 shall set bit 7 to
1in the Error register to indicate that Device 1 failed. After the assertion
of PDAG, Device 1 may be unable to accept commands until it has finished its
reset procedure and is Ready (the DRDY bit is equal to one).

Following the receipt of a valid EXECUTE DEVICE D AGNCSTIC command, Device 1
shall negate PDIAG within 1 nsec to indicate to Device O that it is busy and
has not yet passed its device diagnostics. Device 1 shall then assert PD AG
within 5 seconds to indicate that it is no longer busy, and is able to provide
status. Device 1 should clear the BSY bit before asserting PDAG. |If Device 1
is present then Device 0 shall wait for up to 6 seconds fromthe receipt of a
valid EXECUTE DEVICE DI AGNCSTIC command for Device 1 to assert PDAG. I f
Device 1 fails to assert PDIAG, Device O shall set bit 7 to 1 in the Error
register to indicate that Device 1 failed.

If DASP- was not asserted by Device 1 during reset initialization, Device O
shall post its own status imrediately after it conpletes diagnostics, and clear
the Device 1 Status register to 00h. Device O nay be unable to accept comrands
until it has finished its reset procedure and is Ready (the DRDY bit is equal to
one).

It is recommended that the host nake no connect to the PD AG signal.
5.2.14. RESET- (Device reset)

This signal from the host system shall be asserted beginning with the
application of power and held asserted until at l|east 25 usec after voltage
| evel s have stabilized within tolerance during power on and negated thereafter
unl ess some event requires that the device(s) be reset foll owi ng power on.

5.2.15. SPSYNC. CSEL ( Spi ndl e synchroni zati on/ cabl e sel ect) (Qptional)
This signal shall have a 10K ohmpul | -up resistor.

This is a dual purpose signal and neither, either or both functions may be
i npl erent ed. If both functions are inplemented then they cannot be active
concurrently: the choice as to which is active is vendor specific.

Al devices connected to the sane cabl e should have the sane function active at
the sane tine. If SPSYNC and CSEL are mixed on the sane cable, then device
behavi or is undefi ned.

Prior to the introduction of this standard, this signal was defined as DALE
(Devi ce Address Latch Enable), and used for an address valid indication fromthe
host system |If used, the host address and chip sel ects, DAO through DA2, CSO-,
and CS1- were valid at the negation of this signal and renained valid while DALE
was negated, therefore, the device did not need to latch these signals with
DALE.
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5.2.15. 1. SPSYNC ( Spi ndl e syn chroni zation) (Optional)
The definition of this signal is vendor specific.
5.2.15. 2. CSEL (Cabl e select) (Optional)

The device is configured as either Device O or Device 1 depending upon the val ue
of CSEL:

- If CSEL is negated then the device address is O
- If CSEL is asserted then the device address is 1

CSEL shall be maintained at a steady level for at |east 31 seconds after
the negati on of RESET-.

| npl enentor’ s Not e:

Special cabling can be used by the system nanufacturer to selectively ground
CSEL e.g. CSEL of Device 0 is connected to the CSEL conductor in the cable, and
is grounded, thus allowing the device to recognize itself as Device 0. CSEL of
Device 1 is not connected to CSEL because the conductor is renoved, thus the
devi ce can recogni ze itself as Device 1.

+o--- - CSEL Conductor ------------------"-------- +

| I Goen

| & ound | |
Fomm oo - + R + E S +
| Host | | Device O | | Device 1 |
Fomm oo - + R + E S +

+o--- - CSEL Conductor ------------------"-------- +

| Qoen |

| G ound | |
Fomm oo - + R + E S +
| Host | | Device 1 | | Device O |
Fomm oo - + R + E S +

Figure 4 - Cable Sel ect Exanple

wor ki ng draft AT Attachment Extensions (ATA-2) Page 27



X3T10/ 0948D Revi sion 3

6. Interface Register Definitions and Descriptions
6. 1. Devi ce Addressing Consi derations

In traditional controller operation, only the selected controller receives
commands from the host follow ng selection. In this standard, the register
contents go to both devices (and their enbedded controllers). The host
di scrimnates between the two by using the DEV bit in the Device/ Head register.

Data is transferred in parallel (16 bits) either to or from host nenory to the
device's buffer under the direction of commands previously transferred fromthe
host . The device perforns all of the operations necessary to properly wite
data to, or read data from the nedia. Data read fromthe nedia is stored in
the device's buffer pending transfer to the host nenory and data is transferred
fromthe host nenory to the device's buffer to be witten to the medi a.

The devices using this interface shall be programred by the host conputer to
perform commands and return status to the host at command conpl etion. Wen two
devi ces are daisy chained on the interface, commands are witten in parallel to
both devices, and for all except the Execute D agnostics command, only the
sel ected device executes the command. Oh an Execute D agnostics comrand
addressed to Device O, both devices shall execute the command, and Device 1
shall post its status to Device 0 via PD AG.

Devices are selected by the DEV bit in the Devicel/Head register (see clause
6.2.7). Wen the DEV bit is equal to zero, Device 0 is selected. Wen the DEV
bit is equal to one, Device 1 is selected. Wen devices are dai sy chai ned, one
shall be set as Device 0 and the other as Device 1. Wwen a single device is
attached to the interface it shall be set as Device 0.
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6.2. 1/Oregister descriptions

Communi cation to or fromthe device is through an 1/0 Register that

routes the

input or output data to or fromregi sters addressed by the signals fromthe host

(CS0-, CSi-,

The Command Bl ock Registers are used for
posting status fromthe device.
and to post alternate status.

control

DA2, DAl, DAO, DOR and D ON).

sendi ng comrands
The Control

Table 7 lists these registers and the addresses that select them

+

| Addr esses [ Functi ons

| ------------------------------- o e m e e e e e e e e e e e e e e mm e mmmma-
| CS0- | CS1- | DA2 | DA1 | DAO | READ (D CR) | WR TE (D OW)

| ------ e o - [ R oo +--- - o e m e e e e e e e e e e e e e e mm e mmmma-
| N | N | x | x | x | Data bus high inped | Not Used

| ------ e o - [ R oo +--- - o e m e e e e e e e e e e e e e e mm e mmmma-
| | Control block registers

| ------------------------------- o e m e e e e e e e e e e e e e e mm e mmmma-
| N | A | 0 | x | x | Data bus high inped | Not Used

| N | A | 1 | 0 | x | Data bus high inped | Not Used

| N | A | 1 | 1 | 0 | ALTERNATE STATUS | DEVI CE CONTRCL

| N | A | 1 | 1 | 1 | (Note 1) | Not Used

| ------------------------------- o e m e e e e e e e e e e e e e e mm e mmmma-
| | Command bl ock registers

| ------------------------------- o e m e e e e e e e e e e e e e e mm e mmmma-
| A | N | O | O | O | Data | Data

| A | N | O] O] 1 | Eror | Features

| A | N | 0 | 1 | 0 | Sector Count | Sector GCount

| A | N | O ] 1 | 1 | Sector Nunber | Sector Nunber

| A | N | O | 21 | 1 | * LBAbits O0- 7 | * LBA bits 0- 7

| A | N | 1 | 0 ] O | ¢linder Low | Cylinder Low

| A | N | 1 | O | O | * LBAbits 8-15 | * LBA bits 8-15

| A | N | 1 ] 0 | 1 | &linder Hgh | Cylinder H gh

| A | N | 1 | O | 1 | * LBADbits 16-23 | * LBA bits 16-23

| A | N | 1 | 1 | O | DevicelHead | Devicel/ Head

| A | N | 1 | 1 | O | * LBA bits 24-27 | * LBA bits 24-27

| A | N | 1 ] 1 | 1 | Status | Gommand

| ------------------------------- o e m e e e e e e e e e e e e e e mm e mmmma-
| A | A | x | x | x | Invalid address | I'nvalid address

| __________________________________________________________________________
| * Mappi ng of registers in LBA node

+

Logi ¢ conventions are:

Note 1:

to a read of this address.

drive the DDr
i npl erent at i ons.

Table 7 -

si gnal

to

A = signal

This register is obsol ete.
If a device does respond,
pr event

possi bl e
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asserted, N = signal

conflict

to the device or
Bl ock Registers are used for device

negated, x = don't care

it shall
with

I/O Port Functions and Sel ecti on Addresses

It is recomrended that a device not respond
be sure not

f1 oppy

to

di sk
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6. 2. 1. Alternate Status register

This register contains the same information as the Status register in the
command block. The only difference being that reading this register does not
inply interrupt acknow edge or clear a pending interrupt.

+ + + + + + + + +
| 7 (| 6 [ 5 | 4 | 3 | 2 | 1 | 0 |
| ------- E S R Fomm - Fomm - Fomm - - E S |
| BSY | DRDY | DF | DSC | DRQ | CORR | IDX | ERR |
+ + + + + + + + +

See clause 6.2.12 for definitions of the bits in this register.
6. 2. 2. Comrand regi ster

This register contains the command code being sent to the device. Command
execution begins imrediately after this register is witten. The executabl e
commands, the command codes, and the necessary paraneters for each command are
listed in table 10.

6. 2. 3. Cylinder H gh register

In CHS Mbde, this register contains the high order bits of the starting cylinder
address for any media access. In LBA Mdde, this register contains Bits 23-16 of
the LBA for any nedi a access.

This register shall be updated to reflect the nedia address of the error when a
medi a access comrand i s unsuccessfully conpl et ed.

| npl enentor’s Note: Prior to the developrent of this standard, this register
was updated at the end of every media access conmmand to reflect the current
nmedi a addr ess.

6. 2. 4. Cylinder Low register

In CHS Mbde, this register contains the | ow order bits of the starting cylinder
address for any nedia access. In LBA Mdde, this register contains Bits 15-8 of
the LBA for any nedi a access.

This register shall be updated to reflect the nedia address of the error when a
medi a access comrand i s unsuccessfully conpl et ed.

| npl enentor’s Note: Prior to the developnent of this standard, this register
was updated at the end of every media access conmmand to reflect the current
nmedi a addr ess.

6. 2. 5. Dat a regi ster

The data register is either 8-bits or 16-bits depending on the interface wdth

currently selected and/or the type of data being transferred by the current
command.
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6. 2. 6. Device Control register

The bits in this register are as fol |l ows:

+ + + + + + + + +
| 7 (| 6 [ 5 | 4 | 3 | 2 | 1 | 0 |
| ------- E S R [ S Fomm - Fomm - - E S |
| r | r | r | r | r | SRST | nlEN| 0 |
+ + + + + + + + +

- Bits 7 through 3 are reserved.

- SRST is the host software reset bit. The device is held reset when this
bit is set. If two devices are daisy chained on the interface, this bit
resets both sinultaneously.

- nlEN is the enable bit for the device interrupt to the host. When
the nlEN bit is equal to zero, and the device is selected, INTRQ shall be
enabl ed through a tri-state buffer. Wen the nfEN bit is equal to one, or
the device is not selected, the INTRQ signal shall be in a high inpedance
state.

6.2.7. Devi ce/ Head regi ster

This regi ster contains devi ce addressi ng and sector addressing information.

+ + + + + + + + +
| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
[------- Fommme - R R e Fomee o e Fome - |
| r | L | r | DEV | HS3 | HS2 | HSL | HSO |
+ + + + + + + + +
- Bit 7 is reserved.
- L is the sector address node select. Wwen the L bit is equal to zero,
addressing is by CHS node. Wen the L bit is equal to one, addressing is

by LBA node.

- Bit 5is reserved.

- DEVis the device address. Wen the DEV bit is equal to zero, Device O is
selected. Wen the DEV bit is equal to one, Device 1 is selected.

- If the L bit is equal to zero (CHS Mdde), the HS3 through HS0 bits contain
the head address of the CHS address. The HS3 bit is the nost significant
bit. If the L bit is equal to one (LBA Mde), the HS3 through HSO bits
contain bits 27 through 24 of the LBA This field shall be updated to
reflect the nmedia address of the error when a nedia access command is
unsuccessful |y conpl et ed.

Inplenentor’s Note: Prior to the devel opment of this standard, the head field

(the HS3 through HSO bits) of this register was updated at the end of every
nmedi a access command to reflect the current nedi a address.
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6. 2. 8. Error register

This register contains status fromthe |ast command executed by the device or a
Di agnosti ¢ Code.

At the conpletion of any comrand except EXECUTE DEVI CE DI AGNCSTIC, the contents
of this register are valid when the ERR bit is equal to one in the Status
register.

Following a power on, a reset, or conpletion of an EXECUTE DEVI CE D AGNGCSTIC
command, this register contains a diagnostic code (see table 11).

+ + + + + + + + +
| 7 (| 6 [ 5 | 4 | 3 | 2 | 1 | 0 |
| ------- E S R Fomm - Fomm - Fomm - - E S

| r | UNC | MC | IDNF | MR | ABRT | TKONF | AMNF |
+ + + + + + + + +

- Bit 7 is reserved.

- UNC (Uncorrectable Data Error) indicates an uncorrectable data error has
been encount er ed.

- MC (Media Changed) is reserved for use by renovable nedia devices and

i ndi cates that new media is available to the operating system The MC bit
shall be cleared by either a hardware reset or a power on reset.
The first comrand following a nedia change shall be rejected with the MC
bit set in the error register and the ERR bit set in the status register.
The media changed state shall then be cleared and subsequent comrands
accepted nornal ly.

- IDNF (1D Not Found) indicates the requested sector's ID field could not be
f ound.

- ABRT (Aborted Command) indicates the requested command has been aborted
because the comrand code is invalid or another device error has occurred.

- MR (Media Change Requested) is reserved for use by renovable nedia
devices and indicates that a request for nedia renoval has been detected
by the device. W en a request for nedia renoval is detected, the MR bit
shall be returned in the error register and the ERR bit set in the status
register for all subsequent DOCR LOCK commands. The MR bit shall be
cleared by a DOOR UNLOCK command, a MEDIA EJECT command or by a hard
reset.

- TKONF (Track O Not Found) indicates track O has not been found during a
RECALI BRATE conmand.

- AWNF (Address Mark Not Found) indicates the data address mark has not been
found after finding the correct IDfield.

6.2.9. Features register

This register is command specific and nay be used to enable and di sabl e features
of the interface e.g. by the SET FEATURES Command to enable and disable
cachi ng.

This register may be ignored by sonme devices.

Some hosts, based on definitions prior to the conpletion of this standard, set

values in this register to designate a recommended Wite Preconpensation
Cyli nder val ue.
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6. 2. 10. Sector Count register

This register contains the nunber of sectors of data requested to be transferred
on a read or wite operation between the host and the device. |If the value in
this register is zero, a count of 256 sectors is specified.

For nedia access comrands, this register shall be zero at the conpletion of a
command if there is no error indication in the Status register. For medi a
access commands that conplete with an error indication in the Status register,
this register contains the nunber of sectors which need to be transferred in
order to conpl ete the request.

The contents of this register may be redefined on sonme comrands, e.g.
I NI TI ALI ZE DEVI CE PARAMETERS or WR TE SAME conmands.

6. 2. 11. Sector Nunber register

In CHS Mbdde, this register contains the starting sector nunmber for any nedia
access. In LBA Mdde, this register contains Bits 7-0 of the LBA for any nedia
access. This register is used by sone non-nedi a access comands to pass command
specific information from the host to the device, or from the device to the
host .

This register shall be updated to reflect the nedia address of the error when a
medi a access comrand i s unsuccessfully conpl et ed.

| npl enentor’s Note: Prior to the developnent of this standard, this register

was updated at the end of every media access conmmand to reflect the current
nmedi a addr ess.
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6.2.12. Status register

This register contains the device status. The contents of this register are
updated to reflect the current state of the device and the progress of any
command being executed by the device. Wwen the BSY bit is equal to zero, the
other bits in this register are valid and the other Command Bl ock register may
contai n neani ngful information. Wen the BSY bit is equal to one, no other bits
inthis register and all other Conmand Bl ock registers are not valid.

NOTE: Al though host systens mght be capable of generating read cycles shorter
than the 400 ns specified for status update follow ng the |ast command or data
cycle, host inplementations should wait at l|east 400 ns before reading the
status register to insure that the BSY bit is valid.

For devices that inplement the Power Managenent features, the contents of the
Status register and all other Command Block registers are not valid wiile a
device is in the Sl eep node.

If the host reads this register when an interrupt is pending, the interrupt is
cl ear ed.

+ + + + + + + + +
| 7 (| 6 [ 5 | 4 | 3 | 2 | 1 | 0 |
| ------- E S R Fomm - Fomm - Fomm - - E S |
| BSY | DRDY | DF | DSC | DRQ | CORR | IDX | ERR |
+ + + + + + + + +

- BSY (Busy) is set whenever the device has control of the comrand Bl ock
Regi sters. Wien the BSY bit is equal to one, a wite to a command bl ock
regi ster by the host shall be ignored by the device.

The device shall not change the state of the DRQ bit unless the BSY bit is
equal to one. Wen the last block of a PIO data in command has been
transferred by the host, then the DRQ bit is cleared without the BSY bit
bei ng set.

Wen the BSY bit equals zero, the device may only change the |DX, DRDY,
DF, DSC and CORR bits in the Status register and the Data register. Al
of the other command bl ock registers and bits within the Status register
shall not be changed by the device.

Not e: The assertion of CORR by the device while the BSY bit is set to
zero mght not be recognized by BIGS and drivers which sanple status as
soon as the BSY bit is equal to zero.

The BSY bit shall be set by the device under the follow ng circunstances:

a) within 400 nsec after either the negation of RESET- or the setting of
the SRST bit in the Device Control register.

b) within 400 nsec after the acceptance of a command if the DRQ bit is not
set.

c) between blocks of a data transfer during PIO data in commands if the
DRQ bit is not set.

d) after the transfer of a data block during PIO data out commands if the
DRQ bit is not set.

e) during the data transfer of DVMA commands if the DRQ bit is not set.

The device shall not set the BSY bit at any other tine.
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Wen the BSY bit is set due to the negation of RESET- or the setting of
the SRST bit, the BSY bit shall remain set until the device has conpleted
processi ng of the reset condition.

Wen a command is accepted either the BSY bit shall be set, or if the BSY
bit is cleared, the DRQ bit shall be set, until comrand conpl eti on.

Inplenentor’s Note: There nay be times when the BSY bit is set and then
cleared so quickly, that the host nay not be able to detect that the BSY
bit had been set.

- DRDY (Device Ready) is set to indicate that the device is capable of
accepting all comrand codes. This bit shall be cleared at power on.
Devices that inplement the power nmanagenent features shall naintain the
DRDY bit equal to one when they are in the Idle or Standby power nodes.
Wen the state of the DRDY bit changes, it shall not change again until
after the host reads the Status register.

Wen the DRDY bit is equal to zero, a device responds as foll ows:

a) the device shall accept and attenpt to execute the EXECUTE DEVI CE
DI AGNOSTI C and | NI TI ALl ZE DEVI CE PARAMETERS conmands.

b) the device should reject all other comrands codes by setting the ABRT
bit in the Error register and setting the ERR bit in the Status register
before clearing the BSY bit to signal the conmand conpletion. If a device
accepts comands other than EXECQUTE DEVICE D AGNCSTIC and [INTIALIZE
DEVI CE PARAMETERS during the tinme the DRDY bit is equal to zero, the
results are vendor specific.

- DF (Device Fault) indicates a device fault error has been detected. The
internal status or internal conditions that causes this error to be
i ndi cated i s vendor specific.

- DSC (Device Seek Conplete) indicates that the device heads are settled
over a track. Wen an error occurs, this bit shall not be changed until
the Status Register is read by the host, at which tine the bit again
i ndi cates the current Seek Conpl ete status.

- DRQ (Data Request) indicates that the device is ready to transfer a word
or byte of data between the host and the device.

- COORR (Corrected Data) is used to indicate a correctable data error. The
definition of what constitutes a correctable error is vendor specific.
This condition does not terninate a data transfer.

- IDX (Index) is vendor specific.

- ERR (Error) indicates that an error occurred during execution of t he
previ ous comrand. The bits in the FError register have additional
informati on regarding the cause of the error. Once the device has set the
error bit, the device shall not change the contents of the follow ng itens
until a new command has been accepted, the SRST bit is set to one or
RESET- is asserted:

the ERR bit in the status register
Error register

Cylinder H gh register

Cylinder Low register

Sector Count register

Sector Nunber register

Devi ce/ Head regi ster.
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7. Ceneral (perational Requirem ents

7.1. Reset response

There are three types of reset in ATA The following is a suggested nethod of
classifying reset actions:

The power

Power On Reset: the device executes a series of electrical circuitry
di agnostics, spins up the HDA tests speed and other mechanical
parametrics, and sets default val ues.

Hardware Reset: the device executes a series of electrical circuitry
di agnostics, and resets to default val ues.

Software Reset: the device resets the interface circuitry according to
the Set Features requirement (See clause 8.24)

on reset, hardware reset and software reset protocols are defined in

clauses 9.1 and 9. 2.
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7.2. Sector Addressing

Al addressing of data sectors recorded on the device's media is by a |ogical
sector address. The mapping of |ogical sector addresses to the actual physical
| ocation of the data sector on the nedia is vendor specific.

