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INFORMATION TECHNOLOGY -
AT ATTACHMENT WITH PACKET INTERFACE-7 -

Part 2: Parallel transport protocols
and physical interconnect (ATA/ATAPI-7)

FOREWORD

-

) 190 (International Organization for Standardization) and IEC (International Electrotechnical Commissiern)) form
thie specialized system for worldwide standardization. National bodies that are members of IS©~¢r IEC
participate in the development of International Standards. Their preparation is entrusted,\to teg¢hnical
cgmmittees; any ISO and IEC member body interested in the subject dealt with may participate jn this

preparatory work. International governmental and non-governmental organizations liaising with' ISO and IEC

alpo participate in this preparation.

2) Inl the field of information technology, ISO and IEC have established a joint\ technical committee,

IO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circulgted to
national bodies for voting. Publication as an International Standard requires approval by at least 75 %|of the
national bodies casting a vote.

3) The formal decisions or agreements of IEC and ISO on technical matters.express, as nearly as possible, an
infernational consensus of opinion on the relevant subjects since each technical committee has represeptation
frpm all interested IEC and ISO member bodies.

4) IHC, ISO and ISO/IEC publications have the form of recommendations for international use and are acfpepted
by IEC and ISO member bodies in that sense. While all reasonable efforts are made to ensure thHat the
technical content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be held responsible for
thie way in which they are used or for any misinterpretation by any end user.

5) In| order to promote international uniformity, IEC and ISO- member bodies undertake to apply IEC, I§O and
I§O/IEC publications transparently to the maximum extent possible in their national and regional publicptions.
Apy divergence between any ISO/IEC publication and’jthe corresponding national or regional publication ghould
be clearly indicated in the latter.

6) 190 and IEC provide no marking procedure telindicate their approval and cannot be rendered responsiple for
any equipment declared to be in conformitywith an ISO/IEC publication.

7) Al users should ensure that they have the latest edition of this publication.

&
z

b liability shall attach to IEC or\lSO or its directors, employees, servants or agents including individual
experts and members of their_technical committees and IEC or ISO member bodies for any personallinjury,
property damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (in¢luding
lepal fees) and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication or
any other IEC, ISO or ISOAEC publications.

9) Aftention is drawn to.the normative references cited in this publication. Use of the referenced publicat|ons is
indispensable for the_correct application of this publication.

10) Aftention is drawnto the possibility that some of the elements of this International Standard may be the gubject
ofl patent rights| ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 24739-2 was prepared by subcommittee 25: Interconnectjon of
information technology equipment, of ISO/IEC joint technical committee 1: Information
technology-

ISO/IEC 24739-2 is to be used in conjunction with ISO/IEC 24739-1 and ISO/IEC 24739-3.

The list of all currently available parts of the ISO/IEC 24739 series, under the general title
Information technology — AT attachment with packet interface-7 , can be found on the IEC web
site.

This International Standard has been approved by vote of the member bodies and the voting
results may be obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INTRODUCTION

The ISO/IEC 24739 series specifies the AT attachment interface between host systems and
storage devices. It provides a common attachment interface for systems manufacturers,
system integrators, software suppliers and suppliers of intelligent storage devices.

Part 1 defines the register delivered commands used by devices implementing the standard.
Part 2 defines the connectors and cables for physical interconnection between host and
storage device, the electrical and logical characteristics of the interconnecting signals and the
protocols for the transporting of commands, data and status over the interface for the parallel

interface. Part 3 defines the connectors and cables for physical interconnection between

host

and dtorage device, the electrical and logical characteristics of the interconnecting signal
the pfotocols for the transporting of commands, data and status over the interface forthe

interfpce. Figure 1 shows the relationship of these documents. For devices implementin

PACKET command feature set, additional command layer standards are listed in Table

descllibed in Clause 2.

5 and
serial
g the
I and

Register delivered command set
ommand layer Logical register set
ATA/ATAPI-7 Volume 1

(@)

Packet delivered command sets
See Table 1

e

AN

—

ransport, link, Parallel Transport Protocols
and physical and Physical interconnect
layers ATA/ATAPI-7 Volumg 2

Serial Transport Protocols
and Physical interconnect
ATA/ATAPI-7 Volume 3

Figure 1 — ATA document relationships

Table 1=PACKET delivered command sets

Standard

SCSI Primary Commands (SPC)

SCS8T Primary Commands-2 (SPC-2)

SCSI Primary Commands-3 (SPC-3)

SCSI Block Commands (SBC-2)

SCSI| Stream Commands (SSC)

Multimedia Commands (MMC)

Mullimedia Commands-Z (MMU-Z)

Multimedia Commands-3 (MMC-3)

Multimedia Commands-4 (MMC-4)

ATAPI for Removable Media (SFF8070I)

ATA Packet Interface (ATAPI) for Streaming Tape QIC-157 revision D

This standard maintains compatibility with the AT Attachment with Packet Interface-6 standard
(ATA/ATAPI-6) and while providing additional functions, is not intended to require changes to

presently installed devices or existing software.
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INFORMATION TECHNOLOGY -
AT ATTACHMENT WITH PACKET INTERFACE-7 -

Part 2: Parallel transport protocols
and physical interconnect (ATA/ATAPI-7)

cope

09(E)

This
stora
syste

2 N

The f
dated
the r¢g

The

part of ISO/IEC 24739 specifies the AT Attachment Interface between host system
je devices. It provides a common attachment interface for systems manufact
m integrators, software suppliers and suppliers of intelligent storage devices.

ormative references

pllowing referenced documents are indispensable for the application of this documen

ferenced document, including any amendments, applies.

5 and
irers,

t. For

references, only the edition cited applies. For undated references, the latest edition of

provisions of the referenced specifications othet, than ISO/IEC, IEC, ISO and ITU
docuinents, as identified in this clause, are valid_wwithin the context of this Interna

fional

Standard. The reference to such a specification within{ this International Standard does not give
it any further status within ISO/IEC. In particular, it."does not give the referenced specifigation
the status of an International Standard.

ISO/IEC 14776-362, Information technology — Small Computer System Interface (SCSI) —
Part B62: Multimedia commands-2 (MMGCZ2) [ANSI INCITS 333-R000]
PC Clard Standard, February 1995, PCMCIA 1

CompactFlash™ Association'Specification, Revision 1.42

3 Terms, definitions, abbreviations, conventions and keywords

3.1 Terms, definitions and abbreviations

For fhe purposes of this International Standard, the following definitions as well as the

definjtions.of ISO/IEC 24739-1 and ISO/IEC 24739-3, as soon as they are available, apply

NOTE

3.1.1
ASCI
desig

ISO/IEC 24739-1 and ISO/IEC 24739-3 are currently in preparation (see also 3.4).

| character
nates a 8-bit value that is encoded using the ASCII character set

1 For the PC Card Standard published by the Personal Computer Memory Card International Association, contact
PCMCIA at 408-433-2273 or http://www.pcmcia.org.

2 For the Compact Flash Association Specification published by the Compact Flash Association, contact the

Co

mpact Flash Association at http://www.compactflash.org.

CompactFlash™ is the trademark of the Compact Flash Association. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC or ISO of this trademark.

Eq

uivalent descriptons may be used if they can be shown to lead to the same results.
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3.1.2

acoustics
measurement of airborne noise emitted by information technology and telecommunications
equipment

[1ISO 7779:1999]

3.1.3
ATA

AT attachment
ATA defines the physical, electrical, transport and command protocols for the internal

attachmmemntof storage devices to hostsysternTs

3.1.4

ATA-{1 device

devick that complied with ANSI X3.221-1994, the AT Attachment Interface for Disk Drives
NOTE| ANSI X3.221-1994 has been withdrawn.3

315

ATA-R device

devick that complied with ANSI X3.279-1996, the AT Attachment\nterface with Extensions
NOTE| ANSI X3.279-1996 has been withdrawn.3

3.1.6

ATA-3B device

devick that complies with ANSI INCITS 298-1997.the AT Attachment-3 Interface

NOTE

3.1.7
ATA/
devic|
Interf

3.1.8
ATA/
devic|

3.1.9
ATA/
devic|

ANSI INCITS 298-1997 has been withdrawn.3

ATAPI-4 device
e that complies with ANSI YINCITS 317-1998, AT Attachment Interface with P|
ace Extensions-4

ATAPI-5 device
e that complies-with ANSI INCITS 340-2000, the AT Attachment with Packet Interface

ATAPI-6 device
e thatscomplies with ANSI INCITS 361-2002, the AT Attachment with Packet Interface

3.1.1

acket

0

ATA/ATAPI-7 device

devic

e that complies with this series of International Standards

3.1.11
ATAPI device
AT attachment packet interface device

devic

e implementing the packet command feature set

3 For further information contact ANSI http://www.ansi.org/.
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3.1.12

allocation unit

AU

the minimum number of logically contiguous sectors on the media as used in the streaming
feature set

NOTE An Allocation Unit may be accessed with one or more request.

3.1.13

audio-video

AV

.vG‘G aPPTHECaHonS H0S€ caté & S eratet O €O FaGeS aaro o the
distinjguishing characteristic of this type of data is that accuracy is of lower priority thanhlimely

transfer of the data

3.1.1
backghannel
when|transmitting a FIS, the backchannel is the receive channel

3.1.1p
bit eqror rate
BER
statisftical probability of a transmitted encoded bit being” erroneously received [in a
communication system

3.1.1p
bus felease
for devices implementing overlap, the term bus<release is the act of clearing both DRQ and
BSY o zero before the action requested by th& ’command is completed; this allows the hpst to
selecft the other device or deliver another quéted command

3.1.1

byte count
valug| placed in the byte count régister by the device to indicate the number of bytes o be
transferred during this DRQ assertion when executing a PACKET PIO data transfer commpnd

3.1.1

byte count limit
valug| placed in thelbyte count register by the host as input to a PACKET PIO data trgnsfer
command to specify the maximum byte count that may be transferred during a single|DRQ
asseftion

3.1.1

CompactFlash™ Association
CFA
association which created the specification for compact flash memory that uses the ATA
interface

3.1.20

check condition

for devices implementing the PACKET command feature set, this indicates an error or
exception condition has occurred

3.1.21

cylinder-head-sector

CHS

obsolete method of addressing the data on the device by cylinder number, head number and
sector number
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3.1.22

code

violation

in a serial interface implementation, a code violation is an error that occurs in the decoding of
an encoded character

[see ISO/IEC 24739-3, Clause 15]

3.1.23

command aborted
command completion with ABRT set to one in the error register and ERR set to one in the
status register

3.1.2

a cof
clear

NOTE
implen

3.1.2

command block registers

interf
devic

NOTE

3.1.2

comlhand acceptance

hmand is considered accepted whenever the currently selected device has the BS
bd to zero in the status register and the host writes to the command register

An exception exists for the DEVICE RESET command (see ISO/IEC 24739-1:2008,\ Clause 6). In 4
entation, command acceptance is a positive acknowledgment of a host to device(register FIS.

b

hce registers used for delivering commands to the device or posting status frorn
2l

In a serial implementation, the command block registers aresFIS payload fields.

3

D

com

completion by the device of the action requested by the command or the termination ¢
command with an error, the placing of the-appropriate error bits in the error registe

placi
to ze

3.1.2

command packet

data

includes the command and command parameters

3.1.2

command released

when
relea

3.1.2

and completion

g of the appropriate status bits in the status register, the clearing of both BSY and
o and Interrupt Pending

y

structure transmitted to-the device during the execution of a PACKET commang

B

a device SuUpports overlap or queuing, a command is considered released when
5e occurs‘before command completion

D

Y bit

serial

n the

f the
, the
DRQ

that

B bus

control block registers
in a parallel implementation, interface registers used for device control and to post alternate
status; in a serial interface implementation, the logical field of a FIS corresponding to the

devic

e register bits of a parallel implementation

3.1.30
control character
in a serial interface implementation, an encoded character that represents a non-data byte

[see |

SO/IEC 24739-3:2008, Clause 15]
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3.1.31

cyclical redundancy check

CRC

means used to check the validity of certain data transfers

3.1.32
cylinder high register
name used for the LBA high register in previous ATA/ATAPI standards

3.1.33
cylinder low register
namg used for the LBA mid register in previous ATA/ATAPI standards

3.1.34
data character

in a perial interface implementation, an encoded character that representsha’data byte| (see
ISO/IEC 24739-3, Clause 15)

3.1.3p
datadin
protofol that moves data from the device to the host

NOTE| These transfers are initiated by READ commands.

3.1.3p
dataqout
protofol that moves data from the host to the deyice

NOTE| These transfers are initiated by WRITE commands!

3.1.37
delayed LBA
any dector for which the performance specified by the streaming performance parameters log
is nof valid

3.1.38
devige

storageperipheral
traditjonally, a device)on the interface has been a hard disk drive, but any form of stprage
device may be placed on the interface provided the device adheres to this standard

3.1.3p
devige selection

in a parallel implementation, a device is selected when the DEV bit of the device regi
equal : . ) ) . .
switch, or use of the CSEL signal

NOTE In a serial implementation the device ignores the DEV bit, the host adapter may use this bit to emulate
device selection.

3.1.40
disparity
difference between the number of ones and the number of zeroes in an encoded character

[see ISO/IEC 24739-3, Clause 15]

3.1.41

DMA data transfer

direct memory access data transfer

means of data transfer between device and host memory without host processor intervention
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3.1.42
don’t care
term to indicate that a value is irrelevant for the particular function described

3.1.43

driver

active circuit inside a device or host that sources or sinks current to assert or negate a signal
on the bus

3.1.44
DRQ data block
unit df data words transferred during a single assertion of DRQ when using PIO data transffer

3.1.45
elastjcity buffer
in a serial interface implementation, a portion of the receiver where character’slipping gnd/or
chargcter alignment is performed

3.1.4p
encofded character
in a derial interface implementation, the output of the 8b/10b encoder

[see |SO/IEC 24739-3, Clause 0]

3.1.4y
first party DMA access
methpd by which a device accesses host memory.

NOTE| First party DMA differs from DMA in that the deviee sends a DMA setup FIS to select host memory rggions;
wheregs for DMA the host configures the DMA controller.

3.1.48
frame information structure
FIS
data ptructure; it is the payload:-of a frame and does not include the SOF primitive, CRC and
EOF primitive

3.1.4p
frame
unit df information.@xchanged between the host adapter and a device

NOTE| A framglconsists of an SOF primitive, a Frame Information Structure, a CRC calculated over the contgnts of
the FI$ and an-EOF primitive.

3.1.50
forced unit access

FUA

requires that user data be transferred to or from the device media before command completion
even if caching is enabled

3.1.51
Gen1 DWORD time
the time it takes to transmit a 40 bit encoded value at 1.5 Gbit/s

3.1.52

host

computer system executing the software BIOS and/or operating system device driver
controlling the device and the adapter hardware for the ATA interface to the device
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3.1.53
host adapter
implementation of the host transport, link and physical layers

3.1.54

interrupt pending

in a parallel implementation, an internal state of a device;

in this state, the device asserts INTRQ if nlEN is cleared to zero and the device is selected
[see Clause 8];

in a serial implementation, the Interrupt Pending state is an internal state of the host adapter;
this state is entered by reception of a FIS with the | field set to one

[see |SO/IEC 24739-3, Clause 16]

3.1.5p
logical block address
LBA
addrgssing of data on the device by the linear mapping of sectors

3.1.5p
lineay feedback shift register
LFSR
[see |SO/IEC 24739-3, Clause 0]

3.1.5y
link
the link layer manages the phy layer to achieveithe delivery and reception of frames| (see
ISO/IEC 24739-3, Clause 15)

3.1.58
logicjal sector
a uniquely addressable set of 256 words (512 bytes)

3.1.5p
native max address
the Highest address a devicé accepts in the factory default condition, that is, the highest
addrgss that is accepted.by the SET MAX ADDRESS command

3.1.6p
overlap
a protocol thatallows devices that require extended command time to perform a bus releajse so
that Jommands may be executed by the other device (if present) on the bus

3.1.6

packet delivered command
command that is delivered to the device using the PACKET command via a command packet
that contains the command and the command parameters. See also register delivered
command

3.1.62
PHY
physical layer electronics

[see ISO/IEC 24739-3, Clause 14]


https://iecnorm.com/api/?name=2766ab12b73ffb26a7416bfa082bd45b

24739-2 © ISO/IEC:2009(E) -19 -

3.1.63

phys

ical sector

group of contiguous logical sectors that are read from or written to the device media in a single
operation

3.1.64

programmed input/output data transfer
PIO data transfer

P1O data transfers are performed by the host processor utilizing accesses to the data register

3.1.65

prim

tive

in a gerial interface implementation, a single DWORD of information that consists of\a)T
chardcter in byte 0 followed by three additional data characters in byte 1 through 3

3.1.6

3

D

queued
command queuing allows the host to issue concurrent commands to the §ame device

NOTE
contai

3.1.6
read

Only commands included in the Overlapped feature set may be queuéd.-In this standard, the
hs all commands for which command acceptance has occurred, but command‘Completion has not occur

y
command

command that causes the device to transfer data from{the device to the host (e.g., F
SECTOR(S), READ DMA, etc.)

