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ABSTRACT

This standard defines the AT Attachment Interface. This standard defines an
integrated bus interface between disk drives and host processors. It provides
a common point of attachment for systens manufacturers, systemintegrators,
and suppliers of intelligent peripherals.
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I ntroduction
ANSI X3.221-199x does not replace any existing standard.

The clauses contain naterial as described bel ow

A ause 1 descri bes the scope;

d ause 2 lists the normative references;

A ause 3 provi des a gl ossary comon to the whol e document ;

d ause 4 provi des descriptions and conventi ons;

d ause 5 describes the el ectrical and nmechani cal characteristics;
A ause 6 describes the signals of the AT Attachnent Interface;

A ause 7 describes the registers of the AT Attachnment Interface;

A ause 8 descri bes the programm ng requirements of the AT Attachment
I nterface;

A ause 9 specifies the commands of the AT Attachnent Interface;

d ause 10 descri bes an overview of the protocol of the AT Attachment
I nterface;

d ause 11 specifies the interface timng di agrans;

Annex A descri bes di agnostic and reset considerations;

Annex B descri bes di agnostic and reset considerations;

Annex C describes alternative connectors.

When the first 1BM PC (Personal Conputer)(tn) was introduced, there was no
hard di sk capability for storage. Successive generations of product resulted
in the inclusion of a hard disk as the prinary storage device. Wen the

PC AT (tnm) was devel oped, a hard di sk was the key to system perfornmance, and
the controller interface became a de facto industry interface for the

i nclusion of hard disks in PC ATs.

The price of desktop systens has declined rapidly because of the degree of
integration to reduce the nunber of conponents and interconnects required to
build a product. A natural outgrowth of this integration was the inclusion of
controller functionality into the hard di sk.

In Cctober 1988 a nunber of peripheral suppliers formed the Comon Access

Met hod Conmittee to encourage an industry-wi de effort to adopt a common
software interface to dispatch input/output requests to SCSI peripherals.

Al though this was the primary objective, a secondary goal was to specify what
is known as the AT Attachnent interface.



AMERI CAN NATI ONAL STANDARD ANSI  X3.221- 199x

Anerican National Standard
for Informati on Technol ogy -

AT Attachnent for D sk Drives

1 Scope

This standard defines the AT Attachment Interface. This standard defines an
integrated bus interface between disk drives and host processors. It provides
a common point of attachment for systens manufacturers, systemintegrators,
and suppliers of intelligent peripherals.

2 Normative references

None.

3 Definitions, synbols, and abbreviations

For the purposes of this standard, the follow ng definitions apply.
3.1 Definitions

3.1.1 ATA (AT attachment). ATA defines a conpatible register set and a 40-pin
connector and its associated signals.

3.1.2 CHS (¢ylinder-head-sector). This termdefines the addressing node of the
drive as being by physical address.

3.1.3 data block. This termdescribes a data transfer, and is typically a
singl e sector, except when decl ared otherw se by use of the Set Miltiple
command.

3.1.4 DVA (Direct nenory access). A nmeans of data transfer between periphera
and host menory without processor intervention

3.1.5 LBA (Logi cal block address). This termdefi nes the addressi ng node of
the drive as being by the |linear mapping of sectors from1l to n

3.1.6 optional. This termdescribes features which are not required by the
standard. However, if any feature defined by the standard is inplenented, it
shall be done in the sanme way as defined by the standard. Describing a
feature as optional in the text is done to assist the reader. |If thereis a
conflict between text and tables on a feature described as optional, the table
shal | be accepted as being correct.



3.1.7 PIO (Progranmmed i nput/output). A neans of data transfer that requires
the use of the host processor.

3.1.8 reserved. Wiere this termis used for bits, bytes and fields; the bits,
bytes and fields are set aside for future standardi zation, and shall be zero.

3.1.9 W (Vendor unique). This termis used to describe bits, bytes, fields,
code val ues, and features which are not described in this standard, and nmay
be used in a way that varies between vendors.

3.2 Synbol s and abbrevi ati ons

AWG Anerican Wre Gauge
LSB Least significant bit
LUN Logi cal unit nunber
VBB Most significant bit



4 Cenera

The application environment for the AT Attachnent Interface is any conputer
whi ch uses an AT Bus or 40-pin ATA interface.

The PC AT= Bus is a widely used and inplemented interface for which a variety
of peripherals have been manufactured. As a means of reducing size and cost,
a class of products has energed which enbed the controller functionality in
the drive. These new products utilize the AT Bus fixed disk interface
protocol, and a subset of the AT bus. Because of their conmpatibility with
exi sting AT hardware and software this interface quickly becane a de facto

i ndustry standar d.

The purpose of the ATA standard is to define the de facto inpl ementations.

Software in the Qperating Systemdi spatches 1/0O (I nput/Qutput) requests via
the AT Bus to peripherals which respond to direct comrands.

4.1 Structure

This standard relies upon specifications of the nmechanical and el ectrica
characteristics of the AT Bus and a subset of the AT Bus specifically
devel oped for the direct attachment of peripherals.

Al so defined are the nethods by which comrands are directed to peripherals,
the contents of registers and the nethod of data transfers.

4.2 Conventions

Certain words and terns used in this standard have a specific neani ng beyond
the normal English meaning. These words and terns are defined either in
clause 3 or in the text where they first appear. MNames of signals, phases,
nmessages, commands, statuses, sense keys, additional sense codes, and
addi ti onal sense code qualifiers are in all uppercase (e.g., REQJUEST SENSE)
Lower case is used for words having the normal English meaning.

Fields containing only one bit are usually referred to as the "nanme" bit
instead of the "nane" field.

Numbers that are not inmmediately foll owed by | ower-case "b" or "h" are deci nal
val ues.

Numbers immedi ately foll oned by | ower-case "b" (xxb) are binary val ues.

Numbers immedi ately fol |l oned by | ower-case "h" (xxh) are hexadeci nal val ues.



5 Interface cabling requirenents
5.1 Configuration

This standard provides the capability of operating on the AT Bus in a daisy
chai ned configuration with a second drive that operates in accordance with
these standards. One drive (selected as Drive 0) has been referred to as the
master in industry terns and the second (selected as Drive 1) has been
referred to as the slave (see figure 3).

The designation as Drive 0 or Drive 1 may be made in a nunber of ways:

- aswitch on the drive;
- a junper plug on the drive;
- use of the Cable Select (CSEL) pin.

Data is transferred in parallel (8 or 16 bits) either to or fromhost menory
to the drive's buffer under the direction of conmands previously transferred
fromthe host. The drive perfornms all of the operations necessary to properly
wite data to, or read data from the disk media. Data read fromthe medi a
is stored in the drive's buffer pending transfer to the host nenory and data
is transferred fromthe host nenory to the drive's buffer to be witten to the
nmedi a.

| e +

= |
Fommmm - V- -+ Fommmm - V- -+
| DRIVE O | | DRVE 1 |
o + O +

drm e m e e e e e e e e e e e e e e e e e e e e e m +
| |
| HOST |
| |
Fomm - - 4====== AT BUS ======4- - - m s m e e e e e e e e oo m oo +
|
| ADAPTER |
| |
Fommmm e a A eieee e o +
| ATA interface
| e +
= |
Fommmm - V- -+ Fommmm - V- -+
| DRIVE O | | DRIVE 1 |
o + O +

Figure 2 - Host bus adapter and peripheral devices



| HOST |
| |
B R L +
| ATA interface
[ V----- +
|
| CONTRCOLLER
I |
R Devi ce interface
| | | e.g., ESD
| | | or SCSI
7 | |
+-V----v--+ +-V----v--+
| DRVE | | DRIVE
Fomm e o + [ S +

Figure 3 - ATAinterface to controller and peripheral devices

5.2 Addressi ng consi derations

In traditional controller operation, only the selected controller receives
comrands fromthe host following selection. 1In this standard, the register
contents go to both drives (and their enbedded controllers). The host

di scrimnates between the two by using the DRV bit in the Drivel/ Head Regi ster

5.2.1 DC cabl e and connect or

The drive receives DC power through a 4-pin or a | ow power application 3-pin
connect or

A drive designed for 3,3V applications may be plugged into a receptacle
designed to accept a drive designed for 5V applications, with 12V lines for
additional power. It is not required that the drive operate, but it is
recomrended that precautions be taken to prevent damage to the drive.

A drive designed for 5V applications may be plugged into a receptacl e desi gned
to accept a drive designed for 3,3V applications, with 5V lines for additiona

power. It is not anticipated that damage coul d occur to the drive, but it is

likely to fail in an undeterm ned manner

5.2.2 4-pin power

The pin assignnents are shown in table 1. Reconmmended part nunbers for the
mati ng connector to 18 AWG cabl e are shown bel ow, but equival ent parts may be
used.

Connector (4 pin) AWVP 1-480424-0 or equival ent.
Contacts (| oose piece) AWP 60619-4 or equival ent.
Contacts (strip) AWP 61117-4 or equival ent.



Table 1 - DCinterface
+ +

| Power |ine designation | Pin nunber

R e EL L AELECEE EREEICEERRE |
| +12V | 1-01 |
| +12V Return | 1-02 |
| +5V Return | 1-03 |
| +5V | 1-04 |
+ +

5.2.3 3-pin power

The pin assignnents are shown in table 2. Reconmended part nunbers for the
mati ng connector to 18 AWG cabl e are shown bel ow, but equival ent parts may be
used.

Connector (3 pin) Mol ex 5484 39-27-0032 or equival ent.
Table 2 - DCinterface

+ +
| Power |ine designation | Pin nunber

|- oo |
| +5V | +3,3V | 1-01 |
| +12V | +5V | 1-02 |
| G ound | Gound | 1-03 |
+ +

5.2.4 Device grounding
System ground may be connected to a "quick-connect” termnal equivalent to:

Drive connector term nal AWP 61664-1 or equival ent.
Cabl e connector term nal AWP 62137-2 or equival ent.

Provision for tying the DC | ogic ground and the chassis ground together or for
separating these two ground planes is vendor specific.

5.3 1/ 0O connect or

The 1/ 0 connector is a 40-pin connector as shown in figure 4, with pin
assignnents as shown in table 4. The connector should be keyed to prevent the
possibility of installing it upside down. A key is provided by the renova

of pin 20. The corresponding pin on the cable 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 sanme relative position. This
nmeans the pin nunbers of the receptacle nmay 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 primary, a straight cable can connect drives.



As shown in figure 4, conductor 1 on pin 1 of the plug has to be in the sane
relative position no matter what the receptacle nunbering | ooks like. If
receptacl e nunbering was foll owed, the cable would have to tw st 180 degrees
between a drive with top-nmounted receptacles, and a drive with bottom nmount ed
recept acl es.

| 40 20 2|

Figure 4 - 40-pi n connector nounting

Recomrended part nunbers for the mati ng connector are shown bel ow, but
equi val ent parts nay be used.

Connector (40 pin) 3M 3417- 7000 or equival ent.

Strain relief 3M 3448- 2040 or equi val ent.

Fl at cable (stranded 28 AW 3M 3365-40 or equival ent.

Fl at cable (stranded 28 AW 3M 3517-40 (shielded) or
equi val ent .

5.4 1 /0O cabl e

The cabl e specifications affect systemintegrity and the naxi mum | ength that
can be supported in any application as shown in table 3.

Table 3 - Cabl e paraneters

+ +

| Cable length of 0,46m (18 inches) * | Mn | Max |

| --------------------------------------------- Fommm o= [ S, |
Driver loL sink current for 5V operation 12mA | |
Driver loL sink current for 3,3V operation 8mA |

|
Driver |oH source current | | -400uA |
Cabl e capacitive | oading |

| * This distance may be exceeded in circunstances where the |
| characteristics of both ends of the cable can be controlled. |
+ +




6 Physical interface
6.1 Signal conventions

Signal names are shown in all upper case letters. Signals can be asserted
(active, true) in either a high (nore positive voltage) or low (less positive
voltage) state. A dash character (-) at the beginning or end of a signal nane
indicates it is asserted at the low level (active low. No dash or a plus
character (+) at the beginning or end of a signal name indicates it is
asserted high (active high). An asserted signal nmay be driven high or | ow by
an active circuit, or it may be allowed to be pulled to the correct state by
the bias circuitry

Control signals that are asserted for one function when high and asserted for
anot her function when | ow are named with the asserted hi gh function nane

foll owed by a slash character (/), and the asserted | ow function nane foll owed
with a dash (-) e.g., BITENABITCLR enables a bit when high and clears a bit
when low Al signals are TIL conpati bl e unl ess ot herwi se noted. Negated
nmeans that the signal is driven by an active circuit to the state opposite to
the asserted state (inactive, or false) or may be sinply rel eased (in which
case the bias circuitry pulls it inactive, or false), at the option of the

i mpl ement or .

Control signals that may be used for two mutual |y excl usive functions are
identified with their two names separated by a colon e.g., SPSYNC CSEL can be
used for either the Spindle Sync or the Cable Sel ect functions.

6.2 Signal summary

The physical interface consists of single ended TTL conpati bl e recei vers and
drivers commruni cating through a 40-conductor flat ribbon non-shiel ded cabl e

usi ng an asynchronous interface protocol. The pin nunbers and signal nanes

are shown in table 4. Reserved signals shall be |eft unconnect ed.