An ATA device shall support at |east one logical CHS translation node known as
the default translation node. The device shall enter this translation node
following a reset. A device may support other |ogical translation nodes and the
host may use the I N TIALI ZE DEVI CE PARAMETERS comrand to select the default CHS
nmode or any of the other supported CHS nodes. The default translation nmode is
described in the ldentify Device information. The current translation node may
al so be described in the Identify Device information.

A CHS address is nmade up of three fields: the sector address, the head nunber
and the cylinder nunber. Sectors are nunbered from 1 to the maxi mum val ue
allowed by the current CHS translation node but can not exceed 255. Heads are
nunbered fromO to the maxi numval ue all owed by the current CHS transl ati on node
but can not exceed 15. Cylinders are nunbered from O to the maxi num val ue
allowed by the current CHS transl ati on nmode but cannot exceed 65, 535.

Wen the host selects a CHS translation node using the INTIALIZE DEVICE
PARAMETERS command, the host requests the nunber of sectors per logical track
and the nunber of heads per I|ogical cylinder. The device then conputes the
nunber of |ogical cylinders avail able in requested node.

Sequential access to logical sectors shall be acconplished by treating the
sector nunber as the least significant portion of the |ogical sector address,
the head nunmber as the mddle portion of the |ogical sector address and the
cylinder nunber as the nost significant portion of the |ogical sector address.

A device nay support LBA addressing. A device that supports LBA addressing
indicates this in the lIdentify Device information. A host shall not attenpt to
use LBA addressing unless the device indicates the nmode is supported.

A device shall not change the addressing method and shall return status
information utilizing the addressing nethod specified for the command.

If a device supports LBA addressing node, then the follow ng shall be supported
by the devi ce:

1) The host nay select either the currently selected CHS transl ation addressing
or LBA addressing on a command-by-comrand basis by using the L bit in the
Devi ce/ Head regi ster.

2) If LBA addressing is supported, then the device shall supported LBA
addressing for all nedia access comrands, except for the FORVAT TRACK command.
Inplenentation of LBA addressing for the FORVAT TRACK comrand is vendor
specific. The L bit of the Device/Head register shall be ignored for commands
that do not access the nedia.

3) Logical sectors on the device shall be linearly mapped with the first LBA
addressed sector (sector 0) being the sane sector as the first logical CHS
addressed sector (cylinder 0, head 0, sector 1). Irrespective of the | ogical
CHS translation node currently in effect, the LBA address of a given |ogical
sector does not change. The following is always true:

LBA = ( (cylinder * heads_per_cylinder + heads )
* sectors_per_track ) + sector - 1

where heads_per_cylinder and sectors_per_track are the current translation node
val ues.
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7.3. Power Managenent Feature Set

The Power Management Feature Set pernits a host to nodify the behavior of a
device in a manner which reduces the power required to operate. The Power
Management Feature Set provides a set of commands and a timer that enable a
device to inplement |ow power consunption nodes. A device that inplenments the
Power Managenent feature shall inplenent the follow ng mninmmset of functions:

1) A Standby timer

2) ldle comrand

3) Idle Inmredi ate command

4) S eep conmand

5) Standby command

6) Standby | medi ate command

Addi tional vendor specific comrands and functions are all owed.
7.3.1. Power nodes

The | owest power consunption when the device is powered on occurs in Sl eep Mde.
Wen in Sleep Mdde, the device requires a reset to be activated. The tine to
respond could be as | ong as 30 seconds.

In Standby Mbdde the device interface is capable of accepting comrands, but as
the nedia may not immedi ately accessible, it could take the device as |ong as 30
seconds to respond.

In 1dle Mdde the device is capable of responding imrediately to media access
requests. A device in Idle Mde may take longer to conplete the execution of a
command because it nay have to activate some circuitry.

In Active node the device is capable of responding imediately to nmedia access
requests, and conmands conpl ete execution in the shortest possible tine. During
the execution of a nedia access command a device shall be in Active node.

7.3.2. Power Managenent Commrands

The Check Power Mbde conmand allows a host to determine if a device is currently
in, going to or |eaving Standby node.

The Idle and Idl e I nmedi ate commands nove a device to Idle node i mediately from
the Active or Standby nodes. The Idle command al so sets the Standby Ti ner count
and enabl es or disables the Standby Ti mer.

The Sl eep command noves a device to Sleep nmode. The device's interface becones
inactive at the conpletion of the Sleep command. A reset is required to nmove a
device out of S eep node. Wen a device exits Sl eep node it may enter Active,
Idle or Standby node. The node selected by the device is based on the type of
reset received and on vendor specific inplementation.

The Standby and Standby Immediate commands nove a device to Standby node

imedi ately from the Active or ldle nodes. The Standby command al so sets the
Standby Timer count and enabl es or disables the Standby Ti ner.
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7.3.3. St andby ti mer

The Standby timer provides a nethod for the device to automatically enter
Standby nmode fromeither Active or Idle node followi ng a host programred period
of inactivity. If the Standby timer is enabled and if the device is in the
Active or ldle node, the device waits for the specified tine period and if no
command i s received, the device automatically enters the Standby node.

If the Standby Tiner is disabled, the device nay not automatically enter Standby
node.

7.3.4. Idle node transition

The transition to Idle node is vendor specific, and may occur as a result of an
| DLE or I DLE | MVEDI ATE command, or in vendor specific way.

7.3.5. St at us

In the Active, ldle and Standby nodes, the device shall have DRDY bit of the
Status register set and, if BSY bit is not set, shall be ready to accept any
command.

In Sleep node, the device's interface is not active. A host shall not attenpt
to read the device's status or issue comrands to the device.
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7.3.6. Power Mode transitions

Figure 5 shows the mninmumset of node transitions that shall be inpl enented.

4===—==—==—+
| ----------------------- +
R 1-------- | ACTIVE |------- K + |
[ R > | <-eene e +]
| | 4=—=—==——=—+4 | | |
V| |V 5
4====—=—=+ 4o==———=——+
e R |
| IDLE | | STANDBY | |
| P EIEERTIE 3usrmnnaeneas > |
4====—=—=+ 4o==———=——+
I 4==——=——+ I I
I B >| SLEEP |[<------ S + |
| |< ---------------------- +
+====—==—=+
|
Resets ------ 6----- + 6
|
vV Vv

(see Path 6)

Path 1: An Idle command, |dle | medi ate command, or

vendor specific inplementation noves the device to Idl e nmode.
Path 2: An Idle command or Idle | medi ate coomand noves the

device to |dl e node.

Path 3: A Standby comrand, Standby Immediate or Standby timer
expirati on noves the device to Standby node.

Path 4: A Media access command noves the device to Active node.

Path 5: A Sl eep comrand noves the device to Sl eep node.

Path 6: A reset, either hardware or software, noves the

device to Active, Idle or Standby as specified by
t he devi ce vendor.

Figure 5 - Power Managerent Mbdes
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7.3.7. Interface Capability For Power Mbdes

The optional power commands permt the host to nodify the behavior of the device
in a manner which reduces the power required to operate. These nodes al so
affect the physical interface as defined in the follow ng table:

+ +
| Mode BSY | DRDY| Interface active | Media|
| ---------- +--- - B H--- - |
| Sleep | x | x| No | 1
I I I I I I
| Standby | O | 1| Yes | I |
I I I I I I
| Idle | 0 | 1] Yes | A |
I I I I I I
| Active | x | x| Yes | A |
| oo |
| A = Active | = Inactive |
+ +

Table 8 - Power Conditions

Ready is not a power condition. A device may post ready at the interface even
t hough the nedia may not be accessible.

Al so see specific power-rel ated comands.
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7.4. Renovabl e nedi a node transitions

Figure 6 shows the mninmum set of node transitions that shall be inplemented by
renovabl e medi a devices which contain a nmedi a change request nechani sm (button)

and support the DOOR LOCK and DOCR UNLOCK commands,

the Error register.

+ +
| State A |
| Ready I
| Unl ocked |
+-->| Door closed |
| Button off |
| MC active |
+ +

1. ANY COMVAND
I

and the MC and MCR bits in

-5. DOCR LOCK- +

I
<--- Good ---+

status

Button pushed| <--- MCR ----+
+ stat us

I
I
I
I
I
| MC st at us
I I
| \Y
| + + + +
| | State B | | State C |
| | Ready | --3. DOOR LOCK- - -->| Ready |
| | Unl ocked | | Locked |
| | Door closed | | Door closed |
| | Button off |<--4.DOCR UNLOCK--| Button off |
| | MCcleared | | |
| + + + +
I I I
| 2. Medi a change request 6. Medi a change request
10. Door (Button pushed) (Button pushed)
cl osed | |
| \Y \Y
| + + + +
+-- - State E | <--8. DOOR UNLOCK- - | State D |

| Not Ready | | Ready |

| Unl ocked | --9. DOOR LOCK--+ | Locked |

| Door open | | | Door closed

| Button off |<---- ABRT ----+ |

+ + status +

Figure 6 - Renovabl e Mbdes
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State A Following a nedia change, the device is ready, the nedia is not |ocked,
the door is closed, the media change request button is not active and a
nmedi a change has been det ect ed.

Path 1: The first comrand foll owing a nedi a change shall be rejected with the
MC bit set in the Error register. The device shall then be noved to
state B and the MC condition shall be cleared.

State B: In nornal operation, the device is ready, the nedia is not |ocked, the
door is closed, the nedia change request button is not active and the
MC bit is off.

Path 2: Activating the nedi a change request button shall cause the device to
conpl ete any pendi ng operations, spin down the device, if needed, and
nove to state E all owi ng nedia renoval .

Path 3: A DOCR LOCK command shall |ock the nedia and nove the device to state
C

State C In nornal operation, the device is ready, the nedia is | ocked, the door
is closed and the medi a change request button is not active.

Path 4: A DOCR UNLOCK command shal | unl ock the media and nove the device to
state B.

Path 5: A DOCR LOCK command shall return good st at us.

Path 6: Pushing the nmedia change button shall nove the device to state D

State D The device is ready, the media is | ocked, the door is closed and the
nmedi a change button is active.

Path 7: A DOCR LOCK command shall return MR status.

Path 8: A DOCR UNLOCK command shal |l nove the device to state E, all owi ng nedia
renoval .

State E The device is not ready, the media is not | ocked, the door is open and
the nedi a change button is not active.

Path 9: A DOCR LOCK command shall return an ABRT error status.

Path 10: dosing the door shall nove the device to state A (ready) and shall set
the MC bit.

Figure 6 - Renovabl e Mbdes (cont.)
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7.5. Status and Error posting

The status and errors that are valid for each command are defined in table 9.
It is not a requirenent that all valid conditions be inplenmented. See clauses
6.2.8 and 6.2.12 for the definition of the Error register and Status register
bi ts.

- +
Status register | Error register

DRDY| DF | QCRR} ERR| BBK| UNJ | DNF| ABRT| TKONF| AMNF
e e e R
ACKNON.EDGE MEDI A CHANGE
BOOT - POST- BOOT

BOOT - PRE- BOOT

CHECK PONER MODE

DOCR LOCK

DOOR UNLOOK
DOALQAD M CROOCDE

<< <<

EXECUTE DEVI CE DI AGNGCSTI C

FORVAT TRACK
| DENTI FY DEVI CE
| DLE
| DLE | MVEDI ATE
I N TI ALI ZE DEVI CE PARAMVETERS
MEDI A BEJECT
NCP
READ BUFFER
READ DVA (W retry)
READ DVA (WO retry)
READ LONG (W retry)
READ LONG (W 0 retry)
READ MULTI PLE
READ SECTOR(S) (W retry)
READ SECTOR(S) (W o retry)
READ VER FY SECTOR(S)
(W retry)
READ VER FY SECTOR(S) )
(wo retry)
RECALI BRATE
SEEK
SET FEATURES
SET MULTI PLE MODE
SLEEP
STANDBY
STANDBY | MVEDI ATE
VWR TE BUFFER
WRI TE DVA (W retry)
WRI TE DVA (WO retry)
WRI TE LONG (W retry)
WRI TE LONG (W o retry)
VWRI TE MULTI PLE
WRI TE SAME
WR TE SECTOR(S) (W retry)
WR TE SECTOR(S) (wW o retry)
VWR TE VER FY

<<
<<

< < <<<<<<K<
< < <<<<<<K<

LKL LKL L LKL LI L LK LK LK LKL LK < << <<k < <kttt
<LK LKL LKL LKL LK L LKLKLKLKLK KK < << << <K<K LKLK LK < <<k <
< < <<
KKK LKL LKLKLKLKLLKLKLKLKLKK € <<<K<K<KLKLKLKLKK <K<K < << kK<
< < <<
< < < <<

< <LK <K<K
< <K<K KKK

V =valid on this conmand
+ +

Table 9 - Status and Error Usage
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8. Command Descri ptions

Commands are issued to the device by loading the pertinent registers in the
command bl ock with the needed paraneters, and then witing the command code to
the Command register.

Upon recei pt of a comrand, the device sets the BSY bit or the DRQ bit w thin 400
nsec. Follow ng the setting of BSY bit equal to one or BSY bit equal to zero
and DRQ bit equal to one, the status presented by the device depends on the type
of command: PlIOdata in, PIOdata out, non-data transfer or DVA See the

i ndi vi dual command descriptions and Section 9 for the protocol followed by each
comrand and command type.

Note: Some ol der host inplenentations may require the BSY bit being set to zero
and the DRQ bit equal to one in the Status register within 700 nsec of receiving
sonme Pl O data out commands.

Not e: For the power node related commands, it is recomrended that the host
utilize EOh through E3h, E5h and E6h command val ues. Wile command val ues 94h
t hrough 99h command val ues are valid, they should be considered obsol ete and may
be renoved in future versions of this standard.

In table 10, the “proto” colum codes represent the comrand protocol used:

DM - A DVA conmand.

ND - A non data conmand.

Pl - APIOdata in conmand.

PO - A Pl O data out comrand.
VS - A Vendor specific comrand.

In table 10, the “typ” colum codes represent the comrand type:
O - ptional +he inplenentation of this comrand is optional.
M - Mandat ory—al | ATA devices shall inplenent this comrand.

R - Reserved for use in future ATA standards.
V - Vendor specific inplenentation.
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+ - - Command- =====Par anet ers Used====+
pr ot of |[typ] code | FR| SC| SN| Cv | DH
R e R e D Spupu g
VS | ACKNOANLEDGE MEDI A CHANGE (0] DBh D
VS | BOOT - POST- BOOT o] DCh D
VS | BOOT - PRE-BQOOT o] DDh D
ND | CHECK PONER MODE O | 98h E5h y D
VS | DOCR LOCK o] DEh D
VS | DOCR UNLOCK o] DFh D
PO | DOMLQOAD M CROCCDE o] 92h y y y y D
ND | EXECUTE DEVI CE DI AGNCSTI C M 90h D*
VS | FORVAT TRACK \% 50h d
Pl | DENTI FY DEVI CE M ECh D
ND | IDLE O | 97h E3h y D
ND | | DLE | MVEDI ATE O | 95h Elh D
ND | I NITIALI ZE DEVI CE PARAMETERS M 91h y y
ND | MEDI A EJECT (0] EDh D
ND | NCP o] 00h y
Pl READ BUFFER (0] E4h D
DM | READ DVA (W retry) (0] G8h y y y y
DM| READ DVA (W o retry) (0] 9h y y y y
PI READ LONG (W retry) (0] 22h y y y y
PI READ LONG (W0 retry) (0] 23h y y y y
PI READ MULTI PLE (0] CGih y y y y
PI READ SECTOR(S) (wretry) M 20h y y y y
PI READ SECTOR(S) (W o retry) M 21h y y y y
ND | READ VERI FY SECTOR(S) (wretry) M 40h y y y y
ND | READ VERI FY SECTOR(S) (wWo retry)| M 41h y y y y
ND | RECALI BRATE (0] 1xh D
ND | SEEK M 7xh y y y
ND | SET FEATURES (0] EFh y D
ND | SET MLTI PLE MODE (0] Gsh y D
ND | SLEEP O | 99h E6h D
ND | STANDBY O | 96h E2h y D
ND | STANDBY | MVEDI ATE O | 94h EOh D
PO | WRI TE BUFFER (0] E8h D
DM| WRITE DVA (wWretry) (0] CAh y y y y
DM| WRITE DVA (W o retry) (0] CBh y y y y
PO| WRITE LONG (W retry) (0] 32h * y y y y
PO| WRITE LONG (W oo retry) (0] 33h * y y y y
PO| WR TE MULTIPLE O| ©sh * vl vl vl vy
PO | WRI TE SAME (0] E9h y y y y y
PO | WRITE SECTOR(S) (wWretry) M 30h * y y y y
PO | WRITE SECTOR(S) (W o retry) M 31lh * y y y y
PO | WRI TE VER FY (0] 3Ch * y y y y
VS | Vendor specific Y, 9Ah
VS | Vendor specific V | @h- C3h
VS | Vendor specific Y, 8xh
VS | Vendor specific V | FOh- FFh
-- Reserved: all renaining codes R
_____ o e e e e e e e e e e e e e e e e e memmmemmmmmemmemmmmmmmmmmmmmmm—mm—m——————— - =
CY = ¢ylinder registers SC = Sector Count register
DH = Devi ce/ Head regi ster SN = Sector Nunber register
FR = Features register (see command descriptions for use)
y - the register contains a valid paraneter for this conmand.
For the Devicel/ Head register, y means both the device and
head parameters are used.
D- only the device paranmeter is valid and not the head paraneter.
d - the device paraneter is valid, the usage of the head paraneter
i's vendor specific.
D* - Addressed to device O but both devices execute it.
* - Maintained for conpatibility (see 6.2.9)

+ +
Tabl e 10 - Command Codes and Paraneters
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Each command description in the following sections contain the follow ng
subsecti ons:

OPCCDE - I ndicates the command code for this comrand.

TYPE - Indicates if the command is nmandatory, optional or vendor specific and,
if the coomand is a nenber of one or nore feature sets, which feature sets it
bel ongs to.

PROTOCCL - | ndicates which protocol is used by the comrand.

| NPUTS - Describes the Comrand Bl ock register data that the host shall supply.
NORMAL QUTPUTS - Describes the Command Block register data that shall be
returned by the device at the end of a conmmand. The Status register shall
always be valid and, if the ERR bit in the Status register is set to one, then
the Error register shall be valid.

ERROR QUTPUTS - Describes the Command Bl ock register data that shall be returned
by the device at the end of a command which conpletes with an unrecoverable
error.

PREREQU SI TES - Any prerequisite conmands or conditions that shall be met before
t he command can be issued.

DESCR PTI ON - The description of the comrand function(s).
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8. 1. ACKNONLEDGE MEDI A CHANGE (remnovabl e)
CPCCDE - DBh

TYPE - Qptional .

PROTOCCOL - Vendor specific.

I NPUTS - Vendor specific.

NORMAL QUTPUTS - Vendor specific.

ERROR QUTPUTS - Vendor specific or if the device does not support this command,
the device shall return a Command Abort error.

PREREQU S| TES - Vendor specific.

DESCRI PTION - This command is reserved for use by renovabl e nedi a devices. The
i npl erentation of this command i s vendor specific.
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8. 2. BOOT - POST-BOOT (renovabl e)
CPCCDE - DCh

TYPE - Qptional .

PROTOCCOL - Vendor specific.

I NPUTS - Vendor specific.

NORMAL QUTPUTS - Vendor specific.

ERROR QUTPUTS - Vendor specific or if the device does not support this command,
the device shall return a Command Abort error.

PREREQU S| TES - Vendor specific.

DESCRI PTION - This command is reserved for use by renovabl e nedi a devices. The
i npl erentation of this command i s vendor specific.
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8. 3. BOOT - PRE-BQOT (renovabl e)
CPCCDE - DDnh

TYPE - Qptional .

PROTOCCOL - Vendor specific.

I NPUTS - Vendor specific.

NORMAL QUTPUTS - Vendor specific.

ERROR QUTPUTS - Vendor specific or if the device does not support this command,
the device shall return a Command Abort error.

PREREQU S| TES - Vendor specific.

DESCRI PTION - This command is reserved for use by renovabl e nedi a devices. The
i npl erentation of this command i s vendor specific.
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8. 4. CHECK PONER MODE

OPCCDE - 98h or E5h

TYPE - ptional - Power Management Feature Set.

PROTOCCL - Non-data command.

I NPUTS - None.

NORMAL QUTPUTS - The Sector Count register is set to O (00h) if the device is
going to, in or leaving Standby nmode. The Sector Count register is set to 255
(FFh) if the device is in Active or Idl e node.

ERROR QUTPUTS - Aborted Command if the device does not support the Power
Managerent command set.

PREREQU SI TES - None.

DESCRI PTION - If the device is in, going to, or recovering fromthe Standby Mde
the device shall set the BSY bit, set the Sector Count register to O (00h),
clear the BSY bit, and assert |INIRQ

If the device is in Active or Idle Mde, the device shall set the BSY bit, set
the Sector Count register to 255 (FFh), clear the BSY bit, and assert | NIRQ
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8. 5. DOCR LOX (renovabl e)

OPCCLE - DEh

TYPE - pti onal

PROTOCCL - Non-data command.