B

register

regis

3.1.6

er may be a physical hardware registeror a logical field

D

register delivered command
command that is delivered to the\ldevice by placing the command and all of the paramete

the ¢

NOTE

3.1.7
regi

bmmand in the device comimand block registers

See also packet delivered command.

D

er transfers

host [reading and-writing any device register except the data register; register transfer
8 bitd wide

3.1.7
relea

bntrol

queue
red.

READ

rs for

S are

d

in a parallel interface implementation, indicates that a signal is not being driven

NOTE For drivers capable of assuming a high-impedance state, this means that the driver is in the high-
impedance state. For open-collector drivers, the driver is not asserted.

3.1.72
sector
uniquely addressable set of 256 words (512 bytes)

3.1.73
sector number register

LBA I

ow register in previous ATA/ATAPI standards
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3.1.74

shadow command block

in a serial interface implementation, a set of virtual fields in the host adapter that map the
command block registers defined at the command layer to the fields within the FIS content

3.1.75

shadow control block

in a serial interface implementation, a set of virtual fields in the host adapter that map the
control block registers defined at the command layer to the fields within the FIS content

3.1.76

signgture
unigye set of values placed in the command block registers by the device to allow theyhpst to
distinguish devices implementing the PACKET command feature set from thosecrdevices not
implementing the PACKET command feature set

3.1.7

self-monitoring, analysis and reporting technology
SMART

for prediction of device degradation and/or faults

3.1.78
trangport

transport layer manages the lower layers (link and phy), as well as constructing and parsing
FISs

[see |SO/IEC 24739-3, Clause 16]

3.1.79
ultra|DMA burst
the period from an assertion of DMACK~t0 the subsequent negation of DMACK- when an ultra
DMA |transfer mode has been enabled-by the host

3.1.8D
unaligned write
write command that does not start at the first logical sector of a physical sector or does ngt end
at thq last logical sector.ofta physical sector

3.1.8]
unit attention condition
state|that a device implementing the PACKET command feature set maintains while the device
has gsynchronous status information to report to the host

3.1.8p
unrecoverable error

when the device sets either the ERR bit or the DF bit to one in the status register at command
completion

3.1.83

vendor specific

VS

bits, bytes, fields and code values that are reserved for vendor specific purposes

NOTE 1 These bits, bytes, fields and code values are not described in this standard and they may vary among
vendors. This term is also applied to levels of functionality whose definition is left to the vendor.

NOTE 2 Industry practice could result in conversion of a Vendor Specific bit, byte, field or code value into a
defined standard value in a future standard.
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3.1.84
write command

command that causes the device to transfer data from the host to the device (e.g., WRITE
SECTOR(S), WRITE DMA, etc.)

3.1.85

world wide name

WWN

64-bit worldwide unique name based upon a company’s |IEEE identifier

[see IDENTIFY DEVICE Words (111:108) in ISO/IEC 24739-1, Clause 6.]

3.2 Abbreviations

ATA AT Attachment

ATARI AT Attachment Packet Interface
AU Allocation Unit

AV Audio-Video

AWG American Wire Gauge

BER Bit Error Rate

CD Card Detect

CFA CompactFlash™ Association
CHS Cylinder-Head-Sector

CRC Cyclical Redundancy Check
CS Device Chips Select

CSEL Cable Select

DC Direct Current

DD Device Data

DDIAG Device Diagnostic

DIOW Device Input OutputWrite
DMA Direct Memory Access

DMACK DMA Knowledge
DMARQ DMA Reguest

EVN Even

FIS Frame Information Structure
FUA Forced Unit Access

IOWR Input Output Read Write

LBA Logical Block Address

LFSR Linear Feedback Shift Register
ocC Open Collector

OoDD Odd

PC Personal Computer

PCB Printed Circuit Board

PD Pull-down

PHY Physical Layer Electronics

P10 Programmed Input/Output data transfer

PU Pull-Up
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SMART Self-Monitoring, Analysis And Reporting Technology

TP Totem-Pole

TS Tri-State

WWN World Wide Name
VS Vendor Specific

3.3 Conventions

3.3.1 General

Lowefcase 1S Used for words having the normal English meaning. Certain words and_terms
used|in this standard have a specific meaning beyond the normal English meaning.“lThese
word$ and terms are defined either in Clause 3 or in the text where they first appear,

The mames of abbreviations, commands, fields and acronyms used as signal(hames are(in all
uppefcase (e.g., IDENTIFY DEVICE). Fields containing only one bit are usually referred [to as
the "hame" bit instead of the "name" field. (See 3.3.7 for the naming |eonvention usgd for
naming bits.)

Namgs of device registers begin with a capital letter (e.g., LBA Mid\register).

The ¢xpression “word n” or “bit n” shall be interpreted as indicating the content of word n or
bit n.

3.3.2 Precedence

If there is a conflict between text, figures and tables, the precedence shall be tables, figures,
then jext.

3.3.3 Lists

Ordefed lists, those lists describing.a’sequence, are of the form:

Unorglered list are of the,form:

1)
2)
3)
3.34 Keywords

Sevetralkeywords—are—used—to—differentiate—between—different levels—of r
H—KSYWoras—afre—4dsSea—+t eHHefehHa B-8AB8 —aHHere ht— 8V eis—Oo+—

optionality.

[}

auirement
goirementd and

3.3.4.1 expected
Keyword used to describe the behavior of the hardware or software in the design models

assumed by this standard. Other hardware and software design models may also be
implemented.

3.3.4.2 mandatory

Keyword indicating items to be implemented as defined by this standard.


https://iecnorm.com/api/?name=2766ab12b73ffb26a7416bfa082bd45b

24739-2 © ISO/IEC:2009(E) - 23—

3.34.3 may

Keyw

ord that indicates flexibility of choice with no implied preference.

3.344 obsolete

Keyword indicating that the designated bits, bytes, words, fields and code values that may have
been defined in previous standards are not defined in this standard and shall not be reclaimed
for other uses in future standards. However, some degree of functionality may be required for

items

designated as “obsolete” to provide for backward compatibility.

Obs
comn
comn
to thq

3.34
Keyw

featu
defin

3.34
Keyw
3.34

Keyw
futurg

this ¢r other standards. A reserved bit~byte, word or field shall be cleared to zero,

accolf
bits,
a con

3.34

Keyw
defin
uses

UtU bUIIIIIIdIIUIb bilUuid IIUt IL)U uacd IUy tilc iIUbt. CUIIIIIIdIIUID UIUﬁIIULi as UIUbUiUtU LILILI
hand aborted by devices conforming to this standard. However, if a device doge
nand abort an obsolete command, the minimum that is required by the device i resy
command is command completion.

5 optional

ord that describes features that are not required by this standard,.However, if any op

bd by the standard.

6 prohibited

ord ind icating that an item shall not be implemented by an implementation.

7 reserved

ord indicating reserved bits, bytes, wordsy fields and code values that are set asig

standardization. Their use and interpretation may be specified by future extensio

dance with a future extension to“this standard. The recipient shall not check res
pytes, words or fields. Receipt of reserved code values in defined fields shall be treat
mand parameter error and.reported by returning command aborted.

8 retired

ord indicating that-the designated bits, bytes, words, fields and code values that had
bd in previous standards are not defined in this standard and may be reclaimed for
in future standards. If retired bits, bytes, words, fields or code values are used beforg

ny be
s not
onse

tional

e defined by the standard is implemented, the feature shall be.implemented in th¢ way

e for
ns to
or in
erved
ed as

been
other
e they

are rg¢claimed, they shall have the meaning or functionality as described in previous standards.

3.34

9 shall

Keyw

rd indira’ring a mandatnry rpquirpmpnt I')pqignprc. are rpquirpd ta implpmpnf all

such

mandatory requirements to ensure interoperability with other products that conform to this
standard.

3.3.4.10 should

Keyword indicating flexibility of choice with a strongly preferred alternative. Equivalent to the
phrase “it is recommended”.

3.3.5

Numbering

Numbers that are not immediately followed by a lowercase "b" or "h" are decimal values.
Numbers that are immediately followed by a lowercase "b" (e.g., 01b) are binary values.
Numbers that are immediately followed by a lowercase "h" (e.g., 3Ah) are hexadecimal values.
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3.3.6 Signal conventions

Signal names are shown in all uppercase letters.

All signals are either high active or low active signals. A dash character ( - ) at the end of a
signal name indicates the signal is a low active signal. A low active signal is true when the
signal is below V;_ and is false when the signal is above Viy. No dash at the end of a signal
name indicates the signal is a high active signal. A high active signal is true when the signal is
above Vi, and is false when the signal is below V.

“Asserted” means that the signal is driven by an active circuit to the true state. “Negated”
meags that the signal 1s driven by an aclive circuit 1o the false state. "Released” means ihhat the
signgll is not actively driven to any state (see Clause 7). Some signals have bias circuitry that
pull the signal to either a true state or false state when no signal driver is actively asserting or
negating the signal.

Control signals that may be used for more than one mutually exclusive function are identified
with their function names separated by a colon (e.g., DIOW-:STOP).

SIGNAL(n:m) denotes a set of signals, for example, DD(15:0).

3.3.7 Bit conventions

Bit names are shown in all uppercase letters except where '@ lowercase n precedes a bit name.
If there is no preceding n, then when BIT is set to one-ttie meaning of the bit is true and jwhen
BIT i$ cleared to zero the meaning of the bit is false(If\there is a preceding n, then when|nBIT
is cldared to zero, the meaning of the bit is true and ‘when nBIT is set to one, the meaning of
the bft is false.

True False
TEBT I |
Bit[setting=1
Bit|setting=0 / \
True False
nTEST |
Bit|setting=0 |

Bit[setting=1 / \

Bit (n;m) denotes a set of bits, for example, bits (7:0).
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3.3.8 State diagram conventions

State diagrams shall be as shown in Figure 2.

State designator: State_name State designator: State_name

Entry condition Transition condition Exit condition
—Transition label —#®=1— Transition label ——————————®=1— Transition label — State_name

Transition action Transition action Transition action

Transition condition
Transition label —

Transition action

State re-entry -

BSY DRQ REL SERV C/D /10 INTRQ | DMARQ } PDIAG- DASP-
v \% v \% v \ \ A \ \

Figure 2 — State diagram convention

Each|state is identified by a state designator and a state‘name. The state designator is upique
amor|g all states in all state diagrams in this document? The state designator consists of|a set
of letfers that are capitalized in the title of the figute\containing the state diagram followed by a
unigue number. The state name is a brief description of the primary action taken during the
state| and the same state name may appeat<in other state diagrams. If the same prjmary
function occurs in other states in the same“state diagram, they are designated with a upique
letter| at the end of the name. Additional actions may be taken while in a state and fhese
actiops are described in the state description text.

In device command protocol state diagrams, the state of bits and signals that change [state
during the execution of this state diagram are shown under the state designator:state_hame
and 4 table is included that shows the state of all bits and signals throughout the state diggram
as follows:

bit value changes.
bit set to one.

bit cleared to zero.
bitis\don’t care.

V =signhal changes.
Al=Jsignal is asserted.
N= signal is negated.
R=signal is released.
X = signal is don’t care.

X O <
TR TR TR

Each transition is identified by a transition label and a transition condition. The transition label
consists of the state designator of the state from which the transition is being made, followed
by the state designator of the state to which the transition is being made. In some cases, the
transition to enter or exit a state diagram may come from or go to a number of state diagrams,
depending on the command being executed. In this case, the state designator is labeled xx.
The transition condition is a brief description of the event or condition that causes the transition
to occur and may include a transition action, indicated in italics, that is taken when the
transition occurs. This action is described fully in the transition description text.

Upon entry to a state, all actions to be executed in that state are executed. If a state is re-
entered from itself, all actions to be executed in the state are executed again.
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Transitions from state to state shall be instantaneous.

3.3.9 Timing conventions

Certain symbols are used in the timing diagrams. These symbols and their respective
definitions are listed below.

/ or \ - signal transition (asserted or negated)

< or > - data transition (asserted or negated)

—(_}— - data valid

XXXX - undefined but not necessarily released

- asserted, negated or released

- released

------------------------ - the “other” condition if a signal is shown withho change

All signals are shown with the asserted condition facing t¢)the top of the page. The nepated
condition is shown towards the bottom of the page relative to the asserted condition.

The interface uses a mixture of negative and positive signals for control and data. The ferms
asseffted and negated are used for consistency and are independent of elegtrical
chargcteristics.

In allftiming diagrams, the lower line indicates negated and the upper line indicates asserted.
The following illustrates the representation of a signal named TEST going from negated to
assefted and back to negated, basedon the polarity of the signal.

Assert Negate
TEPT | |
>V
<V / \
Assert Negate
TEPT- |
<Vi |

>Viy / \

3.3.1 B rdering for ransfer

Data is transferred in blocks using either PIO or DMA protocols. PIO data transfers occur when
the BSY bit is cleared to zero and the DRQ bit is set to one. These transfers are usually 16-bit
but CFA devices may implement 8-bit PIO transfers. Data is transferred in blocks of one or
more bytes known as a DRQ block. DMA data transfers occur when the host asserts DMACK-
in response to the device asserting DMARQ. DMA transfers are always 16-bit. Each assertion
of DMACK- by the host defines a DMA data burst. A DMA data burst is two or more bytes.

Assuming a DRQ block or a DMA burst of data contains "n" bytes of information, the bytes are
labeled Byte(0) through Byte(n-1), where Byte(0) is first byte of the block and Byte(n-1) is the
last byte of the block. Table 2 shows the order the bytes shall be presented in when such a
block of data is transferred on the interface using 16-bit PIO and DMA transfers. Table 3 shows
the order the bytes shall be presented in when such a block or burst of data is transferred on
the interface using 8-bit P10.
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Table 2 — Byte order

bb |pbb (DD | DD | DD (DD | DD | DD (DD | DD | DD (DD | DD | DD | DD | DD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

Table 3 — Byte order

DD DD DD DD DD DD DD DD
0
7 6 5 4 3 2 1
First transfer Byte (0)
Second transfer Byte (1)
Last transfer Byte (n-1)

NOTE| The above description is for data on the interface. Host systems~and/or host adapters may cause thg order
of datg as seen in the memory of the host to be different.

Somg¢ parameters are defined as a string of ASCIl characters. ASCII data fields shall cgntain

only ¢ode values 20h through 7Eh. For the string “Copyright”, the character “C” is the first|byte,

the dgharacter “0” is the second byte, etc. Wheny'these fields are transferred, the order of

transmission is:

the 1° character (“C”) is on DD(15:8) of the.first word,

the 2" character (“0”) is on DD(7:0) of thefirst word,

the 3" character (“p”) is on DD(15:8) of the second word,

the 4™ character (“y”) is on DD(7:0) of'the second word,

the §" character (“r") is on DD(15:8)-0f the third word,

the 4™ character (“i”) is on DD(7-@) of the third word,

the 1" character (“g”) is on DD(15:8) of the fourth word,

the 4" character (“h”) is on DB(7:0) of the fourth word,

the 9" character (“t”) is_.on DD(15:8) of the fifth word,

the 10™ character (“space”) is on DD(7:0) of the fifth word,

etc.

Word (n:m) denotées a set of words, for example, words (103:100).
p

AN

L (N
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3.3.11 Byte, word and DWORD relationships

Figure 3 illustrates the relationship between bytes, words and DWORDs for serial interface
implementations.

