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Foreword
This standard, 1ISO/IEC ***** does not replace any existing standard. This standard
encompasses the following:

Clause 1  describes the scope.

Clause 2 lists the normative references.

Clause 3  provides a glossary common to the whole document.

Clause 4  provides descriptions and conventions.

Clause 5 contains the electrical and mechanical characteristics; covering the
interface cabling requirements of the DC, data cables and connectors.

Clause 6 contains the signal descriptions of the AT Attachment Interface.
Clause 7 contains descriptions of the registers of the AT Attachment Interface.

Clause 8 describes the programming requirements of the AT Attachment
Interface.

Clause 9 contains descriptions of the commands of the AT Attachment Interface.
Clause 10 contains an overview of the protocol of the AT Attachment Interface.
Clause 11 contains the interface timing diagrams.

Annex A is informative.

Annex B is informative.

Annex C is informative.

PATENTS: The developer's of this standard have requested that holder’s of patents
that may be required for the implementation of the standard, disclose such patents
to the publisher. However neither the developer's nor the publisher have undertaken
a patent search in order to identify which if any patents apply to this standard.

No position is taken with respect to the validity of any claim or any patent rights that
may have been disclosed. Details of submitted statements may be obtained from -
the publisher concerning any statement of patents and willingness to grant a license
under these rights on reasonable and nondiscriminatory terms and conditions to
applicants desiring to obtain such a license.
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Introduction

HISTORY: ATA was forwarded in August 1991 from X3T9.2 to X3T9 for further processing as an American National
Standard. X3T9 authorized a letter ballot on forwarding this document as a preliminary draft proposed American

National Standard.

INFORMATION: An electronic copy of this document is available from the SGSI Bulletin Board (719-574-0424). This
document has been prepared according to the style guide of the ISO (International Organization of Standards).

When the first IBM PC (Personal Computer) (tm) was introduced, there was no hard disk capability for storage.
Successive generations of product resulted in the inclusion of a hard disk as the primary storage device. When the
PC AT (tm) was developed, a hard disk was the key fo system performance, and the controller interface became a
de facto industry interface for the inclusion of hard disks in PC ATs.

The price of desktop systems has declined rapidly because of the degree of integration to reduce the number of
components and interconnects required to build a product. A natural outgrowth of this integration was the inclusion
of controller functionality into the hard disk.

In October 1988 a number of peripheral suppliers formed the Common Access Method Committee to encourage an
industry-wide effort to adopt a common software interface to dispatch input/output requests to SCSI peripherals.
Although this was the primary objective, a secondary goal was to specify what is known as the AT Attachment
interface.

viii AT Attachment Interface for Disk Drives
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Information Processing Systems -- AT Attachment Interface

1 Scope

This standard defines the AT Attachment Interface. This standard defines an integrated bus interface between disk
drives and host processors. |t provides a common point of attachment for systems manufacturers, sysiem integrators,
and suppliers of intelligent peripherals.

2 Normative references
None.
3 Definitions and conventions

For the purposes of this International Standard, the following definitions apply.

3.1 Definitions
3.1.1 ATA (AT attachment): ATA defines a compatible register set and a 40-pin connector and its associated signals.
3.1.2 CHS (Cylinder-head-sector): This term defines the addressing mode of the drive as being by physical address.

3.1.3 Data block: This term describes a data transfer, and is typically a single sector, except when declared otherwise
by use of the Set Multiple command.

3.1.4 DMA (Direct memory access): A means of data transfer between peripheral and host memory without
processor intervention.

3.1.5 LBA (Logical block address): This term defines the addressing mode of the drive as being by the linear
mapping of sectors from 1 to n.

3.1.6 Optional: his term describes features which are not required by the standard, However, if any feature defined
by the standard is implemented, it shall be done in the same way as defined by the standard. Describing a feature
as optional in the text is done to assist the reader. Ifthere is a conflict between text and tables on a feature described

as optional, the table shall be accepted as being correct.
3.1.7 PIO (Programmed Input/output): A means of data transfer that requires the use of the host processor.

3.1.8 Reserved: Where this term is used for bits, bytes and fields; the bits, bytes and fields are set aside for future
standardization, and shall be zero.

3.1.9 VU (Vendor unique): This term is used to describe bits, bytes, fields, cade values and features which are not
described in this standard, and may be used in a way that varies between vendors.