I NPUTS - None.

NCRVAL QUTPUTS - None.

ERROR QUTPUTS - If the device is not ready or is not capable of |ocking the
nmedia, the ABRT bit in the Error register and the ERR bit in the Status register
shal | be returned.

If the device is already |ocked and the media change request button is active,
then a Medi a Change Requested status shall be returned by setting the MCR bit in
the Error register and the ERR bit in the Status register.

PREREQU SI TES - None.

DESCRI PTION - This command either |ocks the device or nedia, or provides the
status of the nedia change request button.

If the device is not |ocked, the device shall be set to the |ocked state and
good status returned.

If the device is locked, the status returned shall indicate the state of the
nmedi a change request button. CGood status shall be returned while the nedia
change request button is not active, and the MCR bit in the Error register and
the ERR bit in the Status register shall be returned when the nedia change
request button is active.

Wen a device is in a DOOR LOCKED state, the device shall not respond to the
medi a change request button, except by setting the MR status, until the DOOR
LOCKED condition is cleared. A DOCOR LOXK condition shall be cleared by a DOCR
UNLOCK or MEDI A EJECT command, or by a hardware device reset.
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8. 6. DOCR UNLOXK (remnovabl e)

CPCCDE - DFh

TYPE - pti onal

PROTOCCL - Non-data command.

I NPUTS - None.

NCRVAL QUTPUTS - None.

ERROR QUTPUTS - If the device does not support this command or is not ready,
then the ABRT bit shall be returned in the Error register and the ERR bit shall
be returned in the Status register.

PREREQU SI TES - None.

DESCRI PTION - This comrand shall unlock the device, if it is |ocked, and shall
allow the device to respond to the medi a change request button.

wor ki ng draft AT Attachment Extensions (ATA-2) Page 53



X3T10/ 0948D Revi sion 3

8. 7. DONNLOAD M CROCCDE
CPCCDE - 92h

TYPE - Qptional .
PROTCCCL - PIO data out.

I NPUTS - The head bits of the Device/ Head register shall always be set to zero.
The Cylinder H gh and Low registers shall be set to zero. The Sector Nunber and
Sector Count registers are used together as a 16-bit sector count value. The
Feature regi ster specifies the subcommand code.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the device does not support this command or
did not accept the microcode data.

PREREQU SI TES - None.

DESCRI PTION - This comrand enables the host to alter the device s nicrocode.
The data transferred using the DOMLQOAD M CROCCDE command i s vendor specific.

Al transfers shall be an integer multiple of the sector size. The size of the
data transfer is determned by the contents of the Sector Nunber Register and
the Sector Count register. The Sector Nunber Register shall be used to extend
the Sector Count register, to create a sixteen bit sector count value. The
Sector Nunber Register shall be the nost significant eight bits and the Sector
Count register shall be the least significant eight bits. A value of zero in
both the Sector Nunber Register and the Sector Count register shall indicate no
data is to be transferred. This allows transfer sizes fromO bytes to 33 553
920 bytes, in 512 byte increnents.

The Features register shall be used to deternmine the effect of the DOMLQAD
M CROCCDE command. The val ues for the Feature Register are:

01H - download is for imedi ate, tenporary use
07H - save downl oaded code for i medi ate and future use

Al other values are reserved.
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8. 8. EXECUTE DEVI CE D AGNGSTI C
CPCCDE - 90h

TYPE - Mandatory.

PROTOCCCL - Non-dat a.

I NPUTS - None, except that the device selection bit in the Device/Head register
i s ignored.

NORMAL QUTPUTS - The diagnostic code witten into the Error register is an 8-bit
code as shown in table 11, and not as defined in clause 6. 2. 8.

Descri ption |

Devi ce 0 passed |
Device 1 passed or not present |

|

+

|

|

+

| Device O failed |
| 02h-7Fh | Device 1 passed or not present |

+

|

+

|

|

Device 1 failed, Device O failed |
|

+ +
Tabl e 11 - D agnostic Codes

The neaning of values other than 0lh and 81h are vendor specific and
shoul d be consi dered a diagnostic failed condition.

ERROR QUTPUTS - None. Al error information is returned as a di agnostic code in
the Error register.

PREREQU SI TES - None.

DESCRIPTION - This comand shall perform the internal diagnostic tests
i npl emented by the device. See also clauses 6.2.8 and 6.2.12. The DEV bit in
the Drive/Head register is ignored. Both devices, if present, shall execute

this command.
Device O perforns the foll owi ng operations for this comrand:

a) Device 0 sets the BSY bit wthin 400 nsec after the EXECUTE DEVI CE
DI AGNCSTI C command is recei ved.

b) Device 0 perforns diagnosti cs.

c) Device O resets the Command Bl ock registers to the foll ow ng:

CYLI NDER LOWV = 00h CYLI NDER H CH = 00h
SECTCR COUNT = 01h DEVI CE/ HEAD = 00h
SECTCR NUMBER = 01h

d) Device 0 posts diagnostic results to bits 6-0 of the Error Re gi ster.

e) If Device O detected that Device 1 is present during the nmost recent power
on or hardware reset sequence, then Device O waits up to 6 seconds from
the tine that the EXECUTE DEVICE D AGNCSTIC command was received for
Device 1 to assert PDDAG. |If PDAG is asserted within 6 seconds, Device
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O sets bit 7 to zero in the Error Register, else Device 0 sets bit 7 equal
tolin the Error Register.

If device 1 was not detected during the nmost recent power up or hardware
reset sequence, then Device O sets bit 7 to zero in the Error register.

f) Device 0 clears the BSY bit when ready to accept commands that do not
require the DRDY bit to be equal to 1.

NOTE: Device 0O shall clear the BSY bit within 6 seconds fromthe tine that the
EXECUTE DEVI CE D AGNCSTI C command was recei ved.

g) Device 0 sets the DRDY bit when ready to accept any comrand.
NOTE: Steps f) and g) may occur at the same tine. Wile no maximum tine is
specified for the DRDY bit to be set to one to occur, a host is advised to allow
up to 2 mnutes for the DRDY bit to be set to one. See Figure 7.

Device 1 perforns the foll ow ng operations for this comrand:

a) Device 1 sets the BSY bit wthin 400 nsec after the EXECUTE DEVI CE
DI AGNCSTI C command i s recei ved.

b) Device 1 negates PDDAG within 1 nsec after the command is received.
c) Device 1 perforns di agnosti cs.

d) Device 1 resets the Command Bl ock registers to the follow ng:

CYLI NDER LOWV = 00h CYLI NDER H CH = 00h
SECTCR COUNT = 01h DEVI CE/ HEAD = 00h
SECTCR NUMBER = 01h

e) Device 1 sets bit 7 of the Error register to zero and posts its diagnostic
results to bits 6 through O of Error register.

f) Device 1 clears the BSY bit when ready to accept commands that do not
require the DRDY bit to be equal to one.

g) If Device 1 passed its diagnostics without error in step c), Device 1
asserts PD AG. If the diagnostics failed, Device 1 does not assert
PDI AG and continues to the next step.

NOTE: Device 1 shall clear the BSY bit and assert PDAG within 5 seconds of
the time that the EXECUTE DEVI CE DI AGNGSTI C command i s recei ved.

h) Device 1 sets the DRDY bit when ready to accept any command.
NOTE: Steps f), g) and h) nay occur at the sane time. Wile no maximumtine is

specified for the DRDY bit to set to one, a host is advised to allow up to 2
mnutes for the DRDY bit to be equal to one. See Figure 7.

BSYy _ / \
I |
DRDY /
| <-----mmmiiee- - D R >|
Max for device 0O Mnimumtine is
is 6 seconds. 0 seconds.
Max for device 1 No maxi mumti ne
is 5 seconds. is specified.

Figure 7 - BSY and DRDY tinmng for D agnostic comrand
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8. 9. FORVAT TRACK

CPCCDE - 50h

TYPE - Vendor specific.

PROTOCCOL - Vendor specific.

I NPUTS - Vendor specific.

NORMAL QUTPUTS - Vendor specific.

ERROR QUTPUTS - Aborted Command if the device does not support this command.
Al other errors are vendor specific.

PREREQU S| TES - Vendor specific.

DESCRI PTION - The inplementati on of the FORVAT TRACK command i s vendor specific.
It is recomrend that systeminpl enentations not utilize this comrand.
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8.10. | DENTI FY DEM CE

CPCCDE - ECh

TYPE - Mandat ory

PROTCCCL - PIO data in.

I NPUTS - None.

NORMAL QUTPUTS - None required.
ERRCR QUTPUTS - None.

PREREQU SI TES - None.

DESCRI PTION - The | DENTIFY DEVI CE comrand enabl es the host to receive paraneter
information fromthe device.

Some devices may have to read the nmedia in order to conplete this command.

Wen the command is issued, the device sets the BSY bit, prepares to transfer
the 256 words of device identification data to the host, sets the DRQ bit,
clears the BSY bit, and generates an interrupt. The host can then transfer the
data by reading the Data register. The parameter words in the buffer have the
arrangenent and neani ngs defined in Table 12. Al reserved bits or words shall
be zero.

The F/V colum indicates if the word or part of a word has fixed (F) contents
that do not change, variable (V) contents that may change depending on the
device state or the comrands executed by the device, X for words with vendor
specific data which may be fixed or variable, and R for reserved words which
shall be zero. For renovable nedia devices, the value of fields indicated as
fixed (F) nay change when media is renoved or changed.

Sonme paraneters are defined as a group of bits. A word which is defined as a
set of bits is transnitted with indicated bits on the respective data bus bit
(e.g., bit 15 appears on DD15).

Sonme parameters are defined as a sixteen bit value. A word which is defined as
a sixteen bit value places the nmost significant bit of the value on bit DDL5 and
the least significant bit on bit DDO.

Sonme paraneters are defined as 32 bit values (e.g., words 57 and 58). Such
fields are transferred using two word transfers. The device shall first
transfer the least significant bits, bits 15 through 0 of the value, on bits
DD15 through DDO respectively. After the least significant bits have been
transferred, the nost significant bits, bits 31 through 16 of the value, shall
be transferred on DD15 through DDO respectively.

Sonme paraneters are defined as a string of ASCIl characters. For the string
“Copyright”, the character ‘C is the first byte, ‘0 is the 2nd byte, etc.
Wien such fields are transferred, the order of transmssion is:

the 1st character (‘C) is on bits DD15 through DD8 of the first word
the 2nd character (‘0’) is on bits DD7 through DDO of the first word

the 3rd character (‘p’) is on bits DD15 through DD8 of the second word
the 4th character (‘y’) is on bits DD7 through DDO of the second word

etc.
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| Verd |F/V |

+

| General configuration bit-significant information: |
| 15 0 reserved for non-magnetic devices |
| 14 Vendor specific (obsol ete) |
| 13 Vendor specific (obsol ete) |
| 12 Vendor specific (obsol ete) |
| 11 Vendor specific (obsol ete) |
| 10 Vendor specific (obsol ete) |
| Vendor specific (obsol ete) |
| Vendor specific (obsol ete) |
| 1=r enovabl e nedi a devi ce |
| 1=not renovabl e controll er and/ or device |
| Vendor specific (obsolete)

| Vendor specific (obsol ete)

| Vendor specific (obsol ete)

| Vendor specific (obsol ete)

| Vendor specific (obsol ete)

| Reser ved

| Nunber of |ogical cylinders

| Reserved

| Nunber of |ogical heads

| Vendor specific (obsolete)

| Vendor specific (obsolete)

| Nunber of |ogical sectors per |ogical track
| Vendor specific

| Serial nunber

| Vendor specific (obsolete)

| Vendor specific (obsolete)

| # of vendor specific bytes avail on READ WRI TE LONG cnds
| Firnware revision (8 ASAIl characters)
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

+

d

OFRNWhAUUIO N

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

Model nunber (40 ASC | characters) |

15-8 Vendor specific |

7-0 00h = READ WRI TE MWLTI PLE comrands not i npl enent ed |

01h- FFh = Maxi num nunber of sectors that can be |

transferred per interrupt on READ MLTI PLE |

and WRI TE MULTI PLE commands |

Reser ved |

Capabi lities |

15-14 Reserved

13 1=Standby timer values as specified in this standard

are supported |

0=Standby tiner val ues are vendor specific |

12 Reserved (for advanced Pl O node support) |

11 1= CRDY supported |

0=l ORDY nay be supported |

10 1=1 CRDY can be di sabl ed |

9 1=LBA supported |

8 1=DVA supported |

- 0 Vendor specific |

|

|

|

|

|

e
8 PlOdata transfer cycle timng node
-0 Vendor specific
8 DVA data transfer cycle timng node
0 Vendor specific

entify Device Infornation (Part 1 of 2)
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+ +===+ +
| Veord |FH V| |
| ------- T |
| 53 | R| 15-2 Reserved |
| | F | 1 1=the fields reported in words 64-70 are valid |
| | F | O=the fields reported in words 64-70 are not valid |
| | V| 0O 1=the fields reported in words 54-58 are valid |
| | V| O=the fields reported in words 54-58 may be valid |
| 54 | V| Nunber of current |ogical cylinders |
| 55 | V| Nunber of current |ogical heads |
| 56 | V| Nunber of current |ogical sectors per track |
| 57-58 | V| Qurrent capacity in sectors |
| 59 | R| 15-9 Reserved |
| | V| 8 1 = Miltiple sector setting is valid |
| | V| 7-0 xxh = Qurrent setting for nunber of sectors that can be|
| | | transferred per interrupt on RWnmultiple comnmand|
| 60-61 | F | Total nunber of user addressable sectors (LBA node only) |
| 62 | V| 15-8 Single word DVA transfer node active |
| | F| 7-0 Single wrd DVA transfer nodes supported |
| 63 | V| 15-8 Miltiword DVA transfer node active |
| | F| 7-0 Miltiword DVA transfer nodes supported |
| 64 | R| 15-8 Reserved |
| | F| 7-0 Advanced Pl O Transfer Mdes Supported |
| 65 | | MninmmMiltiwrd DVA Transfer Cycle Tine Per Wrd |
| | F| 15-0 Cycle time in nanoseconds |
| 66 | | Manufacturer’s Recomrended Multiword DVA Transfer Cycle Time |
| | F| 15-0 Cycle time in nanoseconds |
| 67 | | MnimmPIO Transfer Cycle Tine Wthout H ow Control |
| | F| 15-0 Cycle Time in nanoseconds |
| 68 | | Mnimum Pl O Transfer Cycle Tine Wth | GRDY H ow Control |
| | F| 15-0 Cycle Time in nanoseconds |
| 69-70 | R| Reserved (for advanced Pl O node support) |
| 71-127] R | Reserved |
| 128-159] X | Vendor specific |
|

| 160-255|] R | Reserved
+ +===+ +
Table 12 - Identify Device Information (Part 2 of 2)

If the device has been configured for eight bit transfers, then each word as
defined in this table is transferred as described in clause 3.2.5.

8.10.1. Wrd 0: GCeneral configuration
Devices that conformto this standard shall set bit 15 to zero.
8.10.2. Wrd 1: Number of cylinders

The nunber of wuser-addressable logical cylinders in the default translation
node.

8.10. 3. Wrd 2: Reserved.
8.10.4. Wrd 3: Number of |ogical heads

The nunber of user-addressable |ogical heads per logical cylinder in the default
transl ati on node.

8.10.5. Wrd 4: Vendor specific data.

8.10.6. Wrd 5: Vendor specific data.
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8.10.7. Word 6: Nunber of |ogical sectors per |ogical track

The nunber of user-addressable |ogical sectors per logical track in the default
transl ati on node.

8.10.8. Wrds 7-9: Vendor specific data.
8.10.9. Wrds 10-19: Serial Nunber

If word 10 of this field is 0000h, then the serial nunber is not specified and
the definition of the remaining words of this field are vendor specific.

If word 10 of this field is not equal to 0000h, then this field contains the
serial nunber of the device. The contents of this field is an ASCIl character
string of twenty bytes. The device shall pad the character string wth spaces
(20h), if necessary, to ensure that the string is the proper |ength.

8.10.10. Wrd 20: Vendor specific data.

8.10.11. Word 21: Vendor specific data.

8.10.12. Word 22: Nunber of vendor specific bytes on READ WRI TE LONG conmands

The contents of this field specifies the nunber of vendor specific bytes that
are appropriate for the device. If the contents of this field are set to a
val ue other than 4, the SET FEATURES command shoul d be used to switch the |ength
of READ LONG and WRITE LONG comrands from 512 plus 4 to 512 plus the value
specified in this word.

8. 10.13. Wrd 23-26: Firnware revision

If word 23 of this field is 0000h, then the firnware revision is not specified
and the definition of the remaining words of this field are vendor specific.

If word 23 of this field is not equal to 0000h, then this field contains the
firmmare revision of the device. The contents of this field is an ASOI
character string of eight bytes. The device shall pad the character string with
spaces (20h), if necessary, to ensure that the string is the proper |ength.

8.10.14. Wrds 27-46: Mdel nunber

If word 27 of this field is 0000h, then the nodel nunber is not specified and
the definition of the remaining words of this field are vendor specific.

If word 27 of this field is not equal to 0000h, then this field contains the
nodel nunber of the device. The contents of this field is an ASC| character
string of forty bytes. The device shall pad the character string wth spaces
(20h), if necessary, to ensure that the string is the proper |ength.

8.10.15. Wrd 47: READ WR TE MLTI PLE support.

Bits 7-0 of this word define the naxi num nunber of sectors per block that the

devi ce supports for READWRI TE MULTIPLE conmmands. If a device supports the
READ) WR TE MLTI PLE and SET MALTIPLE MXDE commands, these bits contain a non-
zero val ue. If the device does not support the READWR TE MLTIPLE and SET

MULTI PLE MCDE commands, these bits shall be zero.

8.10.16. Wrd 48: Reserved.
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8.10.17. Word 49: Capabilities

8.10.17.1. Standby Ti mer Support

Bit 13 of word 49 is used to determne whether a device utilizes the Standby
Timer values defined in this standard. |[If bit 13 is set to one, then the device
utilizes the Standby Tiner values as specified in Table 13 (see clause 8.11).
If bit 13 is set to zero, the tiner values utilized are vendor specific.

8.10.17. 2. | ORDY Support

Bit 11 of word 49 is used to hel p determne whether a device supports ICORDY. |If
this bit is set to one, then the device supports |ICORDY operation. |If this bit
is zero, the device may support ICRDY. This insures backward conpatibility.

If a device supports PIO Mde 3, then this bit shall be set.

8.10.17.3. | ORDY Can Be D sabl ed

Bit 10 of word 49 is used to indicate a device's ability to enable or disable
the use of | CRDY. If this bit is set to one, then the device supports the
di sabling of |CRDY. Control of ICRDY is acconplished using the SET FEATURES
command.

8.10.17. 4. LBA supported

Bit 9 of word 49 is used to indicate if the device supports LBA node addressing.
If this bit is set, words 60-61 shall be valid.

8.10.17.5. DVA supported

Bit 8 of word 49 is used to indicate if the device supports the READ WR TE DVA
commands.

8. 10.18. Wrd 50: Reserved.
8.10.19. Wrd 51: PIO data transfer cycle timng node
The PIO transfer timng for each ATA device falls into categories which have

uni que parametric timng specifications. To deternne the proper device timng
category, conpare the Cycle Time specified in figure 10 with the contents of

this field. The value returned in Bits 15-8 should fall into one of the node 0O
through node 2 categories specified in figure 10, and if it does not, then Mbde
0O shall be used to serve as the default timng. Not e: For backwards

conpatibility with BICSs witten before Wrd 64 was defined for advanced nodes,
a device reports in Wrd 51 the highest original PIO node (i.e. PIO node 0, 1,
or 2) it can support.

8.10.20. Wrd 52: Single Wrd DVA data transfer cycle timng node

The DVA transfer timng for each ATA device falls into categories which have
uni que parametric timng specifications. To deternmne the proper device timng
category, conpare the Cycle Time specified in figure 11 with the contents of
this field. The value returned in Bits 15-8 should fall into one of the
categories specified in figure 11 (i.e. 0, 1, or 2), and if it does not, then
Mbde O shall be used to serve as the default tim ng.

The contents of this word shall be ignored if Wrds 62 or 63 are supported.
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8.10.21. Wrd 53: Field Validity

If bit O of word 53 is set, then the values reported in words 54 through 58 are

valid. If this bit is cleared, the values reported in words 54 through 58 may
be valid. If bit 1 of word 53 is set, then the values reported in words 64
through 70 are valid. |If this bit is cleared, the values reported in words 64-

70 are not valid. Any device which supports PIO Mde 3 or above, or supports
Mil tiword DVA Mode 1 or above, shall set bit 1 of word 53 and support the fields
contai ned in words 64 through 70.

8.10.22. Word 54: Nunber of current |ogical cylinders

The nunber of wuser-addressable logical cylinders in the current translation
node.

Not e: For ATA-1 devices, if the INTIALIZE DEVI CE PARAMETERS command has not
been i ssued to the device then the value of this word is vendor specific.