Byte
1T 1 1 1 11
5 4 3 2 1 0 9 8 7 6 5 4 3 Z T 0
\Word
Byte 1 Byte 0
3 3 2 2222222211111 11111
109 87 65 43 21 09 87 65 43 2109 8 7w543 210
DWORD
Word 1 Word 0
Byte 3 Byte 2 Byte 1 Byte 0

Figure 3 — Byte, word and DWORD relationships

3.4 | Relationship of this part of ISO/IEC 24739 to ISO/IEC 24739-1 and ISO/IEC 24739-3

Originally, the three parts formed a single specification. For the convenience of the user, it was
decided that this large specification will be published in three parts. However, to comply with
other| existing publications and to show the close interdependece between the three parts, the
origirfal overall structure.was kept as far as practicable. Therefore, entire Clauses and Annexes
have |been left empty with a reference to where they can be found in either Part 1 or Part 3.

4 General operational requirements

Refen to IS©@AEC 24739-1, Clause 4 for operational requirements (see 3.4).

5

O register descriptions

Refer to ISO/IEC 24739-1, Clause 5 for 1/O register descriptions and see also Clause 10 for
parallel interface register addressing (see 3.4).

6 Command descriptions

Refer to ISO/IEC 24739-1, Clause 6 for command descriptions (see 3.4).
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7 Parallel interface physical and electrical requirements

7.1 Cable configuration

This standard defines an interface containing a single host or host adapter and one or two
devices. One device is configured as Device 0 and the other device as Device 1.

The designation of a device as Device 0 or Device 1 may be made in a number of ways
including but not limited to

e a switch or a jumper on the device,

e use of the Cable Select (CSEL) pin.

The host shall be placed at one end of the cable. It is recommended that, for a single device
configuration, the device be placed at the opposite end of the cable from the host. If a gingle
device configuration is implemented with the device not at the end of the cable, a cablg stub
resul{s that may cause degradation of signals. Single device configurations’\with the devige not
at thg end of the cable shall not be used with Ultra DMA modes.

7.2 | Electrical characteristics
7.21 General
Tablg 4 defines the DC characteristics of the interfaceCsignals. Table 5 defines thg AC
chargcteristics. These characteristics apply to bothichost and device, unless otherwise
specified.
Table 4 — DC characteristics
Description Minimum Maximum
bl Driver sink current @ 4 mA
loLbASP Driver sink current for DASP @ 12 mA
IbH Driver source current P 400 pA
loHDIMARQ Driver source currerit for DMARQ b 500 pA
7 Device pull-up eurrent on DD(15:8), DD(6:0) and STROBE when -100 pA 200 pA
released
Izbp7 Device pull-up current on DD7 when released -100 pA 10 uA
Vin Voltage:input high 2.0 vDC 5.5 VvDC
i Voltage input low 0.8 VDC
Vo Voltage output high at /o4 min © 2.4VDC
Vob Voltage output low at /oL min ¢ 0.5 VDC
Additional DC characteristics for Ultra DMA modes greater than 4
VDD3 DC supply voltage to drivers and receivers 33V-8% 33V+8%
V+ Low to high input threshold 1.5V 20V
V- High to low input threshold 1.0V 1.5V
VHYS Difference between input thresholds: 320 mV
((V+current value) — (V—current value))
VTHRAVG | Average of thresholds: ((V+current value) + (V—-current value))/2 1.3V 1.7V
VoH2 Voltage output high at -6 mA to +3 mA (at VoH2 the output shall be VDD3 - VDD3 +
able to supply and sink current to VDD3) ¢ 0.51 vDC 0.3 vDC
VolL2 Voltage output low at 6 mA ¢ 0.51 VvDC
A device shall have less than 64 pA of leakage current into a 6.2 kQ pull-down resistor while the INTRQ signal is in the
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released state.

loLpasp shall be 12 mA minimum to meet legacy timing and signal integrity.
b Jon value at 400 uA is insufficient in the case of DMARQ that is pulled low by a 5.6 kQ resistor.
¢ Voltage output high and low values shall be met at the source connector to include the effect of series termination.

Table 5 — AC characteristics

Description Minimum Maximum
SRISE Rising edge slew rate for any signal @ 1.25 V/ns
SEAL Falling edge slew rate for any signal @ 1.25 V/ns
Chost Host interface signal capacitance at the host connector P 25 pF
Cdevike Device interface signal capacitance at the device connector b 20 pF
Additional AC characteristics for Ultra DMA modes greater than mode 4
Srist2 Rising edge slew rate for DD(15:0) and STROBE 2 0.40 V/ns 1.0 V/ins
SraLl2 Falling edge slew rate for DD(15:0) and STROBE 2 0.40 V/ns 1.0 V/ns
Induced signal to conductor side of device connector for any non-switehing VDD3 -
VDS$OH | data signal at VoH due to simultaneous switching of all other data.lines high 500 mV
and low by the device ¢
VDS$OL Same as VDSSOH except non-switching data signal at Vol¢¢ 500 mV
Induced signal to conductor side of host connector for any‘non-switching data VDD3 -
VHS$OH | signal at VoH due to simultaneous switching of all otherdata lines high and 600 mV
low by the host ¢
VHS$OL Same as VHSSOH except non-switching data sighal at VoL ¢ 600 mV
VRING AC voltage at recipient connector d -1.0V 6.0V
Cdevike2 Device capacitance measured at the connector pin P 17 pF
Co Ratio of the highest DD(15:0) or STROBE signal capacitance as measured at 1.5
ratig the connector to the lowest DD(15:0) or STROBE signal capacitance.
Vih The highest voltage reached on a rising transition at the recipient connector 22V
MPgAK within 3 ns of crossing 1.5/~
The lowest voltage oh a high signal at the recipient connector at any time 1.7V
VinriNG after the rising edgé crosses Vihpgak until activity driven low by a subsequent
falling transition.&
Vi The lowestvoltage reached on a falling transition at the recipient connector 0.8V
IIPERK within 3 ns‘ef crossing 1.5V €
Thedighest voltage on a low signal at the recipient connector at any time 1.3V
ViRING after)the falling edge crosses Vilpgak until activity driven high by a
subsequent rising transition ©
a Sjgnal integrity may be improved by using slower slew rates at slower transfer rates.

b apacitance measuredat— vz
C See 7.2.2.2 for measurement details.

d The sender shall not generate voltage peaks higher then these absolute limits on DD(15:0) with all data lines
switching simultaneously and a single recipient at end of cable. The test load shall be an 18" long, 40-conductor
cable in Ultra DMA mode 2, as well as, an 18", long 80-conductor cable operated in the highest Ultra DMA mode
supported.

€ Vihpeak » VinrING » VilPEak and Vjring shall be met in a functioning system across all patterns and shall be met
when measured at any connector.
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7.2.2

AC characteristics measurement techniques

7.2.2.1 Slew rate

The sender’s signals shall be tested while driving an 45.7 cm (18 in) long, 80-conductor cable
with PVC insulation material. The signal under test shall be cut at a test point so that it has no
trace, cable, or recipient loading after the test point. All other signals should remain connected
through to the recipient. The test point may be located at any point between the sender's series
termination resistor and 12.7 mm (0.5 in) or less of conductor exiting the connector. If the test
point is on a cable conductor rather than the PCB, an adjacent ground conductor shall also be
cut within 12.7 mm (0.5 in) of the connector. The test load and test points should then be
soldered directly to the exposed source side connectors. The test load shall consist of a 15 pF

or 40

capa
Meas
1 pF
oscill
with

averd
rising

7.2.2

Vsso g
exce
V0|_ a
be aq
capa
1.27

citor from the test point to ground. Slew rates shall be met for both capacitoryv
urements shall be taken at the test point using a 1 GHz or faster test probe with-less
capacitance and greater than 100 kQ impedance connected to a 500 MHz or

bscope. The average rate shall be measured from 20 % to 80 % of the(settled Vo4
Hata transitions at least 120 ns apart. The settled V,4 level shall be measured a
ge output high level under the defined testing conditions from 100xns after 80 %
edge until 20 % of the subsequent falling edge.

2 VSSO

hall be tested with the same test cable configurationcas-described for slew rate tg
t with the test load described here and the cut-cablésconductor configuration. Forn
d Vo4 measurements, the test load shall consist-0f a 90.9 Q 1 % resistor (this alsd
complished by using 1 kQ 1 % and 100 Q 1 %)resistors in parallel) and a 0.1 pF
Citor in series to ground. Both resistor and\ capacitor shall be 2.03 mm (0.08 i
mm (0.05in) or smaller surface mount. TThe order of components should be s

resisfor-capacitor-ground. Refer to 7.2.4.4 for PCB layout requirements related to Vsso.
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ent. The first 30 sectors shall contain Fh in order to generate an “all 1s” pattern tqg
e the capacitor to V,4. The_final sectors of the command shall contain the red
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7.2.3 Driver types and required termination
Table 6 — Driver types and required termination
. . b : b Footnotes to
Signal Source Driver type 2 Host Device
table
RESET- Host TP
DD(15:0) Bidir TS ¢
DMARQ Device TS 5.6 kQ PD
DIOR-:HDMARDY- Host TS
‘HSTROBE
DIOW-:STOP Host TS
ORDY:DDMARDY- Device TS 4.7 kQ PU fk
:DSTROBE
CSEL Host Ground 10kQ-PU df
DMACK- Host TP
INTRQ Device TS 10 kQ e
DA(2:0) Host TP
PDIAG-:CBLID- Device TS 10 kQ PU b, f g h
CS0- CS1- Host TP
DASP- Device oc 1kQ PU fi

a T = Tri-state; OC = Open collector; TP = Totem-pole; PU </ ull-up; PD = Pull-down.

b Al resistor values are the minimum (lowest allowed) except for the 10 kQ PU on PDIAG-:CBLID- which [shall have a
tglerance of +5 % or less.

¢ Dlevices shall not have a pull-up resistor on DD7:(The host shall have a 10 kQ pull-down resistor and not a pull-up
rg¢sistor on DD7 to allow a host to recognize the absence of a device at power-up so that a host shall dgtect BSY as
bking cleared when attempting to read the Status register of a device that is not present.

d  When used as CSEL, this line is grounded-at the host and a 10 kQ pull-up is required at both devices.

€ A10 kQ pull-up or 6.2 kQ pull-down, depending upon the level sensed, should be implemented at the hopt.

f Pull-up values are based on +5 V! Except for the pull-up on PDIAG-:CBLID- which shall be to +5 V¢c for backward
cpmpatibility, pull-ups may be toVpps. For systems supporting Ultra DMA modes greater than 4, the hopt pull-up on
IQRDY:DDMARDY-:DSTROBEShould be to Vpps.

9 Hosts that do not support:Ultra DMA modes greater than mode 2 shall not connect to the PDIAG-:CBLID{ signal.

h  The 80-conductor €able assembly shall meet the following requirements: the PDIAG-:CBLID- signpal shall be
cpnnected to ground-in the host connector of the cable assembly; the PDIAG-:CBLID- signal shall not be connected
between the host-and the devices; and the PDIAG-:CBLID- signal shall be connected between the devicds.

i The host shall ‘not drive DASP-. If the host connects to DASP- for any purpose, the host shall ensure thpt the signal
Igvel detected on the interface for DASP- shall maintain Vo4 and V.. compatibility, given the lo,n and /o requirements
of the DASP- device drivers.

kK FprheSt systems not supporting modes greater than Ultra DMA mode 4, a pull-up of 1 kQ may be used.

7.2.4 Electrical characteristics for Ultra DMA
7.2.41 General

Hosts that support Ultra DMA transfer modes greater than mode 2 shall not share signals
between primary and secondary I/O ports. They shall provide separate drivers and separate
receivers for each cable.
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7.2.4.2

Cable configuration

— 33 -

Table 7 defines the host transceiver configurations for a dual cable system configuration for all

transfer modes.

Table 7 — Host transceiver configurations

Multiword DMA

signals to both ports.

Transfer Optional host Recommended host Mandatory host
mode transceiver configuration transceiver configuration transceiver configuration
All PIO and One transceiver may be used for | DIOR-, DIOW- and IORDY Either DIOR-, DIOW- and

should have a separate

IORDY or CS0- and CS1-

transcelver 101 edcCr port.

ShdIlTiave a sepd te
transceiver for 'eagh port.

Ultra|]DMA One transceiver may be used for | DIOR-, DIOW- and IORDY Either DIOR-,)DIOW- and
signals to both ports except should have a separate IORDY ,or CS0- and CS1-
0,1, DMACK-. transceiver for each port. shall have a separjate
transceiver for eagh port.
DMACK- shall have a
separate transceiver for each
port.
Ultra|[DMA One transceiver mav be used for RESET-, INTRQ, DA(2:0) All signals shall hgve a
. y CS0-, CS1- and DASP+should | separate transceivVier for each
modds >2 signals to both ports for .
. have a separate transceiver port except for REGET-,
RESET-, INTRQ, DA(2:0), CSO-, .
for each port. INTRQ, DA(2:0), ¢S0-, CS1-
CS1- and DASP-.
and DASP-.
Tablg 8 defines the system configuration for connection between devices and systems for all

transfer modes. For Ultra DMA modes requiring an 80-conductor cable, that cable shall|meet
the requirements for 80-conductor cables (see 7,3:2.3).

Table 8 — System configuration'for connection between devices

and systems:for all transfer modes

Transfer Single device direct 40-conductor cable 80-conductor cable
mode connection configuration @ connection configuration b connection copfiguration P
All P|O and c
Multitvord DMA May be used;, May be used. May be used
Ultra|]DMA
0 1b May betused. May be used. May be used ¢

Ultra|]DMA modes
>2

May be used (See NOTE 4).

Shall not be used.

May be used d

a

D

b The 40=conductor cable assembly and the 80-conductor cable assembly are defined in 7.3.
8p-canductor cable assemblies may be used in place of 40-conductor cable assemblies to improve si
d

irect connection is a direct point-to-point connection between the host connector and the device connegtor.

nal quality for

htavraoncfor madac that Ao nat roniira a0 9N
gta—tehRSreeaestatraoRot+eqtHeaov

Rat

Gto 6o

d  Either a single device direct connection configuration or an 80-conductor cable connection configuration shall be used
for systems operating with Ultra DMA modes greater than 2.

7.2.4.3

Series termination required for Ultra DMA

Series termination resistors are required at both the host and the device for operation in any of
the Ultra DMA modes. Table 9 describes typical values for series termination at the host and

the device.

For host systems and devices supporting Ultra DMA modes greater than 4, the output and bi-
directional series termination values for DD(15:0) and STROBE signals shall be chosen so that
the sum of the driver output resistance at V., or V,4, and the series termination resistance is
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between 50 Q and 85 Q. For these systems, the STROBE input shall use the same series
termination resistance value as the data lines.

Host systems supporting Ultra DMA modes greater than 5 and having PCB traces longer than
4" shall use series termination resistors of no less than 22 Q on DD(15:0) and STROBE
signals. The termination resistors shall be placed within 12.7 mm (0.5 in) of the host connector.

Table 9 — Typical series termination for Ultra DMA

Signal Host termination Device termination
€ €
DIOR-:HDMARDY-:HSTROBE 22 82
DIOW-:STOP 22 82
CS0-, CS1- 33 82
DAO, DA1, DA2 33 82
DMACK- 22 82
DD15 through DDO 33 33
DMARQ 82 22
INTRQ 82 22
IORDY:DDMARDY-:DSTROBE 82 22
RESET- 33 82
Only those signals that require termination are listed in this table. If a signal is not listed, s¢ries
termination is not required for operation in an Ultra,DMA mode. Figure 4 shows signals also requjring
a pull-up or pull-down resistor at the host. The' actual termination values should be selected to
compensate for transceiver and trace impedafnce to match the characteristic cable impedance.

Ve or Vops .
Receiver
Connector
@, WAAN
% k

Connector Recoi

IORDY eceiver

—\VVVW——20
//'! X, Connector
Driver DD 7
Receiver

Figure 4 — Ultra DMA termination with pull-up or pull-down

7.24.4 PCB trace requirements for Ultra DMA

PCB trace layout is a factor in meeting the Vs, values in Table 4.
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The longest DD(15:0) or STROBE trace for any device supporting Ultra DMA modes greater
than 5 shall be 101.6 mm (4 in).