3.2 Symbols and abbreviations

AWG American Wire Gauge
LSB Least significant bit
LUN Logical unit number
MSB Most significant bit

AT Attachment Interface for Disk Drives 1
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4 General

The application environment for the AT Attachment Interface is any computer which uses an AT Bus or 40-pin ATA
interface.

The PC AT Bus (tm) is a widely used and implemented interface for which a variety of peripherals have been
manufactured. As a means of reducing size and cost, a class of products has emerged which embed 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 compatibility with existing AT hardware and software this interface quickly became a de facto

industry standard.
The purpose of the ATA standard is to define the de facto implementations.

Software in the Operating System dispatches I/O (Input/Output) requests via the AT Bus to peripherals which respond
o direct commands.

4.1 Structure

This standard relies upon specifications of the mechanical and electrical characteristics of the AT Bus and a subset
of the AT Bus specifically developed for the direct attachment of peripherals.

Also defined are the methods by which commands are directed to peripherals, the contents of registers and the
methed of data transfers.

4.2 Conventions
Certain words and terms used in this International Standard have a specific meaning beyond the normal English
meaning. These words and terms are defined either in clause 3 or in the text where they first appear. Names of

signals, phases, messages, commands, statuses, sense keys, additional sense codes, and additional sense code
qualifiers are in all uppercase (e.g. REQUEST SENSE). Lower case is used for words having the normal English

meaning.
Fields containing only one bit are usually referred to as the “name” bit instead of the “name" field.
Numbers that are not immediately followed by lower-case "b" or "h" are decimal values.

Numbers immediately followed by lower-case "b” (xxb) are binary values.

Numbers immediately followed by lower-case "h" (xxh) are hexadecimal values.

2 AT Attachment Interface for Disk Drives
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5 Interface cabling requirements

5.1 Configuration

This standard provides the capability of operating on the AT Bus in a daisy chained 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 terms 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 number of ways:

- a switch on the drive
- a jumper plug on the drive
- use of the Cable Select (CSEL) pin

Data is transferred in parallel (8 or 16 bits) either to or from host memaory to the drive's buffer under the direction of
commands previously transferred from the host. The drive performs all of the operations necessary to properly write
data to, or read data from, the disk media. Data read from the media is stored in the drive's buffer pending transfer
to the host memory and data is transferred from the host memory to the drive’s buffer to be written to the media.

HOST

ATA interface

/ |

DRIVE 0O DRIVE 1

Figure 1 - ATA interface to embedded bus peripherals

HOST
AT Bus
ADAPTER
/ ATA interface
/ I

A/

V V
DRIVE O DRIVE 1 I

Figure 2 - Host bus adapter and peripheral devices
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HOST

A,

ATA interface

I
v
CONTROLLER
.. WU Device interface

| e.g. ESDI
| | or SCSI
/

—V v v v
DRIVE DRIVE ]

Figure 3 - ATA interface to controller and peripheral devices

5.2 Addressing considerations

In traditional controller operation, only the selected controller receives commands from the host following selection.
In this standard, the register contents go to both drives (and their embedded controllers). The host discriminates
between the two by using the DRV bit in the Drive/Head Register.

5.2.1 DC cable and connector

The drive receives DC power through a 4-pin or a low-power application 3-pin connector.

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 recommended that
precautions be taken to prevent damage to the drive.

A drive designed for 5V applications may be plugged into a receptacle designed to accept a drive designed for 3,3V
applications, with 5V lines for additional power. It is not anticipated that damage could occur to the drive, but it is
likely to fail in an undetermined manner.

5.2.2 4-pin power

The pin assignments are shown in table 1. Recommended part numbers for the mating connector to 18 AWG cable
are shown below, but equivalent parts may be used.

Connector (4 pin) AMP 1-480424-0 or equivalent.
Contacts (loose piece) AMP 60619-4 or equivalent.
Contacts (strip) AMP 61117-4 or equivalent.

Table 1 - DC interface

Power line designation | Pin number

+12V 1-01
+12V Return i-02
+5V Return 1-03
+5V 1-04

4 AT Attachment Interface for Disk Drives
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5.2.3 3-pin power

The pin assignments are shown in table 2. Recommended part numbers for the mating connector to 18 AWG cable
are shown below, but equivalent parts may be used.