Table 4 - Interface signals

+

Host 1/0O | | Drive /0]
connect or | | connector |
---------------------------------- +-------------------------+-----------|
HOST RESET 1] ----- RESET- -------- > 1 |
2| ----- Gound -------- | 2 |

HOST DATABUS BIT 7 3 |<----- DD7 ---ccmenen- > 3 |
HOST DATA BUS BIT 8 4 |<----- DD8 ----------- > 4 |
HOST DATA BUS BIT 6 5|<----- DD6 ----------- > 5 |
HOST DATA BUS BIT 9 6 |<----- DD9 ----------- > 6 |
HOST DATA BUS BIT 5 7 |<----- DD5 ----------- > 7 |
HOST DATA BUS BI T 10 8 |<----- DD10 ---------- > 8 |
HOST DATABUS BIT 4 9 |<----- D4 ---ccmmeee- > 9 |
HOST DATA BUS BI T 11 10 | <----- DDLl - - - >| 10 |
HOST DATA BUS BIT 3 11 | <----- DDB ----------- > 11 |
HOST DATA BUS BI T 12 12 | <----- DDl2 ---------- > 12 |
HOST DATA BUS BIT 2 13 | <----- DD2 ----------- > 13 |
HOST DATA BUS BI T 13 14 | <----- DDL3 ---------- >| 14 |
HOST DATA BUS BIT 1 15 | <----- DDL --------=-- > 15 |
HOST DATA BUS BI T 14 16 | <----- DD14 ---------- >| 16 |
HOST DATA BUS BIT O 17 | <----- DD0 --------=-- > 17 |
HOST DATA BUS BI T 15 18 | <----- DD ---------- >| 18 |
19| ----- Gound -------- | 19 |

20| ----- (keypin) ------ | 20 |

DVA REQUEST 21 | <----- DVARQ --------- | 21 |
22 | ----- Gound -------- | 22 |

HOST 1/O WR TE 23 | ----- DOV --------- > 23 |
24 | ----- Gound -------- | 24 |

HOST 1/ O READ 25| ----- DOR --------- > 25 |
26 | ----- Gound -------- | 26 |

|/ O CHANNEL READY 27 | <----- IORDY --------- | 27 |
SPINDLE SYNC or CABLE SELECT 28 |*---- SPSYNC. CSEL ----- *| 28 |
DVA ACKNON.EDGE 29| ----- DVACK-  -------- > 29 |
30| ----- Gound -------- | 30 |

HOST | NTERRUPT REQUEST 31 | <----- INTRQ --------- | 31 |
HOST 16 BIT 1/0O 32 | <----- | CS16-  ------- | 32 |
HOST ADDRESS BUS BIT 1 33| ----- DAL -------=---- > 33 |
PASSED DI AGNOSTI CS 34 [ *----- PDAG -------- *| 34 |
HCST ADDRESS BUS BIT 0 3B | ----- DAO ----------- > 35 |
HOST ADDRESS BUS BI T 2 36| ----- DA2 -----mmmm-- >| 36 |
HOST CH P SELECT 0 37| ----- CS1IFX-  -------- > 37 |
HOST CH P SELECT 1 38| ----- CS3FX-  -------- >| 38 |
DRI VE ACTIVE/DRIVE 1 PRESENT 39 |<----- DASP-  --------- *| 39 |
40 | ----- Gound -------- | 40 |
________________________________________________________________________ |
*Drive intercommunication signals |

+




+- - - HOGT- - - + + Drive O-+ +Drive 1-+

| 28 | ----- >| 28 28 |<-- SPSYNC CSEL -->| 28 |
| 34 | ----- | 34 34 |<---- PDIAG ---- | 34 |
| 39 [<----- | 39 39 |<---- DASP-  ----- | 39 |
- + o + S +

6.3 Signal descriptions

The interface signals and pins are described in nore detail than shown in
table 4. The signals are listed according to function, rather than in

nurreri cal connector pin order. Table 5 lists signal nane mmenoni c, connector
pi n nunber, whether input to (I) or output from (O the drive, and full signal
narre.

Table 5 - Interface signals description
+ +
| Signal | Pin| 1/0| |
| -------- Fome oo - g |
| CS1IFX- | 37| | | Drive chip select 0 |
| CS3FX- | 38| | | Drive chip select 1 |
| DAO | 35 I | Drive address bus - bit O |
| DAL | 33 I | - bit 1 [
| DA2 | 36| I | - bit 2 [
| DASP- | 39 | I/O| Drive active/drive 1 present |
| DDO | 17| I/O| Drive data bus - bit 0 [
| DD1 | 15| 1/0| - bit 1 [
| DD2 | 13| I/0| - bit 2 [
| DD3 | 11| 1/0O]| - bit 3 [
| DD4 | 91 I/10] - bit 4 [
| DDb5 | 71 110 - bit 5 [
| DD6 | 51 I/10] - bit 6 [
| DDr | 3] I/0] - bit 7 [
| DD8 | 4] 1/0] - bit 8 [
| DD9 | 6] I/0] - bit 9 [
| DbI0 | 8| 1/10] - bit 10 [
| Db11 | 10| 1/0| - bit 11 [
| Db12 | 12| 1/0]| - bit 12 [
| DD13 | 14| 1/0]| - bit 13 [
| DD14 | 16 | 1/0| - bit 14 [
| DD15 | 18 | 1/0]| - bit 15 [
| DOR | 25| | | Drivel/Oread |
| DOV | 23| | | Drivel/Owite [
| DMACK- | 29 | | | DWA acknow edge |
| DMVMARQ | 21| O | DWMA request |
| INTRQ | 31| O | Drive interrupt |
| 1CCs16-1 32| O | Drive 16-bit 1/0O [
| TORDY | 27| O | I/0channel ready |
| PDAG | 34 | 1/0O| Passed diagnostics |
| RESET- | 1] | | Drive reset |
| SPSYNC.| 28 | - | Spindle sync |
| CSEL | 28 | - | Cable select |
| keypin| 20| - | Pin used for keying the interface connector |
+ +




6.3.1 CSIFX- (drive chip select 0)

This is the chip select signal decoded fromthe host address bus used to
sel ect the Command Bl ock Regi sters.

6. 3.2 CS3FX- (drive chip select 1)

This is the chip select signal decoded fromthe host address bus used to
sel ect the Control Bl ock Registers.

6. 3.3 DAD-2 (Drive address bus)

This is the 3-bit binary coded address asserted by the host to access a
regi ster or data port in the drive.

6.3.4 DASP- (Drive active/drive 1 present)

This is a time-nultiplexed signal which indicates that a drive is active, or
that Drive 1 is present. This signal shall be an open collector output and
each drive shall have a 10K ohm pul | -up resistor.

During power on initialization or after RESET- is negated, DASP- shall be
asserted by Drive 1 within 400 nsec to indicate that Drive 1 is present.

Drive 0 shall allowup to 450 nsec for Drive 1 to assert DASP-. If Drive 1
is not present, Drive O may assert DASP- to drive an activity LED.

DASP- shall be negated foll ow ng acceptance of the first valid conmand by
Drive 1 or after 31 seconds, whichever cones first.

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

NOTE 1 - Prior to the devel opment of this standard, products were introduced
which did not time nmultiplex DASP-. Some used two junpers to indicate to Drive

0 whether Drive 1 was present. |If such a drive is junpered to indicate Drive
1is present it should work successfully with a Drive 1 which conplies with this
standard. |If installed as Drive 1, such a drive may not work successfully

because it may not assert DASP- for a | ong enough period to be recogni zed.
However, it would assert DASP-to indicate that the drive is active.

6. 3.5 DDO-DD15 (Drive data bus)

This is an 8- or 16-bit bidirectional data bus between the host and the drive.
The lower 8 bits are used for 8-bit transfers e.g., registers, ECC bytes and,
if the drive supports the Features Register capability to enable 8-bit-only
data transfers (see 9.22).

6.3.6 DOR (Drive 1/0O read)
This is the Read strobe signal. The falling edge of DCOR enables data from

a register or the data port of the drive onto the host data bus, DDO-DD7 or
DDO- DD15. The rising edge of DIOR |l atches data at the host.



6.3.7 DOV (Drive [/Owite)

This is the Wite strobe signal. The rising edge of DIOVN clocks data from
the host data bus, DDO-DD7 or DDO-DD15, into a register or the data port of
the drive.

6. 3.8 DVMACK- (DWVA acknow edge) (Optional)

This signal shall be used by the host in response to DVARQ to either
acknowl edge that data has been accepted, or that data is avail abl e.

6. 3.9 DVARQ (DWVA request) (Optional)

This signal, used for DVA data transfers between host and drive, shall be
asserted by the drive when it is ready to transfer data to or fromthe host.
The direction of data transfer is controlled by DDOR and DION¥. This signal
is used in a handshake manner with DVACK- i.e., the drive shall wait until the
host asserts DMACK- before negating DVARQ and re-asserting DVARQ i f there is
nore data to transfer.

When a DVA operation is enabled, | OCS16-, CS1FX-, and CS3FX- shall not be
asserted and transfers shall be 16-bits wi de.

NOTE 2 - ATA products with DVA capability require a pull-down resistor on this
signal to prevent spurious data transfers. This resistor may affect driver
requirenents for drives sharing this signal in systens with unbuffered ATA

si gnal s.

6.3.10 INTRQ (Drive interrupt)

This signal is used to interrupt the host system |INIRQis asserted only when
the drive has a pending interrupt, the drive is selected, and the host has
cleared nfEN in the Device Control Register. |If nlEN=1, or the drive is not
selected, this output is in a high inpedance state, regardl ess of the presence
or absence of a pending interrupt.

I NTRQ shal | be negated by:
- assertion of RESET- or;
- the setting of SRST of the Device Control Register, or;
- the host witing the Conmand Regi ster or;
- the host reading the Status Register.

NOTE 3 - Sone drives nmay negate INTRQ on a PIO data transfer conpletion, except
on a single sector read or on the |last sector of a multi-sector read.

Oh PIOtransfers, INTRQis asserted at the beginning of each data block to be
transferred. A data block is typically a single sector, except when decl ared
ot herwi se by use of the Set Miultiple conmand. An exception occurs on Fornat
Track, Wite Sector(s), Wite Buffer and Wite Long comrands - | NTRQ shall not
be asserted at the beginning of the first data block to be transferred.

On DVA transfers, INTRQis asserted only once, after the command has
conpl et ed.



6.3.11 10CS16- (Drive 16-bit 1/0

Except for DVA transfers, 1 OCS16- indicates to the host systemthat the 16-bit
data port has been addressed and that the drive is prepared to send or receive
a 16-bit data word. This shall be an open collector output.

- When transferring in PPO node, if IOCS16- is not asserted, transfers
shall be 8-bit using DDO-7.

- When transferring in PIO node, if IOCS16- is asserted, transfers shall
be 16-bit using DDO-15.

- When transferring in DVA node, the host shall use a 16-bit DVA channel
and 1 OCS16- shall not be asserted.

6.3.12 IORDY (I1/0O channel ready) (Qptional)

This signal is negated to extend the host transfer cycle of any host register
access (Read or Wite) when the drive is not ready to respond to a data
transfer request. Wen ICRDY is not negated, | CRDY shall be in a high

i npedance state.

6.3.13 PDAG (Passed di agnosti cs)

This signal shall be asserted by Drive 1 to indicate to Drive O that it has
conpl eted di agnostics. A 10K ohm pul | -up resistor shall be used on this
signal by each drive.

Fol l owi ng a power on reset, software reset or RESET-, Drive 1 shall negate
PDIAG within 1 nsec (to indicate to Drive O that it is busy). Drive 1 shall
then assert PDIAG within 30 seconds to indicate that it is no | onger busy,
and is able to provide status. If Drive 1 is present, then Drive 0 shall wait
for up to 31 seconds from power-on reset, software reset or RESET- for Drive
1to assert PDDAG. |If Drive 1 fails to assert PDAG, Drive 0 shall set bit
7tolinthe Error Register to indicate that Drive 1 failed. After the
assertion of PDOAG, Drive 1 nmay be unable to accept commands until it has
finished its reset procedure and is Ready (DRDY=1).

Fol lowi ng the receipt of a valid Execute Drive D agnostics command, Drive 1
shall negate PDDAG within 1 nmsec to indicate to Drive O that it is busy and
has not yet passed its drive diagnostics. Drive 1 shall then assert PD AG
within 5 seconds to indicate that it is no |longer busy, and is able to provide
status. Drive 1 should clear BSY before asserting PDDAG. If Drive lis
present then Drive 0 shall wait for up to 6 seconds fromthe receipt of a
valid Execute Drive D agnostics command for Drive 1 to assert PDIAG. |If
Drive 1 fails to assert PDDAG, Drive 0 shall set bit 7to 1in the Error
Register to indicate that Drive 1 fail ed.

If DASP- was not asserted by Drive 1 during reset initialization, Drive O
shall post its own status imrediately after it conpl etes diagnostics, and
clear the Drive 1 Status Register to OOh. Drive O nay be unable to accept
comrands until it has finished its reset procedure and i s Ready (DRDY=1).



6. 3.14 RESET- (Drive reset)

This signal fromthe host systemshall be asserted for at |east 25 usec after
vol tage | evel s have stabilized during power on and negated thereafter unless
sone event requires that the drive(s) be reset follow ng power on

6. 3. 15 SPSYNC. CSEL (Spi ndl e synchroni zation/cabl e select) (Optional)
This signal shall have a 10K ohm pul | -up resistor

This is a dual purpose signal and either or both functions may be inpl erment ed.
If both functions are inplemented then they cannot be active concurrently: the
choice as to which is active is made by a vendor-defined sw tch

Al drives connected to the sanme cabl e shoul d have the sanme function active

at the sane tine. [If SPSYNC and CSEL are nixed on the same cable, then drive
behavi or is undefi ned.

Prior to the introduction of this standard, this signal was defined as DALE
(Drive Address Latch Enable), and used for an address valid indication from
the host system |If used, the host address and chip sel ects, DAO through DA2,
CS1FX-, and CS3FX- were valid at the negation of this signal and renai ned
valid while DALE was negated, therefore, the drive did not need to |atch these
signals with DALE

6. 3. 16 SPSYNC ( Spi ndl e synchroni zati on) (Optional)

This signal may be either input or output to the drive depending on a
vendor-defined switch. If a drive is set to Master the signal is output, and
if adriveis set to slave the signal is input.

There is no requirement that each drive inplenentation be plug-conpatible to

the extent that a multiple vendor drive subsystembe operable. Mx and match
of different manufacturers drives is unlikely because rpm sync fields, sync

bytes, etc., need to be virtually identical. However, if drives are designed
to match the foll owi ng recommendati on, controllers can operate drives with a

singl e inpl enent ati on.

There can only be one master drive at atinme in a configuration. The host or
the drive designated as naster can generate SPSYNC at | east once per rotation
but may be at a hi gher frequency.

SPSYNC received by a drive is used as the synchronization signal to | ock the
spindles in step. The tine to achi eve synchronization varies, and is
indicated by the drive setting DRDY i.e., if the drive does not achieve
synchroni zati on foll owi ng power on or a reset, it shall not set DRDY.

A master drive or the host generates SPSYNC and transmts it.

A sl ave drive does not generate SPSYNC and is responsible to synchronize its
i ndex to SPSYNC.

If a drive does not support synchronization, it shall ignore SPSYNC



In the event that a drive previously synchronized | oses synchronization, but
is otherwi se operational, it does not clear DRDY.

6.3.17 CSEL (Cabl e select) (Optional)

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

- If CSEL is grounded then the drive address is O;

- If CSEL is open then the drive address is 1.

Speci al cabling can be used by the system manufacturer to sel ectively ground
CSEL e.g., CSEL of Drive 0 is connected to the CSEL conductor in the cable,
and is grounded, thus allowing the drive to recognize itself as Drive 0. CSEL
of Drive 1 is not connected to CSEL because the conductor is renoved, thus the
drive can recognize itself as Drive 1. See figure 5.