On any PCB for a host or device supporting Ultra DMA: The longest DD(15:0) trace shall be no
more than 12.7 mm (0.5 in) longer than either STROBE trace as measured from the IC pin to
the connector. The shortest DD(15:0) trace shall be no more than 12.7 mm (0.5 in) shorter than
either STROBE trace as measured from the IC pin to the connector.

Any DD(15:0) or STROBE trace on a PCB for a host or device supporting Ultra DMA modes

(1)
same

ay be
plane

pf the

greater than 5 shall meet the following:
«L I {TF(DTHF )08
wher
L| is the trace length in mm/25.4 (inches);
D is the center-to-center trace spacing of adjacent traces. If both traces are’the
width, this is equivalent to one trace width plus the trace separation.
H is the height of the trace above a continuous, unbroken supply plane.Fhe plane m
power or ground but if a power plane is used, it must be bypassed.tfo the ground
on both sides of the DD(15:0) bus near the connector ground pins|and at the IC.
The ynits used for D and H shall be the same.
7.3 | Connectors and cable asemblies
7.3.1 General
The device shall implement one of the connector optionsydescribed in this subclause.
7.3.2 40-pin connector
7.3.21 General
The IfO connector is a 40-pin connector>,;The header mounted to a host or device is shown in
Figure 5 and the dimensions are shown“in Table 10. The connector mounted to the end
cablg is shown in
Figure 6 and the dimensions~ate shown in Table 11. Signal assignments on these conngctors
are shown in Table 12.

The

receg
rema
refled
and 4

By u

tacle is mounted on the printed circuit board affects the pin positions and pin 1

Il the signals are relative to pin 20, which is keyed.

5ing/the plug positions as primary, a straight cable can connect devices. As sho

bin locations are\governed by the cable plug, not the receptacle. The way in which the

shall

n in the same relative position. This means the pin numbers of the receptacle mgy not
t the conddctor number of the plug. The header receptacle may or may not be polarized

vn in

Figur

e 7, conductor 1T on pin 1 of the plug shall be in the same relative position no matier what

the receptacle numbering looks like. If receptacle numbering was followed, the cable would
have to twist 180° between a device with top-mounted receptacles and a device with bottom-
mounted receptacles.
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\

A1+T1
A3 min

Pos. 2—\

S A2+ T2 —————=

/— Pos. 40

'

A6 min

@

ONONONCNONONONONC)

[ONCNCNONONCNCRONONC)
00000 OOROOOOOO® @00

L
]
¥
7

A5 max

- A10+ T5 \_Pos. 20

A

'¢

T

A14+T6

b

.
Pos—1 Pin removed Pas 29 DotaitA
A8+ T4 _
Pim 1 F = Square or round pin Detail A
Ing icatoT\ —ﬁ }4 A9 min * *
1V | 1Y AT +151T3
A7 max A1Z min Ad+T3 -

INRRRRREEE!

F -

}
= [=A10£T5

Section F-F

Figure 5 — Host or device 40-pin /O header

Table 10 — Host or device 40-pin I/0 header

Dimension mm in
A1 58.17 2.290
A2 48.26 1.900
A3 56.01 2.205
A4 5.84 0.230
A5 9.55 0.376
A6 6.22 0.245
A7 10.16 0.400
A8 0.64 0.025
A9 4.06 0.160
A10 2.54 0.100
A11 6.35 0.250
A12 6.48 0.255
A13 0.33 0.013
A14 0.58 0.023
T1 0.51 0.020
T2 0.13 0.005
T3 0.25 0.010
T4 0.03 0.001
T5 0.08 0.003
T6 0.18 0.007
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37—

4

. A
A8 min

f

A5 min

\ Pos. 1 * ->‘ F— A7 max  See NOTE 1

Indicator
Mating pins 0.635 mm (0.025 in) sq. or round
Pos. 1 - A2 +T1 /—A4 + T2
A8 £T3 / -
‘ _ ) A3 L T1
D@@@@@@@@@@@@*@@@@@@@@ — A
NEEEEENEEE  EECEEEEE 6 — ('}
Pos. 2 _/ Pos. 20 _/—> ~— A4 + T2
' Blocked Pos. 40

NOTE - The optional polarizing feature is recommended> Some host
receptacles do not provide a polarizing slot.

Figure 6 — 40-pin I/O cable connector

Table 11 — 40-pin-l{O cable connector

Dimension mm in
A1 55.37 2.180
A2 48.26 1.900
A3 6.10 0.240
A4 2.54 0.100
A5 6.48 0.255
A6 4.57 0.180
A7 3.81 0.150
A8 1.27 0.050
T1 0.13 0.005
T2 0.08 0.003
T3 0.25 0.010
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Table 12 — 40-pin I/0 connector interface signals

Signal name Connector Conductor Connector Signal name
contact contact
RESET- 1 1 2 2 Ground
DD7 3 3 4 4 DD8
DD6 5 5 6 6 DD9
DD5 7 7 8 8 DD10
DD4 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
Ground 19 19 20 20 tkeypin)
DMARQ 21 21 22 22 Ground
DIOW-:STOP 23 23 24 24 Ground
DIOR-:HDMARDY- 25 25 26 26 Ground
:HSTROBE
IORDY:DDMARDY- 27 27 28 28 CSEL
:DSTROBE
DMACK- 29 29 30 30 Ground
INTRQ 31 31 32 32 Obsolete 2
DA1 33 33 34 34 PDIAG-:CBLID-
DAO 35 35 36 36 DA2
CSo0- 37 37 38 38 CS1-
DASP- 39 39 40 40 Ground
a2  P|n 32 was defined as IOCS16 in ATA%2;”ANSI X3.279-1996.
h A
40 20 2
Circuit board F Circuit board *
1
40 20 2
Figure 7 — 40-pin I/0 header mounting
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7.3.2.2 40-conductor cable

The 40-conductor cable assemby is shown in Figure 8 with dimensions in Table 13. Cable
capacitance shall not exceed 35 pF.

- A1 >
- A2 >|< A3 >
Host Connector Polarity stripe on Device 0 Device 1
#1 conductor Connector Connector

Figure 8 — 40-conductor cable configuration

Table 13 — 40-conductor cable configuration

Dimension mm in
1 254.00 ‘min. 10.00 min.
457.20 max. 18.00 max.
A2 127.00 min. 5.00 min.
304.80 max. 12.00 max.
A3 127.00 min. 5.00 min.
152.40 max. 6.00 max.

7.3.2{3 80-conductor'cable assembly using the 40-pin connector

To provide better signal integrity, the optional 80-conductor cable assembly is specified fdr use
with 40-pin connectors. Use of this assembly is mandatory for systems operating at Ultra|DMA
modgs greaterithan 2. The mating half of the connector is as described in 7.3.2. Every |other
conduictor innthe 80-conductor cable is connected to the ground pins in each connector.

The ¢lecirical requirements of the 80-conductor ribbon cable are shown in Table 14 an(d the
phys&mmanmmre—d'escﬁved-mfigure S—anmd-Tabte15:

Figure 10 and Table 16 describe the physical dimensions of the cable assembly. The connector
in the center of the cable assembly labelled Device 1 Connector is optional. The System Board
connector shall have a blue base and a black or blue retainer. The Device 0 Connector shall
have a black base and a black retainer. The Device 1 Connector shall have a gray base and a
black or gray retainer. The cable assembly may be printed with connector identifiers.

There are alternative cable conductor to connector pin assignments depending on whether the
connector attaches all even or odd conductors to ground. Table 17 shows the signal
assignments for connectors that ground the even numbered conductors. Table 18 shows the
signal assignments for connectors that ground the odd numbered conductors. Only one
connector type, even or odd, shall be used in a given cable assembly. Connectors shall be
labelled as grounding the even or odd conductors, as shown in Figure 11. Cable assemblies
conforming to Table 17 are interchangable with cable assemblies conforming to Table 18.
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All connectors shall have position 20 blocked to provide keying. Pin 28 in Device 1 Connector
shall not be attached to any cable conductor, the connector contact may be removed to meet
this requirement (see 8.2.13.3). Pin 34 in the Host Connector shall not be attached to any
cable conductor and shall be attached to Ground within the connector (see 9.4).

Table 14 — 80-conductor cable electrical requirements

Conductor 0.050 92 mm?
(30 AWG)
Ground-signal-ground
Single ended impedance Q) 70 to 90
Capacitance (pF/ft) 13 to 22
(pF/m) 42 to 72
Inductance (uH) 0.08 to 0.16
Propagation delay (ns/ft) 1.35to 1.65
(ns/m) 4.43 to 5411

A1+ T1

- A2 +
Polarity stripe A2£ T

on #1 conductor j\ A3 £T2
0){(e)(e)(®)(0)(e) /)O A4+T3

—> [ A5 +T4

/O\

Figure 9 — 80-conductor ribbon cable

Table 15— 80-conductor ribbon cable

Dimension mm in
A1 50.800 2.000
A2 50.165 1.975
A3 0.635 0.025
A4 0.685 8 0.027
A5 0.317 5 0.0125
T1 0.127 0.005
T2 0.0406 0.001 6
T3 0.050 8 0.002
T4 0.102 0.004



https://iecnorm.com/api/?name=2766ab12b73ffb26a7416bfa082bd45b

24739-2 © ISO/IEC:2009(E)

—41 -
et A1 -
~ A2 >|< A3 >
- o
- 8 8
g s 5
T a o
Host Connector Polarity stripe on Device 1 Deyice 0
#1 conductor Connector €onnector

Figure 10 — 80-conductor cable configuration

Table 16 — 80-conductor cable configuration

Dimension mm in
A1 457.20 max. 18.00 max.
A2 127.00 min. 5.00 min.
A3 152.40 max: 6.00 max.

A2 min. shall be greater than‘or equal to A3.



https://iecnorm.com/api/?name=2766ab12b73ffb26a7416bfa082bd45b

—42 - 24739-2 © ISO/IEC:2009(E)

Table 17 — Signal assignments for connectors grounding even conductors

Signal name Connector Conductor Signal name
contact
RESET- 1 1 2 Ground
Ground 2 3 4 Ground
DD7 3 5 6 Ground
DD8 4 7 8 Ground
DD6 5 9 10 Ground
[nYnYe} 8 11 12 Ground
DD5 7 13 14 Ground
DD10 8 15 16 Ground
DD4 9 17 18 Ground
DD11 10 19 20 Ground
DD3 11 21 22 Ground
DD12 12 23 24 Ground
DD2 13 25 26 Ground
DD13 14 27 28 Ground
DD1 15 29 30 Ground
DD14 16 31 32 Ground
DDO 17 33 34 Ground
DD15 18 35 36 Ground
Ground 19 37 38 Ground
(keypin) 20 39 40 Ground
DMARQ 21 41 42 Ground
Ground 22 43 44 Ground
DIOW- 23 45 46 Ground
Ground 24 47 48 Ground
DIOR- 25 49 50 Ground
Ground 26 51 52 Ground
IORDY: 27 53 54 Ground
CSEL 28 55 56 Ground
DMACK- 29 57 58 Ground
Ground 30 59 60 Ground
INTRQ 31 61 62 Ground
Reserved 32 63 64 Ground
PDIAG- 342 67 68 Ground
DAO 35 69 70 Ground
DA2 36 71 72 Ground
CSo0- 37 73 74 Ground
CS1- 38 75 76 Ground
DASP- 39 77 78 Ground
Ground 40 79 80 Ground
a  Pin 34 in the Host Connector shall not be attached to any cable conductor and shall be attached
to Ground within the connector (see 9.4).
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Table 18 — Signal assignments for connectors grounding odd conductors

Signal name Conductor Connector contact Signal name
Ground 1 2 1 RESET-
Ground 3 4 2 Ground
Ground 5 6 3 DD7
Ground 7 8 4 DD8
Ground 9 10 5 DD6
Ground 11 12 6 DD9
Ground 13 14 I DD5
Ground 15 16 8 DD10
Ground 17 18 9 DD4
Ground 19 20 10 DD{1
Ground 21 22 11 DD3
Ground 23 24 12 DD12
Ground 25 26 13 DD2
Ground 27 28 14 DD13
Ground 29 30 15 DD1
Ground 31 32 16 DD14
Ground 33 34 17 DDO
Ground 35 36 18 DD15
Ground 37 38 19 Ground
Ground 39 40 20 (keypin)
Ground 41 42 21 DMARQ
Ground 43 44 22 Ground
Ground 45 46 23 DIOW-
Ground 47 48 24 Ground
Ground 49 50 25 DIOR-
Ground 51 52 26 Ground
Ground 53 54 27 IORDY
Ground 55 56 28 CSEL
Ground 57 58 29 DMACK-
Ground 59 60 30 Ground
Ground 61 62 31 INTRQ
Ground 63 64 32 Reserved
Ground 65 66 33 DA1
Ground 67 68 34 a PDIAG-
Ground 69 70 35 DAO
Ground 71 72 36 DA2
Ground 73 74 37 CSO0-
Ground 75 76 38 CS1-
Ground 77 78 39 DASP-
Ground 79 80 40 Ground

a8 Pin 34 in the Host Connector shall not be attached to any cable conductor and shall be
attached to Ground within the connector (see 9.4).
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Termination block

7.3.3
7.3.3

The g
12 ar
is sh
conn

/
Characters located
approximately where shown
XXX =EVN or ODD

Figure 11 — Connector labeling for even or odd conductor-grounding

4-pin power connector

1 General

ower connector is a 4-pin connector. The header mounted to a device is shown in H
d the dimensions are shown in Table 19. The connéctor mounted to the end of the
pwn in Figure 13 and the dimensions are shown“in Table 20. Pin assignments for
pctors are shown in Table 21.

igure
cable
these

A7 + T2 X 45° —1a—— AG +T3/-T2 -C-
(2X) 16 i

A8 min|g—

< AT2—] A10 ==
. | «——A13 (4X)
<| ...... Spherical R

R A14 Re

DA |

= N
D& O Q| o

///

A1+ T1 (4X) ="

o | 2| A2{n|B|C |

- E A11 —»—

Pin 1

IUnless otheruise epnnifind, all tolerances are + T3

* The tolerance build up of A6 and A7 shall not exceed A16

Figure 12 — Device 4-pin power header
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Table 19 — Device 4-pin power header

Dimension mm in
A1 2.10 0.083
A2 3.50 0.138
A3 5.08 0.200
A4 15.24 0.600
A5 6.60 0.260
A6 21.32 0.839
A7 1.65 0.065
A8 7.50 0.295
A9 6.00 0.236
A10 4.95 0.195
A11 1.00 0.039
A12 11.18 0.440
A13 3.80 0.160
A14 3.00 0.118
A15 5.10 0.201
A16 17.80 0.701
T1 0.04 0.0016
T2 0.15 0.006
T3 0.25 0.010
—i Al -y —
A10 (4X) — |—— o
[ | A12
Y
-1
~+—— A5 +T2/-T3 -C-
. Pin 1
' FH45Ref-12x)

v \ A6+

A4+ T1 %} @2@@%"¥ @ A4 (4X)
+—><A2_:)’_> \—®A1Ref

lo|o T4|A[B|C |

Unless otherwise specified, all tolerances are + T3.

Figure 13 — 4-pin power cable connector
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Table 20 — 4-pin power cable connector

Dimension mm in
A1 2.03 0.080
A2 5.08 0.200
A3 15.24 0.600
A4 6.35 0.250
A5 21.00 0.827
A6 1.78 0.070
A7 7.87 0.310
A8 5.51 0.217
A9 1.19 0.047
A10 5.08 0.200
A11 11.18 0.440
A12 1.19 0.047
A13 2.00 0.079
A14 4.06 0.160
T1 0.10 0.004
T2 0.15 0.006
T3 0.25 0.010
T4 0.60 0.024

Table 21 — 4-pin power. connector pin assignments

Power line Pin
+12)V 1

+12°V return 2

+5 V return 3
+5V 4

7.3.3|2 Mating\performance

Mating force should be 1.75 kg (3.85 Ibs) maximum per contact.

Uanting force should be 113.5 g (0.25 Ibs) minimum per contact.

7.3.4 Unitized connectors

The 40-pin 1/O signal header and the 4-pin power connector may be implemented in one of two
unitized connectors that provide additional pins for configuration jumpers. The dimensioning of
the 40-pin /O signal area shall be as defined in Figure 5 and the dimensioning of the 4-pin
power connector area shall be as defined in Figure 12 for both unitized connectors.