8.10.23. Word 55: Nunber of current |ogical heads

The nunber of user-addressable |ogical heads per logical cylinder in the current
transl ati on node.

Not e: For ATA-1 devices, if the INTIALIZE DEVI CE PARAMETERS command has not
been i ssued to the device then the value of this word is vendor specific.

8.10.24. Word 56: Nunber of current |ogical sectors per |ogical track

The nunber of user-addressable |ogical sectors per logical track in the current
transl ati on node.

Not e: For ATA-1 devices, if the INTIALIZE DEVI CE PARAMETERS command has not
been i ssued to the device then the value of this word is vendor specific.

8.10.25. Word 57-58: Qurrent capacity in sectors

The current capacity in sectors excludes all sectors used for device-specific
purposes. The value reported in this field shall be the product of words 54, 55
and 56.

8.10.26. Word 59: Multiple sector setting

If bit 8 is set, then bits 7-0 reflect the nunber of sectors currently set to
transfer on a READVWR TE MULTI PLE conmmand. If word 47 bits 7-0 are zero then
word 59 bits 8-0 shall also be zero.

8.10.27. Wrd 60-61: Total nunber of user addressable sectors

If the device supports LBA Mde, these words reflect the total nunber of user
addressabl e sectors. This value does not depend on the current device geonetry.
If the device does not support LBA node, these words shall be set to O.

8.10.28. Word 62: Single word DVA transfer

The low order byte identifies by bit all of the Mdes which are supported e.g.

if Mde O is supported, bit O is set. The high order byte contains a single bit
set to indicate which node is active.
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8.10.29. Word 63: Multiword DVA transfer

The low order byte identifies by bit all of the Mdes which are supported e.g.
if Mde O is supported, bit O is set. The high order byte contains a single bit
set to indicate which node is active.

8.10.30. Wrd 64: Flow Control PIO Transfer Mdes Supported

Bits 7 through O of word 64 of the Identify Device paraneter information is
defined as the Advanced PIO Data Transfer Supported Field. This field is bit
significant. Any nunber of bits may be set in this field by the device to
i ndi cate whi ch Advanced PIO Mbdes that it is capable of supporting.

O these bits, bits 7 through 2 are Reserved for future Advanced PIO Mddes. Bit
0, if set, indicates that the device supports PIO Mde 3. Bit 1, if set,
i ndi cates that the device supports Pl O Mde 4.

Note: For backwards conpatibility with BICSs witten before Wrd 64 was defined
for advanced nobdes, a device reports in Wrd 51 the highest original Pl O node
(i.e. PIOnode 0, 1, or 2) it can support.

8.10.31. Word 65: Mninmum Ml tiword DVA Transfer Cycle Time Per Wrd

Wrd 65 of the paraneter information of the |DENTIFY DEVI CE command is defined
as the Mninmum Mil tiword DVA Transfer Cycle Time Per Wrd. This field defines,
in nanoseconds, the mninmum cycle time that the device can support when
performng Miultiword DVA transfers on a per word basis.

If this field is supported, bit 1 of word 53 shall be set. Any device which
supports Miltiword DVA Mode 1 or above shall support this field, and the val ue
in wrd 65 shall not be less than the mninmumcycle time reported by the fastest
DVA nmode supported by the device.

If bit 1 of word 53 is set because a device supports a field in Wrds 64-70
other than this field and the device does not support this field, the device
shall return a value of zero in this field.

8.10.32. Word 66: Manufacturer’s Recomrended Multiword DVA Cycle Tine

Wrd 66 of the paranmeter information of the |DENTIFY DEVI CE command is defined
as the Manufacturer’s Recommended Miltiword DVA Transfer Cycle Tine. This field
defines, in nanoseconds, the mnimmcycle tine per word during a single sector
host transfer while performng a multiple sector READ DVA or WRI TE DVA conmands
over all locations on the nedia under nomnal conditions. |If a host runs at a
faster cycle rate by operating at a cycle time of less than this value, the
device may negate DVARQ for flow control. The rate at which DVARQ is negated
could result in reduced throughput despite the faster cycled rate. Transfer at
this rate does not ensure that flow control will not be used, but inplies that
hi gher performance NAY result.

If this field is supported, bit 1 of word 53 shall be set. Any device which
supports Miltiword DVA Mbde 1 or above shall support this field, and the val ue
in word 66 shall not be less than the value in word 65.

If bit 1 of word 53 is set because a device supports a field in Wrds 64-70

other than this field and the device does not support this field, the device
shall return a value of zero in this field.
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8.10.33. Word 67: MninumPI O Transfer Cycle Time Wthout Fl ow Control

Wrd 67 of the paranmeter information of the |DENTIFY DEVI CE command is defined
as the Mnimum PIO Transfer Wthout How Control Cycle Tine. This field
defines, in nanoseconds, the nmninumcycle time that, if used by the host, the
devi ce guarantees data integrity during the transfer without utilization of flow
control .

Any device may support this field, and if this field is supported, Bit 1 of word
53 shall be set.

Any devi ce which supports PIO Mbde 3 or above shall support this field, and the
value in word 67 shall not be | ess than the value reported in word 68.

If bit 1 of word 53 is set because a device supports a field in Wrds 64-70
other than this field and the device does not support this field, the device
shall return a value of zero in this field.

8.10.34. Word 68: MninmumPIO Transfer Cycle Time Wth | CRDY

Wrd 68 of the paranmeter information of the |DENTIFY DEVI CE command is defined
as the Mninum PIO Transfer Wth IORDY F ow Control Cycle Tine. This field
defines, in nanoseconds, the mninum cycle time that the device can support
while performng data transfers while utilizing ICRDY flow control.

Any device may support this field, and if this field is supported, Bit 1 of word
53 shall be set.

Any devi ce which supports PIO Mbde 3 or above shall support this field, and the
value in word 68 shall not be less than the fastest PIO node reported by the
devi ce.

If bit 1 of word 53 is set because a device supports a field in Wrds 64-70
other than this field and the device does not support this field, the device
shall return a value of zero in this field.

8. 10. 35. Wrds 69-70: Reserved for future Pl O nodes.

Wrds 69 and 70 are reserved for future advanced Pl O nodes

8. 10. 36. Wrds 71-127: Reserved.

8.10.37. Wrds 128-159: Vendor specific.

8. 10. 38. Wrds 160-255: Reserved.
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8.11. IDLE

OPCCDE - 97h or E3h

TYPE - ptional - Power Managenent Feature Set.
PROTOCCL - Non-data command.

I NPUTS - The value in the Sector Count register when the |IDLE command is issued

shall determine the tinme period programred into the Standby Timer. See Table
13.
TR sy y +
| Sector Count Cor r espondi ng |
| Register contents Ti meout Peri od |
0 (00h) Ti meout Di sabl ed

1 - 240 (01h- FOh) (value * 5) seconds

241 - 251 (F1h-FBh)

+
|
|
o e e e o oo g +
|
| ((value - 240) * 30) mnutes
|
|
|
|
|

| |
: :
| 252 (FCh) 21 mnutes |
| 253 ( FDh) Vendor uni que period between |
| 8 and 12 hours |
| 254 ( FEh) Reser ved |
| 255 ( FFh) 21 mnutes 15 seconds |
o e e e o oo g +

Table 13 - Autonmatic Standby Ti mer Periods

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command - The device does not support the Power
Managerent command set.

PREREQU SI TES - None.

DESCR PTION - This command causes the device to set the BSY bit, enter the Idle
Mode, clear the BSY bit, and assert |NIRQ INTRQ is asserted even though the
device may not have fully transitioned to Idl e Mde.

If the Sector Count register is non-zero then the Standby Timer shall be
enabled. The value in the Sector Count register shall be used to determne the
time programmed into the Standby Tiner.

If the Sector Count register is zero then the Standby Timer is disabled.
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8.12. I DLE | MVEDI ATE

OPCCDE - 95h or Elh

TYPE - ptional - Power Management Feature Set.
PROTOCCL - Non-data command.

I NPUTS - None.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command - The device does not support the Power
Managerent command set.

PREREQU SI TES - None.
DESCR PTION - This command causes the device to set the BSY bit, enter the Idle

Mode, clear the BSY bit, and assert |NIRQ INTRQ is asserted even though the
device may not have fully transitioned to Idl e Mde.
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8.13. IN TI ALI ZE DEVI CE PARAMETERS
CPCCDE - 91h

TYPE - Mandatory.

PROTCCCL - Non-dat a.

I NPUTS - The Sector Count register specifies the nunber of |ogical sectors per
logical track, and the Device/Head register which specifies the nunber of
| ogi cal heads mnus 1.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the device does not support the requested CHS
transl ati on.

Note: Previous ATA specifications were unclear about the error conditions that
this comrand may indicate. Sone inplenentations do not indicate any errors for
this command even when the command fails. However, nost of these
i npl erentations do fail nedia access commands if a valid CHS translation is not
in effect.

PREREQU SI TES - None.

DESCRI PTION - This command enabl es the host to set the nunber of |ogical sectors
per track and the nunber of |ogical heads mnus 1, per |ogical cylinder for the
current CHS transl ati on node.

Upon recei pt of the command, the device sets the BSY bit, saves the paraneters,
clears the BSY bit, and generates an interrupt.

A device shall support the CHS translation described in words 1, 3 and 6 of the
| DENTI FY DEVICE information. Support of other CHS translations is optional.

If the requested CHS translation is not supported, the device shall set the
Error bit in the Status register and set the Aborted Command bit in the Error
regi ster before clearing the BSY bit in the Status register.

If the requested CHS translation is not supported, the device shall fail all
nmedi a access commands with an ID Not Found error until a valid CHS transl ation
i s establi shed.

Not e: Host inplementations should use the default CHS translation node
described in words 1, 3 and 6 of the |DENTIFY DEVI CE information. Future ATA
specifications may restrict the valid input parameters for this comrand to these
val ues.

Not e: Some ATA-1 devices require that this comrand be issued prior to nedia
access.
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8.14. MEDI A EJECT (renovabl e)
CPCCDE - EDh

TYPE - Qptional.

PROTOCCCL - Non-dat a.

I NPUTS - None requi red.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - If the device does not support this comrand, the device shall
return a Conmand Abort error.

PREREQU SI TES - None.
DESCRIPTION - This command conpl etes any pending operations, spins down the

device if needed, unlocks the door or nmedia if |locked, and initiates a nedi a
eject, if required.
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8. 15. NCP

CPCCDE - 00h

TYPE - Qptional .
PROTOCCCL - Non-dat a.

I NPUTS - None requi red.

NORMAL QUTPUTS - The Comnmand Bl ock registers, other than the Error and Status
regi sters, are not changed by this comrand.

ERROR QUTPUTS - This comrand al ways fails with a Aborted Comrand error.
PREREQU SI TES - None.

DESCRI PTION - This command enabl es a host which can only perform 16-bit register
accesses to check device status. The device shall respond as it does to an
unr ecogni zed command by setting Aborted Command in the Error register, Error in
the Status register, clearing Busy in the Status register, and asserting | NIRQ
NOTE: Wien a 16-bit host wites to the Devicel/ Head Register, one byte contains
the Command register, so the device sees a new conmand when the intended purpose
is only to select a device. Both devices nmay be Busy but not necessarily Ready,
e.g. Device O nay be ready, but not device 1. To check this possibility a
typi cal sequence for an 8-bit host woul d be:

a) Read the Status register (wait until Busy Fal se)

b) Select the device (wite to the Device/ Head Regi ster)

c) Read the Status register (wait until Busy Fal se and Ready True)

d) Send the command (wite to the Command register).

As a 16-bit host executes b and d simultaneously, a problemoccurs if the device
being selected is Not Ready at the tinme the command is issued.
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8. 16. READ BUFFER

OPCCDE - E4h

TYPE - Qptional.

PROTCOCL - PIO data in.

I NPUTS - None requi red.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported.

PREREQU SI TES - None.

Note: A WR TE BUFFER command shoul d i mredi atel y proceed a READ BUFFER command.
DESCR PTION - The READ BUFFER command enables the host to read the current
contents of the device's sector buffer. Wien this command is issued, the device
sets the BSY bit, sets up the sector buffer for a read operation, sets the DRQ
bit, clears the BSY bit, and generates an interrupt. The host then reads the
data fromthe buffer.

The READ BUFFER and WR TE BUFFER commands shall be synchronized such that

sequential WRITE BUFFER and READ BUFFER conmands access the sane 512 bytes
within the buffer.
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8.17. READ DVA (with retries and without retries)

CPCCDE - CG8h (with retries) or Ch (wthout retries)

TYPE - Qptional .

PROTCOCL - DVA

INPUTS - The Cylinder Low, Cylinder Hgh, Device/Had and Sector Nunber
registers specify the starting sector address to be read. The Sector Count
regi ster specifies the nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the comrand is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - The host shall initialize the DVA channel.

DESCRI PTION - This command executes in a simlar nmanner to the READ SECTCOR(S)
command except for the follow ng:

. the host initializes the DMA channel prior to issuing the comrand
. data transfers are qualified by DMARQ and are perforned by the DVA channel
. the device issues only one interrupt per comrand to indicate that data

transfer has termnated and status is avail abl e.

During the DVA transfer phase of a Read DVA command, the device shall provide
status of the BSY bit or the DRQ bit until the command is conpl et ed.

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.
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8.18. READ LONG (with retries and without retries)
CPCCDE - 22h (with retries) or 23h (without retries)
TYPE - Qptional.

PROTCCCL - PIO data in.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be read. The Sector Count register shall not
specify a value other than 1.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Block registers contain the
sector address of the sector where the first unrecoverable error occurred.

PREREQU SITES - The SET FEATURES subcommand to enable nore than 4 vendor
specific bytes shall be executed prior to the READ LONG command if other than 4
vendor specific bytes are to be transferred.

DESCRI PTION - The READ LONG comrand perforns simlarly to the READ SECTOR(S)
command except that it returns the data and a nunber of vendor specific bytes
appended to the data field of the desired sector. During a READ LONG command,
the device does not check to deternmine if there has been a data error. Oly
singl e sector read | ong operations are supported.

The transfer of the vendor specific bytes shall be one byte at a time over bits
DD0-7 only (8-bits w de).

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.

Not e: Some ATA-1 devices are not capable of delivering the 8 bit ECC

imedi ately after the word sector data. BIGS and driver devel opers should use
PIOnode O for 8 bit ECC accesses.
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8.19. READ MLTI PLE
CPCCDE - CG4h

TYPE - Qptional.
PROTCCCL - PIO data in.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be read. The Sector Count register specifies the
nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.

PREREQU SI TES - A successful SET MLTIPLE MXDE command shall proceed a READ
MULTI PLE command.

DESCRI PTION - The READ MULTI PLE command perforns simlarly to the READ SECTCR(S)
command. Interrupts are not generated on every sector, but on the transfer of a
bl ock which contains the nunber of sectors defined by a SET MLTIPLE MXDE
command. Command execution is identical to the READ SECTOR(S) operation except
that the nunber of sectors defined by a SET MALTIPLE MDE conmand are
transferred without intervening interrupts. The DRQ bit qualification of the
transfer is required only at the start of the data bl ock, not on each sector.

The bl ock count of sectors to be transferred without intervening interrupts is
programred by the SET MALTIPLE MXDE conmand, which shall be executed prior to
t he READ MWLTI PLE command. Wien the READ MLTI PLE command is issued, the Sector
Count register contains the nunber of sectors (not the nunber of blocks or the
bl ock count) request ed.

If the nunber of requested sectors is not evenly divisible by the bl ock count,
as many full blocks as possible are transferred, followed by a final, partial
bl ock transfer. The partial block transfer shall be for n sectors, where n =
remai nder (SECTCR COUNT / bl ock count)

If the READ MLTIPLE comrand is attenpted before the SET MLTI PLE MODE comrand
has been executed or when READ MULTI PLE comrands are di sabl ed, the READ MULTI PLE
operation shall be rejected with an Aborted Comrand error.

Device errors encountered during READ MALTIPLE commands are posted at the
begi nning of the block or partial block transfer, but the DRQ bit is still set
and the data transfer shall take place as it normally woul d, including transfer
of corrupted data, if any.

The contents of the Comrand Block Registers following the transfer of a data
bl ock which had a sector in error are undefined. The host should retry the
transfer as individual requests to obtain valid error information.

Subsequent blocks or partial blocks are transferred only if the error was a
correctable data error. Al other errors cause the command to stop after
transfer of the block which contained the error. Interrupts are generated when
the DRQ bit is set at the beginning of each bl ock or partial bl ock.
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8.20. READ SECTOR(S) (with retries and without retries)

CPCCDE - 20h (with retries) or 21h (without retries)

TYPE - Mandatory.

PROTCOCL - PIO data in.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be read. The Sector Count register specifies the
nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Block registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - None.

DESCRIPTION - This command reads from 1 to 256 sectors as specified in the
Sector Count register. A SECTCR COUNT of 0 requests 256 sectors. The transfer
begins at the sector specified in the Sector Nunber register.

The DRQ bit is always set prior to data transfer regardl ess of the presence or
absence of an error condition.

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.
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8.21. READ VER FY SECTOR(S) (with retries and w thout retries)

CPCCDE - 40h (with retries) or 41h (without retries)

TYPE - Mandatory.

PROTCCCL - Non-dat a.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be verified. The Sector Count register specifies
the nunber of sectors to be verified.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - None.

DESCRIPTION - This comrand is identical to the READ SECTOR(S) command, except
that the DRQ bit is never set, and no data is transferred to the host.

Wen the requested sectors have been verified, the device clears the BSY bit and
generates an interrupt.

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.
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8. 22. RECALI BRATE

OPCCDE - 10h through 1Fh

TYPE - Qptional.

PROTOCCCL - Non-dat a.

I NPUTS - None.

NORMAL QUTPUTS - If the command is executed in CHS addressing node, Cylinder
Hgh, Cylinder Low and the head portion of Device/Head shall be zero. The
Sector Nunber register shall be 1. If the command is executed in LBA addressing
nmode, the Cylinder H gh, Cylinder Low, the head portion of the Device/Head and
the Sector Nunber register shall be zero.

ERROR QUTPUTS - If the device cannot reach cylinder 0, a Track O Not Found error
i s posted.

PREREQU SI TES - None.

DESCRI PTION - The function perforned by this command is vendor specific.
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8.23. SEEK

OPCCDE - 70h through 7Fh

TYPE - Mandatory.

PROTCCCL - Non-dat a.

INPUTS - The Cylinder Hgh, Cylinder Low, head portion of the Devicel/Head
regi ster and the Sector Nunber register contain the sector address to which the
devi ce shoul d nove the read/wite heads.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - None.

DESCRI PTION - The function perfornmed by this comrand is vendor specific.
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8.24. SET FEATURES

OPCCDE - EFh

TYPE - The command is optional and if inplenented each subcommand i s optional.
PROTOCCCL - Non-dat a.

I NPUTS - The Feature register contains a subcommand code as described in table
14. Some subcomrands use ot her registers, such as the Sector Count register to
pass additional information to the device.

NORMAL QUTPUTS - See the subconmand descri pti ons.

ERROR QUTPUTS - If the device does not support the command or if any input val ue
is not supported or is invalid, the device posts an Aborted Command error.

PREREQU SI TES - None.
DESCRIPTION - This command is used by the host to establish the follow ng

parameters which affect the execution of certain device features as shown in
tabl e 14.

4 bytes of vendor specific byts on READ LONG WRI TE LONG cnds
Enabl e reverting to power on defaults (see 8.25)

+ + +
| Olh | Enable 8-bit data transfers (see 6.2.5) |
| 02h | Enable wite cache * |
| 03h | Set transfer nmode based on value in Sector Count register |
| 33h | Disable retry * |
| 44h | Length of vendor specific bytes on READ LONG WR TE LONG cnds|
| 54h | Set cache segments to Sector Count register value * |
| 55h | Disable read | ook-ahead feature |
| 66h | Disable reverting to power on defaults (see 8.25) |
| 77h | Disable ECC * |
| 8lh | Disable 8-bit data transfers (see 6.2.5) |
| 82h | Disable wite cache * |
| 88h | Enable ECC * |
| 99h | Enable retries * |
| AAh | Enabl e read | ook-ahead feature |
| ABh | Set maxi mum prefetch using Sector Count register value * |
| I |
| I |
+

| _____
| | *These feature definitions are vendor specific |
+ + +

Table 14 - Set Features register Definitions

Al values not contained in Table 14 are reserved for future definition.

At power on, or after a hardware reset, the default setting of the functions
speci fied by the subcommands are vendor specific.

A setting of 66h allows settings of greater than 80h which nay have been
nodi fied since power on to renain at the same setting after a software reset.
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A host can choose the transfer nechanism by Set Transfer Mde and specifying a
value in the Sector Count register. The upper 5 bits define the type of
transfer and the | ow order 3 bits encode the node val ue.

Pl O Default Transfer Mde 00000 000
Pl O Default Transfer Mbdde, D sable | ORDY 00000 001
Pl O H ow Control Transfer Mde x 00001 nnn
Single Wrd DVA Mdde x 00010 nnn
Mul tiword DVA Mode x 00100 nnn
Reser ved 01000 nnn
Reser ved 10000 nnn

where “nnn” is a valid node nunber in binary and “x” is the node nunber in
decimal for the associated transfer type.