+o-e--- CSEL Conductor ------------------------- +

I I Qoen

| G ound | |
[ + [ + [ S +
| Host | | Drive O | | Drive 1 |
[ + [ + [ S +

+o-e--- CSEL Conductor ------------------------- +

I Qoen I

| G ound | |
[ + [ + [ S +
| Host | | Drive 1 | | Drive 0 |
[ + [ + [ S +

Figure 5 - Cabl e sel ect



7 Logical interface
7.1 Ceneral
7.1.1 Bit conventions

Bit names are shown in all upper case letters except where a | ower case n
precedes a bit name. This indicates that when nBI T=0 (bit is zero) the action
is true and when nBIT=1 (bit is one) the action is false. |If there is no
preceding n, then when BIT=1 it is true, and when BIT=0 it is fal se.

A bit can be set to one or cleared to zero and polarity influences whether it
isto beinterpreted as true or fal se:

Tr ue Bl T=1 nBl T=0
Fal se Bl T=0 nBl T=1

7.1.2 Environnent

The drives using this interface shall be programmed by the host conputer to
perform commands and return status to the host at comnmand conpl etion. Wen
two drives are daisy chained on the interface, conmands are witten in
parallel to both drives, and for all except the Execute D agnostics comrand,
only the selected drive executes the conmand. On an Execute Diagnostics
command addressed to Drive 0, both drives shall execute the command, and Drive
1 shall post its status to Drive 0 via PD AG.

Drives are selected by the DRV bit in the Drivel/ Head Register (see 7.2.8), and
by a junper or switch on the drive designating it as either a Drive 0 or as
Drive 1. Wen DRV=0, Drive O is selected. Wien DRV=1, Drive 1 is selected.
When drives are dai sy chained, one shall be set as Drive 0 and the other as
Drive 1. Wen a single drive is attached to the interface it shall be set as
Drive O.

Prior to the adoption of this standard, sone drives nay have provi ded junpers
toindicate Drive O with no Drive 1 present, or Drive O with Drive 1 present.
Thr oughout this docunent, drive selection always refers to the state of the
DRV bit, the position of the Drive O/Drive 1 junper or switch, or use of the
CSEL pi n.

A drive can operate in either of two addressing nmodes, CHS or LBA, on a
comrand by comrand basis. A drive which can support LBA node indicates this
inthe Identify Drive Information. |f the host selects LBA node in the
Drivel/ Head regi ster, Sector Nunber, Cylinder Low, Cylinder H gh and HS3- HSO
of the Drive/ Head Regi ster contains the zero based- LBA

In LBA node, the sectors on the drive are assuned to be linearly mapped wth
an Initial definition of:
LBA 0 = Cylinder 0O/ head 0/sector 1.

Irrespective of translate node geonetry set by the host, the LBA address of

a given sector does not change:
LBA = [ (Cylinder * no of heads + heads) * sectors/track | +
(Sector-1)



7.2 1/Oregister descriptions

Communi cation to or fromthe drive is through an I/O Register that routes the
input or output data to or fromregisters (selected) by a code on signals from
the host (CS1FX-, CS3FX-, DA2, DAl, DAO, DOR, and D OWN).

The Command Bl ock Registers are used for sending comrands to the drive or
posting status fromthe drive.

The Control
st at us.

Bl ock Registers are used for drive control and to post alternate

Table 6 lists these registers and the addresses that select them

Logi ¢ conventions are: A = signal asserted,;
N = signal negat ed;
X = does not matter which it is.

Table 6 - 1/O port functions/sel ection addresses

+ +
| Addr esses | Functi ons |
R EEREEEE oot oiiesesieosiisoisiosiooooo- |
| | | | | I READ (DI CR-) | WRITE (D QW) |
| CSIFX-| CS3FX-| DA2 | DAL | DAD |--------mmmmmm e e - |
| | | | | | Control block registers |
| ------ [ [ e +--m - - +o- - - - e |
| N | N | x | x | x | Data bus high inped | Not used |
| N | A | 0 | x | X | Data bus high inped | Not used |
| N | A | 1 | O | x | Data bus high inped | Not used |
| N | A | 1 | 1 | O | Aternate status | Device control |
| N | A | 1 | 1 | 1 | Drive address | Not used |
| oo R EEEE R, |
| | Comrand bl ock registers |
| oo N LR EEEREE, |
| A | N | O ] O | O | Data | Data |
| A | N | O | O | 1 | Error register | Features |
| A | N | O | 1 | O | Sector count | Sector count |
| A | N | O | 1 | 1 | Sector nunber | Sector nunber |
| A | N | O | 1 | 1 | * LBAbits O- 7 | * LBA bits 0- 7 |
| A | N | 1 | 0 | 0 | ¢&linder |ow | Cylinder |ow |
| A | N | 1 | O | O | *LBAbits 8-15 | * LBA bits 8-15 |
| A | N | 1 | O | 1 | Clinder high | Cylinder high |
| A | N | 1 | O | 1 | * LBAbits 16-23 | * LBA bits 16-23 |
| A | N | 1 | 1 | O | Drivelhead | Drivel/head |
| A | N | 1 | 1 | O | * LBA bits 24-27 | * LBA bits 24-27 |
| A | N | 1 | 1 | 1 | Status | GCommand |
| A | A | x | x | x | Invalid address | I'nvalid address |

* Mappi ng of registers in LBA node




7.2.1 Alternate status register

This register contains the same information as the Status Register in the
comrand bl ock. The only difference being that reading this register does not
imply interrupt acknow edge or clear a pending interrupt.

See 7.2.13 for definitions of the bits in this register
7.2.2 Conmand regi ster

This regi ster contains the command code being sent to the drive. Conmand
execution begins inmmedi ately after this register is witten. The executable
comrands, the command codes, and the necessary paraneters for each command are
listed in table 9.

7.2.3 Cylinder high register

This register contains the high order bits of the starting cylinder address
for any disk access. At the end of the comrand, this register is updated to
reflect the current cylinder nunber. The nost significant bits of the
cylinder address shall be | oaded into the cylinder high Register

In LBA Mbde this register contains Bits 16-23. At the end of the command,
this register is updated to reflect the current LBA Bits 16-23.

NOTE 4 - Prior to the introduction of this standard, only the lower 2 bits of
this register were valid, limting cylinder address to 10 bits i.e., 1024
cyl i nders.

7.2.4 Cylinder |owregister

This register contains the low order 8 bits of the starting cylinder address
for any disk access. At the end of the comrand, this register is updated to
reflect the current cylinder nunber

In LBA Mbde this register contains Bits 8-15. At the end of the command, this
register is updated to reflect the current LBA Bits 8-15.

7.2.5 Data register

This 16-bit register is used to transfer data bl ocks between the device data
buffer and the host. It is also the register through which sector information
is transferred on a Format Track command. Data transfers may be either PIO

or DVA



7.2.6 Device control register

The bits in this register are as foll ows:

- SRST is the host software reset bit. The drive is held reset when this
bit is set. |If two disk drives are daisy chained on the interface, this
bit resets both simultaneously. Drive 1 is not required to execute the
DASP- handshake procedure.

- NfEN is the enable bit for the drive interrupt to the host. Wen
nl EN=O, and the drive is selected, |INIRQ shall be enabled through a
tri-state buffer. Wen nlEN=1, or the drive is not selected, the I NTRQ
signal shall be in a high inpedance state.

7.2.7 Drive address register

This register contains the inverted drive sel ect and head sel ect addresses of
the currently selected drive. The bits in this register are as foll ows:

|
| HZ | nWG| nHS3| nHS2 | nHS1 | nHS0O | nDS1 | nDSO |

- H Z shall always be in a high inpedance state.

- NWMGis the Wite Gate bit. Wen witing to the disk drive is in
progress, nWG-=0.

- nHS3 t hrough nHSO are the one's conpl enment of the binary coded address
of the currently selected head. For exanple, if nHS3 through nHSO are
1100b, respectively, head 3 is selected. nHS3 is the nost significant
bit.

- nDS1 is the drive select bit for drive 1. Wen drive 1 is selected and
active, nDS1=0.

- NnDSO is the drive select bit for drive 0. Wen drive 0 is sel ected and
active, nDS0=0.

NOTE 5 - Care should be used when interpreting these bits, as they do not al ways
represent the expected status of drive operations at the instant the status was
put into this register. This is because of the use of caching, translate node
and the Drive O/Drive 1 concept with each drive having its own enbedded
controller.



7.2.8 Drivel head register

This register contains the drive and head nunbers. The contents of this
regi ster define the nunber of heads mnus 1, when executing an Initialize
Drive Paraneters command.

- L is the binary encoded address node select. Wen L=0, addressing is
by CHS node. W en L=1, addressing is by LBA node.

- DRV is the binary encoded drive select nunber. Wen DRV=0, Drive 0 is
selected. Wen DRV=1, Drive 1 is selected.

- If L=0, HS3 through HSO contain the binary coded address of the head to
be selected e.g., if HS3 through HSO are 0011lb, respectively, head 3
will be selected. HS3 is the nost significant bit. A comrmand
conpl etion, these bits are updated to reflect the currently sel ected
head.

- [f L=1, HS3 through HSO contain bits 24-27 of the LBA At command
conpl etion, these bits are updated to reflect the current LBA bits
24-27.

7.2.9 Error register

This register contains status fromthe | ast command executed by the drive or
a D agnostic Code.

At the conpletion of any command except Execute Drive D agnostic, the contents
of this register are valid when ERR=1 in the Status Register.

Fol l owi ng a power on, a reset, or conpletion of an Execute Drive D agnostic
comrand, this register contains a D agnostic Code (see table 10).

| |
| BBK | UNC | MC | IDNF | MR | ABRT | TKONF | AMF |

- BBK (Bad Bl ock Detected) indicates a bad bl ock mark was detected in the
requested sector's ID field.

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

- MC (Medi a Changed) indicates that the renovabl e nmedi a has been changed
i.e., there has been a change in the ability to access the nedia.

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

- ABRT (Aborted Command) indicates the requested comrand has been aborted



due to a drive status error (Not Ready, Wite Fault, etc.) or because
the comrand code is invalid.

- MCR (Medi a Change Requested) indicates that the rel ease latch on a
removabl e nedi a drive has been pressed. This means that the user wi shes
to remove the nmedia and requires an action of some kind e.g., have
software issue a Media E ect or Door Unl ock command.

- TKONF (Track O Not Found) indicates track 0 has not been found during
a Recal i brate comrand.

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

7.2.10 Features register

This register is comrand specific and may be used to enabl e and di sabl e
features of the interface e.g., by the Set Features Command to enabl e and
di sabl e cachi ng.

This regi ster nay be ignored by sone drives.

Sorre hosts, based on definitions prior to the conpletion of this standard, set
values in this register to designate a reconmended Wite Preconpensation
Cyli nder val ue.

7.2.11 Sector count register

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

If this register is zero at comrand conpl eti on, the command was successf ul
If not successfully conpleted, the register contains the nunber of sectors
whi ch need to be transferred in order to conplete the request.

The contents of this register may be defined otherw se on sone comrands e. g.
Initialize Drive Paraneters, Fornmat Track or Wite Sane commands.

7.2.12 Sector nunber register

This register contains the starting sector nunber for any di sk data access for
t he subsequent command. The sector nunber may be from1 to the maxi num nunber
of sectors per track.

In LBA Mbde this register contains Bits 0-7. At the end of the command, this
register is updated to reflect the current LBA Bits 0-7.

See the comrand descriptions for contents of the register at comrand
conpl etion (whether successful or unsuccessful).

7.2.13 Status register

This register contains the drive status. The contents of this register are
updated at the conpletion of each command. Wen BSY is cleared, the other
bits in this register shall be valid within 400 nsec. |f BSY=1, no other bits
inthis register are valid. |If the host reads this register when an interrupt



i s pendi

ng, it is considered to be the interrupt acknow edge. Any pendi ng

interrupt is cleared whenever this register is read.

NOTE 6 - If Drive 1 is not detected as bei ng present,

Drive O clears the Drive

1 Status Register to O0h (indicating that the drive is Not Ready).

+ +

| 7 | 6 [ 5 | 4 | 3 | 2 | 1 | 0 |

| ------- Fom e e o - RS S Fommm - - e mm oo - Fom oo o - - Fommm e - - |

| BSY | DRDY | DW | DSC | DRQ | CORR | IDX | ERR |

+ +
NOTE 7 - Prior to the definition of this standard, DRDY and DSC were unl at ched
real tine signals.

BSY (Busy) is set whenever the drive has access to the Comrand Bl ock
Regi sters. The host shoul d not access the Comrand Bl ock Regi ster when

BSY=1. Wen BSY=1, a read of any Command Bl ock Regi ster shall return

the contents of the Status Register. This bit is set by the drive

(which may be able to respond at times when the nedia cannot be

accessed) under the follow ng circunstances:

a) within 400 nsec after the negation of RESET- or after SRST has been
set in the Device Control Register. Follow ng acceptance of a reset
it is reconmended that BSY be set for no | onger than 30 seconds by
Drive 1 and no longer than 31 seconds by Drive 0.

b) within 400 nsec of a host wite of the Comrand Register with a Read,
Read Long, Read Buffer, Seek, Recalibrate, Initialize Drive
Parameters, Read Verify, ldentify Drive, or Execute Drive D agnostic
command.

C) within 5 usecs followi ng transfer of 512 bytes of data during
execution of a Wite, Format Track, or Wite Buffer command, or 512
bytes of data and the appropriate nunber of ECC bytes during the
execution of a Wite Long conmmand.

DRDY (Drive Ready) indicates that the drive is capable of responding to

a command. Wen there is an error, this bit is not changed until the

Status Register is read by the host, at which time the bit again

i ndi cates the current readiness of the drive. This bit shall be cleared

at power on and remain cleared until the drive is ready to accept a

command.

DW (Drive Wite Fault) indicates the current wite fault status. 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 indicates the current
wite fault status.

DSC (Drive Seek Conplete) indicates that the drive 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 drive is ready to transfer a word

or byte of data between the host and the drive.

CORR (Corrected Data) indicates that a correctable data error was

encountered and the data has been corrected. This condition does not

termnate a data transfer.

IDX (I ndex) is set once per disk revolution.

ERR (Error) indicates that an error occurred during execution of the



previ ous command. The bits in the Error Register have additi onal
informati on regarding the cause of the error.



8 Progranm ng requirenents

8.1 Reset response

A reset is accepted within 400 nsec after the negation of RESET- or within 400

nsec after SRST has been set in the Device Control Register.