The first of the unitized connectors is shown in Figure 14 with dimensions as shown in Table
22. The jumper pins, A through |, have been assigned as follows:

e E-F-CSEL
e G-H - Master

e G-H and E-F - Master with slave present
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e No jumper - Slave
e A through D - Vendor specific
e |- Reserved

The second of the unitized connectors is shown in Figure 15 with dimensions as shown in
Table 23. The jumper pins, A through J, have been assigned as follows:

e A-B-CSEL

e C-D - Slave

e E-F - Master

e Gl|through J - Vendor specific

Dimensioning of
the 4-pin power
cqnnector area
per figure 12

Dimensioning of the 40- pin
signal connector-area per
figure 5

—= A6
A7 . /— Pin H Pif 40 ‘

$$$~¢:§of?§gg Coototsetecottenatat || A
PinB? ~—AT+T1  —Pin 1 f
Pin A - -— A2 A4 —= ——
- A5
- A8

Y

Y

Tolerances £0.254.mm (0.010 in) unless otherwise specified.
Figure 14 — Unitized connector

Table 22 — Unitized connector

Dimension mm in
A1 2.54 0.100
A2 4.06 0.160
A3 8.40 0.331
A4 5.26 0.207
A5 63.50 2.500
A6 13.54 0.533
A7 2.54 0.100
A8 70.825 2.788
A9 95.50 3.760
T1 0.15 0.006



https://iecnorm.com/api/?name=2766ab12b73ffb26a7416bfa082bd45b

—48 - 24739-2 © ISO/IEC:2009(E)

Dimensioning of . Dimensioning of the 4 0-pin
the 4-pin power Pin B signal connector area per
connector area figure 5

per figure 12 A5 —
7 —» A6 %P'”J Pin 40—\ J

_$l__l_$__,$_l__l$_’ b@m’ @@B@@’G @@@@ A1
i V)| peo00 QO CVR VOOV CRVDABQ P
A7 —74 — Pin 1 D - <_§
Rin-A =t Ag . A3
—- A8
A9

Tolerances £0.254 mm (0.010 in) unless otherwise specified

Figure 15 — Unitized connector

Table 23 — Unitized connector

Dimension mm in
A1 8.51 0.335
A2 5¢54 0.217
A3 57.15 2.250
A4 10.16 0.400
A5 17.88 0.704
AB 8.94 0.352
A7 2.54 0.100
A8 75.29 2.964
A9 100.33 3.950

7.3.5 50-pin 65.mm (2.5 in) form factor style connector

An alternative-connector is often used for 65 mm (2.5 in) or smaller devices. This connedtor is
showh in Figure 16 with dimensions shown in Table 24. Signal assignments are shown in [Fable
25. Althougfr there are 50 pins in the plug, a 44-pin mating receptacle may be used.

Pins E, F and 20 are keys and are removed.

Some devices may use pins A, B, C and D for option selection via physical jumpers. If a device
uses pins A, B, C and D for device selection, when no jumper is present the device should be
designated as Device 0. When a jumper is present between pins B and D, the device should
respond to the CSEL signal to determine the device number.
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— A
_l—>||<—A2iT1 INE =
I;I:II:IHI:II:II:II:II:II:IDI:II:IIIJDIJDDI!II:IDI:I I:\’D
O OO0 ooOoOooooaoao b O OO O oo o [m]
4 \

Pos. 20

Pos. 44 Pin removed

Pos. 1
/ Pos. C
-
| /_ Pos. A

Pos. B
Pos. D

Pos. Eand F
Pins removed

Section A-A

Table 24 - 50-pin.connector

Figure 16 — 50-pin 65 mm (2.5 in) form factor style connector

Dimension mm in
A1 2:00 0.079
A2 0.50 0.020
A3 3.86 0.152
T1 0.05 0.002
T2 0.20 0.008
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Table 25 — Signal assignments for 50-pin 65 mm (2.5 in) form factor style connector

Signal name Connector Conductor Connector Signal name
contact contact
Option selection pins A B Option selection pins
Option selection pins C D Option selection pins
(keypin) E F (keypin)
RESET- 1 1 2 2 Ground
DD7 3 3 4 4 DD8
DDo6 ) ) [§] © DD9
DD5 7 7 8 8 DD40
DD4 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
Ground 19 19 20 20 (keypin)
DMARQ 21 21 22 22 Ground
DIOW-:STOP 23 23 24 24 Ground
DIPR-:HDMARDY-:HSTROBE 25 25 26 26 Ground
IORDY:DDMARDY- 27 27 28 28 CSEL
:DSTROBE
DMACK- 29 29 30 30 Ground
INTRQ 31 31 32 32 Obsolete (see|?)
DA1 33 33 34 34 PDIAG-
DAO 35 35 36 36 DA2
CSo0- 37 37 38 38 CS1-
DASP- 39 39 40 40 Ground
+5 V (logic) 41 41 42 42 +5 V (motor
Ground(return) 43 43 44 44 Reserved - no confection

Pin 32 was defined.as IOCS16 in ATA-2, ANSI X3.279-1996.
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7.3.6

68-pin PCMCIA connector

7.3.6.1 General

This subclause defines the pinouts used for the 68-pin alternative connector for the AT
attachment interface. This connector is defined in the PCMCIA PC Card Standard. This
subclause defines a pinout alternative that allows a device to function as an AT attachment
interface compliant device, while also allowing the device to be compliant with PC Card ATA
mode defined by PCMCIA. The signal protocol allows the device to identify the host interface
as being 68-pin as defined in this standard or PC Card ATA.

recon

7.3.6
This

other
regis

The

ains commonality with as many PC Card ATA signals as possible, while suppoftin
nand and signal compliance with this standard.

58-pin pinout shall not cause damage or loss of data if a PCMCIA card .is” accide
ed into a host slot supporting this interface. The inversion of the RESET-signal bef
standard and PCMCIA interfaces prevents loss of data if the device is unab

figure itself to the appropriate host interface.
2 Signals
standard relies upon the electrical and mechanical characteristics of PCMCIA and u

wise noted, all signals and registers with the samginames as PCMCIA signals
ers have the same meaning as defined in PCMCIA,

rface
g full

ntally
ween
le to

nless
and

PC Card ATA specification is used as a reference to identify the signal protocol used to
identify the host interface protocol.

7.3.6{3 Signal descriptions

7.3.6{3.1 General

Any gignals not defined below shall be as described in this standard, PCMCIA, or the PC|Card

ATA documents.

Tablg 26 shows the signals and relationships such as direction, as well as providing the gignal

namg of the PCMCIA gquivalent.

Table 26 — Signal assignments for 68-pin connector

Pin Signal Hst | Dir Dev PCMCIA Pin Signal Hst Dir Dev PCMCIA
1 Ground X - X Ground 35 Ground X - X Ground
2 Bb3 * = * B3 36 B4 * = * CD1-
3 DD4 X VN X D4 37 DD11 X PN X D11
4 DD5 X VN X D5 38 DD12 X PN X D12
5 DD6 X VN X D6 39 DD13 X PN X D13
6 DD7 X VN X D7 40 DD14 X PN X D14
7 CSo- x - X CE1- 41 DD15 X VN X D15
8 - i A10 42 CSs1- X - x(1) CE2-
9 SELATA- X - X OE- 43 « i VS1-
10 44 DIOR- X - X IORD-
11 CSs1- X - x(1) A9 45 DIOW- X - X IOWR-
12 - i A8 46
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Pin Signal Hst | Dir Dev PCMCIA Pin Signal Hst Dir Dev PCMCIA
13 47
14 48
15 - i WE- 49
16 INTRQ X «— X READY/ 50
IREQ-
17 Vce X - X Vce 51 Vce X - X Vce
18 52
19 53
20 54
21 55 M/S- X - x(2)
22 - i A7 56 CSEL X - x(2)
23] - i A6 57 “ i VS2-
24 - i A5 58 RESET- X - X RESET
25| - i A4 59 IORDY o «— x(3) WAIT-
26| - i A3 60 DMARQ o «— x(3) INPACK-
27| DA2 X - X A2 61 DMACK- o - o REG-
28| DA1 X - X A1 62 DASP- X PN X BVvVD2/
SPKR-
29 DAO X - X AO 63 PDIAG- X - X BVD1/
STSCHG
30 DDO X PN X DO 64 DD8 X PN X D8
31 DD1 X PN X D 65 DD9 X PN X D9
32 DD2 X PN X D2 66 DD10 X PN X D10
33 X «— X WP/ 67 CD2- X « X CD2-
101S16
34 Ground X - X Ground 68 Ground X - X Ground
The|following applies to the:device.
a) ['he device shall sgppott only one CS1- signal pin.
b) [he device shall\support either M/S- or CSEL but not both.
c) [The device-shall hold this signal negated if it does not support the function.
Key]
Dir f the direction of the signal between host and device.
x in The HsSt (host) column = this signal shall be supported by the Host.
x in the Dev (device) column = this signal shall be supported by the device.
i in the Dev (device) column = this signal shall be ignored by the device while in 68-pin mode.
o = this signal is optional.
Nothing in Dev column = no connection should be made to that pin.

7.3.6.3.2 CD1- (Card Detect 1)

This signal shall be grounded by the device. CD1- and CD2- are used by the host to detect the

presence of the device.
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7.3.6.3.3 CD2- (Card Detect 2)

This signal shall be grounded by the device. CD1- and CD2- are used by the host to detect the
presence of the device.

7.3.6.3.4 CS1- (Device chip select 1)

Hosts shall provide CS1- on both the pins identified in Table 26.

Devices shall recognize only one of the two pins as CS1-.

7.3.6
This

If thi
supp

7.3.6
This

If thi
supp

7.3.6

This

7.3.6

This
devic|

Hosts

7.3.6

This
mode
to ap

The ¢
devic

3.5 DMACK- (DMA acknowledge)

bignal is optional for hosts and devices.

5 signal is supported by the host or the device, the function of DMARQ@ shall als
brted.

3.6 DMARQ (DMA request)

signal is optional for hosts.

5 signal is supported by the host or the device, the function of DMACK- shall als
brted.

3.7 IORDY (1/0 channel ready)

signal is optional for hosts.

3.8 M/S- (Master/slave)

signal is the inverted form of CSEL. Hosts shall support both M/S- and CSEL th
es need only support one or the-other.

shall assert CSEL and/M/S- prior to applying V¢ to the connector.

3.9 SELATA-{select 68-pin ATA)

pin is used by‘the host to select which mode to use, PC Card ATA mode or the 6
defined in-this standard. To select 68-pin ATA mode, the host shall assert SELATA-
blying power to the connector and shall hold SELATA- asserted.

e\shall ignore all interface signals for 19 ms after the host supplies V. within the de

eviceJshall not re-sample SELATA- as a result of either a hardware or software resef.

o be

50 be

ough

8-pin
prior

The
vice's

voltage tolerance. If SELATA- is negated following this time, the device shall either con

itself

for PC Card ATA mode or not respond to further inputs from the host.

7.3.6.4 Removability considerations

7.3.6.4.1 General

igure

This standard supports the removability of devices that use the protocol. As removability is a
new consideration for devices, several issues need to be considered with regard to the
insertion or removal of devices.

NOTE

If a device is compliant with the Compact Flash Association Specification, use the connector defined

Compact Flash specification.

in the
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4.2 Device recommendations

The following are recommendations to device implementors:

e C(CSO0-, CS1-, RESET- and SELATA- signals be negated on the device to prevent false
selection during hot insertion.

e Ignore all interface signals except SELATA- until 19 ms after the host supplies V¢ within
the device's voltage tolerance. This time is necessary to de-bounce the device's power-on
reset sequence. Once in the 68-pin mode as defined in this standard, if SELATA- is ever
negated following the 19 ms de-bounce delay time, the device disables itself until V¢ is

re

moved.

e Pfovide a method to prevent unexpected removal of the device or media.

7.3.6

The fpllowing are recommendations to host implementors:

e Cpnnector pin sequencing to protect the device by making contact te, ground befor

of

e SFLATA- to be asserted at all times.

e A

e T
th

7.3.7

The
with
conn
dime

4.3 Host recommendations

her signal in the system.

ne removal or insertion of a device at the same address'is to be detected so as to pr
e corruption of a command.

rovide a method to prevent unexpected removalof the device or media.
48 mm (1.8 in) 3.3 V parallel connector.

onnector for the 48 mm (1.8 in) 3.3 V*parallel form factor device is defined in Figu
limensions as defined in Table 27.-Pin assignments are defined in Table 29. The
pctor for the 48 mm (1.8 in) 3.3 Vi'parallel form factor device is defined in Figure 1§
nsions as defined in Table 28. Rin assignments are defined in Table 29.

Pin C
A5 +T3/-T4 —p»" |&— Pin E (open) Pin A
A6 +T3[-T4 Pin43 Fin1 DAL £T2

= -.4*7888-888888-888%88—8—888—88- e

\V

any

| devices reset and reconfigured to the same base addres§‘each time a device af that
afldress is inserted or removed.

event

re 17
host
with

PN 44— Rin-2 N Pin B A3 ETT
Pin F (open)J \_pin D B
| A3 T
-« A2+T
«— AT ——————P

Figure 17 — 48 mm (1.8 in) 3.3 V parallel connector
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Table 27 — 48 mm (1.8 in) 3.3 V parallel connector

Dimensions Value Va.lue
mm in
A1 36.70 1.445
A2 30.48 1.200
A3 1.27 0.050
A4 2.10 0.083
A5 2.50 0.098
AB 750 0.059
T1 0.15 0.006
T2 0.05 0.002
T3 0.10 0.004
T4 0.00 0.000
Afl0 A5 -l e = X A11

WUUU T
e e J:

e
il A3 T A9 +T3/-T2

-

Contact No. A
Contact No. E @

YY Contact No. 43 !
Contact No. 1 M S Y T
i & !
RN TR R T e A
Contact r\'lo. 2 |
Contact No. F A9 +T3/-T2 OATS T4 Al4
- —>
Contact No. 44 a
Contact'No. B SECTIONY -Y

Ei
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Table 28 — 48 mm (1.8 in) 3.3 V parallel host connector

Dimension Value Vqlue
mm in

A1 4.31 0.170
A2 1.90 0.075
A3 0.635 0.025
A4 6.92 0.272
A5 1.27 0.050
RAD J50.7U 1.440
A7 2.30 0.091
A8 4.50 0.177
A9 1.40 0.055
A10 0.60 0.024
A11 3.50 0.138
A12 1.27 0.050
A13 0.44 0.017
A14 0.44 max. 0.017 max.
A15 110° min. 110° min.
T1 0.05 0.002
T2 0.10 0.004
T3 0.00 0.000
T4 0.02 0.000 8
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Table 29 — Pin assignments for the 48 mm (1.8 in) 3.3 V parallel connector

Pin Signal Pin Signal

1 RESET- 2 Ground

3 DD7 4 DD8

5 DD6 6 DD9

7 DD5 8 DD10

9 DD4 10 DD11

11 DD3 12 DD12

13 DD2 14 DD13

15 DD1 16 DD14

17 DDO 18 DD15

19 Ground 20 No conpeetion

21 DMARQ 22 Ground

23 DIOW-:STOP 24 Ground

25 DIOR-:HDMARDY-:HSTROBE 26 Ground

27 IORDY:DDMARDY-:DSTROBE 28 CSEL

29 DMACK- 30 Ground

31 INTRQ 32 IoCS16-

33 DA1 34 PDIAG-:CBLID-

35 DAO 36 DA2

37 CS0- 38 Cs1-

39 DASP- 40 Ground

41 +3.3V 42 -3.3 V (motor)

43 Ground 44 Reserved
7.4 | Physical form factors
7.4.1 95 mm (3.5 in) formfactor
7.411 General
The 95 mm (3.5.in)form factor is shown in Figure 19 with dimensions as shown in Table 30.
Physical dimensiens shall be measured at 20 °C + 2 °C. The device shall not be exposed to
any ¢onditions (transit temperatures, shock, etc.) beyond the manufacturer’s specified [imits
beforg measurement.
The positen—offour—mounting—hotes—on—thebottom—ofthe—deviee—and—two—mounting—hotes on

o v

H A\ A
each side of the device are specitfie

The Device PCB may extend beyond the HDA. If it does, there is a space at the end of the HDA
underneath or above the PCB overhang. This dead space shall not be encroached upon by the

host system.