(Editor’s note: It is intended that the reserved values be used for future
specification of an alternative flow control nechani sm)

If a device supports this specification, and receives a SET FEATURES command
with a Set Transfer Mde paraneter and a Sector Count register value of “00000
000", it shall set its default PIO transfer node. |If the value is “00000 001"
and the device supports disabling of ICRDY, then the device shall set its
default PlO transfer node and di sabl e | CRDY.

See vendor specification for the default node of the commands which are vendor
speci fic.

Devices reporting support for Milti Wrd DVA Transfer Mbdde 1 shall al so support

Milti Wrd DVA Transfer Mbde 0. Support of ICRDY is mandatory when Pl O Mde 3
or above is the current node of operation.
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8.25. SET MLTI PLE MCDE
CPCCDE - CBh

TYPE - Qptional.
PROTOCCCL - Non-dat a.

I NPUTS - The Sector Count register contains nunber of sectors per block to use
on all follow ng READY WRI TE MULTI PLE comrands.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - If the device does not support the READWR TE MLTI PLE and SET
MULTI PLE MCDE commands or if a block count is not supported, a Aborted Comrand
error is posted, and READ MLTI PLE and WR TE MLTI PLE commands are di sabl ed.

PREREQU SI TES - None.

DESCRI PTION - This command enabl es the device to perform READ AND WR TE MULTI PLE
operations and establishes the bl ock count for these commands.

Devices shall support the block size specified in the |IDENTIFY DRI VE par amneter
word 47, bits 7 through 0, and may al so support small er val ues.

Upon recei pt of the command, the device sets the BSY bit equal to one and checks
the Sector Count register. |If the Sector Count register contains a valid value
and the block count is supported, the value is used for all subsequent READ
MULTI PLE and WR TE MULTI PLE commands and their execution is enabl ed.

If the Sector Count register contains 0O when the comrand is issued, READ AND
WR TE MULTI PLE commands ar e di sabl ed.

At power on, or after a hardware reset, the default mode is READ AND WR TE
MULTI PLE di sabl ed. Following a software reset, the READ and WRI TE MULTI PLE
commands nay be enabl ed or disabled. The SET FEATURES conmand Di sabl e Reverting
To Power on Defaults and Enable Reverting To Power on Defaul ts subcommands, if
supported, can be used to control the results of a software reset.
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8. 26. SLEEP

CPCCDE - 99h or E6h

TYPE - ptional - Power Managenent Feature Set.
PROTOCCL - Non-data command.

I NPUTS - None.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command - The device does not support the Power
Managerent command set.

PREREQU SI TES - None.

DESCRI PTION - This command is the only way to cause the device to enter S eep
Mode.

This command causes the device to set the BSY bit, prepare to enter S eep node,
clear the BSY bit and assert INTRQ The host shall read the Status register in
order to clear the interrupt and allow the device to enter Sleep node. In Sleep
nmode the interface becones inactive without affecting the operation of the ATA
i nterface. The host shall not attenpt to access the Comrand Bl ock registers
while the device is in Sl eep node.

Because sone host systens may not read the Status register and clear the
interrupt, a device may automatically deassert |INIRQ and enter Sleep node after
a vendor specified tine period of not |ess than 2 seconds.

The only way to recover from Sleep Mdde is with a software reset or a hardware
reset.

A device shall not power on in S eep Mde nor remain in Sleep Mdde following a
reset sequence.
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8. 27. STANDBY

OPCCDE - 96h or E2h

TYPE - ptional - Power Managenent Feature Set.

PROTOCCL - Non-data command.

I NPUTS - The value in the Sector Count register when the STANDBY conmand
is issued shall determine the time period programmed into the Standby
Timer. See Table 13 in clause 8.11.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the device does not support the Power
Managerent command set.

PREREQU SI TES - None.

DESCR PTION - This command causes the device to set the BSY bit, enter the
Standby Mde, clear the BSY bit, and assert |NIRQ INTRQ is asserted even
t hough the device may not have fully transitioned to Standby Mde.

If the Sector Count register is non-zero then the Standby Timer shall be
enabled. The value in the Sector Count register shall be used to determne the
time programmed into the Standby Tiner.

If the Sector Count register is zero then the Standby Timer is disabled.
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8. 28. STANDBY | MVEDI ATE

CPCCDE - 94h or EOh

TYPE - ptional - Power Managenent Feature Set.
PROTOCCL - Non-data command.

I NPUTS - None.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command - The device does not support the Power
Managerent command set.

PREREQU SI TES - None.
DESCR PTION - This command causes the device to set the BSY bit, enter the

Standby Mde, clear the BSY bit, and assert |NIRQ INTRQ is asserted even
t hough the device may not have fully transitioned to Standby Mde.
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8.29. WR TE BUFFER

OPCCLE - E8h

TYPE - Qptional .

PROTCCCL - PIO data out.

I NPUTS - None.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported.

PREREQU SI TES - None.

DESCRI PTION - This command enables the host to overwite the contents of one
sector in the device’s buffer. Wen this comrand is issued, the device sets the
BSY bit, sets up the buffer for a wite operation, sets the DRQ bit, clears the
BSY bit, and waits for the host to wite the data. Once the host has witten
the data, the device sets the BSY bit, clears the BSY bit and generates an
i nterrupt.

The READ BUFFER and WRI TE BUFFER commands shall be synchronized within the

device such that sequential WR TE BUFFER and READ BUFFER commands access the
sane 512 bytes within the buffer.
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8.30. WRTE DVA (with retries and without retries)

CPCCDE - CAh (with retries) or CBh (without retries)

TYPE - Qptional.

PROTCCCL - DVA

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be witten. The Sector Count register specifies
the nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - The host shall initialize the DVA channel.

DESCRI PTION - This command executes in a simlar manner to WR TE SECTCR(S)
except for the foll ow ng:

. the host initializes the DMA channel prior to issuing the comrand
. data transfers are qualified by DMARQ and are pe rforned by the DVA channel
. the device issues only one interrupt per comrand to indicate that data

transfer has termnated and status is avail abl e.

During the execution of a Wite DVA conmand, the device shall provide status of
the BSY bit or the DRQ bit until the command is conpl et ed.

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.
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8.31. WRITE LONG (with retries and without retries)
CPCCDE - 32h (with retries) or 33h (without retries)
TYPE - Qptional.

PROTCCCL - PIO data out.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be witten. The Sector Count register shall not
specify a value other than 1.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Block registers contain the
sector address of the sector where the first unrecoverable error occurred.

PREREQU SITES - The SET FEATURES subconmmand to enable other than 4 vendor
specific bytes shall be executed prior to the WRTE LONG conmand if other than 4
vendor specific bytes are to be transferred.

DESCRIPTION - This command is simlar to the WRITE SECTCR(S) command except t hat
it wites the data and the vendor specific bytes as supplied by the host; the
devi ce does not generate the vendor specific bytes itself. Only single sector
Wite Long operations are supported.

The transfer of the vendor specific bytes shall be one byte at a time over bits
DDO-7 only (8-bits w de).

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.
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8.32. WR TE MLTI PLE
CPCCDE - Coh

TYPE - Qptional.
PROTCCCL - PIO data out.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be witten. The Sector Count register specifies
the nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.

PREREQU SI TES - A successful SET MLTI PLE MIDE command shall proceed a WR TE
MULTI PLE command.

DESCRI PTION - This command is simlar to the WRTE SECTOR(S) command. interrupts
are not generated on every sector, but on the transfer of a bl ock which contains
the nunber of sectors defined by SET MLTI PLE MXDE.

Command execution is identical to the WRITE SECTCR(S) operation except that the
nunber of sectors defined by the SET MLTIPLE MXDE command are transferred
wi thout intervening interrupts. The DRQ bit qualification of the transfer is
required only at the start of the data bl ock, not on each sector.

The bl ock count of sectors to be transferred without intervening interrupts is
programred by the SET MLTIPLE MXDE conmand, which shall be executed prior to
the VWRI TE MULTI PLE comrand.

Wen the WRITE MLTIPLE command is issued, the Sector Count register contains
the nunber of sectors (not the nunber of blocks or the bl ock count) requested.

If the nunber of requested sectors is not evenly divisible by the bl ock count,
as many full blocks as possible are transferred, followed by a final, partial
bl ock transfer. The partial block transfer is for n sectors, where n =
Remai nder ( SECTCR COUNT / bl ock count).

If the WRTE MLTIPLE command is attenpted before the SET MALTI PLE MDE command
has been executed or when WRITE MALTIPLE commands are disabled, the Wite
Mil tiple operation shall be rejected with an Aborted Comrand error.

Device errors encountered during WRITE MALTIPLE comrands are posted after the
attenpted device wite of the block or partial block transferred. The Wite
command ends with the sector in error, even if it was in the mddle of a bl ock.
Subsequent bl ocks are not transferred in the event of an error.

The contents of the Comrand Block Registers following the transfer of a data
bl ock which had a sector in error are undefined. The host should retry the
transfer as individual requests to obtain valid error information. Interrupts
are generated when the DRQ bit is set at the begi nning of each bl ock or partial
bl ock.
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8. 33. VR TE SAME
CPCCDE - ES9h

TYPE - Qptional.
PROTCCCL - PIO data out.

I NPUTS - The Feature register contains a sub comrand code, either 22H or DDH
If the Feature register contains 22H the Cylinder Low, Cylinder H gh,
Devi ce/ Head and Sector Nunber specify the starting sector address to be witten.
The Sector Count register specifies the nunber of sectors to be witten (not the
nunber of sectors transferred by the host). If the Feature register contains
code DDH, the Cylinder Hgh, Cylinder Low, head portion of the Device/Head,
Sector Nunber and Sector Count registers are not used.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the comrand is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Block registers contain the
sector address of the sector where the first unrecoverable error occurred.

NORMAL QUTPUTS - If no error, the Cylinder Low, Cylinder H gh, Device/Head and
Sector Number registers specify the address of the last sector witten. |If the
command ends with an error, these registers contain the address of the sector
where the first error was detected and the Sector Count register contains the
nunber of sectors renaining to be transferred in order to conplete the original
request.

ERROR QUTPUTS - If the Feature register contains a value other than 22h or DDh,
the command shall be rejected with an aborted command error. G her errors
possi bl e are Bad Bl ock, Uncorrectable Data Error, ID Not Found and Address Mark
Not Found.

PREREQU SI TES - None.

DESCR PTION - This command executes in a simlar manner to WR TE SECTCR(S)
except that only one sector of data is transferred. The contents of the sector
are witten to the nedia one or nore tines.

NOTE: The WRITE SAME command allows for initialization of part or all of the
mediumto the specified data with a single comrand.

If the Features register is 22h, the device shall wite that part of the nedium
specified by the Sector Number and sector address registers.

The support of the Features register value of DDh is optional. |If the Features
regi ster contains DDh and is supported, the device shall initialize all the user
accessi bl e nedi a.

The device issues an interrupt to indicate that the command is conplete. Any
error encountered during execution results in the termnation of the wite
operati on.

It is recommrend that systeminpl enentations not utilize this comrand.
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8.34. WRTE SECTOR(S) (with retries and without retries)

CPCCDE - 30h (with retries) or 31h (without retries)

TYPE - Mandatory.

PROTCCCL - PIO data out.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be witten. The Sector Count register specifies
the nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the comrand is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Bl ock registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - None.

DESCRIPTION - This comrand wites from 1 to 256 sectors as specified in the
Sector Count register. A SECTOR COUNT of O requests 256 sectors.

The with retries and wthout retries versions of this comand differ in
operation only in the level of error recovery perfornmed by the device. The
level of error recovery performed by the device for either command is vendor
speci fic.
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8.35. WR TE VERI FY

OPCCDE - 3Ch

TYPE - Qptional.

PROTCCCL - PIO data out.

I NPUTS - The Cylinder Low, Cylinder H gh, Device/Head and Sector Nunber specify
the starting sector address to be witten. The Sector Count register specifies
the nunber of sectors to be transferred.

NORMAL QUTPUTS - None required.

ERROR QUTPUTS - Aborted Command if the command is not supported. An
unr ecoverabl e error encountered during the execution of this command results in
the termnation of the command and the Command Block registers contain the
sector address of the sector where the first unrecoverable error occurred.
PREREQU SI TES - None.

DESCRIPTION - This command is simlar to the WRTE SECTOR(S) command, except

that each sector is verified fromthe nedia after being witten and before the
command i s conpl et ed.
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9. Pr ot ocol

Commands can be grouped into different classes according to the protocols
followed for comrand execution. The command classes with their associated
protocol s are defined bel ow

For all commands, the host first checks if the BSY bit is equal to one, and
shoul d proceed no further unless and until the BSY bit is equal to zero. For
nost comrands, the host shall also wait for the DRDY bit to be equal to one
bef ore proceeding. The comrands shown w th DRDY=x can be executed when the DRDY
bit is equal to zero.

Data transfers may be acconplished in nore ways than are described bel ow, but
t hese sequences should work with all known inpl enentations of ATA devi ces.

A device shall nmaintain either the BSY bit equal to one or the DRQ bit equal to
one at all times until the command is conpleted. The INTRQ signal is used by
the device to signal nost, but not all, times when the BSY bit is changed from1
to O during conmand executi on.

A command shall only be interrupted with a hardware or software reset. The
result of witing to the Conmand register while the BSY bit is equal to one or
the DRQ bit is equal to one is unpredictable and may result in data corruption.
A command should only be interrupted by a reset at tines when the host thinks
there may be a problem such as a device that is no |onger responding. Host
programrers are warned against setting unrealistically short comrand tineout
periods since this may inpact a device's ability to perform device level retry
and data recovery activities.
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9.1. Power on and hardware resets

This clause describes the algorithmand timng relationships for Devices 0 and 1
during the processing of power on and hardware resets.

The timng assunes the follow ng:

a) DASP- is asserted by Device 1 and received by Device 0 at power -on or
hardware reset to indicate the presence of Device 1. At all other times it
is asserted by Device O or Device 1 to indicate when a device is active.

b) PDAG is asserted by Device 1 and detected by Device 0. It is used by Device
l1toindicate to Device O that it has conpleted diagnostics without error and
is ready to accept commands from the Host (BSY bit is cleared). This does
not indicate that the device is ready, only that it can accept commands.

9.1.1. Power on and hardware resets - device 0O

a) Host asserts RESET- for a m ni mumof 25 usec.

b) Device O sets the BSY bit no later than 400 nsec after RESET- is negated.

c) Device 0 negates DASP- no later than 1 nsec after RESET- is negated.

d) Device O sanples for at |east 450 nsec for DASP- to be asserted from Device
1. This sanpling starts 1 ns after RESET- is negat ed.

e) Device 0 perforns hardware initialization and di agnosti cs.

f) Device O nay revert to its default condition.

g If Device O detected that DASP- was asserted during step d), then Device O
waits up to 31 seconds for Device 1 to assert PDDAG. |If PDAG is asserted
within 31 seconds, Device O sets bit 7 equal to O in the Error Register, else
Device O sets bit 7 equal to 1 in the Error Register. |If DASP- assertion was
not detected in step d) Device O sets bit 7 equal to O in the Error Register.
In either case the device shall set the Sector Count register to 0lh, the
Sector Nunber register to 0lh, the Cylinder Low register to 00h, the Cylinder
H gh register to 00h, and the Device/Head regi ster to 00h.

Device 0 shall store whether or not Device 1 was detected in step d) because
this information is need in order to process any Software reset or EXECUTE
DEVI CE DI AGNCSTI C command | ater.

h) Device O posts diagnostic results to bits 6-0 of the Error Register.

i) Device O clears the BSY bit when ready to accept comrands that do not require
the DRDY bit to be equal to 1. Device 0 shall clear the BSY bit no later
than 31 seconds fromthe time that RESET- is negated.

j) Device O sets the DRDY bit when ready to accept any conmmand.

NOTE: Steps i) and j) nay occur at the same time. Wile no maxinumtinme is
specified for the DRDY bit to be set to 1, a host should allow up to 2
mnutes for the DRDY bit to becone 1. See Figure 8.

9.1.2. Power on and hardware resets - device 1

a) Host asserts RESET- for a m ni mumof 25 usec.

b) Device 1 sets the BSY bit no later than 400 nsec after RESET- is negated.

c) Device 1 negates DASP- no later than 1 nsec after RESET- is negated.

d) Device 1 negates PD AG before asserting DASP-.

e) Device 1 asserts DASP- no later than 400 nsecs after RESET- is negated.

f) Device 1 perforns hardware initialization and di agnosti cs.

g) Device 1 may revert to its default condition.

h) Device 1 posts diagnostic results to the Error Register.

i) Device 1 clears the BSY bit when ready to accept comrands that do not require

the DRDY bit to be equal to 1.

j) If Device 1 passed its diagnostics without error in step f), Device 1 asserts
PD AG . If the diagnostics failed, Device 1 does not assert PD AG and
continues to the next step. Device 1 shall clear the BSY bit, and optionally
assert PDIAG, no later than 30 seconds fromthe time RESET- is negated. The
device shall set the Sector Count register to 0lh, the Sector Number register
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k)

to 01h, the Cylinder Low register to 00h, the Cylinder H gh register to 00h,
and the Device/ Head regi ster to 00h.

Device 1 sets the DRDY bit when ready to accept any conmmand.

NOTE: Steps i), j) and k) nmay occur at the sanme time. Wiile no maxi numtine
is specified for the DRDY bit to be set to 1, a host should allow up to 2
mnutes for the DRDY bit to becone 1. See Figure 8.

Device 1 negates DASP- after the first command is received or negates DASP-
if no command is received within 31 seconds after RESET- is asserted.

RESET- /T

BSY / \
DRDY /I
| <-----mmmiiie- - D R >|
Max for device 0O Mnimumtine is
is 31 seconds. 0 seconds.
Max for device 1 No maxi mumti ne
i s 30 seconds. is specified.

Figure 8 - BSY and DRDY tining for power on and hardware resets

9. 2. Software reset

This clause describes the algorithmand timng relationships for Devices 0 and 1
during the processing of software resets.

9. 2.

h)

1. Software reset - device O

Host sets the SRST bit to 1 in the Device Control register.

Device O sets BSY bit no later than 400 nsec after detecting that the SRST
bit is equal to 1.

Device O perforns hardware initialization and di agnosti cs.

Device O may revert to its default condition.

Device 0 posts diagnostic results to the Error Register.

Device O waits for the host to set the SRST bit to O.

If Device O detected that Device 1 is present during the nmost recent power on
or hardware reset sequence, then Device 0 waits up to 31 seconds from the
time that the SRST bit to becone O for Device 1 to assert PDDAG. If PDAG
is asserted within 31 seconds, Device 0 sets bit 7 equal to O in the Error
Regi ster, else Device 0 sets bit 7 equal to 1 in the Error Register. | f
device 1 was not detected during the nost recent power up or hardware reset
sequence, then Device 0 sets bit 7 equal to O in the Error register. In
either case the device shall set the Sector Count register to 0lh, the Sector
Nunber register to 0lh, the Cylinder Low register to 00h, the Cylinder H gh
regi ster to 00h, and the Device/Head register to 00h.

Device O clears the BSY bit when ready to accept commands that do not require
the DRDY bit to be equal to 1. Device 0 shall clear the BSY bit no later
than 31 seconds fromthe time that the host sets the SRST bit equal to O.

Note: Steps g) and h) may occur very rapidly.

i)

Device 0 sets the DRDY bit when ready to accept any conmmand.

NOTE: Steps h) and i) nmay occur at the same time. Wile no maxinumtinme is
specified for the DRDY bit to beconme equal to 1 to occur, a host should allow
up to 2 mnutes for the DRDY bit to be set to 1. See Figure 9.

9.2.2. Software reset - device 1

a)

Host sets SRST bit to 1 in the Device Control register.
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1 set the BSY bit no later than 400 nsec after detecting that the SRST
equal to 1.

1 negates PDDAG no later than 1 nsec after detecting that the SRST
1.

1 performhardware initialization and di agnosti cs.

1 may revert to its default condition.

1 posts diagnostic results to the Error Register.

1 waits for the host to set the SRST bit equal to O.

1 clears the BSY bit when ready to accept commands that do not require

the DRDY bit to be equal to 1.
If Device 1 passed its diagnostics without error in step d), Device 1 asserts

PO AG .

If the diagnostics failed, Device 1 does not assert PD AG and

continues to the next step. Device 1 shall clear the BSY bit, optionally

assert

PDAG, no later than 30 seconds fromthe tine the host sets the SRST

bit to 0. The device shall set the Sector Count register to 0lh, the Sector

Nunber

register to 0lh, the Cylinder Low register to 00h, the Cylinder H gh

regi ster to 00h, and the Device/Head register to 00h.

Devi ce
NOTE:

1 sets the DRDY bit when ready to accept any conmmand.
Steps h), i) and j) may occur at the sane tine. Wile no maximumtime

is specified for the DRDY bit to be set to 1, a host should allow up to 2
mnutes for the DRDY bit to becone 1. See Figure 9.