When the drive is reset by RESET-, Drive 1 shall indicate it is present by
asserting DASP- within 400 nsec, and DASP- shall remain asserted for 30
seconds or until Drive 1 accepts the first coomand. See also 6.3.4 and

6. 3. 13.

When the drive is reset by SRST, the drive shall set BSY=l.
See also 7.2.6.

When a reset is accepted, and with BSY set:
a) Both drives performany necessary hardware initialization;
b) Both drives clear any previously programmed drive paraneters;
c) Both drives may revert to the default condition;
d) Both drives | oad the Command Bl ock Registers with their default
val ues;

e) If a hardware reset, Drive O waits for DASP- to be asserted by Drive

1
f) If operational, Drive 1 asserts DASP-;

g Drive O waits for PDDAG to be asserted if Drive 1 asserts DASP-;

h) If operational, Drive 1 clears BSY;
i) If operational, Drive 1 asserts PD AG;
j) Drive O clears BSY.

No interrupt is generated when initialization is conplete.

The default values for the Command Bl ock Registers if no self-tests are
performed or if no errors occurred are:

Error = 01h Cylinder Low
Sect or Count = 01h Cylinder H gh
Sector Nunber = 01h Dri ve/ Head =

The Error Register shall contain a D agnostic Code (see table 10) if a
self-test is perfornmned.

Fol l owi ng any reset, the host should issue an Initialize Drive Paraneters
comrand to ensure the drive is initialized as desired.

There are three types of reset in ATA. The following is a suggested net hod
of classifying reset actions:
- Power On Reset: the drive executes a series of electrical circuitry
di agnostics, spins up the HDA tests speed and ot her mechani cal
paranetrics, and sets default val ues.
- Hardware Reset: the drive executes a series of electrical circuitry
di agnostics, and resets to default val ues.



- Software Reset: the drive resets the interface circuitry according to
the Set Features requirenent (See 9.22).

8.2 Transl ate node

The cylinder, head and sector geonetry of the drive as presented to the host
may differ fromthe actual physical geonetry. Translate nmode is an optional
and devi ce specific means of mappi ng between the two.

8.3 Power conditions

Opti onal power commands pernit the host to nmodify the behavior of the drive
in a manner whi ch reduces the power required to operate. See table 7.

Tabl e 7 - Power conditions

+ +
| Mode | SRST| BSY | DRDY| Interface active | Media|
| ---------- [ e e e e e e i oo - +omm o - |
| Sleep | * | x | x| * | 0 |
I I I I I I I
| Standby | x| O | 1] Yes | 0 |
I I I I I I I
| Idle | x| O | 1] Yes | 1 |
I I I I I I I
| Active | x| x | x| Yes | 1 |
g

| 1 = Active 0 = Inactive * See 9.23 |
+ +

The | owest power consunption when the drive is powered on occurs in S eep
nmode. Wien in Sleep node, the drive requires a reset to be activated (see
9.23). The time to respond could be as long as 30 seconds or nore.

In Standby node the drive interface is capable of accepting comrands, but as
the nedia is not imredi ately accessible, it could take the drive as long as
30 seconds or nore to respond.

In Idle node the drive is capable of responding i mredi ately to nmedi a access
requests. A drive in Idle node nay take | onger to conplete the execution of
a command because it may have to activate some circuitry.

In Active node the drive is capable of responding i nredi ately to nedia access
requests, and comrands conpl ete execution in the shortest possible time.

Ready is not a power condition. A drive nay post ready at the interface even
t hough the nmedi a may not be accessibl e.

See specific power-rel ated commands.
8.4 Error posting

The errors that are valid for each command are defined in table 8. It is not
a requirenment that all valid conditions be inplenented. See 7.2.9 and 7.2.13



for the definition of the Error Register and Status Register bits.

Regi ster contents
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9 Command descri ptions

Comrands are issued to the drive by loading the pertinent registers in the
comrand bl ock with the needed paraneters, and then witing the command code
to the Command Regi ster.

The manner in which a command is accepted varies. There are three cl asses
(see table 9) of conmmand acceptance, all predicated on the fact that to
recei ve a comrand, BSY=0:
- Upon receipt of a Aass 1 command, the drive sets BSY within 400 nsec.
- Upon receipt of a Aass 2 command, the drive sets BSY within 400 nsec,
sets up the sector buffer for a wite operation, sets DRQw thin 700
usec, and clears BSY within 400 nsec of setting DRQ
- Upon receipt of a Aass 3 command, the drive sets BSY within 400 nsec,
sets up the sector buffer for a wite operation, sets DRQw thin 20
nsec, and clears BSY within 400 nsec of setting DRQ

NOTE 8 - DRQ may be set so quickly on dass 2 and dass 3 that the BSY
transition is too short for BSY=1 to be recognized.

The drive shall inplenment all mandatory comrands as identified by an M and
may inpl enent the optional commands identified by an Q in table 9. V
i ndi cates a Vendor Specific command code.

If a new conmand is issued to a drive which has an unconpl et ed command
(subsequently referred to as A d_Comrand) in progress, the drive shall

i mredi ately respond to the new command (Subsequently referred to as

New Command), even if execution of the A d_Comrand coul d have been conpl et ed.

There shall be no indication given to the systemas to the status of the
A d_Conmand whi ch was being executed at the tinme the New Command was i ssued.



Table 9 - Command codes and paraneters

+

| | | | Par amet ers used |
| | | Command| ------------------------ |
| d ass| | code | FR| SC| SN| CY | DH|
|----- e m e e SR CE LT SR S
| 1 | Acknow edge nedia chge | O| DBh | | | | | D
| 1 | Boot - post-boot | O] DCh | I | I | DI
| 1 | Boot - pre-boot | O| Dbh | I | I | DI
| 1 | Check power node | O]98h E5h| | vy | | | D]
| 1 | Door Iock | O DeEh | I I | | DI
| 1 | Door unlock | O] DFh | I | | | D]
| 1 | Execute drive diagnostic | M| 90h | | | | | D
| 2 | Format track | M| 50h | * | vy| l yl vyl
| 1 | Identify drive | O EO | | I I | DI
| 1 | Idle | O]97h E3h| |y | | | DI
| 1 | Idle inmmediate | O|95h E1h| | | | | D
| 1 | Initialize drive paraneters | M| 91h | |y | | |y |
| 1 | NOP | O| o0o0h | I | | |y |
| 1 | Read buffer | O| E4h | | | | | D
| 1 | Read DVA (Wretry) | O] 8h | Iyl vyl vl vyl
| 1 | Read DVA (wo retry) | O Coh | [yl vyl vyl vyl
| 1 | Read long (wretry) | M| 22 | [yl vyl vyl vyl
| 1 | Read long (wo retry) | M| 23 | [yl vyl vyl vyl
| 1 | Read multiple | O| C4h | [yl vyl vyl vyl
| 1 | Read sector(s) (wretry) | M| 20 | [yl vyl vyl vyl
| 1 | Read sector(s) (wo retry) | M| 21 | | v vyl vyl vyl
| 1 | Read verify sector(s) (Wretry) | M| 40 | | v v v1| vyl
| 1 | Read verify sector(s) (Wo retry)|] M| 41 | | v v1 v1| vyl
| 1 | Recalibrate | M| 1xh | | | | | D
| 1 | Seek | M| 7xh | I Lyl vyl vyl
| 1 | Set features | Ol EFh | vy | | | | D
| 1 | Set multiple node | O ©sh | | vy | I | DI
| 1 | Sleep | O|99h E6h| I I I | DI
| 1 | Standby | O|96h E2h| |y | I | DI
| 1 | Standby i mrediate | O |94h EON| | | | | D|
| 2 | Wite buffer | O| E8h | | | | | D
| 3 | Wite DVA (wWretry) | O] GCAh | [yl vyl vyl vyl
| 3 | Wite DVMA (Wo retry) | O CBh | [ vyl vyl vyl vyl
| 2 | Wite long (Wretry) | M| 32 | *| y| vyl yI| Yyl
| 2 | Wite long (Wo retry) | M| 33 | *| y| vyl vyl vyl
| 3 | Wite nultiple | O CGh | *| vy yv| y| vyl
| 3 | Wite sane | O B | yv| vyl yl| yvI| vyl
| 2 | Wite sector(s) (wWretry) | M| 30 | *| vl vl v vyl
| 2 | Wite sector(s) (wWo retry) | M| 31 | *| vyv| v| vI| vyl
| 3 | Wite verify | O 3 | *| vyl yl| vI| vyl
| | Vendor uni que | V| 9A | I | I I |
| | Vendor uni que | V| Q0-C3h]| | | | | |
| | Vendor uni que | V| 8xh | | | | | |
| | Vendor uni que | V | FOh- FFh| | | | | |
| | Reserved: all renaining codes | | | | | I I
[----- R e e L L R P e PP PP I
| | CY = Qylinder registers SC = Sector count register |
| | DH = Drivel/ head register SN = Sector nunber register |



FR = Features regi ster (see command descriptions for use)
y - the register contains a valid parameter for this comand
For the drivel/head register, y neans both the drive and
head paraneters are used.
D- only the drive paraneter is valid and not the head paraneter
D - Addressed to drive O but both drives execute it.
* - Maintained for conpatibility (see 7.2.10)

9.1 Acknow edge nedi a change (renovabl e)

If the drive is operating in a node which requires that the operating system

acknow edge a nedi a change, this comrand clears the Media Change Error so that

normal operation can resume. If the drive is not operating in such a node,
this command returns an Abort error

9.2 Boot - post-boot (renovable)

Thi s command provides a neans to send vendor-specific information that may be
required in order to pass diagnostics which are applicable to non-renovabl e
di sk drives

9.3 Boot - pre-boot (remnovabl e)

This command is issued to prepare a renovable drive to respond to boot.

9.4 Check power node

Thi s command checks the power mnode

If the drive is in, going to, or recovering fromthe Standby Mde the drive
shal | set BSY, set the Sector Count Register to 00h, clear BSY, and generate

an interrupt.

If the drive is in the Idle Mdde, the drive shall set BSY, set the Sector
Count Register to FFh, clear BSY, and generate an interrupt.

9.5 Door |ock (renovable)

This command | ocks the door if the drive is Ready and unl ocked, otherwise it
responds with Not Ready.

9. 6 Door unlock (renovabl e)

Thi s command unl ocks the door if the drive is Ready and | ocked, otherwise it
responds with Not Ready.

9.7 Execute drive diagnostic
This command shall performthe internal diagnostic tests inplenmented by the

drive. See also 6.3.4 and 6.3.13. The DRV bit is ignored. Both drives, if
present, shall execute this conmand.

yf—_



If Drive 1 is present:

- Drive 1 asserts PDDAG within 5 seconds.

- Drive O waits up to 6 seconds for Drive 1 to assert PD AG.

- If Drive 1 has not asserted PDIAG, indicating a failure, Drive 0 shall
append 80h to its own diagnostic status.

- Bot h drives shall execute diagnosti cs.

- If Drive 1 diagnostic failure is detected when Drive O status is read,
Drive 1 status is obtained by setting the DRV bit, and readi ng status.

If there is no Drive 1 present:
- Drive 0 posts only its own diagnostic results.
- Drive 0 clears BSY, and generates an interrupt.

The Diagnostic Code witten to the Error Register is a unique 8-bit code as
shown in table 10, and not as the single bit flags defined in 7.2.9.

If Drive 1 fails diagnostics, Drive 0 "ORs" 80h with its own status and | oads
that code into the Error Register. |If Drive 1 passes diagnostics or there is
no Drive 1 connected, Drive O "CRs" OOh with its own status and | oads that
code into the Error Register.

Table 10 - D agnostic codes

+ +
| Code | |
|------- AR LR |
| O01lh | No error detected |
| 02h | Formatter device error |
| 03h | Sector buffer error |
| 04h | ECC circuitry error |
| 05h | Controlling mcroprocessor error |
| 8xh | Drive 1 failed |
+ +

9.8 Format track

The inplenmentation of the Format Track command is vendor specific. The
actions may be a physical reformatting of a track, initializing the data field
contents to some val ue, or doi ng not hi ng.

The Sector Count Register contains the nunber of sectors per track.

The track address is specified in the Cylinder Hgh and Cylinder Low

Regi sters, and the nunber of sectors is specified in the Sector Count

Regi ster. W en the command is accepted, the drive sets the DRQ bit and waits
for the host to fill the sector buffer. Wen the sector buffer is full, the
drive clears DRQ sets BSY and begi ns command executi on.



The contents of the sector buffer shall not be witten to the media, and may
be either ignored or interpreted as foll ows:

+ +
| DD15 ---- DDO| | DD15 ---- DDO|

R, | Rt RS |
| First sector] | Last sector | Remainder of buffer

| descriptor | : : : : : : | descriptor | filled with zeros

+ +

(One 16-bit word represents each sector, the words being contiguous fromthe
start of a sector. Any words remaining in the buffer after the representation
of the last sector are filled with zeros. DD15-8 contain the sector nunber
If an interleave is specified, the words appear in the sane sequence as they
appear on the track. DD7-0 contain a descriptor value defined as foll ows:

00h - Format sector as good;

20h - Unassign the alternate location for this sector

40h - Assign this sector to an alternate |ocation

80h - Fornmat sector as bad.

NOTES
9 - Sone users of the ATA drive expect the operating systempartition table to
be erased on a Format comand. It is recommended that a drive whi ch does not

performa physical format of the track, wite a data pattern of all zeros to the
sectors whi ch have been specified by the Format Track command.

10 - It is recomrended that inplenentors resassign data bl ocks which show
repeated errors.

9.9 Identify drive

The Identify Drive comrand enabl es the host to receive paraneter information
fromthe drive. Wen the command is issued, the drive sets BSY, stores the

requi red parameter information in the sector buffer, sets DRQ and generates
an interrupt. The host then reads the information out of the sector buffer

The parameter words in the buffer have the arrangenent and neani ngs defined

intable 11. Al reserved bits or words shall be zero.