Connector (3 pin) Molex 5484 38-27-0032 or equivalent.

Table 2 - DC interface

Power line designation | Pin number

+5V +3,3V 1-01
+12V +5V 1-02
Ground Ground 1-03

5.2.4 Device grounding
System ground may be connected to a “quick-connect® terminal equivalent to:

Drive connector terminal AMP 61664-1 or equivalent.
Cable connector terminal AMP 62137-2 or equivalent.

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

5.3 1/O connector

The IfO connector is a 40-pin connector as shown in figure 4, with pin assignments 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 removal
of pin 20. The corresponding pin on the cable connector should be plugged.

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 same relative position. This
means the pin numbers of the receptacle may not reflect the conductor number 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 same relative position no matter what the receptacle numbering looks like. If
receptacle numbering was followed, the cable would have to twist 180 degrees between a drive with top-mounted
receptacles, and a drive with bottom-mounted receptacles.

Ny =2

40 20
=——— Circuit beard

. =———— Circuit board

Ny ==

40 20

Figure 4 - 40-pin connector mounting

AT Attachment Interface for Disk Drives 5
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Recommended part numbers for the mating connector are shown below, but equivalent parts may be used.
Connector (40 pin) 3M 3417-7000 or equivalent.
Strain relief 3M 3448-2040 or equivalent.

Flat cable (stranded 28 AWG) 3M 3365-40 or equivalent.
Flat cable (stranded 28 AWG) 3M 3517-40 (shielded) or equivalent.

5.4 1/O cable
The cable specifications affect system integrity and the maximum length that can be supported in any application.

Table 3 - Cable parameters

Cable length of 0,46m (18 inches) * Min Max
Driver IoL sink current for 5V operation 12mA
Driver IoL sink current for 3,3V operation 8mA
Driver IoH source current -400uA
Cable capacitive loading 200pF

* This distance may be exceeded in circumstances 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 (more
positive voltage) or low (less positive voltage) state. A dash character (-) at the beginning or end of a signal name
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 may be driven high or low 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 another function when low are named
with the asserted high function name followed by a slash character (/), and the asserted low function name followed
with a dash () e.g. BITENA/BITCLR- enables a bit when high and clears a bit when low. All signals are TTL
compatible unless otherwise noted. Negated means that the signal is driven by an active circuit to the state opposite
to the asserted state (inactive, or false) or may be simply released (in which case the bias circuitry pulls it inactive,
or false), at the option of the implementor.

Control signals that may be used for two mutually exclusive functions are identified with their iwo names separated
by a colon e.g. SPSYNC:CSEL can be used for either the Spindle Sync or the Cable Select functions.

6.2 Signal summary
The physical interface consists of single ended TTL compatible receivers and drivers communicating through a

40-conductor flat ribbon non-shielded cable using an asynchronous interface protocol. The pin numbers and signal
names are shown in table 4. Reserved signals shall be left unconnected.

6 AT Attachment Interface for Disk Drives
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Table 4 - Interface signals