SRST [/ '\
BSY _ / \
DRDY /I
| <-----mmieee- - bR R >|
Max for device 0O Mninumtine is
is 31 seconds. 0 seconds.
Max for device 1 No maxi mumti ne
is 30 seconds. is specified.

Figure 9 - BSY and DRDY tining for software reset
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9.3. PIO data i n commands
Thi s class incl udes:

| DENTI FY DEVI CE

READ BUFFER

READ LONG (with and wi thout retry)
READ SECTOR(S) (with and wi thout retry)
READ MULTI PLE

E I I

Execution of this class of command includes the transfer of one or nore bl ocks
of data from the device to the host. The following steps describe the
processing of a PIO data in conmmand. This description does not include all
possi bl e error conditions.

Pl O data in protocol:

a) The host reads the Status or Alternate Status register until BSY bit to
become equal to O.

b) The host wites the Device/Head register with the appropriate DEV bit val ue.

c) The host reads the Status or Alternate Status register until the BSY bit is
equal to O and the DRDY bit is equal to 1.

d) The host wites any required comrand paraneters to the Features, Sector
Count, Sector Nunber, Cylinder H gh, Cylinder Low and Device/ Head registers.

e) The host wites the command code to the Comrand register.

f) The device sets the BSY bit and prepares to execute the command i ncl udi ng
preparation to transfer the first block of data to the host.

g) Wen the block of data is available, the device sets the DRQ bit (setting the
DRQ bit is optional if an error condition exists). If there is an error
condition, the device sets the appropriate status and error bits as required by
that error condition. Finally, the device clears the BSY bit and then asserts

| NTRQ

Inplenentor's Note: There may be times when the BSY bit is set in step f) and
then cleared in step g) so quickly, that the host may not be able to detect that
the BSY bit had been set.

h) After detecting either BSY bit is equal to O by polling the Alternate Status
regi ster or INTRQ the host reads and saves the contents of the Status register.

i) If the DRQbit is set, the host transfers a block of data by reading the Data
register. If any error conditions are present in the status read in step h),
the data transfer may not be valid.

j) I'n response to the Status register being read, the device negates INTRQ In
response to the conplete data bl ock being read, one of the follow ng actions is
t aken:

- If no error status was presented to the host in step h) and if transfer
of another block is required, the device sets the BSY bit and the above
sequence is repeated fromstep g).

- If an error status was present in the Status read in step h), the device
clears the DRQ bit and the command execution is conplete.
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- If the last block was transferred, the device clears the DRQ bit and the
comrand execution is conpl ete.

The foll owing diagrans the PIO data in steps:

BSY=1 BSY=1
+--<---+ +--<---+
| | BSY=0 | | BSY=0 BSY=1
start ---+>a -+------- >pb-+>c¢Cc -+------ >d--->¢e,f ------ +
|
|
s +
|
| DRQ=0
| L BUS . +
| | |
| BSY=1 BSY=0, assert | NTRQ | DRE1 |
[ S s B R T >h -+-->--->] -+>] ---+
I |
| no error and anot her bl ock, BSY=1 |
o e e e e o - Ko e o e e e e e e e e e e mmmmmmaao o +
|
error or no nore bl ocks, BSY=0 |
o D +

+---> end
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9.4. Pl O data out commands
Thi s class incl udes:

DONNLQAD M CROCCDE

FCRVAT TRACK

VWR TE BUFFER

WRI TE LONG (with and without retry)

VWRI TE MULTI PLE

VWR TE SAME

WRI TE SECTCR(S) (with and without retry)
WR TE VER FY

E R T . T

Execution of this class of command includes the transfer of one or nore bl ocks
of data from the host to the device. The following steps describe the
processing of a PIO data out command. This description does not include all
possi bl e error conditions.

Pl O data out protocol:

a) The host reads the Status or Alternate Status register until BSY bit is equal
to O.

b) The host wites the Device/Head register with the appropriate DEV bit val ue.

c) The host reads the Status or Alternate Status register until BSY bit is equal
to O and the DRDY bit is equal to 1.

d) The host wites any required comrand paraneters to the Features, Sector
Count, Sector Nunber, Cylinder H gh, Cylinder Low and Devi ce/ Head registers.

e) The host wites the conmand code to the Comrand register.

f) The device sets the BSY bit and prepares to execute the command i ncl udi ng
preparation to receive the first block of data fromthe host.

g) Wen ready to receive the first block of data fromthe host, the device sets
the DRQ bit (setting the DRQ bit is optional if an error condition exists) and
any other status or error bits as required and clears the BSY bit.

Inplenentor's Note: There may be times when the BSY bit is set in step f) and
then cleared in step g) so quickly, that the host may not be able to detect that
the BSY bit had been set.

h) The host reads the Status or Alternate Status register until BSY bit is equal
to O.

i) If the DRQ bit is set, the host transfers a conplete block of data to the
device by witing the Data register.

j) Next, one of the followi ng actions is taken:
- If any error status was present in the status read in step h), the
device clears the DRQ bit, asserts INIRQ and the comrand execution is
conplete. The data transferred in step i) is not processed by the device.

- If no error status was presented to the host in step h), the device sets
the BSY bit and processing continues with the next step.

k) The device processes the data block just received fromthe host. Wen this
processing is conpleted, one of the follow ng actions is taken:
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- If no error occurred while processing the data block and if no
addi tional blocks are to be transferred, the device clears the BSY bit and
then asserts INTRQ Comrand execution is conplete.

- If an error occurred while processing the data bl ock the device sets the
appropriate status and error bits as required by that error condition.
The device clears the BSY bit and then asserts INTRQ Comrand execution
is conplete.

- If no error occurred while processing the data block and if transfer of
anot her block is required, processing continues with the next step.

) Wien ready to receive the next data block fromthe host, the device sets the
DRQ bit, clears the BSY bit and then asserts | NTRQ

n After detecting either the BSY bit is equal to O by polling the Alternate
Status register or INTRQ the host reads the contents of the Status register.

n) The host transfers a conplete block of data to the device by witing the Data
register.

0) The device sets the BSY bit and processing continues at step k).
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The foll owi ng diagrans the Pl O data out steps:

BSY=1 BSY=1
+--<---+ +--<---+
| | BSY=0 | | BSY=0 BSY=1
start ---+>a -+------- >pb-+>c¢Cc -+------ >d--->¢e,f ------ +
I
I
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmeaao- +
I
| DRQ=0
| [ > _EUSIRE +
I I
| BSY=0 | DRQ=1 |
+--->qg ------- >h -4-->--->j -H-> ) ---+
I
I
o +

| error, DRQ=0, assert |INTRQ

R e > end
|
|
| [ L +
| no error, BSY=1 |
g +-> K ---+
|
I
e +

| no error and no nore bl ocks, BSY=0, assert |INTRQ

I
I
I
I
I
I
I
|
| error, BSY=0, assert |NTRQ |
I
I
I
I
I
I
I
I
I

ot e e e e e eeemeeaaoo- +
I
I

o m e e e e mmemeeaaoo- +

I

| BSY=0/ DRQ=1, assert |NTRQ BSY=1

B SMmM--->N ------=-===-=-- +
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9. 5. Non-dat a commrands
Thi s class incl udes:

CHECK PONER MODE
DOCR LOCK

DOCR UNLOCK

EXECUTE DEVI CE DI AGNOSTI C ( DRDY=x)

| DLE

| DLE | MVEDI ATE

| NI TI ALl ZE DEVI CE PARAMETERS ( DRDY=X)
MEDI A EJECT

NOP

READ VER FY SECTCR(S)

RECAL| BRATE

SEEK

SET FEATURES

SET MLLTI PLE MDE

SLEEP

STANDBY

STANDBY | MVEDI ATE

EEE T S T T I R R T

Execution of these commands involves no data transfer. The followi ng steps
describe the processing of a no data transfer command. This description does
not include all possible error conditions. See the EXECQUTE DEVI CE DI AGNCSTI CS
command description in clause 8.8, the NOP command description in clause 8.15
and the SLEEP command description in clause 8.26 for additional protocol
requi rements.

a) The host reads the Status or Alternate Status register until the BSY bit is
equal to O.

b) The host wites the Device/Head register with the appropriate DEV bit val ue.

c) The host reads the Status or Alternate Status register until the BSY bit is
equal to O and the DRDY bit is equal to 1.

d) The host wites any required comrand paraneters to the Features, Sector
Count, Sector Nunber, Cylinder H gh, Cylinder Low and Devi ce/ Head registers.

e) The host wites the conmand code to the Comrand register.

f) The device sets the BSY bit and executes the command. |If any error occurs
whil e processing the command, the device set the appropriate status and error
bits as required by the error condition.

g) Wen command processing is conpl eted, the device clears the BSY bit and then
asserts INTRQ Command processing is conplete.

The foll owi ng diagrans the no data transfer steps:

BSY=1 BSY=1
+--<-- -+ +--<-- -+
| | BSY=0 | | BSY=0 BSY=1
start ---+>a -+------- >pb-+>c¢Cc -+------ >d--->¢e,f ------ +
|
|
s +
|
| BSY=0
+---> Qg ------- > end
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9.6. DVA data transfer commands (optional)
Thi s cl ass conpri ses:

* READ DVA (with and without retry)
* WRITE DVA (with and without retry)

Data transfers using DVA commands differ in tw ways fromPl O transfers:
* data transfers are performed using the DVA channel

* ASingle interrupt is issued at the conpletion of the
command.

Initiation of the DVA transfer commands is identical to the READ SECTCR(S) or
WRI TE SECTCR(S) commands except that the host initializes the DVA channel prior
to issuing the command.

The interrupt handler for DVA transfers is different in that no internediate
sector interrupts are issued on nulti-sector conmands.

The foll owi ng steps describe the execution of a DVA command.

a) The host reads the Status or Alternate Status register until the BSY bit is
equal to O.

b) The host wites the Device/Head register with the appropriate DEV bit val ue.

c) The host reads the Status or Alternate Status register until the BSY bit is
equal to O and the DRDY bit is equal to 1.

d) The host wites any required comrand paraneters to the Features, Sector
Count, Sector Nunber, Cylinder H gh, Cylinder Low and Devi ce/ Head registers.

e) The host initializes the DVA channel .

Note: This step may be perforned at anytinme after step b) and prior to step f).

f) The host wites the command code to the Comrand register.

g) The device sets the BSY bit and prepares to execute the conmand.

h) Wien the device is ready to transfer data, the device asserts DVARQ The DVA
data transfer may be split into several partial transfers at the discretion of
the device or DVA channel. The device shall have either the BSY bit or the DRQ
bit in the status registers during the entire DVA data transfer phase. |If any
error occurs the device set the appropriate status and error bits for the error
condition. Data transfer is optional if an error condition exists.

i) Wen the device has conpleted processing, it clears both the BSY bit and the
DRQ bit and then asserts INTRQ Command processing is conpl ete.

j) The host resets the DVA channel
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The fol |l owi ng di agrans the DVA steps:

BSY=1 BSY=1
+o- < -+ F--<---+
I | BSY=0 | | BSY=0
start ---+>a -+ ------ >b-+>¢ -+------- >d--->e ---+
|
|
e o o m o e e e o e e e e e e e e e e e e mmemmeeo—ao- +
|
| BSY=1 BSY=0, DRQ=0, assert |NIRQ
+--->f,g------- D o +
|
o o m e o e e e o e e e e e e e e e e e memme—aao - +
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9.7. Device 0 only configurations

In a single device configuration where device 0 is the only device and the host
selects device 1, device O may respond to accesses of the Command Bl ock and
Control Block registers in one of two nethods. These two met hods exist because
previous versions of the ATA standard did not specify the required behavior for
this configuration. The first method is the recommended i npl enment ati on.

The first method is:

1) Awite to the Device Control register shall conplete as if device 0 was the
sel ected devi ce.

2) Awite to the Conmand Bl ock register, other than the Comnmand register, shall
conplete as if device 0 was sel ect ed.

3) Awite to the Conmand regi ster is ignored.

4) Aread of the Control Block or Conmand Bl ock registers, other than the Status
or Alternate Status registers, shall complete as if device 0 was sel ect ed.

5) Aread of the Status or Alternate status register returns the val ue O0H

Not e: IDX is vendor specific and mght change follow ng reset or power node
changes resulting in other values for status other than OOH

The second nethod requires that device O inplenment an FError, Status and
Alternate Status register that is used whenever device 1 is selected.

The second net hod i s:
1) The device 1 Error, Status and Alternate status registers are set to OOH by a
reset.

Not e: IDX is vendor specific and mght change follow ng reset or power node
changes resulting in other values for status other than OOH

2) Awite to the Device Control register shall conplete as if device 0 was the
sel ected devi ce.

3) Awite to the Conmand Bl ock register, other than the Conmand register, shall
conplete as if device 0 was sel ect ed.

4) Awite to the Conmand register with a command code other than the IN Tl ALI ZE
DEVI CE PARAMETERS or EXECUTE DEVI CE D AGNCSTICS command causes the device 1
Error, Status and Alternate status registers to be used as foll ows:

a) the BSY bit is set in the device 1 status register.

b) the ABRT bit is set in the device 1 Error register.

c) the ERR bit is set in the device 1 status registers.

d) the BSY bit is cleared in the device 1 status register.

e) if the nlEN bit in the Device Control Register is cleared,
the INTRQ signal is asserted.

5) An EXECUTE DEVI CE DI AGNOSTI C command is executed as if it addressed to device
0.
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6) An I N TIALI ZE DEVI CE PARAMETERS command is executed as if device 1 is present
and is actually executing the command. The commrand shall have no effect of the
devi ce paraneters of device 0.

7) Aread of the Control Block or Command Bl ock registers, other than the Status
or Alternate Status registers, shall conplete as if device 0 was sel ect ed.

8) Aread of the Error, Status or Alternate status register returns the value in
the device 1 copy of these registers. The device 1 status registers shall
contain OOH following a reset and the value O1H following an attenpt to execute
a command, other than EXECUTE DEVICE D AGNCSTICS or [INTIALIZE DEVICE
PARAMETERS, on device 1.
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10. Timng

10. 1. Deskew ng

The host shall provide cable deskewing for all signals originating from the
controller. The device shall provide cable deskewing for all signals
originating at the host.

Al timng values and di agrans are shown and neasured at the connector of either
device connected to the ATA interface. No values are given for neasurement at
the host interface.

10.2. Synbol s

Certain synbols are used in the timng diagrans. These synbols and their
respective definitions are |listed bel ow

[ or \ - signal transition (asserted or negated) *

<or > - data transition (asserted or negated)

XXX - undefined but not necessarily rel eased

.o - the "other" condition if a signal is shown with no change

#n - used to nunber the sequence in which events occur e.g. #a, #b

__/__—_/ - a degree of uncertainty as to when a signal may be asserted

\_ - a degree of uncertainty as to when a signal may be negated

* Al signals are shown with the asserted condition facing to the top of the
page. The negated condition is shown towards the bottom of the page relative to
the asserted conditi on.

10. 3. Terns

The interface uses a mxture of negative and positive signals for control and
dat a. The terns asserted and negated are used for consistency and are
i ndependent of electrical characteristics.

In all timng diagrans, the lower line indicates negated, and the upper line
i ndi cates asserted e.g. the following illustrates the representation of a
signal named TEST going from negated to asserted and back to negated, based on
the polarity of the signal.

Assert Negat e
| |
Bit Setting=1 | |
Bit Setting=0 TEST / \
Assert Negat e
| |
Bit Setting=0 | ]
Bit Setting=1 TEST- __ / \

10.4. Data Transfers

The mnimum cycle tine supported by the device in PIO Mdde 3, 4 and Miltiword
DVA Mode 1, 2 respectively shall always be greater than or equal to the m ni num
cycle tine defined by the associated Mdde e.g. a drive supporting PIO Mde 4
timng shall not report a value less than 120 nanoseconds, the ni ninum cycle
time defined for Mde 4 Pl O Ti m ngs.
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10. 4. 1. Pl O Data Transfers

Figure 10 defines the rel ati onships between the interface signals for both 16-bit and 8-bit PIO data transfers.
Peri pheral s reporting support for PIO Transfer Mbde 3 or 4 shall power up in a PIO Transfer Mbdde 0, 1 or 2.

For Pl O nodes 3 and above, the mninmumvalue of t0 is specified by word 68 in the Identify Drive parameter list.
The value in word 68 shall not be | ess than the value shown in the table bel ow

It is mandatory that | CRDY be supported when PIO Mbde 3 or 4 are the current node of operation.

| <emmmme e £ — e >|
I
Addr Valid (1) / | \
| | <----t1----3> | <---t9--->|
| | | <--mmm--- >| | <-t 8->
_ I I | <---m-m--- t2i------ > _
D CR-/ Dl OM \ / \
I I I |
YR TE (2) I I |
DDO-15 e < >
I I <----- t3----- >| I |
I I | <-t4->| |
READ (2) I I |
DDO-15 e < KKK = == m - -
I I | <----- t5----> I
| <-t7-> | | | <--t6--->| | |
I I | | | <----t6Z---->| I
| OCS16- (3) / | | \
I I I
I I I
| ORDY (4, 4-1) | I I
I | <--tA-->| I
I I | I
| CRDY (4, 4-2) \ JOOOOOOOOOOOOOOOONKK/ |
| | | Pt
| CRDY (4, 4-3) \ X000 /
| <------ tB------ >|

FIGURE 10 - PIO Data Transfer to/fromDevice (Part 1 of 2)
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Not es:

(1) Device Address consists of signals CS0-, CS1- and DA2-0

(2) Data consists of DDO-15 (16-bit) or DDO-7 (8-bit)

(3) 10CS16- shown for PIO nodes 0,1 and 2. For other nodes, this signal is not valid. (See clause 5.2.11)

(4) The negation of |ICRDY by the device is used to extend the PIO cycle. The determ nation of whether the cycle
is to be extended is nade by the host after tA fromthe assertion of DCOR or DION. The assertion and
negation of | CRDY are described in the follow ng three cases:

(4-1) Device never negates ICRDY: no wait is generated.

(4-2) Device starts to drive ICRDY low before tA but causes ICRDY to be asserted before tA- no wait
gener at ed.

(4-3) Device drives I1CRDY |low before tA© wait generated. The cycle conpletes after ICRDY is reasserted.
For cycles where a wait is generated and DOR- is asserted, device shall place read data on DDO-15 for tRD
bef ore causing | CRDY to be asserted.
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g Fomm oo - Fommm o - Fommm o - H--m - - R - -- - +

| PIO | Mode O] Mode 1| Mode 2| Mode 3| Mode 4| |

| timng paraneters | nsec | nsec | nsec | nsec | nsec | Notes|
e Fomm oo - Fommm o - Fommm o - H--m - - R - -- - +
| tO| Cycle time (mn) | 600 | 383 | 240 | 180 | 120 | (1) |
| t1 | Address valid to DCR/DION setup (mn) | 70 | 50 | 30 | 30 | 25 | |
| t2 | DOR/D OWN 16- bi t (mn) | 165 | 125 | 100 | 80 | 70 | (1) |
| | Pul se width 8-bit (mn) | 290 | 290 | 290 | 80 | 70 | (1) |
| t2i] DOR/D ON recovery tine (mn) | - - - | 70 | 25 | (1) |
| t3 | DOWN data setup (mn) | 60 | 45 | 30 | 30 | 20 | |
| t4 | DOWN data hold (min) | 30 | 20 | 15 | 10 | 1.0 | |
| t5 | DOR data setup (mn) | 50 | 35 | 20 | 20 | 20 | |
| t6 | DOR data hold (mn) | 5 | 5 | 5 | 5 | 5 | |
| t6Z] DOR data tristate (mx) | 30 | 30 | 30 | 30 | 30 | (2 |
| t7 | Addr valid to | OCS16- assertion (mx) | 90 | 50 | 40 | nfla | nfla | (4) |
| t8 | Addr valid to 1 OCS16- rel eased (mx) | 60 | 45 | 30 | nfa | nfla | (4) |
| t9 | DOR/DOWN to address valid hold (mn) | 20 | 15 | 10 | 10 | 10 | |
| tRd] Read Data Valid to | ORDY active (mn) | 0 | 0 | 0 | 0 | 0 | |
| | (if IORDY initially low after tA) | | | | | | |
| tA| IORDY Setup tine | 3 | 3 | 3 | 35 | 3 | (3) |
| tB| I1ORDY Pulse Wdth (max) |1250 |1250 |1250 |1250 |1250 | |
e Fomm oo - Fommm o - Fommm o - H--m - - R - -- - +

(1) tO is the mnimumtotal cycle time, t2 is the m ninum comrand active tinme, and t2i is the mni num command
recovery tinme or command inactive time. The actual cycle tine equals the sum of the actual command active tine
and the actual comrand inactive tine. The three timng requirenents of t0, t2, and t2i shall be net. The
mnimumtotal cycle time requirenents is greater than the sumof t2 and t2i. This means a host inplenentation
can lengthen either or both t2 or t2i to ensure that tO is equal to or greater than the value reported in the
devices identify drive data. A device inplenmentation shall support any |egal host inplenentation.

(2) This paraneter specifies the time fromthe negation edge of DDCR to the time that the data bus is no | onger
driven by the device (tri-state).