Table 11 - ldentify drive information

VWrd |
_______ e e e e e e e e e e e e e e e e e e e e e e e e mmmm e e e e e e e e e mmmmmmmmm o mm—— - - =
0 CGeneral configuration bit-significant information:
15 0 reserved for non-magnetic drives
14 1=format speed tol erance gap required
13 1=track offset option avail abl e
12 1=data strobe offset option available
11 1=rotational speed tolerance is > 0,5%
10 1=disk transfer rate > 10 Ms
9 1=disk transfer rate > 5Ms but <= 10Ms
8 1=disk transfer rate <= 5Ms
7 1=renovabl e cartridge drive
6 1=fixed drive
5 1=spindle notor control option inplenented
4 1=head switch tine > 15 usec
3 1l=not MFM encoded
2 1=soft sectored
1 1=hard sectored
0 O=reserved
1 Nunber of cylinders
2 Reserved
3 Nunber of heads
4 Nunber of unformatted bytes per track
5 Nunmber of unformatted bytes per sector
6 Nunber of sectors per track
7-9 Vendor uni que
10-19 | Serial nunber (20 ASCA | characters, 0000h=not specified)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
20 | Buffer type
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

21 Buffer size in 512 byte increments (0000h=not specified)

22 # of ECC bytes avail on read/wite | ong cmds (0000h=not spec'd)
23-26 | Firmmare revision (8 ASCII characters, 0000h=not specifi ed)
27-46 | Model nunber (40 ASA | characters, 0000h=not specifi ed)

47 15-8 Vendor uni que

7-0 00Oh = Read/wite multiple commands not inplenented
xxh = Maxi mum nunber of sectors that can be transferred
per interrupt on read and wite nultiple comands

48 0000h = cannot perform doubl eword 1/0O I ncl uded for backwards

0001h = can perform doubl eword 1/0O Conpati bl e VU use

49 Capabi lities

15-10 O=reserved
9 1=LBA supported
8 1=DWVA supported
7- 0 \Vendor unique
50 Reserved
51 15-8 PIOdata transfer cycle timng node
7-0 Vendor unique
52 15-8 DVA data transfer cycle timng node
7-0 Vendor unique
53 15-1 Reserved
O 1=the fields reported in words 54-58 are valid
O=the fields reported in words 54-58 nmay be valid
54 Nunber of current cylinders



7-0 Multiword DVA transfer nodes supported (see 11-3b)
64-127| Reserved
28-159| Vendor uni que
60- 255| Reserved

| 55 | MNumber of current heads |
| 56 | Number of current sectors per track |
| 57-58 | Qurrent capacity in sectors |
| 59 | 15-9 Reserved |
| | 8 1 =Mltiple sector setting is valid |
| | 7-0 xxh = Qurrent setting for nunber of sectors that can be |
| | transferred per interrupt on RRWnultiple commands

| 60-61 | Total nunber of user addressable sectors (LBA node only) |
| 62 | 15-8 Single word DVA transfer node active

| | 7-0 Single word DVA transfer nodes supported (see 11-3a)

| 63 | 15-8 Miltiword DVA transfer node active |
| | |
| |
| |
| |
+

The fields described in 9.9.1 through 9.9.5 are not affected by the Initialize
Drive Paraneters comrand

9.9.1 Wrd 1: Nunber of cylinders

The nunber of user-addressable cylinders in the default translation node.
9.9.2 Wrd 3: Nunber of heads

The nunber of user-addressable heads in the default translation node.
9.9.3 Wrd 4: Nunber of unfornatted bytes per track

The nunber of unformatted bytes per translated track in the default
transl ati on node.

9.9.4 Wrd 5: Nunber of unformatted bytes per sector
The nunber of unformatted bytes per sector in the default translati on node.
9.9.5 Wrd 6: Nunber of sectors per track

The nunber of user-addressable sectors per track in the default translation
node.

9.9.6 Wrd 10-19: Serial Nunber

The contents of this field are right justified and padded with spaces (20h).
9.9.7 Wrd 20: Buffer Type

The contents of the field are determ ned by the manufacturer

000h = not specified.
0001h = asingle ported single sector buffer which is not



capabl e of simltaneous data transfers to or fromthe
host and the disk

0002h = a dual ported multi-sector buffer capable of simltaneous
data transfers to or fromthe host and the disk

0003h = a dual ported multi-sector buffer capable of simltaneous
transfers with a read caching capability.

0004- FFFFh = reserved

These codes are typically not used by the operating system however, they are
useful for diagnostic prograns which performinitialization routines e.g., a
different interl eave may be desirable for 0001h vs 0002h or 0003h

9.9.8 Wrd 22: ECC bytes available on read/wite | ong comrands

If the contents of this field are set to a value other than 4, the only way
to use this information is via the Set Features commands.

9.9.9 Wrd 23-26: Firmware revision

The contents of this field are left justified and padded w th spaces (20h).
9.9.10 Wrd 27-46: Mbdel nunber

The contents of this field are left justified and padded w th spaces (20h).
9.9.11 Wrd 51: PIOdata transfer cycle timng node

The PIOtransfer timng for each ATA device falls into categories which have
uni que paranetric timng specifications. To determ ne the proper device
timng category, conpare the Cycle Tine specified in figure 6 with the
contents of this field. The value returned in Bits 15-8 should fall into one
of the categories specified in figure 6, and if it does not, then Mde 0 shal
be used to serve as the default tim ng.

9.9.12 Wrd 52: DVA data transfer cycle timng node

The DVA transfer timng for each ATA device falls into categories which have
uni que paranetric timng specifications. To determ ne the proper device
timng category, conpare the Cycle Tine specified in figure 6 with the
contents of this field. The value returned in Bits 15-8 should fall into one
of the categories specified in figure 6, and if it does not, then Mde 0 shal
be used to serve as the default tim ng.

The contents of this word shall be ignhored if Wrds 62 or 63 are supported.
9.9.13 Wrd 54: Nunber of current cylinders

The nunber of user-addressable cylinders in the current translation node.
9.9.14 Wrd 55: Nunber of current heads

The nunber of user-addressable heads in the current translation node.

9.9.15 Wrd 56: Nunber of current sectors per track



The nunber of user-addressable sectors per track in the current translation
node.

9.9.16 Wrd 57-58: Qurrent capacity in sectors

The current capacity in sectors excludes all sectors used for device-specific

purposes. The nunber of sectors of available capacity may be cal cul ated as:
(Nunber of current cylinders * Number of current heads * Nunber of current
sectors per track)

9.9.17 Wrd 59: Miltiple sector setting

If the valid bit is set, then bits 7-0 reflect the nunber of sectors currently
set to transfer on a Read or Wite Miltiple conmand.

9.9.18 Wrd 60-61: Total nunber of user addressable sectors

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

9.9.19 Wrd 62: Single word DVA transfer

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

9.9.20 Wrd 63: Miultiword DVA transfer

The | ow order byte identifies by bit all of the Mddes 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.

9.10 Idle

This command causes the drive to set BSY, enter the Idl e Mde, clear BSY, and
generate an interrupt. The interrupt is generated even though the drive nmay
not have fully transitioned to Idl e Mde.

If the drive is already spinning, the spinup sequence is not executed.

If the Sector Count Register is non-zero then the autonatic power down
sequence shall be enabled and the tiner begins counting dow imrediately. If
the Sector Count Register is zero then the autonatic power down sequence shal
be di sabl ed.

9.11 Idle i mmedi at e
This command causes the drive to set BSY, enter the |Idle Mde, clear BSY, and

generate an interrupt. The interrupt is generated even though the drive nmay
not have fully transitioned to Idl e Mde.



9.12 Initialize drive paraneters

Thi s command enabl es the host to set the nunber of sectors per track and the
nunber of heads mnus 1, per cylinder. Upon receipt of the command, the drive
sets BSY, saves the paraneters, clears BSY, and generates an interrupt.

The only two register val ues used by this command are the Sector Count

Regi st er whi ch specifies the nunber of sectors per track, and the Drive/Head
Regi ster which specifies the nunber of heads mnus 1. The DRV bit designates
these values to Drive 0 or Drive 1, as appropriate.

The sector count and head val ues are not checked for validity by this comrand.
If they are invalid, no error will be posted until an illegal access is made
by some ot her comand.

9.13 NCP

Thi s command enabl es a host which can only perform 16-bit regi ster accesses
to check drive status. The drive shall respond as it does to an unrecogni zed
comrand by setting Abort in the Error Register, Error in the Status Register,
clearing Busy in the Status Register, and asserting | NTRQ

NOTE 11 - Wen a 16-bit host wites to the Drive Head Regi ster, one byte
contains the Conmand Regi ster, so the drive sees a new command when the
intended purpose is only to select a drive. Both drives may be Busy but not
necessarily Ready i.e., Drive 0 may be ready, but not drive 1. To check this
possibility a typical sequence for an 8-bit host woul d be:

a) Read the Status Register (wait until Busy Fal se);

b) Select the drive (wite to the Drive Head Register);

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

d) Send the coommand (wite to the Cormand Register).

As a 16-bit host executes b and d sinmultaneously, a problemoccurs if the drive
being selected is Not Ready at the time the command is issued.

9.14 Read buffer

The Read Buffer comrand enabl es the host to read the current contents of the
drive's sector buffer. Wen this coomand is issued, the drive sets BSY, sets
up the sector buffer for a read operation, sets DRQ clears BSY, and generates
an interrupt. The host then reads up to 512 bytes of data fromthe buffer.

The Read Buffer and Wite Buffer commands shall be synchroni zed such that
sequential Wite Buffer and Read Buffer comrands access the same 512 bytes
within the buffer.

9.15 Read DVA

This command executes in a simlar nanner to the Read Sectors comrand except
for the foll ow ng:
- the host initializes a slave-DVA channel prior to issuing the comand,
- data transfers are qualified by DMARQ and are perfornmed by the sl ave- DVA
channel ;
- the drive issues only one interrupt per comand to indicate that data



transfer has termnated and status is avail abl e.

Any unrecoverabl e error encountered during execution of a Read DVA comrand
results in the termnation of data transfer at the sector where the error was
detected. The sector in error is not transferred. The drive generates an
interrupt to indicate that data transfer has termnated and status is

avail able. The error posting is the sane as that of the Read Sectors conmand.

9.16 Read | ong

The Read Long conmand perforns simlarly to the Read Sectors command except
that it returns the data and the ECC bytes contained in the data field of the
desired sector. During a Read Long command, the drive does not check the ECC
bytes to determne if there has been a data error. Only single sector read

| ong operations are supported.

The transfer of the ECC bytes shall be 8-bits wi de.
9.17 Read multipl e command

The Read Multiple comrand perforns simlarly to the Read Sectors comrand.
Interrupts are not generated on every sector, but on the transfer of a bl ock
whi ch contai ns the nunber of sectors defined by a Set Miultiple comand.

Comrand execution is identical to the Read Sectors operati on except that the
nunber of sectors defined by a Set Miultiple command are transferred w t hout

intervening interrupts. DRQ 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 programmed by the Set Miltiple Mde command, which shall be executed prior
to the Read Mul tipl e comand.

When the Read Multiple command is issued, the Sector Count Regi ster contains
t he 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 shall be for n sectors, where

n = Renai nder (sector count / block count)

If the Read Multiple conmand is attenpted before the Set Miltiple Mdde comrand
has been executed or when Read Miltiple conmands are disabl ed, the Read
Mil tiple operation shall be rejected with an Aborted Comrand error.

Di sk errors encountered during Read Miltiple commands are posted at the

begi nning of the block or partial block transfer, but DRQis 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 Command Bl ock Registers followi ng 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 infornation.



Subsequent bl ocks 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 bl ock which contained the error. Interrupts are generated
when DRQis set at the beginning of each block or partial block

9n Read sector(s)

This command reads from1 to 256 sectors as specified in the Sector Count
register. A sector count of O requests 256 sectors. The transfer begins at
the sector specified in the Sector Nunber Register. See 10.1 for the DRQ

I RQ and BSY protocol on data transfers.

If the drive is not already on the desired track, an inplied seek is
performed. Once at the desired track, the drive searches for the appropriate
ID field.

If retries are disabled and two i ndex pul ses have occurred wi thout error free
readi ng of the requested ID, an ID Not Found error is posted.

If retries are enabled, up to a vendor specific nunber of attenpts nay be nade
to read the requested ID before posting an error

If the IDis read correctly, the data address mark shall be recognized within
a specified nunber of bytes, or the Address Mark Not Found error is posted.

DRQis always set prior to data transfer regardl ess of the presence or absence
of an error condition

At command conpl etion, the Comrand Bl ock Registers contain the cylinder, head,
and sector nunber of the |ast sector read.

If an error occurs, the read termnates at the sector where the error
occurred. The Conmmand Bl ock Registers contain the cylinder, head, and sector
nunber of the sector where the error occurred.

The flawed data is pending in the sector buffer
9.19 Read verify sector(s)

This command is identical to the Read Sectors command, except that DRQIis
never set, and no data is transferred to the host. See 10.3 for protocol
When the command is accepted, the drive sets BSY.

When t he requested sectors have been verified, the drive clears BSY and
generates an interrupt. Upon comrand conpl eti on, the Comrand Bl ock Registers
contain the cylinder, head, and sector nunber of the l|ast sector verified.

If an error occurs, the verify termnates at the sector where the error
occurs. The Command Bl ock Registers contain the cylinder, head, and sector
nunber of the sector where the error occurred. The Sector Count Register
shall contain the nunber of sectors not yet verified.



9.20 Recalibrate

Thi s command noves the read/wite heads from anywhere on the disk to cylinder
0. Upon receipt of the command, the drive sets BSY and i ssues a seek to
cylinder zero. The drive then waits for the seek to conpl ete before updating
status, clearing BSY and generating an interrupt.

If the drive cannot reach cylinder 0, a Track Not Found error is posted.
9.21 Seek

This command initiates a seek to the track and selects the head specified in
the command bl ock. The drive need not be fornatted for a seek to execute
properly. See 10.3 for protocol. The drive shall not set DSC=1 until the
action of seeking has conpleted. The drive may return the interrupt before
the seek is conpl et ed.

If another command is issued to the drive while a seek is being executed, the
drive sets BSY=1, waits for the seek to conplete, and then begi ns execution
of the command.

9.22 Set features

This command is used by the host to establish the foll owi ng paraneters which
affect the execution of certain drive features as shown in table 12.

Table 12 - Set feature register definitions
+ +

| Olh | Enable 8-bit data transfers (see 6.3.5)

| 02h | Enable wite cache * |
| 03h | Set transfer node based on value in sector count register

| 33h | Dsable retry *

| 44h | Vendor unique length of ECC on read |long/wite | ong comrands
| 54h | Set cache segnents to sector count register value *

| 55h | D sable read | ook-ahead feature

| 66h | D sable reverting to power on defaults (see 9.22) |
| 77h | D sable ECC * |
| 8lh | D sable 8-bit data transfers (see 6.3.5)

| 82h | D sable wite cache * |
| 88h | Enable ECC * |
| 99h | Enable retries * |
| AAh | Enabl e read | ook-ahead feature

| ABh | Set nmaximum prefetch using sector count register val ue *

| BBh | 4 bytes of ECC apply on read long/wite | ong commands |
| CCh | Enable reverting to power on defaults (see 9.22)

|~ |
| | *These conmands are vendor-specified

+ +
See 10.3 for protocol. |If the value in the register is not supported or is

invalid, the drive posts an Aborted Command error



At power on, or after a hardware reset, the default node is the sane as that
represented by values greater than 80h. A setting of 66h allows settings of
greater than 80h which may have been nodified since power on to remain at the
sane setting after a software reset.