Host 1I/0 Drive I/0
connector connector
HOST RESET i S ——— RESET~» ======== 1
2 | ==---- Ground =-------- 2
HOST DATA BUS BIT 7 3 |<en--- DD7 -ccccceenmn-= 3
HOST DATA BUS BIT 8 4 |[<oana- DDB -cc--mmemen= 4
HOST DATA BUS BIT 6 5 [€eaem-- 110 5
HOST DATA BUS BIT § 6 |[<----- 70 1= | —————, 6
HOST DATA BUS BIT 5 7 |<----- (5755 R 7
HOST DATA BUS BIT 10 B |geeueu- D010 =e=wasmin 8
HOST DATA BUS BIT 4 9 |<----- (5157 N 9
HOST DATA BUS BIT 11 10 [<----- DD1Y s mosssmen’sd 10
HOST DATA BUS BIT 3 11 | €evimmn DD3 -cvemene=== 11
HOST DATA BUS BIT 12 12 |<ennn- DD12 ~mmomcmmen 12
HOST DATA BUS BIT 2 13 [<----- 852 L ——— 13
HOST DATA BUS BIT ‘13 14 |<eee-- DDI3  ce-ccmmee- 14
HOST DATA BUS BIT A1 ) - E-— 55 IR R 15
HOST DATA BUS BIT 14 16 |<mmnn- DD14 ---cc--n-n- 16
HOST DATA BUS BIT O 17 J€-=-== DDO oo soosssss s 17
HOST DATA BUS BIT 15 18 [<€----- 2] B (< ST P — 18
19 [ -»=--- Ground -------- 19
20 | ~---- (keypin) ------ 20
DMA REQUEST /= [ [ — DMARQ <------=--- 21
22 | ----- Ground -------- 22
HOST I/0 WRITE 23 | ----- DIOW- =vcc--c--- 23
24 | ----s Ground -------- 24
HOST I/0 READ 25 | ~--n- DIOR~ i mimmra s 25
28 | memme Ground -------- 26
I/0 CHANNEL READY 27 |<-=uu- IORDY --------- 27
SPINDLE SYNC or CABLE SELECT 2B |*---- SPSYNC:CSEL ----- 28
DMA ACKNOWLEDGE 29 [ --u-- DMACK- =------- 29
30 [ ----- Ground -------- 30
HOST INTERRUPT REQUEST 31 |<----- INTRQ --------- 39
HOST 16 BIT I/O 32 {gowenn TI0CS1B- —wwawme 32
HOST ADDRESS BUS BIT 1 = 121 — DAL wowwom s 33
PASSED DIAGNOSTICS 34 [*-c--- PDIAG: weswwaws 34
HOST ADDRESS BUS BIT O 35 | «---- DAD  rwwmsumaism 35
HOST ADDRESS BUS BIT 2 36 | ----- DAZ owrowanwams 36
HOST CHIP SELECT 0 37 | ~=ea- CE1EK: wwesouse 37
HOST CHIP SELECT 1 38 | ----- CS3FX- -------- 38
DRIVE ACTIVE/DRIVE 1 PRESENT 39 |<----- DASP- --------- 39
40 | ----- Ground -------- 40
*Drive intercommunication signals
HOST- Drive 1
28 <— SPSYNC:CSEL —>| 28
34 34 (<——— PDIAG- 34
39 DASP- —— | ag

6.3 Signal descriptions
The interface signals and pins are described in more detail than shown in table 4. The signals are listed according

to function, rather than in numerical connector pin order. Table 5 lists signal name mnemonic, connector pin number,
whether input to (I) or output from (O} the drive, and full signal name.
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Table 5 - Interface signals description

Signal | Pin| I/O

CS1FX- 37 I Drive chip select 0O
CS3FX- 38 I Drive chip select 1

DAC 35 I Drive address bus - bit O
DA1 33 I - bit 1
DAZ2 36 I - bit 2
DASP - 39 I1/0 | Drive active/drive 1 present
DDO 17 I/0 Drive data bus - bit O
DDA 15 I/0 - bit 1
DD2 13 I/0 - bit 2
DD3 11 I/0 - bit 3
DD4 9 I/0 - bit 4
DD5 7 | I/0 - bit §
DD6 5 I/0 - bit 6
DD7 3 I/0 - bit 7
DD8 4 | I/0 - bit 8
DDg 6 I/0 - bit 9
DD10 8 I/0 - bit 10
DD11 10 I/0 - bit 11
DD12 i2 I/0 - bit 12
DD13 14 | I/0 - bit 13
DD14 16 I/0 - bit 14
DD15 18 I/0 - bit 15
DIOR- 25 I Drive I/0 read

DIOW- 23 I Drive I/0 write

DMACK - 29 I DMA acknowledge

DMARQ 21 0 DMA request

INTRQ 31 (o] Drive interrupt

I0csi6-| 32 0 Drive 16-bit I/0

IORDY 27 0 1/0 channel ready

PDIAG- 34 I/0 Passed diagnostics

RESET - 1 I Drive reset

SPSYNG:| 28 - Spindle sync

CSEL 28 - Cable select

keypin | 20 - Pin used for keying the interface connector

6.3.1 CS1FX- (drive chip select 0)

This is the chip select signal decoded from the host address bus used to select the Command Block Registers.
6.3.2 CS3FX- (drive chip select 1)

This is the chip select signal decoded from the host address bus used to select the Control Block Registers.
6.3.3 DAO-2 (Drive address bus)

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

6.3.4 DASP- (Drive active/drive 1 present)

This is a time-multiplexed 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 pull-up resistor.