Except for attachment points, 0.75 mm clearance around the device is recommended for

cooling airflow.
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v

A1 (height)

F
|—A8iT2

Connector end

Ea X

A7+T2
A6 +T1
J_ A9 £1T1
. & A2
(length)
6 —32 UNC - 28
3 min. thread depth
3.8 max. fastener _+___'_
penetration
(typical 8x) '
—»| |4—A5+T1 — ‘<—A10iT1
—A4ET1 B

<+— A3:TI —p
(width)

Figure 19 — 95 mm (3.5 in) form factor

Table 30 — 95 mm (3.5 in) form factor

Dimension Value Vqlue
mm in

A1 26.10 max 1.028 max.
A1 42.00 max 1.654 max.
A2 147.00 max 5.787 max.
A3 101.60 4.000
A4 95.25 3.750
A5 3.18 0.125
A6 44.45 1.750
A7 41.28 1.625
A8 28.50 1.122
A9 101.60 4.000
A10 6.35 0.250
T1 0.25 0.010
T2 0.50 0.020
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2 Connector location for 95 mm (3.5 in) form factor

A 95 mm (3.5 in) form factor device may use the 40-pin signal connector (see 7.3.2) and the 4-
pin power connector (see 7.3.3) or one of the Unitized connectors (see 7.3.4). The location of

conn

ectors on the 95 mm (3.5 in) form factor is not specified.

7.4.2 65 mm (2.5 in) form factor

7.4.2.

1 General

The 65 mm (2. 5 in) form factor is shown in Figure 20 with drmenS|ons shown in Table 31.

Physie

any condrtlons (transrt temperatures shock, etc) beyond the manufacturers specrfred
beforg measurement.

Sixte

implemented, as shown in Figure 21.

The Device PCB may extend beyond the HDA. If it does, there is a space at the end of the

unde
host

Exce

cooling airflow.

en mounting holes are defined in Figure 20. Only eight of these mounting .hdles ne

neath or above the PCB overhang. This dead space shall not be.encroached upon |
Eystem.

bt for attachment points, 0.75 mm clearance around the device is recommende

ed to
limits

ed be

HDA
y the

d for
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@ Portions of this surface may be recessed
A1 +T1-T2
m Connector end
GATH
A20 DA15 ‘ A18 X
@ D 1o \
v o [ ] 27/
A A Min A16 Ful THD GATy_ Y. ¥ A B
; T@'f«w 578 SIXTY] @fﬁ/ 1
| Ol OAy A13THD8PLC o &/ o |
Ab1 ‘\ Min A17 Full THD * A19 0o
A3 T A [6]oA14 ®Z[X]Y] A1 S
g @ gt L b
| A I 6% plo X0 =
y \X4/ \Z6/ | GADS -~
A4 j+ A9 — |<— A10 —p, \Z8/ Detail A
A2+T3 —>\— This surface to be flush
Detail A (see detail &) or below datum
-~ & A154 PLC
@‘If this hol ists di i i
A2.£T3 applies i this arca | [ remn
Dimension A2 + T3 applies ﬁ'//////%//////
in these areas. Separate LN,
b o A T = S
X - A17 4 PLC mi
@ II Al min
A If this hole“exists dimension Section A- A
@ A2 = T3wapplies in this area
Figure 20 — 65 mm (2.5 in) form factor
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Table 31 — 65 mm (2.5 in) form factor

Dimension Value Vqlue
mm in
A1 19.05 0.750
A1 17.00 0.669
A1 15.00 0.591
A1 12.70 0.500
A1 10.50 0.413
Al J.0U Uu.or4
A1 8.47 0.333
A1 7.00 0.276
A2 69.85 2.750
A3 101.85 max. 4.010 max.
A4 3.00 0.118
A5 34.93 1.375
A6 38.10 1,500
A7 M3 n/a
A8 0.50 0.020
A9 4.07 0.160
A10 61.72 2.430
A11 34/93 1.375
A12 38,10 1.500
A13 M3 n/a
A14 0.50 0.020
A15 8.00 0.315
A16 3.00 min. 0.118 min.
AAT 2.50 0.098 min.
A18 14.00 0.551
A19 90.60 3.567
A20 14.00 0.551
A21 90.60 3.567
T1 0.00 0.000
T2 0.50 0.020
T3 0.25 0.010
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A

Connector end

A
Only one of these Only one of these
holes is required O O holes is required
Only one of the o
holes is required holes is required
Only one of these Only one of these
O7holes is required o holes is required ©
Q| Only one of these 0 Only one of these 1@
holes is required holes is required

Figure 21 — 65 mm (2.5 in) form factor mounting holes

7.4.2{2 Connector location for 65 mm (2.5 in) form factor

A 65mm (2.5 in) form factor device shall use the 50-pin/connector (see 7.3.5). The locat|on of
the cpnnector on the 65 mm (2.5 in) form factor is defined in Figure 22 with dimensions shown

in Taple 32.
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See detail A N /\

-7Z- |:::5)::::::::::::::::::"ﬂ
»\F/—M N\—pin 1
- A2 -
¢ (S [AXVZ]
[-v-1] [EEERRIRRRRENANENEN 1|
A3
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Table 32 — 65 mm (2.5 in) form factor connector location

09(E)

Dimension Value Vqlue
mm in

A1 8.00 max. 0.315 max.
A2 60.20 min. 2.370 min.
A3 10.24 0.403
A4 31.17 1.227
A5 10.14 0.399
A©O 3.99 U. TO7
A7 0.25 min. 0.010 min.
A8 1.25 min. 0.049 min.

48 mm (1.8 in) PCMCIA form factor

1 General

The 48 mm (1.8 in) PCMCIA form factor is defined in the PC Card Standard.

7.4.3

The

2 Connector location for 48 mm (1.8 in) PCMCIA form factor

onnector location for the 48 mm (1.8 in) PCMCIA<{form factor is defined in the PC

Standard.

744

744

48 mm (1.8 in) 5 V parallel form factor

1 General

The 48 mm (1.8 in) 5V parallel form fdctor is shown in Figure 23 with dimensions sho
Tablg 33. Physical dimensions shall be measured at 20 °C = 2 °C. The device shall n

expo

ted to any conditions (transit-temperatures, shock, etc.) beyond the manufact

specified limits before measurement.
Eight| mounting holes are . defined in Figure 23. All of these mounting holes sha
implemented.

The Device PCB may“extend beyond the HDA. If it does, there is a space at the end of the

unde
host

Exce

neath or above the PCB overhang. Such dead space shall not be encroached upon |
Eystem.

bt fOor” attachment points, 0.75 mm clearance around the device is recommende

Card

wn in
ot be
irer’s

be

HDA
y the

d for

cooling airflow.
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Portions of this surface may be recessed

v

A1 +T1-T2

Az

b

Connector end

o
A ARy 21/
N, =

A RD8PLCC
Min A16 Full THD
[ 28 O XTY]
A13 THD 8 PLC
Min A17 Full THD

[B[2ATZ ®IZ]X]Y] o f

A4 :—\ Gars__—>0O
) 2 —alleaio— \Z47
-Z-] €— A2+ T3 —P
flush

This surface to be
or below datum

9.
—=r

<@— A16 4 PLC min
ref

-

A17 4 PLC min
ref

Section A-A

Figure 23 — 48 mm (1.8 in) 5 V parallel form factor
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Table 33 — 48 mm (1.8 in) 5 V parallel form factor

Dimension Value Vqlue
mm in
A1 9.50 0.374
A1 7.00 0.276
A2 69.85 2.750
A3 60.00 2.362
A4 2.82 0.111
[ate] £.90 U.TTO
A6 57.05 2.246
A7 0.00 0.000
A8 0.50 0.020
A9 3.20 0.126
A10 63.45 2.498
A11 2.95 0.116
A12 57.05 2,246
A13 0.00 6,000
A14 0.50 0.020
A15 4.00 0.157
A16 2.80 0.110
A17 2.80 0.110
T1 0:00 0.000
T2 0.50 0.020
T3 0.25 0.010
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7.4.4.2 Connector location for 48 mm (1.8 in) 5 V parallel form factor

A 48 mm (1.8 in) 5V parallel form factor device shall use the 50-pin connector (see 7.3.5). The
location of the connector on the device is defined in Figure 24 with dimensions as shown in
Table 34.

See detail A N/_\

]
N S =

vl o

-7-|A5

oo-f—
oo
oo
oo

| -

b

A7
Detail A View A - A

;

Figure 24 — 48 mm (1.8 in) 5 V parallel form factor connector location

Table 34 — 48 mm (1.8 in) 5 V parallel form factor connector location

Dimension Value Va!lue
mm in

A1 8.00 max. 0.315 max.
A2 60.20 min. 2.370 min.
A3 0.91 0.036
A4 10.14 0.399
A5 3.99 0.157
A6 0.25 min. 0.010 min.
A7 1.25 min. 0.049 min.
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48 mm (1.8 in) 3.3 V parallel form factor

| General

The 48 mm (1.8 in) 3.3 V parallel form factor is shown in Figure 25 with dimensions shown in
Table 35. Physical dimensions shall be measured at 20 °C = 2 °C. The device shall not be
exposed to any conditions (transit temperatures, shock, etc.) beyond the manufacturer’s
specified limits before measurement.

The mounting area is defined in Figure 25. The device shall be guided or fixed by the
interconnect or mounting area.

Exce

pt for attachment points, 0.75 mm clearance around the device is recommende

cooling airflow.

AMAMMMIIIIHIHHHHITITIIIImL

A5 min
|HS +T2 i

A1 £T1
A8 £T1

— A9 £T2
A10 £T4

11y

@

'Tl@

NOTE -

%////% : Interconnect or mounting area
or : Grounding area

Figure 25 — 48 mm (1.8 in) 3.3 V parallel form factor

d for
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Table 35 - 48 mm (1.8 in) 3.3 V parallel form factor

7.4.5

The ¢

7.4.6
7.4.6
7.4.6

The

36. P
any
befor|

The
each

Exce

Dimension Value Vqlue
mm in
A1 5.00 0.197
A1 8.00 0.315
A2 54.00 2.126
A3 78.50 3.090
A4 40.00 1.575
[ate] 0.0U U.200
A6 3.50 0.138
A7 1.50 0.059
A8 3.30 0.130
A9 0.85 0.033
A10 1.65 0.065
T1 0.15 0.006
T2 0.20 0.008
T3 0.30 0.012
T4 0.10 0.004

2 Connector location for 48 mm (1.8 in) 3.3 V parallel form factor

130 mm (5.25 in) form factor
1 130 mm (5.25 in) HDD form factor
1.1 General

30 mm (5.25 in) HDD form factor is shown in Figure 26 with dimensions shown in

hysical dimensions shall be measured at 20 °C + 2 °C. The device shall not be expos
onditions (transit.temperatures, shock, etc.) beyond the manufacturer’s specified

£ measurement:

position of four mounting holes on the bottom of the device and four mounting hol
side of the‘device are specitfied.

bt for” attachment points, 0.75 mm clearance around the device is recommende

onnector location for the 48 mm (1.8 in) 3.3 parallel connector is described in 7.3.7.

Table
ed to
limits

ES On

d for

cooling dirflow
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A1 (height)

A y

Connector end

— —4

A7 A8
\J

- H |

AB Ag (length)

Fan
A7

v Ly
6—32UNC-284;T _T_+_

3 min. thread depth Y
3.8 max. fastener |
penetration (typical) | [®—AS —p | <41+—A10
A — | AT AT [

- X - |<€—— A3 (width) «=p»

Figure 26 — 130 mm (5.25 in) HDD form factor

Table 36 — 130°mm (5.25 in) HDD form factor

Dimension Value Va]ue

mm In
A1 82.55 max. 3.250 max.

A2 204.72 8.060

A3 146.05 5.750

A4 139.70 5.500

A5 3.05 0.120

A6 79.24 3.120

A7 80.30 3.161

A8 80.20 3.157

A9 79.24 3.120

A10 9.91 0.390

A1 21.84 0.860
7.4.6.1.2 130 mm (5.25 in) HDD form factor connector location

A 130 mm (5.25 in) HDD form factor device may use the 40-pin signal connector (see 7.3.2)
and the 4-pin power connector (see 7.3.3) or one of the unitized connectors (see 7.3.4). The
location of connectors on the 130 mm (5.25 in) HDD form factor is not specified.
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7.4.6

.2

2.1 General
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130 mm (5.25 in) CD-ROM form factor

The 130 mm (5.25 in) CD-ROM form factor is shown in Figure 27 with dimensions as shown in
Table 37. Physical dimensions shall be measured at 20 °C = 2 °C. The device shall not be
exposed to any conditions (transit temperatures, shock, etc.) beyond the manufacturer’s
specified limits before measurement.

The position of four mounting holes on the bottom of the device and four mounting holes on
each side of the device are specified.

Exce

cooling airflow.

pt for attachment points, 0.75 mm clearance around the device is recommende

A

*

A1 (height)

v

6 —32 UNC - 28

3 min. thread depth
3.8 max. fastener
penetration (typical)

v

Sl

VanY
A\ 74

17 -
Connector end
¢ 1
A7 A8
\
4+ H |t
AB A9 (length)

be v

4— A5

<€«—— A3 (width) —p»

A4 —p

Y
—>A10|<— AN Y]

—» A1 |- Bgzel mounts to
this surface

d for

- ctor
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Table 37 — 130 mm (5.25 in) CD-ROM form factor

Dimension Value Value
mm in
A1 82.50t max 3.250 max.
A1 41.50 max. 1.634 max.
A1 25.90 max. 1.020 max.
A2 206.00 8.110
A3 146.00 5.748
A4 159.7U 0.0UU
A5 3.15 0.124
A6 79.20 3.118
A7 52.40 2.063
A8 52.40 2.063
A9 79.20 3.118
A10 10.00 0.394
A1 21.80 0.858
2.2 130 mm (5.25 in) CD-ROM form factor connector location
D mm (5.25 in) CD-ROM form factor device shallyuse the 40-pin signal connector| (see
and the 4-pin power connector (see 7.3.3). The location of connectors of these
pctors as well as the additional audio connectors is shown in Figure 28.
Digital  Analog .
Audio Audo  csM Signal Power
4321 SLANY 1 4321
|—' ‘—I FEY e
":,—._I—I... || ......... PHIITE || (ooooj
DG RGNDL 40 2 +5V GND +12V
Pin 20 keyed (removed) —
Connectors on top of PCB PCB
Digital” Analog
Audio  Audio cgwm Signal Power
1234 SLA 39 1 1234
EEN
||=\_,JJIII ||::::::::::::::::::::|| 0000
L GNDR 40 / 2 +12V GND +5V
Pin 20 keyed (removed)
Connectors on bottom of PCB

Figure 28 — 130 mm (5.25 in) CD-ROM connector location
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8 Parallel interface signal assignments and descriptions

8.1  Signal summary

The physical interface consists of receivers and drivers communicating through a set of
conductors using an asynchronous interface protocol. Table 38 defines the signal names. For
connector descriptions, see 7.3. For driver and termination definition, see 7.2.3. For signal
protocol and timing, see Clause 11 and Clause 12.

Table 38 — Interf ignal .