A host can choose the transfer nechani smby 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 t he node val ue.

Bl ock transfer (default) 00000 000
Singl e word DVA node Xx 00010 Oxx
Mul ti word DVA nmode O 00100 000

See vendor specification for the default node of the comrands which are
vendor - speci fi ed.

9.23 Set multiple node

Thi s command enabl es the drive to performRead and Wite Miltiple operations
and establishes the bl ock count for these commands. See 10.3 for protocol.

The Sector Count Register is |oaded with the nunber of sectors per bl ock.
Drives shall support block sizes of 2, 4, 8, and 16 sectors, if their buffer
size is at least 8,192 bytes, and may al so support other block sizes. Upon
recei pt of the command, the drive sets BSY=1 and checks the Sector Count
Regi ster.

If the Sector Count Register contains a valid value and the block count is
supported, the value is |oaded for all subsequent Read Multiple and Wite
Mil tipl e commands and executi on of those commands is enabled. If a block
count is not supported, an Aborted Command error is posted, and Read Multiple
and Wite Miltiple commands are di sabl ed.

If the Sector Count Register contains O when the comrand is issued, Read and
Wite Miltiple comrands are disabl ed.

At power on, or after a hardware reset, the default node is Read and Wite
Miltiple disabled. If Disable Default has been set in the Features Register
then the node remains the same as that |ast established prior to a software
reset, otherwise it reverts to the default of disabled.

9.24 Y eep

This command is the only way to cause the drive to enter S eep Mdde. The
drive is spun down, and when it is stopped, BSY is cleared, an interrupt is
generated, and the interface becones inactive.

The only way to recover from Sl eep node is with a software reset or a hardware
reset.

NOTE 12 - The use of hardware reset to recover from S eep node may be
i nconpati ble with continued operation of the host system

A drive shall not power on in S eep Mdde nor remain in Sleep Mdde foll ow ng



a reset sequence. If the drive is already spun down, the spin down sequence
i s not executed.

9. 25 Standby

This command causes the drive to enter the Standby Mbde. See 10.3 for
protocol. The drive may return the interrupt before the transition to Standby
Mode is conpl et ed.

If the drive is already spun down, the spin down sequence is not executed.

If the Sector Count Register is non-zero then the autonatic power down
sequence shall be enabled and the tiner will begin counting down when the
drive returns to Idle node. If the Sector Count Register is zero then the
aut omati ¢ power down sequence shall be disabl ed.

9.26 Standby i mredi ate

This command causes the drive to enter the Standby Mbde. See 10.3 for
protocol. The drive may return the interrupt before the transition to Standby
Mode is conpl et ed.

If the drive is already spun down, the spin down sequence is not executed.
9.27 Wite buffer

This command enabl es the host to overwite the contents of the drive's sector
buffer with any data pattern desired. See 10.2 for protocol.

The Read Buffer and Wite Buffer commands shall be synchronized wthin the
drive such that sequential Wite Buffer and Read Buffer comrands access the
sane 512 bytes within the buffer.

9.28 Wite DVA

This command executes in a simlar manner to Wite Sectors except for the
fol | ow ng:
- the host initializes a slave-DVA channel prior to issuing the comand,
- data transfers are qualified by DMARQ and are perfornmed by the sl ave- DVA
channel ;
- the drive issues only one interrupt per comand to indicate that data
transfer has termnated and status is avail abl e.

Any error encountered during Wite DVA execution results in the termnation
of data transfer. The drive issues an interrupt to indicate that data
transfer has termnated and status is available in the Error Register. The
error posting is the same as that of the Wite Sectors comand.

9.29 Wite long

This command is simlar to the Wite Sectors command except that it wites the
data and the ECC bytes directly fromthe sector buffer; the drive does not
generate the ECC bytes itself. Only single sector Wite Long operations are
support ed.



The transfer of the ECC bytes shall be 8-bits wi de.
9.30 Wite multiple comrand

This coomand is simlar to the Wite Sectors command. The drive sets BSY
within 400 nsec of accepting the command, and interrupts are not presented on
each sector but on the transfer of a bl ock which contains the nunber of
sectors defined by Set Miltiple.

Comrand execution is identical to the Wite Sectors operati on except that the
nunber of sectors defined by the Set Miultiple comrand are transferred w thout
intervening interrupts. DRQqualification of the transfer is required only
at the start of the data block, not on each sector.

The bl ock count of sectors to be transferred without intervening interrupts
is programmed by the Set Miltiple Mde command, which shall be executed prior
to the Wite Miltiple command

When the Wite Miltiple 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 = Renai nder (Sector count / block count)

If the Wite Miltiple conmand is attenpted before the Set Miltiple Mde
comrand has been executed or when Wite Miltiple conmands are disabled, the
Wite Miultiple operation shall be rejected with an aborted comrand error

Di sk errors encountered during Wite Miltiple comrands are posted after the
attenpted disk wite of the block or partial block transferred. The Wite
command ends with the sector in error, evenif it was in the mddl e of a

bl ock. Subsequent bl ocks are not transferred in the event of an error
Interrupts are generated when DRQis set at the begi nning of each bl ock or
partial bl ock.

The contents of the Command Bl ock Registers followi ng 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 infornation

9.31 Wite sane

This command executes in a simlar manner to Wite Sectors except that only
one sector of data is transferred. The contents of the sector are witten to
the nediumone or nore tines.

NOTE 13 - The Wite Sane comrand allows for initialization of part or all of the
mediumto the specified data with a single comrand.

If the Features Register is 22h, the drive shall wite that part of the medi um
specified by the sector count, sector nunber, cylinder and drive/head
registers. |If the Features Register contains DDh, the drive shall initialize



all the user accessible medium |f the register contains a value other than
22h or DDh, the conmmand shall be rejected with an aborted conmand error

The drive issues an interrupt to indicate that the comrand is conplete. Any
error encountered during execution results in the termnation of the wite
operation. Status is available in the Error Register if an error occurs. The
error posting is the same as that of the Wite Sectors comand.

9.32 Wite sector(s)

This command wites from1l to 256 sectors as specified in the Sector Count
Regi ster (a sector count of zero requests 256 sectors), beginning at the
specified sector. See 10.1 for the DRQ |RQ and BSY protocol on data
transfers.

If the drive is not already on the desired track, an inplied seek is
performed. Once at the desired track, the drive searches for the appropriate
ID field.

If retries are disabled and two i ndex pul ses have occurred wi thout error free
readi ng of the requested ID, an ID Not Found error is posted.

If retries are enabled, up to a vendor specific nunber of attenpts nay be nade
to read the requested ID before posting an error

If the IDis read correctly, the data |loaded in the buffer is witten to the

data field of the sector, followed by the ECC bytes. Upon conmand conpl etion
the Command Bl ock Registers contain the cylinder, head, and sector nunber of

the last sector witten.

If an error occurs during a wite of nmore than one sector, witing termnates
at the sector where the error occurs. The Comrand Bl ock Registers contain the
cylinder, head, and sector nunber of the sector where the error occurred. The
host may then read the comrand bl ock to determ ne what error has occurred, and
on whi ch sector.

9.33 Wite verify

This command is simlar to the Wite Sectors conmand, except that each sector
is verified imrediately after being witten. The verify operation is a read
wi thout transfer and a check for data errors. Any errors encountered during
the verify operation are posted. Miltiple sector Wite Verify comrands wite
all the requested sectors and then verify all the requested sectors before
generating the final interrupt.



10 Protocol overvi ew

Comrands can be grouped into different classes according to the protocol s
foll owed for conmmand execution. The comrand cl asses with their associated
protocol s are defined bel ow

For all commands, the host first checks if BSY=1, and shoul d proceed no
further unless and until BSY=0. For nost commands, the host will also wait
for DRDY=1 before proceeding. Those comrands shown w th DRDY=x can be
execut ed when DRDY=0.

Data transfers may be acconplished in nmore ways than are descri bed bel ow, but
t hese sequences should work with all known inpl enentations of ATA drives.

10.1 PIO data i n comands

Thi s cl ass incl udes:
- [dentify drive;
- Read buffer;
- Read | ong;
- Read sector(s).

Execution includes the transfer of one or nore 512 byte (>512 bytes on Read
Long) sectors of data fromthe drive to the host.
a) The host wites any required paraneters to the Features, Sector Count,
Sector Nunber, Cylinder and Drive/ Head registers.
b) The host wites the command code to the Comrand Regi ster.
c) The drive sets BSY and prepares for data transfer.
d) Wen a sector of data is available, the drive sets DRQ and cl ears BSY
prior to asserting I NTRQ
e) After detecting INTRQ the host reads the Status Register, then reads
one sector of data via the Data Register. 1In response to the Status
Regi ster being read, the drive negates | NTRQ
f) The drive clears DRQ If transfer of another sector is required, the
drive al so sets BSY and the above sequence is repeated fromd).

10.1.1 PI O read comand

+- a) R b) -+ +- e) ---------- + +- e) ---------- +
| Setup | Issue | | Read | Transfer| | Read | Transfer|
| | command| | status| data |:::::::|status| data |
|------ Hom-- - I [------ Homeoo-- I |------ Hom-ooo - I
| BSY=0 | | BSY=1 | BSY=0 | | BSY=1 | BSY=0 | |
| DRDY=1 I I I I I I
| DRQ=1 | | DRQ=0 | DRQ=1 | | DRQ=0
| Assert| Negate | | Assert| Negat e
I NTRQ | NTRQ I NTRQ | NTRQ

If Error Status is presented, the drive is prepared to transfer data, and it
is at the host's discretion that the data is transferred.



10.1.2 Pl O Read aborted command

+- a) ---- b) -+ + e) -+
| Setup | Issue | | Read |
| | command| | st at us|
|- oo | |--o--- |
| BSY=0 | | BSY=1 | BSY=0 |
| DRDY=1 | [

| DRQ=1 | DRQ=0

| Assert| Negat e

I NTRQ | NTRQ

Al though DRQ=1, there is no data to be transferred under this condition.
10.2 PI O data out commands

Thi s cl ass i ncl udes:

- For mat ;
- Wite buffer;
- Wite |ong;

- Wite sector(s).

Execution includes the transfer of one or nore 512 byte (>512 bytes on Wite
Long) sectors of data fromthe drive to the host.

a) The host wites any required paraneters to the Features, Sector
Count, Sector Nunber, Cylinder, and Drivel/ Head registers.

b) The host wites the command code to the Comrand Regi ster.

C) The drive sets DRQwhen it is ready to accept the first sector of
dat a.

d) The host wites one sector of data via the Data Register.

e) The drive clears DRQ and sets BSY.

f) When the drive has conpl eted processing of the sector, it clears BSY
and asserts INTRQ |If transfer of another sector is required, the
drive al so sets DRQ

s)] After detecting INTRQ the host reads the Status Register.

h) The drive clears the interrupt.

i) If transfer of another sector is required, the above sequence is
repeated fromd).

10.2.1 PIOwite comrand

+- a) —— - b) -+ E + +- e) ---------- + +- e) -+
| Setup | Issue | | Transfer | | Read | Transfer| | Read |
| | command| | data | | status| data |:::::::|status|
|------ Hoo-e - I |-------- I [------ Hoo-eo - I |------ I
| BSY=0 | | BSY=1 | BSY=0 | BSY=1 | BSY=0 | | BSY=1 | BSY=0 |
| DRDY=1 I I I I I I
| DRQ=1 | DRQ=0 | DRQE1 | | DRQ=0 | |

| | | Assert| Negate | | Assert| Negat e

I NTRQ | NTRQ INTRQ I NTRQ



10.2.2 PIOwite aborted comrand

+- a) ---- b) -+ +- e) -+
| Setup | Issue | | Read |
| | command| | st at us|
| ------ B [

| BSY=0 | | BSY=1 | BSY=0 |

DRDY=1 |
| Assert| Negat e
I NTRQ | NTRQ

10. 3 Non-dat a conmands

Thi s cl ass i ncl udes:

Execute drive di agnostic (DRDY=X);

[ dle;

Initialize drive paraneters (DRDY=X);
Read power node;

Read verify sector(s);

Recal i br at e;

Seek;

Set features;

Set multiple node;

St andby.

Executi on of these conmmands involves no data transfer.

The host wites any required paraneters to the Features, Sector Count,
Sector Nunber, Cylinder, and Drive/Head registers.

The host wites the command code to the Comrand Regi ster.

The drive sets BSY.

When the drive has conpl eted processing, it clears BSY and asserts

| NTRQ

The host reads the Status Register.

The drive negates | NTRQ

10.4 M scel | aneous conmands

Thi s cl ass i ncl udes:

Read mul tipl e;
Sl eep;

Wite multiple;
Wite sarne.

The protocol for these commands is contained in the individual comrand
descri pti ons.

10.5 DWVA data transfer comrands (optional)

This cl ass conpri ses:

Read DWVA;
Wite DVA



Data transfers using DVA comrands differ in two ways fromPl O transfers:
- data transfers are performed using the slave-DVA channel;
- no i nternediate sector interrupts are issued on mnulti-sector comands.

Initiation of the DVA transfer commands is identical to the Read Sector or
Wite Sector commands except that the host initializes the slave-DVA channel
prior to issuing the comrand.

The interrupt handler for DVA transfers is different in that:
- no i nternediate sector interrupts are issued on mnulti-sector commands;
- the host resets the DVA channel prior to reading status fromthe drive.

The DVA protocol allows high performance multi-tasking operating systens to
el imnate processor overhead associated with Pl O transfers.

a) Command phase:
1) Host initializes the slave-DVA channel;
2) Host updates the Comrand Bl ock Regi sters;
3) Host wites command code to the Command Regi ster.
b) Data phase - the register contents are not valid during a DVA Data
Phase:
1) The sl ave-DVA channel qualifies data transfers to and fromthe drive
with DVARQ
c) Status phase:
1) Drive generates the interrupt to the host;
2) Host resets the sl ave- DVA channel ;
3) Host reads the Status Register and Error Register.