(3) The delay fromthe activation of DCR or DOV until the state of ICRDY is first sanpled. If TCORDY is
inactive then the host shall wait until ICRDY is active before the PIO cycle can be conpleted. |If the device is
not driving | CRDY negated at the tA after the activation of DCR or DIOVN, then t5 shall be net and tRD is not
applicable. If the device is driving | CRDY negated at the time tA after the activation of DOOR or D OWN, then
tRD shall be net and t5 is not applicable.

(4) t7 and t8 apply only to nodes O, 1 and 2. For other nodes, this signal is not valid. (See clause 5.2.11)

Figure 10 - PIO Data Transfer to/fromDevice (Part 2 of 2)
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10. 4. 2. Single Wrd DVA Data Transfer
SR e t0 ----mmmm - >|
DVARQ _ \ / |
|<- tC -3 |
| |
DVACK- / \ /
| <--- tl ---> | <----- td ----- I |
DOR /D OV / \
| | | |
| | <------ th----- >| |
Read | |
DDO-15 =~ mmmmmmmmmmmmmmmmimeeiaao < S e
| |<- tE ->|<- tS ->|<- tF -3 |
Wite | |
DDO-15 = m-mmmmmmmmmmmmmeeaaaa < S
| | | | |
| |<--- tG--->|<-- tH --3| |
o +
| Single word DVA | Mode O Mode 1| Mobde 2|
| timng paraneters | nsec | nsec | nsec |
S Fomm - Fomm - - E S |
| tO ]| Cycle tine (mn) | 960 | 480 | 240 |
| tC| DVACK to DMARQ del ay (max) | 200 | 100 | 80 |
| tD| DOR/D OV 16-bi t (mn) | 480 | 240 | 120 |
| tE| DOR data access (max) | 250 | 150 | 60 |
| tF | DOR data hold (mn) | 5 | 5 | 5 |
| tG| D OWN data setup (mn) | 250 | 100 | 35 |
| tH| DOWN data hol d (mn) | 50 | 30 | 20 |
| tI | DVACK to DOR- /D ON setup (mn) | 0 | 0 | 0 |
| tJ | DOR/DON to DMACK hold (mn) | 0 | 0 | 0 |
| tS| DOR setup (mn) | tDtE| tDtE| tDtE |
oo e o e e e e e e o e e e e e e e e e e e e e e e e e e e e e e mmmmmmmeao oo +

Figure 11 - Single Wrd DVA Data Transfer
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10. 4. 3. Mil tiword DVA Data Transfer
The timngs associated with Miltiword DVA Transfers are defined bel ow

For Multiword DVA nodes 1 and above, the mninum value of t0O is specified by word 65 in the Identify Drive
parameter list. The value in word 65 shall not be |less than the val ue shown in the table bel ow

Devi ces reporting support for Miltiword DVA Transfer Mbde 2 shall al so support Miltiword DVA Transfer Mdde 0 and
1 and shall power up with Mode O as the default Miltiword DVA Mode.

| <------mmemieeea - t0 -----emem e - >|
I
DVMARQ _ / \ /
| | <--tL-->] |
I I
DVACK- / \ /-
| <-tl->| I I I
|<-- tD---->|< ----------- tK -------- >| |<--tJ-->|
I I I I I
D Cr [ | I I I
D OV / \ / \
I I I
->| tE | < | | <-tZ->]
READ |
DDO-15 -------------- <XXXK XK XOOOKKK>- - - - - - -
I I I
| <-t@->| <--tF-->
WR TE
DD0- 15 XXX XK XXX

| <--tQM-->| <---tH-->|

Figure 12 - Miltiword DVA Data Transfer (Part 1 of 2)
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i B S H--- - +
| Miltiword DVA | Mode O | Mode 1 | Mode 2 | |
| timng paraneters | nsec | nsec | nsec | |

| Mn| Max | Mn | Max | Mn | Max | Notes|

oo oo e e e e e e e e oo o - oo +--- - | ----- [ R | ----- [ e | ----- |

| tO | Cycle tine | 480 | | 150 | | 120 | | (1) |

| tC | DVACK to DVARQ del ay | | --- ] | --- | | --- | |
| tD | DOR/D OV 16-bi t | 215 | | 80 | | 70| | (1) |
| tE | DOR data access | | 150 | | 60 | | --- ] |
| tF | DOR data hold | 51 (2) | 5 | | 5| | |
| tG | DOWN data setup | 100 | | 30 | | 20| n/a | |
| tG | DOWN data setup | 100 | | 30 | | 20 | | |
| tH | DOWN data hold | 20 | | 15| | 10 | | |
| t1 | DVACK to DDCR /D ON setup | 0| [ 0 | | 0 | | |
| tJ | DOR/DOWN to DVACK hold | 20 | [ 5 | | 5| | |
| tkr | DOR negated pulse width | 50 | | 50 | | 25| | (1) |
| tkw| D ON negated pulse width | 215 | | 50 | | 25| | (1) |
| tLr | DOR to DVARQ del ay | | 120 | | 40 | | 35| |
| tLw | D ON¥ to DVARQ del ay | | 40 | | 40 | | 35| |
| tZz | DVACK- to tristate | | 20 | | 25| | 25| (2) |

1) tO is the mninmum total cycle time, tD is the mninum command active time, and tK (tKr or tKw as
appropriate) is the mni numcomrand recovery time or comrand inactive time. The actual cycle tine equals the sum
of the actual comrand active tinme and the actual command inactive time. The three timng requirements of t0, tD,
tK shall be met. The mininumtotal cycle time requirenent, t0O, is greater than the sumof tD and tK This neans
a host inplementation can lengthen either or both tD or tK to ensure that t0O is equal to the value reported in
the devices identify drive data.. A device inplenentation shall support any |egal host inplenentation.

(2) The original ATA standard defined a maxi num value for tF. Meaning of this value was not clear. This
par amet er has been renamed to tZ and specifies the tine fromthe negation edge of DMACK- to the time the Device
Data signals are no longer driven by the device (tristate). The tZ paranmeter applies only at the end of a
Mil tiword DVA cycle, i.e., when DVACK is negated. The device may actively drive the Device Data signals, or nmay
tristate the Device Data signals, while DVACK- is active fromthe first tinme that DDOR is asserted until DVACK-
is negated as long as tE and tF requirenments are met.

Figure 12 - Miltiword DVA Data Transfer (Part 2 of 2)
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10.5. Power on and hard reset

RESET-

BSY

DASP-

Cont r ol

Cont r ol

*1 Device 0 can set the BSY bit equal
*2 Device 0 can use DASP- to indicate it is active if Device 1 is not present

*3 DASP-

wor Ki ng

/ \
| <-tM>|
| |
| | _
| | Device 0O
o ________ I
_______ / \ 1 A\
_>|tN<_
o\ - F2 \=== *3 ==
-> tP|<- | | _ _
Regi sters N
||
||
|| _
| | Device 1
________ I
________ / \
o ____ A / \_ o _
| [<------m--- tQ-------- >|
e _____ \ \=== *3 ==
|<- tR -3
[ tS - - >|
Regi sters /]

can be asserted to indicate that the device is active

o +
| Label | Units |
------------------- +------------|
| tM (Mn) | 25 usec |
| tN (Max) | 400 nsec |
| tP (Max) | 1 nsec |
| tQ (Max) | 30 secs |
| tR Device O(Max) | 450 nsec |
| tR Device 1(Max) | 400 nsec |
| tS (Max) | 31 secs |
o +

Figure 13 - Reset Sequence
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Annex A. Diagnostic and reset considerations froma device firmare standpoi nt
(informative)
A 1. Power on and hardware reset (RESET-)

DASP- is read by Device O to determne if Device 1 is present. |If Device 1 is
present Device 0 shall read PDOAG to determne when it is valid to clear the
BSY bit and whether Device 1 has powered on or reset w thout error, otherw se
Device O clears the BSY bit whenever it is ready to accept commands. Device 0O
may assert DASP- to indicate device activity.

A 2. Software reset

If Device 1 is present Device O shall read PDDAG to deternmine when it is valid
to clear the BSY bit and whether Device 1 has reset wthout any errors,
ot herwi se Device O shall sinply reset and clear the BSY bit. DASP- is asserted
by Device O (and Device 1 if it is present) in order to indicate device active.

A 3. Device diagnostic comrand

If Device 1 is present, Device O shall read PDOAG to determne when it is valid
to clear the BSY bit and if Device 1 passed or failed the EXECUTE DEVI CE
DI AGNCSTI C command, ot herwi se Device 0 shall sinply execute its diagnostics and
then clear the BSY bit. DASP- is asserted by Device O (and Device 1 if it is
present) in order to

i ndi cate the device is active.

A 4. Truth table

In all the above cases: Power on, RESET-, software reset, and the EXECUTE
DEVI CE DI AGNCSTI C comrand the Device O Error register is calculated as foll ows:

S B S S S +
| Device 1 | PDOAG | Device O| FError |
| Present? | Asserted? | Passed | Register |
S B S S S +
| Yes | Yes | Yes | 01h |
| Yes | Yes | No | Oxh |
| Yes | No | Yes | 81h |
| Yes | No | No | 8xh |
| No | (not read) | Yes | 01h |
| No | (not read) | No | Oxh |
S B S S S +

Were x indicates the appropriate D agnostic Code for the
Power on, RESET-, software reset, or device diagnostics error.

Tabl e 15 - Reset Error register Val ues
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A 5. Power on or hardware reset algorithm

NOTE: In the follow ng algorithns, the notation 1* refers to the Drive 1 status
regi ster copy that Drive O keeps when there is no Drive 1 present.

A 5.1 Algorithmfor Device O

1) Power on or hardware reset is detected by the device' s hardware.
2) The hardware should automatically do the following within 400 nsec of the
negati on of RESET-:
a) Set up the hardware to report both Device 0 and Device 1* status registers.
b) Set the BSY bit to one in the Device O Status register.
c) Set the BSY bit to one in the Device 1* Status register.
3) The device shall determne if it is Device O or Device 1. This can be done
at least two different ways: by junper or by using the CSEL signal.
4) Set up PDIAG and DASP:
a) Set up PDOAG as an input.
b) Rel ease DASP- and set up DASP- as an input.
c) Monitor DASP- until DASP- is asserted by Device 1 or for 450 nsec.
d) If DASP- is asserted within 450 nsec, store the fact that Device 1 is
present and set up the hardware so it reports Device 0 status only.
e) If DASP- is not asserted within 450 nsec, store the fact that Device 1 is
not present and set up the hardware so it reports both Device 0 and 1* status
regi sters.
f) Set up DASP- as an out put.
g) Assert DASP-.
NOTE: Steps 2-4 conplete within 450 nsec of the negation of RESET-.
5) Perform any renaining tine critical hardware initialization including
starting the spin up of the device if needed. Conplete all the hardware
initialization and diagnostic tests needed to get the device ready, including:
a) Set the Sector Count register to 0lh.
b) Set the Sector Nunber register to 0lh.
c) Set the Cylinder Low register to 00h.
d) Set the Cylinder H gh register to 00h.
e) Set the Devicel/Head register to 00h.
6) If Device 1 was detected in step 4:
a) Mnitor PDDAG until PDIAG is asserted by Device 1 or for 31 seconds.
b) If PDAG is asserted within 31 seconds, set bit 7 equal to O in the Error
register.
c) If PDAG is not asserted within 31 seconds, set bit 7 equal to 1 in the
Error register.
7) Post Device O's initialization and di agnostic results:
a) If Device O conpleted all initialization and diagnostics without error, set
bits 6-0 of the Error register to 0000001b.
b) If Device O failed any initialization or diagnostics, set bits 6-0 of the
Error register to a value other than 0000001b as described in Table 11.
8) Set the BSY bit of the Status register to zero and set Drive 1* Status
regi ster to OOH
NOTE: Steps 2-8 conplete within 31 seconds.
9) Finish initialization and optionally finish spin up.
10) Post Ready status:
a) Set the DRDY bit to one and the DSC bit to one in the Status register.
b) Negat e DASP-.
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A 5.2 Algorithmfor Device 1

1) Power on or hardware reset is detected by the device' s hardware.
2) The hardware should automatically do the following within 400 nsec of the
negati on of RESET-:
a) Set up the hardware to report both Device 0 and Device 1* status registers.
b) Set the BSY bit to one in the Device O Status register.
c) Set the BSY bit to one in the Device 1* Status register.
3) The device shall determne if it is Device O or Device 1. This can be done
at least two different ways: by junper or by using the CSEL signal.
4) Set up PDIAG and DASP:
a) Negate the PDI AG signal.
b) Set up PDIAG as an output.
c) Assert the DASP- signal.
d) Set up DASP- as an out put.
e) Set up the hardware to report Device 1 status only.
NOTE: Steps 2-4 conplete within 400 nsec of the negation of RESET-.
5) Perform any renaining tine critical hardware initialization including
starting the spin up of the device if needed. Conplete all the hardware
initialization and diagnostic tests needed to get the device ready, including:
a) Set the Sector Count register to 0lh.
b) Set the Sector Nunber register to 0lh.
c) Set the Cylinder Low register to 00h.
d) Set the Cylinder H gh register to 00h.
e) Set the Device/Head register to 00h.
6) Post Device 1's initialization and di agnostic results:
a) If Device 1 conpleted all initialization and diagnostic without error, Set
the Error register to 0Olh and assert PD AG.
b) If Device 1 failed any initialization or diagnostics, set the FError
register to a value other than 0lh (see Table 11) and do not assert PD AG.
7) Set the status register to 00.
NOTE: Steps 2-7 conplete within 30 seconds.
8) Finish initialization and optionally finish spin up.
9) Post Ready status:
a) Set the DRDY bit to one and, if spin up is also conplete, the DSC bit to
one in the Status register.
b) Negat e DASP-.
10) If not previously done, wait for spin up to conplete and then set the DSC
bit inthe Status register to one.
11) Negate DASP- when the Command register is witten or after 30 seconds.
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A 6 Software Reset Al gorithm
A 6.1 Algorithmfor Device O

1) SRST bit set to 1 is detected by the device's hardware.
2) The hardware should set the BSY bit in the Status register to one within 400
nsec of the setting of SRST bit to one.
NOTE: Steps 1-2 conplete within 1 nsec.
3) Assert DASP-.
4) Finish all the hardware initialization needed to place the device in reset
i ncludi ng all diagnostics.
5) Wait for SRST bit to be set to O.
6) Reset the Command Bl ock registers:
a) Set the Sector Count register to 0lh.
b) Set the Sector Nunber register to 0lh.
c) Set the Cylinder Low register to 00h.
d) Set the Cylinder Hgh register to 00h.
e) Set the Device/Head register to 00h.
7) If Device 1 is present:
a) Monitor PDDAG for 31 seconds or until PDIAG is asserted by Device 1.
b) If PDAG is asserted within 31 seconds, set bit 7 to O in the Error

register.
c) If PDAG is not asserted within 31 seconds, set bit 7 to 1 in the Error
register.
8) Post Device 0's initialization and di agnostic results:
a) If Device O conpleted all initialization and diagnostics without error, set

bits 6-0 of the Error register the val ue 0000001b.
b) If Device O failed any initialization or diagnostics, set bits 6-0 of the
Error register to a value other than 0000001b (see Table 11).
NOTE: Steps 6-8 conplete within 31 seconds.
9) Set the DRDY bit in its Status register and set Drive 1* Status register to
00h.

A 6.2 Algorithmfor Device 1

1) SRST bit equal to 1 is detected by the device's hardware.
2) The hardware should set 80h in the Status register within 400 nsec.
3) Negate the PDI AG signal.
NOTE: Steps 1-3 conplete within 1 nsec.
4) Assert DASP-.
5) Finish all the hardware initialization needed to place the device in reset
i ncluding all diagnostics.
6) Wait for SRST bit to be set to O.
7) Reset the Command Bl ock registers:
a) Set the Sector Count register to 0lh.
b) Set the Sector Nunber register to 0lh.
c) Set the Cylinder Low register to 00h.
d) Set the Cylinder H gh register to 00h.
e) Set the Device/Head register to 00h.
8) Post Device 1's initialization and di agnostic results:
a) If Device 1 conpleted all initialization and diagnostics wi thout error, set
bits 6-0 of the Error register the val ue 01h and assert PD AG.
b) If Device 1 failed any initialization or diagnostics, set bits 6-0 of the
Error register to a value other than 0lh (see Table 11) and does not assert
PD AG .
NOTE: Steps 7-9 conplete within 30 seconds.
9) Set the DRDY bit in the Status register when ready to accept any command.
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A 7. Diagnostic Comrand Al gorithm
A 7.1 Algorithmfor Device O

1) The EXECUTE DEVI CE DI AGNGSTI C command i s recei ved.
2) The hardware should set 80h in the Status register within 400 nsec.
3) The hardware should set 80h in the Device 1* Status register.
NOTE: Steps 1-3 conplete within 1 nsec.
4) Assert DASP-.
5) Performall the device diagnostics and note the results.
6) Finish all the hardware initialization needed to get the device ready to
recei ve any type of comrand fromthe host including:
a) Set the Sector Count register to 0lh.
b) Set the Sector Nunber register to Olh.
c) Set the Cylinder Low register to 00h.
d) Set the Cylinder H gh register to 00h.
e) Set the Device/Head register to 00h.
7) If Device 1 is present:
a) Mnitor PDDAG until PDAG is asserted by Device 1 or for 6 seconds.
b) If PDAG is asserted within 6 seconds, set bit 7 to O in the FError

register.
c) If PDDAG is not asserted within 6 seconds, set bit 7 to 1 in the Error
register.
8) Post Device 0's initialization and di agnostic results:
a) If Device O conpleted all initialization and diagnostics without error, set

bits 6-0 of the Error register the val ue 0000001b.
b) If Device O failed any initialization or diagnostics, set bits 6-0 of the
Error register to a value other than 0000001b (see Table 11).

NOTE: Steps 2-8 conplete within 6 seconds.

9) Set the Status register to 50h and set Drive 1* Status register to 00h.

10) Assert |INTRQ

A 7.2 Algorithmfor Device 1

1) The EXECUTE DEVI CE DI AGNGSTI C command i s recei ved.
2) The hardware should set 80h in the Status register within 400 nsec.
3) Negate the PDI AG signal.
NOTE: Steps 1-3 conplete within 1 nsec.
4) Assert DASP-.
5) Performall the device diagnostics and note the results.
6) Finish all the hardware initialization needed to get the device ready to
recei ve any type of comrand fromthe host including:
a) Set the Sector Count register to 0lh.
b) Set the Sector Nunber register to 0lh.
c) Set the Cylinder Low register to 00h.
d) Set the Cylinder H gh register to 00h.
e) Set the Device/Head register to 00h.
7) Post Device 1's initialization and di agnostic results:
a) If Device 1 conpleted all initialization and diagnostics wi thout error, set
bits 6-0 of the Error register the value 1 and assert PD AG.
b) If Device 1 failed any initialization or diagnostics, set bits 6-0 of the
Error register to a value of 2 or greater indicating the type of failure and
do not assert PD AG.
NOTE: Steps 2-7 conplete within 5 seconds.
8) Set the DRDY bit in the Status register when ready to accept any command.
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Annex B. 44-Pin Small Form Factor Connector
(informative)

This annex describes a connector alternative often used for 2 1/2" or smaller
devi ces. This alternative was developed by the Small Form Factor (SFF)
Comm ttee, an industry ad hoc group.

In an effort to broaden the applications for small form factor devices, a group
of conpanies representing system integrators, device suppliers, and conponent
suppliers decided to address the issues invol ved.

A primary purpose of the SFF Committee was to define the external dinensions of
small formfactor devices so that products fromdifferent vendors could be used
in the same nounting configurations.

The restricted area, and the nmating of devices directly to a notherboard
required that the nunber of connectors be reduced, which caused the assignment
of additional pins for power. Power is provided to the devices on the sane
connector as used for the signals, and addresses are set by the receptacle into
whi ch the devi ces are pl ugged.

The 50-pin connector that has been w dely adopted across industry for SFF
devices is a low density 2mm connector which has no shroud on the plug which is
mounted on the device. A number of suppliers provide intermnmatabl e components.
The following information has been provided to assist users in specifying
conponents used in an inpl enentation.

Si gnal s Connector Plug DuPont 86451 or equi val ent
Si gnal s Connector Receptacle DuPont 86455 or equi val ent

B.1. 44-pin signal assignnents

The signals assigned for 44-pin applications are described in table 16.
A though there are 50 pins in the plug, a 44 pin mating receptacle may be
used(the renoval of pins E and F provides roomfor the wall of the receptacle).

Sorme devices nmay utilize pins A, B, C and D for option selection via physical
junpers. Such inplenmentations nay require use of the 44 pin receptacles.