Description Host Dir Dev Acrornjym
Cable select (See 2) CSHL
Chip select 0 — CS(-
Chip select 1 - CS1-
Data bus bit 0 “ DDp
Data bus bit 1 < DDt
Data bus bit 2 < DDp
Data bus bit 3 “ DDB
Data bus bit 4 “ DDp
Data bus bit 5 “ DDp
Data bus bit 6 “ DDp
Data bus bit 7 “ DDy
Data bus bit 8 “ DDB
Data bus bit 9 “ DDp
Data bus bit 10 “ DD10
Data bus bit 11 “ DD11
Data bus bit 12 “ DD12
Data bus bit 13 “ DD13
Data bus bit 14 “ DD14
Data bus bit 1§ “ DD15
Device active.or slave (Device 1) present (See 2) DASP-
Devicenaddress bit 0 - DAD
Device address bit 1 - DA[
Device-address-bit-2 DAD
DMA acknowledge - DMACK-
DMA request “— DMARQ
Interrupt request “— INTRQ
I/O read - DIOR-
DMA ready during Ultra DMA data-in bursts - HDMARDY-
Data strobe during Ultra DMA data-out bursts - HSTROBE
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Description Host Dir Dev Acronym
I/0 ready «— IORDY
DMA ready during Ultra DMA data-out bursts «— DDMARDY-
Data strobe during Ultra DMA data-in bursts «— DSTROBE
I/O write - DIOW-
Stop during Ultra DMA data bursts - STOP
Passed diagnostics (See 2) PDIAG-
Cable assembly type identifier (See 2) CBLID-
Reset — RESET-
a See signal descriptions in this standard and annex A of ISO/IEC 24739-1:2008 for information pon the
source of these signals.
Signal descriptions
CS(1:0)- (Chip select)
b are the chip select signals from the host used to select the.€emmand Block or Cpntrol

registers (see Clause 10). When DMACK- is asserted, C80:and CS1- shall be ne
ransfers shall be 16 bits wide.

DA(2:0) (Device address)

s the 3-bit binary coded address asserted by the host to access a register or data p
bvice (see Clause 10).

DASP- (device active, device 1 present)

g the reset protocol, DASP- shall be*asserted by Device 1 to indicate that the dev|

pated

ort in

ce is

presgnt. At all other times, DASP- may-be asserted by the selected active device.

8.2.4 DD(15:0) (Device data)

This Js an 8- or 16-bit bi-directional data interface between the host and the device. DI)(7:0)

are Used for 8-bit register ‘transfers. Data transfers are 16-bits wide except for CFA dgvices

that implement 8-bit data:transfers.

8.2.5 DIOR-:HDMARDY-:HSTROBE (Device 1/O read:Ultra DMA ready:Ultra DMA ddta
strobe)

DIOR- is the(strobe signal used by the host to read device registers or the Data port. Data is

tranfe@rred-on-the negation of this signal.

HDMARDY-isaflowcontrol-sighal-for Ulira DMA-data-in-bursts—This signal-isasserted by the

host to indicate to the device that the host is ready to receive Ultra DMA data-in bursts. The
host may negate HDMARDY- to pause an Ultra DMA data-in burst.

HSTROBE is the data-out strobe signal from the host for an Ultra DMA data-out burst. Both the
rising and falling edge of HSTROBE latch the data from DD(15:0) into the device. The host may
stop generating HSTROBE edges to pause an Ultra DMA data-out burst.

8.2.6

DIOW-:STOP (Device I/0 write:Stop Ultra DMA burst)

DIOW- is the strobe signal used by the host to write device registers or the Data port. Data is
tranferred on the negation of this signal.
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DIOW- shall be negated by the host prior to initiation of an Ultra DMA burst. STOP shall be
negated by the host before data is transferred in an Ultra DMA burst. Assertion of STOP by the
host during an Ultra DMA burst signals the termination of the Ultra DMA burst.

8.2.7 DMACK- (DMA acknowledge)

This signal shall be used by the host in response to DMARQ to initiate DMA transfers. For
Multiword DMA transfers, the DMARQ/DMACK- handshake is used to provide flow control
during the transfer. For Ultra DMA, the DMARQ/DMACK- handshake is used to indicate when
the function of interface signals changes.

Whe - 1S asseried, - an - shall not be asseried and transfers shall be_1p bits
wide.

8.2.8 DMARQ (DMA request)

This pignal, used for DMA data transfers between host and device, shall/be asserted by the
device when the device is ready to transfer data to or from the host.\\For Mulitword |DMA
transfers, the direction of data transfer is controlled by DIOR- and DIOWx<. This signal isfused
in a handshake manner with DMACK-, i.e., the device shall wait until the host asserts DMACK-
before negating DMARQ and re-asserting DMARQ if there is \mere data to transferl For
Multivord DMA transfers, the DMARQ/DMACK- handshake js{ used to provide flow control
during the transfer. For Ultra DMA, the DMARQ/DMACK- handshake is used to indicate when
the fynction of interface signals changes.

This signal shall be released when the device is not selected.
See 9.2 and 9.3.

8.2.9 INTRQ (Device interrupt)

This pignal is used by the selected device to interrupt the host system when Interrupt Pehding
is sef. When the nlEN bit is cleared to zero and the device is selected, INTRQ shall be enpbled
through a tri-state buffer. When,the nlEN bit is set to one or the device is not selected, the
INTR[Q signal shall be released.

When asserted, this signal ‘shall be negated by the device within 400 ns of the negatipn of
DIOR- that reads the Status register to clear Interrupt Pending. When asserted, this signal
shall|be negated hy . the device within 400 ns of the negation of DIOW- that writeg the
Cominand registerito clear Interrupt Pending.

When the device is selected by writing to the Device register while Interrupt Pending i$ set,
INTRQ shall "be asserted within 400 ns of the negation of DIOW- that writes the Device
register. When the device is deselected by writing to the Dewce register while Intrrupt

Device reglster.

For devices implementing the Overlapped feature set, if INTRQ assertion is being disabled
using nlEN at the same instant that the device asserts INTRQ, the minimum pulse width shall
be at least 40 ns.

This signal shall be released when the device is not selected.

8.2.10 IORDY:DDMARDY-:DSTROBE (I/0 channel ready:Ultra DMA ready:Ultra DMA
data strobe)

IORDY is negated to extend the host transfer cycle of any host register access (read or write)
when the device is not ready to respond to a data transfer request. If the device requires that
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the host transfer cycle time be extended for PIO modes 3 and above, the device shall use
IORDY. Hosts that use PIO modes 3 and above shall support IORDY.

DDMARDY- is a flow control signal for Ultra DMA data-out bursts. This signal is asserted by
the device to indicate to the host that the device is ready to receive Ultra DMA data-out bursts.
The device may negate DDMARDY- to pause an Ultra DMA data-out burst.

DSTROBE is the data-in strobe signal from the device for an Ultra DMA data-in burst. Both the
rising and falling edge of DSTROBE latch the data from DD(15:0) into the host. The device may
stop generating DSTROBE edges to pause an Ultra DMA data-in burst.

This
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step.

ignal shall be released when the device is not selected.

I PDIAG-:CBLID- (passed diagnostics: cable assembly type identifier)

(G- shall be asserted by Device 1 to indicate to Device 0 that Devicey1)has comgy
ostics (see Clause 11).

host may sample CBLID- after a power-on or hardware reseét jin order to deted
nce of an 80-conductor cable assembly by performing the follewing steps.

ait until the power-on or hardware reset protocol is complete for all devices on the ¢
member which devices are present for the last step.
Device 1 is not present, go to step d).

turned, save word 80 and word 93 for the lastistep.

1 Word 80 bit 3 indicates compliance with ATA-3.0r subsequent standards and word 93 bits (15:13) ir
t of and results from sampling CBLID- at the devjce:

turned, save Word 93 for the last step.

2 Word 93 bits (15:13) indicate support of and results from sampling CBLID- at the device.
etect the state of the CBLID~"signal at the host connector and save the result for th

3 Any device compliantwith ATA-3 or subsequent standards releases PDIAG- no later than after th
hnd following a power-on*or hardware reset sequence and will not interfere with host detection of CB
ep. Some devices claiming compliance with ATA-3 or subsequent standards are known to continue to
-:PDIAG- which sometimes causes a 40-conductor cable assembly to be detected as an 80-conducto
bly.

pbok up theoutput in Table 39 based on the inputs saved from steps a), ¢), d) and e).

leted

t the

able;

ation

dicate

ation

e |ast

e first
LID- in
assert
cable
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Table 39 — Cable type identification

Inputs Output
Sensed Device 1 Word 80 Device 1 Word 93 Device 0 Word 93 Cable
CBLID- bit 3 bits (15:13) bits (15:13) conductors

High X XXX XXX 40

Low Device absent Device absent 00X or 1XX 80

Low Device absent Device absent 010 (See b)

Low Device absent Device absent 011 80

Cow U UUX or TXX Device absent (See )

Low 0 00X or 1XX 00X or 1XX (See.d)

Low 0 00X or 1XX 010 (See b)

Low 0 00X or 1XX 011 80

Low 0 010 Device absent (See b)

Low 0 010 XXX (See P)

Low 0 011 Device absent 80

Low 0 011 00X, or1XX 80

Low 0 011 010 (See b)

Low 0 011 011 80

Low 1 00X or 1XX Device absent 80

Low 1 00X or 1XX 00X or 1XX 80

Low 1 00X or 1XX 010 (See b)

Low 1 00X ©h 1XX 011 80

Low 1 010 Device absent (See b)

Low 1 010 XXX (See P)

Low 1 011 Device absent 80

Low 1 011 00X or 1XX 80

Low 1 011 010 (See b)

Low 1 011 011 80

NOTE X repreSents a don’t-care input.

2 Host cannot-determine cable type due to insufficient information. For these cases, host should pot
use Ultra'DMA modes higher than mode 2 without using other means to confirm presence of BO-
conduetor cable.

b _Host cannot determine cable type due to conflicting information. For these cases, host should pot
use Ultra DMA modes higher than mode 2 without using other means to confirm presence of BO-
conductor cable.

See Annex A of ISO/IEC 24739-1 for a description of the non-standard device determination of

cable type.

8.2.12 RESET- (Hardware reset)

This signal, referred to as hardware reset, shall be used by the host to reset the device (see

11.2).

NOTE While a minimum slew rate is not specified, some hosts assert RESET- with an extremely slow rise time
when powering up. This may cause some devices to fail to recognize the assertion. Such hosts should negate then

reassert RESET- once power has been established.
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8.2.13 CSEL (cable select)
8.2.13.1 General

If CSEL is enabled in the device, the device is configured as either Device 0 or Device 1
depending upon the value of CSEL.

e if CSEL is negated, the device number is 0.

e if CSEL is asserted, the device number is 1.

The state of this signal may be sampled at any time by the device.

CSELl shall be grounded by the host.

8.2.1B.2 CSEL with 40-conductor cable

Speclal cabling may be used to selectively ground CSEL. CSEL of Device 0 is-connected {o the
CSELl conductor in the cable and is grounded, thus allowing the device t0 \récognize itself as
Devige 0. CSEL of Device 1 is not connected to the CSEL conduc¢tor, thus the device
recognizes itself as Device 1. If a single device is configured at thé end of the cable using
CSEL, a Device 1 only configuration results. See Figure 29 and Figuré-30.

CSEL conductor |
Open
Ground |
Host Device 0 Device 1
CSEL conductor |
Open
Ground |
Host Device 1

Figure 29 — Cable select example

8.2.1B:3(~ CSEL with 80-conductor cable

For designated cable assemblies (including all 80-conductor cable assemblies), these
assemblies are constructed so that CSEL is connected from the host connector to the
connector at the opposite end of the cable from the host (see Figure 30). Therefore, Device 0
shall be at the opposite end of the cable from the host. Single device configurations with the
device not at the end of the cable shall not be used with Ultra DMA modes.
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CSEL conductor |

Open
Ground

CSEL conductor |

Ground |

Host Device 0

©
Q T

9.1

Figure 30 — Alternate cable select example

arallel interface general operational requirements of the physical, data link
nd transport layers

Interrupts

INTRQ is used by the selected device to natify the host of an event. The device injernal

Intern
assel

The ¢
1

upt Pending state is set when such anxevent occurs. If nlEN is cleared to zero, INTRQ is
ted (see 8.2.9).

evice shall enter the Interrupt Pending state when
any command except.(a PIO data-in command reaches command compjetion
successfully;
any command reaches command completion with error;
the device is ready to send a data block during a PIO data-in command;

the device is ready to accept a data block after the first data block during a PIO dafa-out
command;

a device implementing the PACKET Command feature set is ready to receivg the
command packet and bits (6:5) in word O of the IDENTIFY PACKET DEVICE data|have
the-value 01b;

DRQ
data block during a PIO transfer;

a device implementing the Overlap feature set performs a bus release if the bus release
interrupt is enabled;

a device implementing the Overlap feature set has performed a bus release and is now
ready to continue the command execution;

a device implementing the Overlap feature set is ready to transfer data after a SERVICE
command if the Service interrupt is enabled;

10)Device 0 completes an EXECUTE DEVICE DIAGNOSTIC command. Device 1 shall not

enter the Interrupt Pending state when completing an EXECUTE DEVICE DIAGNOSTIC
command.

The device shall not exit the Interrupt Pending state as a result of the host changing the state
of the DEV bit.
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The device shall exit the Interrupt Pending state when

1) the device is selected, BSY is cleared to zero and the Status register is read;

2) the device is selected, both BSY and DRQ are cleared to zero and the Command
register is written;

3) the RESET- signal is asserted;
4) the SRST bit is set to one.

9.2 Multiword DMA

DMA
EXT,
en a
CKET
used
gnged
Signa

to be
execlited. The DMARQ and DMACK- signals are also used to,\control the data flow| of a
Multiyvord DMA data transfer.

When a device is ready to transfer data associated with’a ‘Multiword DMA transfer, the device
shall |assert DMARQ. The host shall then respond 4y *negating CS0- and CS1-, asserting
DMACK- and begin the data transfer by asserting, <then negating, DIOW- or DIOR- for|each
word |transferred. CS0- and CS1- shall remain negated as long as DMACK- is asserted[ The
host ghall not assert DMACK- until DMARQ has\been asserted by the device. The host|shall
initiate DMA read or write cycles only when _both DMARQ and DMACK- are asserted. Having
assefted DMARQ and DMACK-, these signals shall remain asserted until at least one wgrd of
data has been transferred.

The gevice may pause the transfer{for flow control purposes by negating DMARQ. Theg host
shall [negate DMACK- in responsé-to the negation of DMARQ. The device may then regssert
DMARQ to continue the datatransfer when the device is ready to transfer more data and
DMACK- has been negated by'the host.

The host may pause the*transfer for flow control purposes by either pausing the assertion of
DIOW- or DIOR- pulses or by negating DMACK-. The device may leave DMARQ asserted if
DMACK- is negated.'The host may then reassert DMACK- when DMARAQ is asserted and pegin
assefting DIOWor DIOR- pulses to continue the data transfer.

When the Multiword DMA data transfer is complete, the device shall negate DMARQ and the
host shall.negate DMACK- in response.

DMARQ shall be driven from the first assertion at the beginning of a DMA transfer until the
negation after the last word is transferred. This signal shall be released at all other times.

If the device detects an error before data transfer for the command is complete, the device
may complete the data transfer or may terminate the data transfer before completion and shall
report the error in either case.

NOTE |If a data transfer is terminated before completion, the assertion of INTRQ should be passed through to the
host software driver regardless of whether all data requested by the command has been transferred.
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9.3 Ultra DMA feature set
9.3.1 Overview

Ultra DMA is an optional data transfer protocol used with the READ DMA, READ DMA EXT,
WRITE DMA, WRITE DMA EXT, READ DMA QUEUED, READ DMA QUEUED EXT, WRITE
DMA QUEUED, WRITE DMA QUEUED EXT and PACKET commands. When this protocol is
enabled, the Ultra DMA protocol shall be used instead of the Multiword DMA protocol when
these commands are issued by the host. This protocol applies to the Ultra DMA data burst only.
When this protocol is used there are no changes to other elements of the ATA protocol (e.g.,
Command Block Register access).

Several signal lines are redefined to provide different functions during an Ultra DMA)burst.
Thesg lines assume these definitions when

a) anp Ultra DMA mode is selected and

b) a|host issues a READ DMA, WRITE DMA, READ DMA QUEUED, WRITE,‘DMA QUEUED,
of a PACKET command requiring data transfer and

c) tHe host asserts DMACK-.

Thesg signal lines revert back to the definitions used for non-Ultra”DMA transfers upon the
negation of DMACK- by the host at the termination of an Ultra DMA burst.

With [the Ultra DMA protocol, the STROBE signal that latches data from DD(15:0) is gengrated
by the same agent (either host or device) that drivestthe data onto the bus. Ownership of
DD(1p:0) and this data strobe signal are given eitherto.the device during an Ultra DMA data-in
burst|or to the host for an Ultra DMA data-out burst:

During an Ultra DMA burst a sender shall always drive data onto the bus and, after a suffiicient
time o allow for propagation delay, cable settling and setup time, the sender shall generate a
STRO®BE edge to latch the data. Both edgés of STROBE are used for data transfers so that the
frequency of STROBE is limited to the same frequency as the data.