10.5.1 Nornal DVA transfer

S + o e e e e o SRS +
[Initialize DVA Comrand| | DMVA data transfer || Reset DVA Status|
------------------------------------------- N I T R
| BSY=0 | BSY=1 | BSY=x | BSY=1 | BSY=0

| DRQ=x | nl EN=O
10.5.2 Aborted DVA transfer
S + S S SRR +
[Initialize DVA Comrand| | DVA data | | Reset DWVA Stat us|
R EEEREEE RS | R, A R NI +
| BSY=0 | BSY=1 | BSY=x | BSY=1 | BSY=0

| DRQ=1 | nl EN=O

| I I
| BSY=0 | BSY=1 |BSY=1 | BSY=0
| nl EN=O



11 Tim ng

11. 1 Deskewi ng

The host shall provide cable deskewing for all signals originating fromthe
controller. The drive shall provide cable deskewing for all signals
originating at the host.

11. 2 Synbol s

Certain synbols are used in the timng diagrans. These synbols and their
respective definitions are |isted bel ow

[ or \ - signal transition (asserted or negated) *

<or > - data transition (asserted or negated)

XXXXXX - undefi ned but not necessarily rel eased

. - the "other"” condition if a signal is shown w th no change

#n - used to nunber the sequence in which events occur e.g. #a, #b

1 - a degree of uncertainty as to when a signal may be
asserted

o\ - 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 toward the bottom of the page
relative to the asserted condition

11. 3 Terns

The interface uses a mxture of negative and positive signals for control and
data. The terns asserted and negated are used for consistency and are
i ndependent of electrical characteristics.

Inall timng diagrans, the lower line indicates negated, and the upper |ine
indi cates asserted e.g., the following illustrates the representation of a
signal named TEST going fromnegated to asserted and back to negated, based
on the polarity of the signal

Assert Negat e
| I
Bit Setting=1 | |
Bit Setting=0 TEST / \
Assert Negat e
| I
Bit Setting=0 | ]
Bit Setting=1 TEST- _ [/ \



11.4 Data Transfers

Figure 6 defines the rel ati onshi ps between the interface signals for both
16-bit and 8-bit data transfers.

RSEEETEEEETES B0 ~-rmemi e >|
|
Address Valid *1 ..... / \
| <-t1-> -> t9 | <-
ST < | B2 coemeina > ->[t8] <
(. I [
D OR- /D ON / \ /
N |
Wite Data Valid *2 /o / \
[ | <--t3----> |
1N i
Read Data Valid *2 /- |\
[ | <--t5--> | |
[ ->[t6]<- |
[ | |
[ |
| OCS16- / \

*1 Drive Address consists of signals CSIFX-, CS3FX- and DA2-0
*2 Data consists of DDO-15 (16-bit) or DDO-7 (8-bit)

o +
| PIO | Mode O] Mode 1] Mode 2|
| timng paraneters | nsec | nsec | nsec |

e Fom oo o - - Fommm e - - R RS |

| tO| Cycle tine (mn) | 600 | 383 | 240 |

| t1 ]| Address valid to DOR /DI ON setup (mn) | 70 | 50 | 30 |
| t2 | DCOR/D OV 16-bi t (mn) | 165 | 125 | 100 |
| | Pul se width 8-bit (mn) | 290 | 290 | 290 |
| t3 | DON data setup (mn) | 60 | 45 | 30 |
| t4 | DOWV data hold (mn) | 30 | 20 | 15 |
| t5 | DOR data setup (mn) | 50 | 35 | 20 |
| t6 | DCR data hold (mn) | 5 | 5 | 5 |
| t7 | Addr valid to I OCS16- assertion (max) | 90 | 50 | 40 |
| t8 | Addr valid to I OCS16- negation (max) | 60 | 45 | 30 |
| t9 | DOR/DOWN to address valid hold (mn) | 20 | 15 | 10 |
o o o 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 e e e e e e e e e e e e e e e mm e mmmemoa- +

Figure 6 - PIO data transfer to/fromdrive



Dl CR-/ DI O / \
I
I

<- tA ->|<--- tB ----3
| ORDY { }
Label Description Mn Mx Uits
tA | CRDY Setup time - 35 nsecs
tB | CRDY Pul se Wdth - 1,250 nsecs

WARNI NG The use of ICRDY for data transfers is a systemintegration issue
whi ch requires control of both ends of the cable.

Figure 7 - 10RDY timng requirenents



[ <-mmmmmmm - t0 -----mmmme e >|
DVARQ _ \ / |
[ <- tC -3 |
I [
DIVACK- / \ /
| <--- tl ---> | <----- td ----- I I
D R/ DI OV / \
I I I I
I | <------ tD----- >| I
Read | |
DDO-15 =~ ccmmmmmmmmmmm e oo < S oo
| |<- tE ->|<- tS ->|<- tF -3 |
Wite |
DDO-15 ~  m-mmmmmmmmmmmmmmmmeeaaaa < p
I I I I I
| [<--- tG--->|<-- tH --3|
o +
| Single word DVA | Mode O] Mbde 1| Mode 2|
| timng paraneters | nsec | nsec | nsec |
T e mm oo - Fom oo o - - Fommm e - - |
| tO| Cycle tine (mn) | 960 | 480 | 240 |
| tC| DVACK to DVREQ del ay (max) | 200 | 100 | 80 |
| tD| DCOR/D ON 16-bi t (mn) | 480 | 240 | 120 |
| tE| DIOR data access (max) | 250 | 150 | 60 |
| tF| DCR data hold (mn) | 5 | 5 | 5 |
| tG| DION data setup (mn) | 250 | 100 | 35 |
| tH| DOV data hold (mn) | 50 | 30 | 20 |
| t1 | DVACK to DCR-/ DI ON setup (mn) | 0 | 0 | 0 |
| tJ | DCOR/DON to DVACK hold (mn) | 0 | 0 | 0 |
| tS| DOR setup (mn) | tDtE| tDtE| tDtE |
o +

Figure 8 - Single word DVA data transfer



DVARQ _ / \ /
I | <--->|
I | tL
DIVACK- / \ /
| <-->| I I I
tl |<-- tD ->| <------- tK -------- >| | <-->]
I I I | tJ
D CR- I I I I
D OV / \ / \
| <---> |
READ tE
DD0-15 ----------------- < P T < P
| <-->|
| tF
WRI TE
DD0-15 -------------- < P < P
| <---->] <--->]
tG tH
o +
| Multiword DVA | Mode 0 |
| timng paraneters | nsec |
| Mn | Max |
----- +----------------------------+-----+-----|
t0 | Cycle tine | 480 | |
tC | DVACK to DVREQ del ay | | --- |
tD | DOR/D OV 16- bi t | 215 | |
tE | DOR data access | | 150 |
tF | DOR data hold | 5| |
tF | DOR data hold | | 20 |
tG | DON data setup | 100 | |
tH | DOWN data hold | 20 | |
tl | DVACK to DDOR-/ DI ON setup | 0 | |
tJ | DOR/DOWN to DVACK hold | 20 | |
tKr | DOR negated pulse width | 50 | |
tKw | DI ON negated pulse width | 215 | |
tLr | DOR to DVREQ del ay | | 120 |
tLw | DI ON to DVREQ del ay | | 40 |
.............................................. +

Figure 9 - Miltiword DVA data transfer



11.5 Power on and hard reset

RESET- / \
| <-t M >|
| | Drive O
o __________ I
BsY  _ _ / \_ * \
->|tN <-
DASP- I S - \=== *3 ==
->| tP | < | | _ _
Control Registers /_ /
|1
|| | Drive 1
________ I
BsY _ _ _ / \
POAG _ _ _ _ ______\ / \_____
T T tQ - >
DASP- _ _ _ _ ____\ / \ __ \===13 ==
[<- tR ->|<----eoeeao-- tS - - >|
Control Registers I

*1Drive O can set BSY=0 if Drive 1 not present
*2Drive 0 can use DASP- to indicate it is active if Drive 1 is not present

*3DASP- can be asserted to indicate that the drive is active
o +
| Label | Units |
P REEEEEEELEEE I, NEEEREEELEE |
| tM (Mn) | 25 usec |
| tN (Max) | 400 nsec |
| tP (Max) | 1 rsec |
| tQ (Max) | 30 secs |
| tRDive O (Max) | 450 nsec |
| tRDive 1 (Max) | 400 nsec |
| tS (Max) | 30,5 secs |
o +

10 - Reset sequence



Annex A

(informative)

Di agnostic and reset considerations

Thi s annex describes the followi ng timng rel ationshi ps during:

a)

b)

Power on and hardware resets:
- One drive;
- Two drives.
Sof tware reset:
- One drive;
- Two drives.

c) D agnostic command executi on:

- One drive;
- Two drives;
- Two drives - drive 1 fail ed.

The timng assunes the foll ow ng:

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

PDIAG is asserted by Drive 1 and detected by Drive 0. It is used
by Drive 1 to indicate to Drive O that it has conpl eted di agnostics
and is ready to accept commands fromthe Host (BSY bit is cleared).
This does not indicate that the drive is ready, only that it can
accept commands. This line nmay renmain asserted until the next reset
occurs or an Execute D agnostic comrand is received.

Unl ess indicated otherwise, all tines are relative to the event that
triggers the operation (RESET-, SRST=1, Execute D agnostic Command).

A 1 Power on and hardware resets

A 1.1 Power on and hardware resets - one drive

Host asserts RESET- for a m ni numof 25 usec.

Drive 0 sets BSY within 400 nsecs after RESET- is negated.

Drive 0 negates DASP- within 1 nsec after RESET- negated.

Drive O perfornms hardware initialization.

Drive O may revert to its default condition.

Drive O waits 1 nmsec then sanples for at |east 450 nsec for DASP- to
be asserted fromDrive 1.

Drive O clears BSY when ready to accept commands (w thin 31 seconds).

A 1.2 Power on and hardware resets - two drives

Host asserts RESET- for a m ni numof 25 usec.
Drive 0 and Drive 1 set BSY within 400 nsec after RESET- negat ed.
DASP- is negated within 1 nmsec after RESET- is negated.



Al.21Divel

Al22

Drive 1 negates PDIAG before asserting DASP-.

Drive 1 asserts DASP- within 400 nsecs after RESET- (to show
presence) .

Drive 1 perfornms hardware initialization and executes its internal
di agnosti cs.

Drive 1 may revert to its default condition.

Drive 1 posts diagnostic results to the Error Register.

Drive 1 clears BSY when ready to accept comands.

Drive 1 asserts PDDAG to indicate that it is ready to accept
comrands (w thin 30 seconds from RESET-).

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

Drive O

Drive O perfornms hardware initialization and executes its internal

di agnosti cs.

Drive O may revert to its default condition.

Drive O posts diagnostic results to the Error Register.

After 1 nsec, Drive O waits at |east 450 nsec for DASP- to be
asserted (fromDrive 1). |If DASP- is not asserted, no Drive 1 is
present (see POMR ON RESET - One Drive operation).

Drive O waits up to 31 seconds for Drive 1 to assert PDDAG. |If
PDAG is not asserted, Drive O sets Bit 7=1 in the Error Register.
Drive O clears BSY when ready to accept commands (w thin 31 seconds).

A 2 Software reset

A2 1 Software reset - one drive

Host sets SRST=1 in the Device Control Register.

Drive 0 sets BSY within 400 nsec after detecting that SRST=1.

Drive O perfornms hardware initialization and executes its internal

di agnosti cs.

Drive O may revert to its default condition.

Drive O posts diagnostic results to the Error Register.

Drive O clears BSY when ready to accept commands (w thin 31 seconds).

A 2.2 Software reset - two drives

Host sets SRST=1 in the Device Control Register.

Drive 0 and Drive 1 set BSY within 400 nsec after detecting that
SRST=1.

Drive O and Drive 1 performhardware initialization.

Drive O and Drive 1 nay revert to their default condition.

A2.21Divel

Drive 1 negates PDIAG within 1 nsec.
Drive 1 clears BSY when ready to accept comrands.
Drive 1 asserts PDDAG to indicate that it is ready to accept



comrands (w thin 30 seconds).
A222Dive0

- Drive O waits up to 31 seconds for Drive 1 to assert PD AG.
- Drive O clears BSY when ready to accept commands (w thin 31 seconds).

A 3 Diagnostic comrand execution
A 3.1 D agnostic comand execution - one drive (passed)

- Drive 0 sets BSY within 400 nsec after the Execute D agnostic command
was received.

- Drive O perfornms hardware initialization and internal diagnostics.

- Drive O resets Comrand Bl ock registers to default condition.

- Drive O posts diagnostic results to the Error Register.

- Drive O clears BSY when ready to accept comands (within 6 seconds).

A 3.2 Diagnostic comrand - two drives (passed)

- Drive O and Drive 1 set BSY within 400 nsec after the Execute
D agnosti c command was recei ved.

A3.2.1Divel

- Drive 1 negates PDDAG within 1 nsec after command received.

- Drive 1 perfornms hardware initialization and internal diagnostics.

- Drive 1 resets the Conmand Bl ock registers to their default
condi ti on.

- Drive 1 posts diagnostic results to the Error Register.

- Drive 1 clears BSY when ready to accept comrands.

- Drive 1 asserts PDDAG to indicate that it is ready to accept
comrands (within 5 seconds).

A3.2.2Dive 0

- Drive O perfornms hardware initialization and internal diagnostics.

- Drive O resets the Conmand Bl ock registers to their default
condi ti on.

- Drive O waits up to 6 seconds for Drive 1 to assert PD AG.

- Drive O posts diagnostic results to the Error Register.

- Drive O clears BSY when ready to accept comands (within 6 seconds).

A 3.3 D agnostic command execution - one drive (failed)

- Drive 0 sets BSY within 400 nsec after D agnostic comrand recei ved.

- Drive O perfornms hardware initialization and internal diagnostics.

- Drive O resets Comrand Bl ock registers to default condition.

- Drive 0 posts a Diagnostic Code to the Error Register indicating a
failure.

- Drive O clears BSY when ready to accept comands (within 6 seconds).



A 3.4 D agnostic comand execution - two drives (drive 1 failed)

- Drive O and Drive 1 set BSY within 400 nsec after D agnostic comrand
recei ved.

A3.41Divel

- Drive 1 negates PDOAG within 1 nsec after command received.

- Drive 1 perfornms hardware initialization and internal diagnostics.

- Drive 1 resets the Conmand Bl ock registers to their default
condi ti on.

- Drive 1 posts a Diagnostic Code to the Error Register indicating
failure.

- Drive 1 clears BSY.

- Drive 1 does not assert PDIAG, indicating that it failed
di agnosti cs.

A3.42Dive 0

- Drive O perfornms hardware initialization and internal diagnostics.