44-pin signal assignnments for ATA
The first four pins of the connector plug |located on the device are not to be

connected to the host, as they are reserved for manufacturer's use. Pins E F
and 20 are keys, and are renoved.

o e e 1-E----- +
| oooooooooo0000000000000KCA|
| oooooooooo0oo00KoooooooooKDB|
Y LT T T 20------me - 2-F----- +
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+ +
| Si gnal | Connect or | | Connect or | Si gnal |
| name | contact | Gonductor | contact | name |
| ----------------- R S B S [ SR B |
| Vendor specific| A | | B | Vendor specific |
| Vendor specific| C | | D | Vendor specific |
| (keypin) | E | I F | (keypin) |
| RESET- | 1 | 11 2 | 2 | Gound |
| Dor | 3 | 3| 4 | 4 | DB |
| DD6 | 5 | 5] 6 | 6 | DD9 |
| DD5 | 7 | 71 8 | 8 | DD10 |
| D4 | 9 | 91| 10 | 10 | DD11 |
| DD3 | 11 | 11| 12 | 12 | DD12 |
| DD2 | 13 | 13 | 14 | 14 | DD13 |
| DD1 | 15 | 15| 16 | 16 | DD14 |
| DDO | 17 | 17 | 18 | 18 | DD15 |
| Gound | 19 | 19 | 20 | 20 | (keypin) |
| DVARQ | 21 | 21 | 22 | 22 | Gound |
| D Oow | 23 | 23| 24 | 24 | Gound |
| DOR | 25 | 25| 26 | 26 | Gound |
| 1CRDY | 27 | 27 | 28 | 28 | SPSYNC: CSEL |
| DVACK- | 29 | 29 | 30 | 30 | Gound |
| INTRQ | 31 | 31| 32 | 32 | [1COCsi6- |
| DAl | 33 | 33| 34 | 34 | PDAG |
| DAO | 35 | 35| 36 | 36 | DA2 |
| CSO- | 37 | 37 | 38 | 38 | Csi- |
| DASP- | 39 | 39 | 40 | 40 | Gound |
| * +5v (Logic) | 41 | 41 | 42 | 42 | +5V (Motor) *
| * Gound (Return)| 43 | 43 | 44 | 44 | TYPE (0=ATA* |

| * Pins which are additional to those of the 40-pin cable. |

Tabl e 16 - Signal Assignments for 44-Pin ATA
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Annex C. 68-Pin Small Form Factor Connector
(informative)

C. 1. Overview

Thi s appendi x defines the pinouts used for the 68-pin alternative connector for
the AT Attachment Interface. This connector is the same as the one defined by
PCMCI A This appendi x defines a pinout alternative that allows a device to
function as an AT Attachment Interface conpliant device, while also allowi ng the
device to be conpliant with PC Card-ATA node defined by PCMJA The signal
protocol allows the device to identify the host interface as being 68-pin ATA or
PCMCI A

To sinplify the inplementation of dual-interface devices, the 68-pin AT
Attachnment Interface maintains commonality with as many PC Card- ATA signals as
possible, while supporting full comrand and signal conpliance with the ATA
st andar d.

The 68-pi n ATA pi nout does not cause damage or loss of data if a PCMJA card is
accidentally plugged into a host slot supporting this interface. The inversion
of the reset signal between the ATA and POMO A interfaces prevents | oss of data
if the device is unable to reconfigure itself to the appropriate host interface.

C 2. Signals

This Specification relies upon the electrical and nechanical characteristics of
PCMCI A and unl ess otherw se noted, all signals and registers with the same nanes
as PCMO A signals and regi sters have the same nmeani ng as defined in PCMJ A

The PC Card-ATA specification is used as a reference to identify the signal
protocol used to identify the host interface protocol.

Unl ess otherwise noted, all signals and registers with the sane nanmes as ATA

signals and registers have the same neaning as defined in X3.221-199x, which
defines the protocol by which commands are directed to the storage device.
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C 3. Signal Descriptions

Any signals not defined below are as described in the ATA, PCMJA or the PC
Car d- ATA docunent s.

Tabl e 17 shows the ATA signals and rel ati onships such as direction, as well as
provi ding the signal nane of the POMI A equi val ent.

| Pin| Signal |Hst|Dr|Dev| PCMOA | |Pin|Signal |Hst|Dr|Dev| PCMOA |
| 1]Gound | x ---> x | Gound | | 35 Gound | x --->x | Gound |
| 2| DB3 | x <--->x |8 | | 36| CD1- | x <--- x| CD1L- |
| 3| DA | X <--->x |4 | | 37/]DD11 | x <---> x | D11 |
| 4| DD5 | x <--->x |Db | | 38 DD12 | x <--->x |D12 |
| 5| DD6 | x <--->x | D6 | | 39|DD13 | x <---> x | D13 |
| 6] DDbr7 | x <--->x | D7 | | 40|DD14 | x <---> x | D14 |
| 7] CS0- | x --->x |CEl- | | 4]DD15 | x <---> x | D15 |
| 8 | --->1i |A10 | | 42| CsSl- | x --->x*1| CE2- |
| 9] SELATA-| x --->Xx |CE | | 43| | <--- i |Vsi- |
| 10| | | | | 44DOR | x --->x |IORD |
| 11] Cs1- | x --->x*1| A9 | | 45D OW | --->x || ONR- |
| 12| | --->1 | A8 | | 46l | | |
| 13| | | | | 47] | | |
| 14| | o | | 48] | | |
| 15| | ---> 0 |V | | 49 | | |
| 16]INTRQ | x <--- x |READY/IREQ| | 50| | | |
| 17| vcC | x --->x |VCC | | 51]vCC | x --->x |VCC |
| 18| | | | | 52 | | |
| 19| | | | | 53] | | |
| 20| | | | | 54 | | |
| 21 | | | | 55IMS | x --->x*2] |
| 22] | ---> 0 | A7 | | 56|CSEL | x --->x*2| |
| 23| | --->1i | A6 | | 57] | <--- i |Vs2- |
| 24] | --->1i | A5 | | 58 RESET- | x ---> x | RESET |
| 25] | ---> 0 | A | | 59]ICRDY | o0 <--- x*3|WAIT- |
| 26| | --->1i |A3 | | 60]DVARQ | o0 <--- x*3| | NPACK- |
| 27| DA2 | x --->x |A2 | | 61]DMACK- | o ---> 0 | REG |
| 28] DAL | x --->x |AL | | 62| DASP- | X <---> X |BVD2/SPKR |
| 29| DAO | x --->x |A0 | | 63|PDAG | X <---> x | BvDl/ STSCHG |
| 30| DO | X <--->x | DO | | 64| DD8 | x <--->x |D8 |
| 31| DD1 | X <--->x |D1 | | 65| DD9 | x <--->x | D9 |
| 32| D2 | x <--->x |2 | | 66/DDI0 | x <---> x | D10 |
| 33]10CS16-| x <--- x |WP/1AS16- | | 67| CD2- | x <--- x| CDe- |
| 34/Gound | x --->x | Gound | | 68|Gound | x ---> x | Gound |

Table 17 - Signal Assignnents for 68-Pin ATA

The Dr colum indicates the direction of the signal between host and device.
An x in the Hst colum neans this signal shall be supported by the Host. An x
in the Dev colum means this signal shall be supported by the device. An i in
the Dev colum neans this signal shall be ignored by the device while in 68-pin
ATA mode. An o neans this signal is ptional. If there is nothing in Dev col um
for a pin location, then no connection should be nade to that pin.

NOTES:

*1 The device shall support only one CS1- signal pin.

*2 The device shall support either MS or CSEL but not bot h.

*3 The device shall hold this signal negated if it does not
support the function.
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C3.1. CDI- (Card Detect 1)

This signal shall be grounded by the device. CDl- and CD2- are used by the host
to detect the presence of the device.

C.3.2. C2- (Card Detect 2)

This signal shall be grounded by the device. CDl- and CD2- are used by the host
to detect the presence of the device.

C 3.3. CS1- (Device chip Select 1)

Hosts shal |l provide CS1- on both the pins identified in Table 17.
Devices are required to recogni ze only one of the two pins as CS1-.
C 3.4. DVACK- (DVA Acknow edge)

This signal is optional for hosts.

This signal is optional for devices.

If this signal is supported by the host or the device, the function of DVARQ
shal |l al so be support ed.

C 3.5. DMARQ (DVA Request)
This signal is optional for hosts.

If this signal is supported by the host or the device, the function of DVACK-
shal |l al so be support ed.

C 3.6. ICRDY (I/0O Channel Ready)
This signal is optional for hosts.
C3.7. MS (Master/ Sl ave)

This signal is the inverted formof CSEL. Hosts shall support both MS and CSEL
t hough devi ces need only support one or the other.

Hosts shall assert CSEL and MS prior to applying VCC to the connector.
C 3.8. SELATA- (Select 68-pin ATA)

This pin is used by the host to select which node to use, PC Card-ATA node or
the 68-pin ATA node. To select 68-pin ATA node, the host shall assert SELATA-
prior to applying power to the connector, and shall hold SELATA- asserted.

The device shall not re-sanple SELATA- as a result of either a Hard or Soft
Reset. The device shall ignore all interface signals for 19 nsec after the host
supplies Vcc within the device's voltage tolerance. If SELATA- is negated
following this tine, the device shall either configure itself for PC Card-ATA
nmode or not respond to further inputs fromthe host.
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C 4. Renovability Considerations

This Specification supports the renovability of devices which use the ATA
protocol. As renovability is a new consideration for ATA devices, several issues
need to be considered with regard to the insertion or renoval of devices.

C 4.1. Device Recommrendati ons
The foll owing are recomrendati ons to device inpl enentors:

- CS0-, CSl-, RESET- and SELATA- should be negated on the device to
prevent false selection during hot insertion.

- Ignore all interface signals except SELATA- until 19 nsec after the host
supplies VCC within the device's voltage tolerance. This time is
necessary to de-bounce the device's power on reset sequence. Once in the
68-pin ATA node, if SELATA- is ever negated following the 19 nsec de-
bounce delay tine, the device should disable itself wuntil VCC is
renoved.

- The DOCR LOCK and DOOR UNLOCK commands and the MC and MCR bits in the
Error register should be used to prevent unexpected removal of the
devi ce or nedi a.
C. 4.2. Host Recommendati ons

The foll owi ng are recomrendati ons to host inpl enentors:

- Connector pin sequencing should pr otect the device by making contact to
ground before any other signal in the system

- SELATA- should be asserted at all tines.

- Al devices should be reset and reconfigured to the sane base address
each time a device at that address is inserted or renoved.

- The renoval or insertion of a device at the sane address should be
detected so as to prevent the corruption of a comrand.

- The DOCR LOCK and DOOR UNLOCK commands and the MC and MCR bits in the

Error register should be used to prevent unexpected removal of the
devi ce or nedia.
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Annex D. ldentify Device Data For ATA Devices Bel ow 8 (B
D. ldentify Drive Data Requirenents

D.1 Definitions and Background I nformation

The foll owi ng abbreviations are used in this annex:

- 528 MBis used to describe a drive that has 1,032,192 sectors
or 528,482, 304 bytes.

- 8 Bis used to describe a drive that has 16, 515, 072 sectors
or 8,455,716, 864 bytes.

The original 1BMPC Bl G5 (Basic | nput/Qutput Systenj inposed
several restrictions on the support of disk drives, and these
have been incorporated i nto nany higher |evel software products.
(e such restriction limts the capacity of a hard disk drive.
Most Bl G5 software cannot support a disk drive with nore than
1,024 cylinders, 16 heads and 63 sectors per track. The maxi mum
addressabl e capacity of an ATA disk drive under this schene is
528 MB.

There is growi ng support of auto-configuration for disk drives on
PC systens. The auto-configuration capability usually resides in
the BIOS and uses the Identify Drive command data to configure an
ATA di sk drive

This annex defines rules for the lIdentify Drive data of
all capacity ATA disk drives and all ows Bl G5 support of ATA
drives up to 8 (B using Cylinder/Head/ Sector (CHS) addressing.

This specification defines information that newer BI GSs and
system software can use to determne the true size of a disk
drive and access the full capacity of the drive.

D.2 Cylinder, Head and Sector Addressing

Bl C&s and ot her software that operate an ATA disk drive in CHS
(¢&ylinder, Head and Sector) addressing node use ldentify Drive
data words 1, 3, 6 and words 53-58 to ascertain the appropriate
transl ati on node to use and determne the capacity of an ATA di sk
drive.

Maxi mum conpatibility is achieved if the following rules are
obeyed. These rules limt the values placed into words 1, 3, 6,
and 53-58. The rules specified here for CHS addressing apply to
drives up to 8 GB.
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D 2. 1. VWrd 1

For drives less than or equal to 528 MB, ldentify Data word 1
(Default Cylinders) shall not specify a value greater than 1, 024.

If adrive is greater than 528 MB but | ess than or equal to 8 GB,
t he maxi numval ue that shall be placed into this word is determ ned
by the value in Wrd 3 as shown in the follow ng table.

Value in Word 3 Maxi numvalue in Wrd 1
1 1h 65, 535 FFFFh
2 2h 65, 535 FFFFh
3 3h 65, 535 FFFFh
4 4h 65, 535 FFFFh
5 5h 32, 767 7FFFh
6 6h 32, 767 7FFFh
7 7h 32, 767 7FFFh
8 8h 32, 767 7FFFh
9 9h 16, 383 3FFFh

10 Ah 16, 383 3FFFh
11 Bh 16, 383 3FFFh
12 Ch 16, 383 3FFFh
13 Dh 16, 383 3FFFh
14 Eh 16, 383 3FFFh
15 Fh 16, 383 3FFFh
16 10h 16, 383 3FFFh

The value in this word shall not change
D 2. 2. VWrd 3

Identify Data word 3 (Default Heads) shall not specify a val ue
greater than 16

The value in this word shall not change
D.2.3 Wrd 6

For drives of 8 @B or less, Identify Data word 6 (Default
Sectors) shall not specify a value greater than 63.

The value in this word shall not change
D. 2.4 Use of words 53 through 58

ATA drives that are over 528 MB shall inplenent words 53-58.
Drives not over 528 MB may al so i npl enent these words. These
words define the addressing for all sectors accessible in CHS
node.

D. 2.5 Wrd 53

Identify Data word 53 bit O shall be set to 1 at all times that
the drive is in avalid translation node. Sone drives may have
transl ati on nodes that cannot be supported. An attenpt to put a
drive into one of these unsupported nmodes shall cause word 53 bit
Oto be set to O with words 54-58 cleared to zero until a valid
transl ati on node i s established.
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D. 2.6 Wrd 54

Identify Data word 54 (Qurrent Cylinders) shall specify the
nunber of full logical cylinders that can be accessed in the
current translation node. If an Initialize Drive Paraneters
command has not been executed, the contents of this word shall be
the sane as word 1. If an Initialize Drive Paraneters command has
been executed, this word is the integer result of dividing the
total nunber of user sectors (this value may be in words 60-61)
by the nunber of sectors per |ogical cylinder ( [word55] x
[word56] ), but shall not be a value greater than 65, 535.

D. 2.7 Wrd 55

Identify Data word 55 (Qurrent Heads) is the nunber of heads
specified by the last Initialize Drive Paraneters command. This
word may contain a value of between 1 and 16. |If an Initialize
Drive Paraneters comrand has not been executed, the contents of
this word shall be the same as word 3.

D. 2.8 Wrd 56

Identify Data word 56 (CQurrent Sectors) is the nunber of sectors
specified by the last Initialize Drive Paraneters command. This
word may contain a value of between 1 and 255. If an Initialize
Drive Paraneters comrand has not been executed, the contents of
this word shall be the same as word 6.

D. 2.9 Wrds 57-58

Identify Data words 57-58 contain a 32-bit value that shall be
equal to [word54] x [word55] x [word56]. |If words 60-61, LBA
sectors, are not zero, words 57-58 shall be |l ess than or equal to
the value in words 60-61 at all timnes.

D. 3 Logi cal Bl ock Addressing

It is recommended that ATA drives over 528 MB support Logi cal
Bl ock Addressing (LBA).

D. 3.1 Wrds 60-61

Identify Data words 60-61 shall specify the total number of user
sectors available in LBA node at all tinmes. This value shall be
equal to or greater than the value in words 57-58 at all tines.
The contents of these words shall not change.

D. 3.2 O phan Sectors

The sectors, if any, between the |ast sector addressable in CHS
node and the | ast sector addressable in LBA node are known as
"orphan" sectors. A drive may or may not allow access to these
sectors in CHS addressi ng node.

The values in words 1, 3 and 6 should be sel ected such that the
nunber of orphan sectors is mnimzed. Normally, the nunber of
or phan sectors should not exceed ( [word55] x [word56] - 1 ).
However, the host systemcan create conditions where there are a
| arger nunber of orphans sectors by issuing the Initialize Drive
Par aneters command with val ues other than the values in words 3
and 6.
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Annex E. ATA Command Set Summrary
(informative)

The following two tables are provided to facilitate the understandi ng of the ATA
command set. Table 18 provide infornation on which comrand codes are currently
def i ned. Table 19 provides a list of all of the ATA commands in order of
command code.

o e e e e e Fom e e e Fom e e e Fomm e e e +

| X0 x1 x2 x3| x4 x5 x6 x7| x8 x9 xA xB|] xC xD xE xF|
oo Fom e e e Fom e e e Fomm e e e +
| x| C R R RIRRRR|RRRR|RRRR|J
|1ch* * *l* * ok *l* * ok *l* * ok ~k|
| 2x | C C C CI R R R RIRRRR|RRRR|J
| x| €C C C CIRRRR|RRRR|CRRR|J
oo Fom e e e Fom e e e Fomm e e e +
| x| C C R RI R R R RIRRRIR|RRRR|J
| 5x | C R R RI R R R RIRR RR|RRRR|J
| x| R R R RI R R R RIRRRIR|RRRR|J
|7X|C* * *l* * * *l* * * *l* * * *l
oo Fom e e e Fom e e e Fomm e e e +
| & | VV V V|V V V V|V VYV V|V YVVYV]
| 9%x | €C C C R C C CC|]CCVZR|RRR RR]J
| M| R R R RIRRRIR|RRRR|RRRR|J
| x| R R R RI R RRR|RRRR|RRRR|J
oo Fom e e e Fom e e e Fomm e e e +
| &X| VVVV|CCZCR|]CCZCTC|RRR RR]
| x| R R R RI R RRR|RRRTZC|]CZCZC C|
| xX| C C C C|]CCCR|]CCRR|]CCRC]J
| x| V.V V V|V V V V|V VYV V|VYVVYV]
oo Fom e e e Fom e e e Fomm e e e +
Not es:

* - Values 11h through 1Fh are identical to command 10h
Val ues 71h through 7Fh are identical to command 70h

C - a uni que command

R - Reserved, undefined in current specifications

V - Vender Uni que comrands

Table 18 - Command Matri X
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
=+

Reser ved

RECALI BRATE

READ SECTOR(S) (wWretry)
READ SECTOR(S) (W o retry)
READ LONG (W retry)

READ LONG (W o0 retry)

Reser ved

WRI TE SECTCR(S) (wWretry)
WRI TE SECTCR(S) (W o retry)
WRI TE LONG (Wretry)

WRITE LONG (W o retry)
Reser ved

WR TE VER FY

Reser ved

READ VERI FY SECTOR(S) (wretry)
READ VER FY SECTCR(S) (w o retry)
Reser ved

FCRVAT TRACK

Reser ved

Reser ved

SEEK

Vendor specific

EXECUTE DEVI CE DI AGNCSTI C
I NI TI ALI ZE DEVI CE PARAMETERS
DONNLQAD M CROCCDE

Reser ved

STANDBY | MVEDI ATE

| DLE | MVEDI ATE

STANDBY

| DLE

CHECK PONER MODE

SLEEP

Vendor specific

Reser ved

Reser ved

Reser ved

Vendor specific

I
I
I
I
I
I
I
I
I
I
I
I
I
3Ch |
I
I
I
I
I
I
I
I
I
I
I
I
I

X3T10/ 0948D Revi sion 3

Sorme commands have two command codes and appear in this table tw ce, once

f

Tabl e 19 - Commands Sorted By Command Val ue (Part 1 of 2)

or each comrand code.
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| READ MULTI PLE
| WRITE MLTI PLE
| SET MULTI PLE MODE
| Reserved
| READ DVA (Wretry)
| READ DVA (W o retry)
| WRITE DVA (W retry)
| WRITE DVA (W o retry)
| Reserved
| Reserved
| ACKNOALEDGE MEDI A CHANGE
| BQOOT - PCST-BOOT
| BOOT - PRE-BOOT
| DOOR LOCK
| DOOR UNLOCK
| STANDBY | MVEDI ATE
| 1DLE | MVEDI ATE
| STANDBY
| IDLE

| READ BUFFER

| CHECK PONER MODE

| SLEEP

| Reserved

| WR TE BUFFER

| WR TE SAME

| Reserved

| 1 DENTIFY DEVI CE

| MEDI A BEJECT

| Reserved

| SET FEATURES

| Vendor specific

e e e e e e e e e e e e e e e e e e e —m— . — - ==
Some commands have two command codes
for each command code.

I
I
I
I
I
I
I
CBh |
I
I
I
I
I
I
I

94h EOh
95h Elh
96h E2h
97h E3h
E4h |
98h E5h |
99h E6h |

I
I
I
I
I
EDh |
I
I
I
+

and appear in this table tw ce, once

Tabl e 19 - Commands Sorted By Command Val ue (Part 2 of 2)
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