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

Drive 0 shall allow up to 450 msec for Drive 1 to assert DASP-. If Drive 1 is not present, Drive 0 may assert DASP-
to drive an activity LED.
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DASP- shall be negated following acceptance of the first valid command by Drive 1 or after 31 seconds, whichever
comes first.

Any time after negation of DASP-, either drive may assert DASP- to indicate that a drive is active.
NOTE 1 Prior to the development of this standard, products were introduced  which did not time multiplex DASP-. Some
used two jumpers to indicate to Drive 0 whether Drive 1 was present. If such a drive is jumpered to indicate Drive 1 is
present it should work successfully with a Drive 1 which complies with this standard. If installed as Drive 1, such a drive

may not work successfully because it may not assert DASP- for a long enough period to be recognized. However, it would
assert DASP-to indicate that the drive is active.

6.3.5 DD0-DD15 (Drive data bus)

This is an 8- or 16-bit bi-directional 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 9.21).

6.3.6 DIOR- (Drive I/O read)

This is the Read strobe signal. The falling edge of DIOR- enables data from a register or the data port of the drive
onto the host data bus, DD0O-DD7 or DD0-DD15. The rising edge of DIOR- laiches data at the host.

6.3.7 DIOW- (Drive 1/0 write)

This is the Write strobe signal. The rising edge of DIOW- clocks data from the host data bus, DD0-DD7 or DD0-DD15,
into a register or the data port of the drive.

6.3.8 DMACK- (DMA acknowledge) (Optional)

This signal shall be used by the host in response to DMARQ to either acknowledge that data has been accepted, or
that data is available.

6.3.9 DMARQ (DMA request) (Optional)

This signal, used for DMA data transfers between host and drive, shall be asserted by the drive when it is ready to
transfer data to or from the host. The direction of data transfer is controlled by DIOR- and DIOW-. This signal is used
in a handshake manner with DMACK- i.e. the drive shall wait until the host asserts DMACK- before negating DMARQ,
and re-asserting DMARQ if there is more data to transfer.

When a DMA operation is enabled, |IOCS16-, CS1FX- and CS3FX- shall not be asserted and transfers shall be 16-bits
wide.

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

6.3.10 INTRQ (Drive interrupt)
This signal is used to interrupt the host system. INTRQ is asserted only when the drive has a pending interrupt, the

drive is selected, and the host has cleared nIEN in the Device Control Register. If nlEN=1, or the drive is not
selected, this output is in a high impedance state, regardiess of the presence or absence of a pending interrupt.
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INTRQ shall be negated by:
- assertion of RESET- or
- the setting of SRST of the Device Control Register, or
- the host writing the Command Register or
- the host reading the Status Register

NOTE 3 Some drives may negate INTRQ on a PIO data transfer completion, except ona single sector read or on the last
sector of a multi-sector read.

On PIO transfers, INTRQ is asserted at the beginning of each data block to be transferred. A data block is typically
a single sector, except when declared otherwise by use of the Set Multiple command. An exception occurs on
Format Track, Write Sector(s), Write Buffer and Write Long commands - INTRQ shall not be asserted at the beginning
of the first data block to be transferred.

On DMA transfers, INTRQ is asserted only once, after the command has completed.

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

Except for DMA transfers, IOCS16- indicates to the host system that 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 PIO mode, if IOCS16- is not asserted, transfers shall be 8-bit using DDO-7.
- When transferring in PIO mode, if IOCS16- is asserted, transfers shall be 16-bit using DD0-15. fori6-bitdaia

fransisrs.
- When transferring in DMA mode, the host shall use a 16-bit DMA channel and I0CS16- shall not be asserted.

6.3.12 IORDY (I/O channel ready) (Optional)

This signal is negated to extend the host transfer cycle of any host register access (Read or Write) when the drive
is not ready to respond to a data transfer request. When IORDY is not negated, IORDY shall be in a high impedance
state,

6.3.13 PDIAG- (Passed diagnostics)

This signal shall be asserted by Drive 1 to indicate to Drive 0 that it has completed diagnostics. A 10K chm pull-up
resistor shall be used on this signal by each drive.

Fallowing a power on reset, software reset or RESET-, Drive 1 shall negate PDIAG- within 1 msec (to indicate to Drive
0 that it is busy). Drive 1 shall then assert PDIAG- within 30 secands to indicate that it is no longer busy, and is able
to provide status. After the assertion of PDIAG-, Drive 1 may be unable to accept commands until it has finished its
reset procedure and is Ready (DRDY=1).