- Drive O resets the Conmand Bl ock registers to their default
condi ti on.

- Drive O waits 6 seconds for Drive 1 to assert PDIAG but PDAG is
not asserted by Drive 1.

- Drive 0 posts a Diagnostic Code to the Error Register setting Bit 7=1
to indicate that Drive 1 failed diagnosti cs.

- Drive O clears BSY when ready to accept comands (within 6 seconds).

NOTE 1 - The 6 seconds referenced above is a host-oriented val ue.



Annex B
(infornmative)
Di agnostic and reset considerations
B.1 Power on and hardware reset (RESET-)

ASP- is read by Drive O to deternmine if Drive 1 is present. |If Drive 1is
present Drive O will read PDOAG to deternmine when it is valid to clear BSY
and whether Drive 1 has powered on or reset wthout error, otherw se Drive 0
cl ears BSY whenever it is ready to accept commands. Drive O nay assert DASP-
to indicate drive activity.

B.2 Software reset

If Drive 1 is present Drive O will read PDOAG to determine when it is valid
to clear BSY and whether Drive 1 has reset w thout any errors, otherw se Drive
Owll sinply reset and clear BSY. DASP- is asserted by Drive 0 (and Drive
1if it is present) in order to indicate drive active.

B.3 Drive diagnostic comrand

If Drive 1 is present, Drive O will read PDOAG to determine when it is valid
to clear BSY and if Drive 1 passed or failed the Execute Drive D agnostic
comrand, otherwise Drive O will sinply execute its diagnostics and then clear
BSY. DASP- is asserted by Drive O (and Drive 1 if it is present) in order to
indicate the drive is active.

B.4 Truth table

In all the above cases: Power on, RESET-, software reset, and the Execute
Drive D agnostics conmand the Drive O Error Register is calculated as foll ows:

Drive 1 PD AG Drive O Error
Present ? Asserted? Passed Regi st er
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 O0xh

Where x indicates the appropriate D agnostic Code for the Power on, RESET-,
software reset, or drive diagnostics error.

B.5 Power on or hardware reset algorithm

1) Power on or hardware reset;

2) The hardware should automatically do the foll ow ng:
a) Set up the hardware to post both Drive 0 and Drive 1 status;
b) Set the Drive 0 Status Register to 80h (set BSY and clear all the
other status bits);



c) Set the Drive 1 Status Register to 80h (set BSY and clear all the
other status bits);
3) Read the single Drive O/Drive 1 junper and note its state;
4) Performany remaining time critical hardware initialization including
starting the spin up of the disk if needed,;
5 If Drive 1:
a) Negate the PDIAG signal;
b) Set up PDIAG as an output;
c) Assert the DASP- output;
d) Set up DASP- as an output if necessary;
e) Set up the hardware so it posts Drive 1 status only and continue
to post 80h for Drive 1 status;
NOTE 2 - all this rmust happen w thin 400 nsec after power on or RESET-.

If Drive O:
a) Set up PDIAG as an input;
b) Release DASP- and set up DASP- as an input;
c) Test DASP- for 450 nsec or until DASP- is asserted by Drive 1;
d) If DASP- is asserted within 450 nsec:
i) note that Drive 1 is present;
ii) set up the hardware so it posts Drive 0 status only and
continue to post 80h for the Drive O status
If DASP- is not asserted within 450 nsec:
i) note that Drive 1 is not present;
e) Assert DASP- to indicate drive activity;
6) Conplete all the hardware initialization needed to get the drive ready,
i ncl udi ng:
a) Set the Sector Count Register to Olh;
b) Set the Sector Nunber Register to 0Olh;
c) Set the Cylinder Low Register to 00h;
d) Set the Cylinder H gh Register to 00h;
e) Set the Drive/Head Register to 00h;
7) If Drive 1 and power on, or RESET- is valid
a) Set the Error Register to Diagnostic Code 01h;
b) Set the Drive 1 Status Register to 00h;
c) Assert PDAG;
NOTE 3 - Al this nmust happen wi thin 30 seconds of power on or the negation of

If Drive 1 and power on or RESET- bad:
a) Set the Error Register to the appropriate D agnostic Code;
b) Set the Drive 1 Status Regi ster to 00h;
NOTE 4 - Al this rmust happen wi thin 30 seconds of power on or the negation of
RESET- .

If Drive O, power on or RESET- valid, and a Drive 1 is present:
a) Test PDAG for 31 seconds or until PDAG is asserted by Drive
1
b) If PDAG is asserted within 31 seconds;
i) Set the Error Register to D agnostic Code 01h;
c) If PDAG is not asserted within 31 seconds;
i) Set the Error Register to 81h;
d) Set the Drive 0 Status Register to 00h;
If Drive O, power on or RESET- bad, and a Drive 1 is present:



a) Test PDAG for 31 seconds or until PDAG is asserted by Drive
1;
b) If PDAG is asserted within 31 seconds:
i) Set the Error Register to the appropriate D agnostic Code;
c) If PDAG is not asserted within 31 seconds:
i) Set the Error Register to 80h + the appropriate code;
d) Set the Drive 0 Status Register to 00h;
If Drive O, power on or RESET- valid, and no Drive 1 is present:
a) Set the Error Register to D agnostic Code 01h;
b) Set the Drive 1 Status Register to 00h;
c) Set the Drive 0 Status Register to 00h;
If Drive O, power on or RESET- bad, and no Drive 1 is present:
a) Set the Error Register to the appropriate D agnostic Code;
b) Set the Drive 1 Status Register to 00h;
c) Set the Drive 0 Status Register to 00h;
8) Finish spin up if needed;
9) If Drive 1:
a) Set the Drive 1 Status Register to 50h;
b) Negate DASP- if a command is not received within 31 seconds;
If Drive 0 and a Drive 1 is present:
a) Set the Drive 0 Status Register to 50h;
b) Negate DASP-;
If Drive 0 and no Drive 1 is present:
a) Leave the Drive 1 Status Register 00h;
b) Set the Drive 0 Status Regi ster to 50h;
c) Negate DASP-.

B.6 Software reset algorithm

1) The software reset bit is set;

2) If Drive 1:
a) The hardware should set BUSY in the Drive 1 Status Register;
b) Negate the PDIAG signal;

NOTE 5 - this must happen within 1 nsec of the software reset.

If Drive O and Drive 1 is present:
a) The hardware should set BUSY in the Drive O Status Register;
If Drive 0 and there is no Drive 1 the hardware shoul d:
a) Set BUSY in the Drive 0 Status Register;
b) Set the Drive 1 Status Register to 80h;
3) Assert DASP-;
4) Finish all the hardware initialization needed to place the drive in reset;
5) Wit for the software reset bit to clear;
6) Finish all hardware initialization needed to get the drive ready to
recei ve any type of command fromthe host including:
a) Set the Sector Count Register to Olh;
b) Set the Sector Nunber Register to 0Olh;
c) Set the Cylinder Low Register to 00h;
d) Set the Cylinder H gh Register to 00h;
e) Set the Drive/Head Register to 00h;
7) If Drive 1 and reset valid:
a) Set the Error Register to Diagnostic Code 01h;
b) Set the Drive 1 Status Regi ster to 50h;
c) Assert PDAG;



NOTE 6 - All
reset bit.

If Drive

a)

b)

NOTE 7 - Al
reset bit.

If Drive
a)
b)

this must happen within 30 seconds of the clearing of the software

1 and reset bad:

Set the Error Register to the appropriate D agnostic Code;

Set the Drive 1 Status Register to 50h;

this must happen within 30 seconds of the clearing of the software

0, reset valid, and a Drive 1 is present:

Test PDIAG for 31 seconds or until PDDAG is asserted by Drive 1;
If PDOAG is asserted within 31 seconds:

i) Set the Error Register to D agnostic Code 01h;

If PDOAG is not asserted within 31 seconds;

i) Set the Error Register to 81h;

Set the Drive 0 Status Register to 50h;

0, reset bad, and a Drive 1 is present:

Test PDIAG for 31 seconds or until PDDAG is asserted by Drive 1;
If PDOAG is asserted within 31 seconds;

i) Set the Error Register to the appropriate D agnostic Code;
If PDOAG is not asserted within 31 seconds:

i) Set the Error Register to 80h + the appropriate code;

Set the Drive 0 Status Register to 50h;

0, reset valid, and no Drive 1 is present:

Set the Error Register to D agnostic Code 01h;

Set the Drive 1 Status Register to 00h;

Set the Drive 0 Status Register to 50h;

0, reset bad, and no Drive 1 is present:

Set the Error Register to the appropriate D agnostic Code;

Set the Drive 1 Status Register to 00h;

Set the Drive 0 Status Regi ster to 50h.

B. 7 D agnostic comand al gorithm

1)
2) If Drive
a)

b)

The di agnostics comrand i s received;

1
The hardware should set BUSY in the Drive 1 Status Register;
Negate the PDI AG signal;

NOTE 8 - This must happen within 1 nsec after comrand accept ance.

If Drive

0 and Drive 1 is present:

a) The hardware should set BUSY in the Drive O Status Regi ster;

If Drive
a)

0 and there is no Drive 1 the hardware shoul d;
Set BUSY in the Drive O Status Register;

b) Set BUSY in the Drive 1 Status Register;
3) Assert DASP-;
4) Performall the drive diagnostics and note their results;
5) Finish all the hardware initialization needed to get the drive ready to
recei ve any type of command fromthe host including:
a) Set the Sector Count Register to Olh;
b) Set the Sector Nunber Register to 0Olh;
c) Set the Cylinder Low Register to 00h;
d) Set the Cylinder H gh Register to 00h;
e) Set the Drive/Head Regi ster to 00h;



6) If Drive 1 and passed:

a) Set the Error Register to D agnostic Code 01h;

b) Set the Drive 1 status to 50h;

c) Assert PDAG;
NOTE 9 - Al this nmust happen within 5 seconds of the acceptance of the
di agnosti ¢ comand.

If Drive 1 and did not pass:
a) Set the Error Register to the appropriate D agnostic Code;
b) Set the Drive 1 status to 50h;
NOTE 10 - Al this nmust happen within 5 seconds of the acceptance of the
di agnosti ¢ comand.

If Drive 0, passed, and a Drive 1 is present:
a) Test PDAG for 6 seconds or until PDDAG is asserted by Drive 1;
b) If PDDAG is asserted within 6 seconds:

i) Set the Error Register to D agnostic Code 01h;
c) If PDAG is not asserted within 6 seconds:
i) Set the Error Register to 81h;

d) Set the Drive 0 status to 50h;
e) |Issue interrupt to the host;
If Drive O, did not pass, and a Drive 1 is present:
a) Test PDAG for 6 seconds or until PDDAG is asserted by Drive 1;
b) If PDAG is asserted within 6 seconds;

i) Set the Error Register to the appropriate D agnostic Code;
c) If PDAG is not asserted within 6 seconds;
i) Set the Error Register to 80h + the appropriate code;

d) Set the Drive 0 Status Register to 50h;
e) |Issue interrupt to the host;
If Drive 0, passed, and no Drive 1 is present:
a) Set the Error Register to Diagnostic Code 01h;
b) Set the Drive 1 Status Register to 00h;
c) Set the Drive 0 Status Register to 50h;
d) Issue interrupt to the host;
If Drive O, did not pass, and no Drive 1 is present:
a) Set the Error Register to the appropriate D agnostic Code;
b) Set the Drive 1 Status Register to 00h;
c) Set the Drive 0 Status Register to 50h;
d) Issue interrupt to the host.



Annex C
(informative)

Smal | formfactor connectors

Thi s annex describes the connector-connector mating alternatives for 2 1/2"
di sk drives or snaller which were devel oped by the Small Form Factor (SFF)
Committee, an industry ad hoc group.

In an effort to broaden the applications for small formfactor disk drives,
a group of conpanies representing systemintegrators, peripheral suppliers,
and conponent suppliers decided to address the issues invol ved.

A primary purpose of the SFF Conmittee was to define the external dinensions
of small formfactor disk drives so that products fromdifferent vendors coul d
be used in the sanme nounting configurations.

The restricted area, and the mating of drives directly to a notherboard
required that the nunber of connectors be reduced, which caused the assi gnnent
of additional pins for power. Power is provided to the drives on the sane
connector as used for the signals, and addresses are set by the receptacle
into which the drives are plugged.

The 50-pi n connector that has been wi dely adopted across industry for SFF
drives is a low density, 2 nmconnector which has no shroud on the plug which
is mounted on the drive. A nunber of suppliers provide internatable
conmponents. The follow ng informati on has been provided to assist users in
speci fyi ng conponents used in an inplenentation

Si gnal s Connector Pl ug DuPont 86451 or equi val ent
Si gnal s Connect or Recept acl e DuPont 86455 or equi val ent

The signals assigned for 44-pin applications are described in table C 1.

Al though there are 50 pins in the plug, the nating receptacl e need contain
only 44 pins (the renoval of pins E and F provides roomfor the wall of the
receptacl e).

The first four pins of the connector plug |ocated on the drive are not to be
connected to the host, as they are reserved for manufacturer's use. Pins E
F and K are keys, and are renoved.



Table C 1 - Signal assignnents for ATA

* Pins which are additional

to those of the 40-pin cable.

+ +
| Si gnal | Connect or | | Connect or | Si gnal |
| name | contact | GConductor | contact | name |
| ----------------- [ S S [ S |
| Vendor unique | A | | B | Vendor unique |
| Vendor unique | C | | D | Vendor unique |
| (keupin) I E | F | (keypin) I
| RESET- | 1 | 1] 2 | 2 | Gound |
| D7 I 3 I 31 4 | 4 | D8 I
| DD6 I 5 I 51 6 | 6 | DD I
| DDb | 7 | 71 8 | 8 | DD10 |
| DM4 | 9 | 9] 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 |
| DOW | 23 | 23| 24 | 24 | Gound |
| DR | 25 | 25| 26 | 26 | Gound |
| 1 ORDY | 27 | 27 | 28 | 28 | PSYNC: CSEL |
| DVACK- | 29 | 29 | 30 | 30 | Gound |
| INTRQ | 31 | 31| 32 | 32 | 10cCsl6- |
| DAL | 33 | 33| 34 | 34 | PDAG |
| DAO | 35 | 35| 36 | 36 | DA2 |
| CS1FX- | 37 | 37 | 38 | 38 | CS3FX- |
| DASP- | 39 | 39 | 40 | 40 | Gound |
| * +5v (Logi c) | 41 | 41 | 42 | 42 | 45V (Motor) *
| * Gound (Return)| 43 | 43 | 44 | 44 | TYPE- (0=ATA* |

I
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