Following the receipt of a valid Execute Drive Diagnostics command, Drive 1 shall negate PDIAG- within 1 msec to
indicate to Drive 0 that it is busy and has not yet passed its drive diagnostics. If Drive 1 is present then Drive 0 shall
wait for up to 5 seconds from the receipt of a valid Execute Drive Diagnostics command for Drive 1 to assert PDIAG-.
Drive 1 should clear BSY before asserting PDIAG-, as PDIAG- is used to indicate that Drive 1 has passed its
diagnostics and is ready to post status.

If DASP- was not asserted by Drive 1 during reset initialization, Drive O shall post its own status immediately after it
completes diagnostics, and clear the Drive 1 Status Register to 0Ch. Drive 0 may be unable to accept commands
until it has finished its reset procedure and is Ready (DRDY=1).
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6.3.14 RESET- (Drive resst)

This signal from the host system shall be asserted for at least 25 usec after voltage levels have stabilized during
power on and negated thereafter unless some event requires that the drive(s) be reset following power on.

6.3.15 SPSYNC:CSEL (Spindle synchronization/cable select) (Optional)
This signal shall have a 10K ohm pull-up resistor.

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

All drives connected to the same cable should have the same function active at the same time. If SPSYNC and CSEL
are mixed on the same cable, then drive behavior is undefined.

Prior to the introduction of this standard, this signal was defined as DALE (Drive Address Laich Enable), and used
for an address valid indication from the host system. |f used, the host address and chip selects, DAC through DA2,
CS1FX-, and CS3FX- were valid at the negation of this signal and remained valid while DALE was negated, therefore,
the drive did not need to latch these signals with DALE.

6.3.16 SPSYNC (Spindie synchronization) (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 a drive is set to slave the signal is input.

There is no requirement that each drive implementation be plug-compatible to the extent that a multiple vendor drive
subsystem be operable. Mix and match of different manufacturers drives is unlikely because rpm, sync fields, sync
bytes eic need to be virtually identical. However, if drives are designed to match the following recommendation,
controllers can operate drives with a single implementation.

There can only be one master drive at a time in a configuration. The host or the drive designated as master can
generate SPSYNC at least once per rotation, but may be at a higher frequency.

SPSYNC received by a drive is used as the synchronization signal to lock the spindles in step. The time to achieve
synchronization varies, and is indicated by the drive setting DRDY i.e. if the drive does not achieve synchronization
following power on or a reset, it shall not set DRDY.

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

A slave drive does not generate SPSYNC and is responsible to synchronize its index to SPSYNC.

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

In the event that a drive previously synchronized ioses synchronization, but is otherwise operational, it does not clear
DRDY.

6.3.17 CSEL (Cable select) (Optional)

The drive is configured as either Drive O or Drive 1 depending upon the value of CSEL:
- If CSEL is grounded then the drive address is 0
- If CSEL is apen then the drive address is 1

Special cabling can be used by the system manufacturer to selectively ground CSEL e.g. GCSEL of Drive 0 is
connected fo the CSEL conductor in the cable, and is grounded, thus allowing the drive to recognize itself as Drive
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0. CSEL of Drive 1 is not connected to CSEL because the conductor is removed, thus the drive can recognize itself
as Drive 1.

CSEL Conductor

Dpén

Ground

Host Drive 0O ‘ Drive 1

CSEL Conductor

open

Ground

Host l Drive 0

Figure 5 - Cable select

7 Logical interface

7.1 General

7.1.1 Bit conventions

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

A bit can be set to one or cleared to zero and polarity influences whether it is to be interpreted as true or false:

True BiT=1 nBIT=0
False BIT=0 nBIT=1

7.1.2 Environment

The drives using this interface shall be programmed by the host computer to perform commands and retumn status
to the host at command completion. When two drives are daisy chained on the interface, commands are written in
parallel to both drives, and for all except the Execute Diagnostics command, only the selected drive executes the
command. 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 PDIAG-.

Drives are selected by the DRV bit in the Drive/Head Register (see 7.2.8), and by a jumper or switch on the drive
designating it as either a Drive 0 or as Drive 1. When DRV=0, Drive 0 is selecte