Words in the IDENTIFY DEVICE data indicate support of the Ultra DMA feature and the|Ultra
DMA|modes the device is capdble of supporting. The Set transfer mode subcommand in the
SET FEATURES command shall be used by a host to select the Ultra DMA mode at whigh the
system operates. The Ulira.DMA mode selected by a host shall be less than or equal fo the
fastest mode of which thedevice is capable. Only one Ultra DMA mode shall be selected at any
given| time. All timing requirements for a selected Ultra DMA mode shall be satisfied. Degvices
supp¢rting any Ultta DPMA mode shall also support all slower Ultra DMA modes.

An Ultra DMA)capable device shall retain the previously selected Ultra DMA mode| after
execuiting-acsoftware reset sequence or the sequence caused by receipt of a DEVICE RESET
comr‘lteand if a SET FEATURES disable reverting to defaults command has been issued[ The
device\mvay revert to a Multiword DMA mode if a SET FEATURES enable reverting to default
has been issued. An Ultra DMA capable device shall clear any previously selected Ultra DMA
mode and revert to the default non-Ultra DMA modes after executing a power-on or hardware
reset.

Both the host and device perform a CRC function during an Ultra DMA burst. At the end of an
Ultra DMA burst the host sends its CRC data to the device. The device compares its CRC data
to the data sent from the host. If the two values do not match, the device reports an error in the
error register. If an error occurs during one or more Ultra DMA bursts for any one command,
the device shall report the first error that occurred. If the device detects that a CRC error has
occurred before data transfer for the command is complete, the device may complete the
transfer and report the error or abort the command and report the error.

NOTE |If a data transfer is terminated before completion, the assertion of INTRQ should be passed through to the
host software driver regardless of whether all data requested by the command has been transferred.
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9.3.2 Phases of operation
9.3.2.1 General

An Ultra DMA data transfer is accomplished through a series of Ultra DMA data-in or data-out
bursts. Each Ultra DMA burst has three mandatory phases of operation: the initiation phase,
the data transfer phase and the Ultra DMA burst termination phase. In addition, an Ultra DMA
burst may be paused during the data transfer phase (see 11.13 and 11.14 for the detailed
protocol descriptions for each of these phases, 12.2.5 defines the specific timing
requirements). In the following rules DMARDY- is used in cases that could apply to either
DDMARDY- or HDMARDY- and STROBE is used in cases that could apply to either DSTROBE
or HSTROBE. The following are general Ultra DMA rules.

1) Ap Ultra DMA burst is defined as the period from an assertion of DMACK- by the host'{o the
slibsequent negation of DMACK-.

2) When operating in Ultra DMA modes 2, 1 or 0 a recipient shall be prepared to/réceive|up to
wo data words whenever an Ultra DMA burst is paused. When operating in Ultra|DMA
mlodes 6, 5, 4 or 3 a recipient shall be prepared to receive up to three data’words whehever
an Ultra DMA burst is paused.

—

9.3.2|2 Ultra DMA burst initiation phase rules
The fpllowing rules apply to Ultra DMA burst initiation.
1) An Ultra DMA burst initiation phase begins with the assertion of DMARQ by a devic¢ and
ehds when the sender generates a STROBE edge todransfer the first data word.
2) Aph Ultra DMA burst shall always be requested bysa'device asserting DMARQ.

3) When ready to initiate the requested Ultra DMA-burst, the host shall respond by asserting
DMACK-.

4) Alhost shall never assert DMACK- without. first detecting that DMARQ is asserted.

br Ultra DMA data-in bursts: a device may begin driving DD(15:0) after detecting that
DMACK- is asserted, STOP negatediand HDMARDY- is asserted.

)
-

6) After asserting DMARQ or asserting DDMARDY- for an Ultra DMA data-out burst, a device
shall not negate either signal until the first STROBE edge is generated.

7) After negating STOP or asserting HDMARDY- for an Ultra DMA data-in burst, a host| shall
npt change the state of either signal until the first STROBE edge is generated.

9.3.2|3 Data transfer phase rules

The fpllowing rules‘apply to Data transfer.

1) The dataliransfer phase is in effect from after Ultra DMA burst initiation until Ultra|[DMA
b

Lrst termination.
2) Al récipient pauses an Ultra DMA burst by negating DMARDY- and resumes an Ultra|DMA

b T ' PNAMADRND\/
Ul ot Uy ICGOOCIUIIH UIVIRANINLUJ T ™.

3) A sender pauses an Ultra DMA burst by not generating STROBE edges and resumes by
generating STROBE edges.

4) A recipient shall not signal a termination request immediately when the sender stops
generating STROBE edges. In the absence of a termination from the sender the recipient
shall always negate DMARDY- and wait the required period before signaling a termination
request.

5) A sender may generate STROBE edges at greater than the minimum period specified by
the enabled Ultra DMA mode. The sender shall not generate STROBE edges at less than
the minimum period specified by the enabled Ultra DMA mode. A recipient shall be able to
receive data at the minimum period specified by the enabled Ultra DMA mode.
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9.3.2.4 Ultra DMA burst termination phase rules

The following rules apply to Ultra DMA burst termination.

1)
2)

9.4

In a
syste
that (¢

For d

VIL
the

conn
this {
devic

Either a sender or a recipient may terminate an Ultra DMA burst.

Ultra DMA burst termination is not the same as command completion. If an Ultra DMA burst
termination occurs before command completion, the command shall be completed by
initiation of a new Ultra DMA burst at some later time or aborted by the host issuing a
hardware or software reset or DEVICE RESET command if implemented by the device.

An Ultra DMA burst shall be paused before a recipient requests a termination.

reg

A
€

0

—

th
tri

A
tg
th

(o]

g

b

uptil the recipient acknowledges the request. Then, if STROBE is not in\the asserted
e sender shall return STROBE to the asserted state. No data shall-be transferred o this

quest by negating DMARAQ.

device requests a termination by negating DMARQ. A host acknowledges a~termir
quest by asserting STOP.

ansition of STROBE.

is edge of DSTROBE.

bgated state for the remainder of an Ultra DMA burs}.

Host determination of cable type by detecting CBLID-

system using a cable, hosts shall determine that an 80-conductor cable is installeg
M before operating with transfer modés faster than Ultra DMA mode 2. Hosts shall g
LBLID- is connected to ground to determine the cable type. See 8.2.11.

etecting that CBLID- is connected to ground, the host shall test to see if CBLID- is

above V4. If the signal iscbelow V|, then an 80-conductor cable assembly is instal
ystem because this signal is grounded in the 80-conductor cable assembly’s
pctor. If the signal is above V|, then a 40-conductor cable assembly is installed beg
ignal is connected-to the device(s) and is pulled up through a 10 kQ resistor at
e,

recipient shall ignore a STROBE edge when DMARQ is negated or STOP is asserted.

A-hostreguests—a-termination-bv asserting-STOP A _device-acknowledges—a-termination
< J I J

ation

nce a sender requests a termination, the sender shall not change the state of STROBE
state,

sender shall return STROBE to the asserted state whenéyer the sender detercts a
rmination request from the recipient. No data shall be transferred nor CRC calculated on

nce a recipient requests a termination, the responder shall not change DMARDY from the

in a
etect

below
ed in
host
ause
each
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Host
connector Device 0 Device 1
Host PCB / connector connector
PDIAG-:CBLID- yd yd
conductor
N/C
| \
<H <H
~ ~N
Device 0 Device 1
PCB PCB

For this configuration hosts shall not set devices to operate at Ultra DMA modes greater
than 2.

N/C indicates that there is no connection from the host to this signal conductor.

Figure 31 — Example configuration of a system with™a 40-conductor cable

Host
connector Device 0 Device 1
Host PCB P connector connector
PDIAG-:CBLID* e »
<} conductor,

< <

Device 0 Device 1
PCB PCB

Figure 32 — Example configuration of a system where the host
detects a 40-conductor cable
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Host PCB

<}——_LN/C

— 85—
Host
connector Device 1 Device 0
/ connector connector
PDIAG-:CBLID- y yd
conductor

.
e

.
<F

Device 1
PCB

Device 0
PCB

N/C indicates that there is no connection from the host to this signal conductor:

Figure 33 — Example configuration of a system where the hostdetects an 80-condu

cable

Table 40 — Host detection-of CBLID-

ctor

Cable assembly Device 1 Electrical state.of Host-determined Determination
type releases PDIAG- CBLID- athost cable type correct?
10-conductor Yes 1 40-conductor Yes
BO-conductor Yes 0 80-conductor Yes
L0-conductor No 0 80-conductor No (see 23)
BO-conductor No 0 80-conductor Yes

Ultra DMA mode 3, 4, 5 or 6.may be set incorrectly resulting in ICRC errors.
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Registers have different meanings depending on if the register is being written or being read
and additionally whether the PACKET command feature set is implemented (see ISO/IEC
24739-1:2008), as indicated in Table 41.

Table 41 — 1/O registers

Registers used by devices not implementing the

PACKET command feature set

Registers used by devices implementing the
PACKET command feature set

—Commramd-Btock Tegisters

Commramd-Biock Tegisters—]

When read When written When read When writtén|
Data Data Data Data
Error Features Error Features

Sector Count

Sector Count

Interrupt reason

LBA Low LBA Low
LBA Mid LBA Mid Byte Count Low Byte Count Lo
LBA High LBA High Byte Count High Byte Count High
Device Device Device select Device select
Status Command Status Command
Control Block registers Control Block registers

Alternate Status

Device Control

Alternate Status

Device Contro

For tjansport protocols and timing, see Clauses”11 and 12.

When the host initiates a register or Data port read or write cycle by asserting then neg
eithef DIOW- or DIOR-, the device(s)<shall determine how to respond and what action
any, are to be taken. The following‘text and tables describe this decision process.

The device response begins with these steps:

for a device that.is\not in Sleep mode, see Table 42.

2) if DMACK- is-asserted, a device in Sleep mode shall ignore all DIOW-/DIOR- acti
DMACK- is net asserted, a device in Sleep mode shall respond as described in
47, if the,device does not implement the PACKET Command feature set or Table
the device does implement the PACKET Command feature set.

ating
s), if

ity. If

Table

48, if
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Table 42 — Device response to DIOW-/DIOR-

Is the device selected? @

Is DMACK- asserted?

Action/Response

No No See Table 43

No Yes DIOW-/DIOR- cycle is ignored (possible
DMA transfer with the other device)

Yes No See Table 44.

Yes Yes See Table 45 (see b).

Device 1 is selected but there is No See Table 46 and

no Device 1 and Device 0 ISO/IEC 24739-1:2008, Clause 5.

responds for Device 1.

Device 1 is selected but there is Yes DIOW-/DIOR- cycle is ignored-(popsible

no Device 1 and Device 0 malfunction of the host)

responds for Device 1.

a Device selected means that the DEV bit in the Device register matches the logicaldevice number of the

device.

b Applicable only to Multiword DMA, not applicable to Ultra DMA.
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Table 43 — Device is not selected, DMACK- is not asserted

CS0- [CS1- |DA2 |DA1 |DAO |(DIOx- |DMARQ ([BSY |DRQ |[Device response

N N X X X X 4 X X DIOW-/DIOR- cycle is ignored.

N A N X X X z X X

N A A N X X z X X

N A A A N w z X X Place new data into the Device Control register
and respond to the new values of the nlEN and
SRST bits.

N A A A N R Z X X DIOW-/DIOR- cycle is ignored.

N A A A A X z X X

A N N N N X z X X

A N N N A W z 0 X Place new data into the Feature register.

A N N N A w 4 1 X DIOW-/DIOR- cycle is ignored.

A N N N A R z X X

A N N A N w 4 0 X Place new data-into’the Sector Count rg¢gister.

A N N A N w 4 1 X DIOW-/DIOR<cycle is ignored.

A N N A N R z X X

A N N A A w Zz 0 X Placeneéw data into the LBA Low registpr.

A N N A A w 4 1 X DIOW-/DIOR- cycle is ignored.

A N N A A R z X X

A N A N N w 4 0 X Place new data into the LBA Mid register.

A N A N N W VA 1 X DIOW-/DIOR- cycle is ignored.

A N A N N R z X X

A N A N A w Zz 0 X Place new data into the LBA High regisjer.

A N A N A w 4 1 X DIOW-/DIOR- cycle is ignored.

A N A N A R Z X

A N A A N W. 4 X Place new data into the Device register
Respond to the new value of the DEV bjit.

A N A A N w 1 X DIOW-/DIOR- cycle is ignored.

A A A R X X

N A A A w 4 0 X Place new data into the Command regigter. Do

not respond unless the command is EXECUTE
DEVICE DIAGNOSTICS.

A N A A A W VA 1 X DIOW-/DIOR- cycle is ignored.

A N A A A R z X X

A A X X X X Z X X DIOW-/DIOR- cycle is ignored.

NOTE 1 Except in the DIOx- column, A = asserted, N = negated, Z = released, X = don’t care.
NOTE 2 In the DIOx- column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is asserted.

NOTE 3 Device is selected if the DEV bit in the Device register is the logical device number of the device.
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Table 44 — Device is selected, DMACK- is not asserted

CS0- | CS1- | DA2 | DA1 | DAO | DIOx- | DMARQ | BSY | DRQ Device response
N N X X X X X X X
N A N X X X X X X DIOW-/DIOR- cycle is ignored.
N A A N X X X X X
N A A A N w X X X Place new data into the Device Control register
and respond to the new values of the nlEN and
SRST bits.
N A A A N R X X X Place Status register contents on the data bus
(do not change the Interrupt Pending.stpte).
N X X X X
DIOW-/DIOR- cycle is ignored.
N N N N 0 0
A 0 1 P10 data transfer for this(device, a 16-Qit data
word is transferred via, the ‘Data registef.
N N N X 1 X Result of DIOW-/DIQR- cycle is indeterminate.
A A w 0 Place new datd into the Features register.
N N N w 0 1 DIOW- is ignored, this is a malfunction [of the
host.
A A 1 Result of DIOW-/DIOR- cycle is indeterminate.
N N R 0 Place the contents of the Error register|on the
data bus.
A N N N A R X 1 X Place the contents of the Status registgr on the
data bus.
A A w 0 0 Place new data into the Sector Count rg¢gister.
A A w 0 1 DIOW- is ignored, this is a malfunction [of the
host.
A A 1 Result of DIOW-/DIOR- cycle is indeterminate.
A A R 0 Place the contents of the Sector Count|register
on the data bus.
A N N A N R X 1 X Place the contents of the Status registgr on the
data bus.
N N w 0 0 Place new data into the LBA Low register.
A A A w 0 1 DIOW- is ignored, this is a malfunction [of the
host.
N 1 Result of DIOW-/DIOR- cycle is indeterminate.
A A A R 0 Place the contents of the LBA Low regigter on
the data bus.
A N N A A R X 1 X Place the contents of the Status registgr on the
data bus.
A A w 0 0 Place new data into the LBA Mid register.
N N N w 0 1 DIOW- is ignored, this is a malfunction of the
host.
A A 1 Result of DIOW-/DIOR- cycle is indeterminate.
N N R 0 Place the contents of the LBA Mid register on
the data bus.
A N A N N R X 1 X Place the contents of the Status register on the
data bus.
A N A N A w X 0 0 Place new data into the LBA High register.

(continued)
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Table 44 — Device is selected, DMACK- is not asserted (continued)

CS0- | CS1- | DA2 | DA1 | DAO | DIOx- | DMARQ | BSY | DRQ Device response

A N A N A w X 0 1 DIOW- is ignored, this is a malfunction of the
host.

A N A N A w X 1 X Result of DIOW-/DIOR- cycle is indeterminate.

N A N A R X 0 X Place the contents of the LBA High register on

the data bus.

A N A N A R X 1 X Place the contents of the Status register on the
data bus.

A N A A N W X 0 0 Place new data into the Device register
Respond to the new value of the DEVbjt.

A N A A N w X 0 1 DIOW- is ignored, this is a malfunetion pf the
host.

A N A A N w X 1 X Result of DIOW-/DIOR-cycle is indeterminate.

A N A A N R X 0 X Place the contents of the Device register on
the data bus.

A N A A N R X 1 X Place the contents of the Status register on the
data bus.

A N A A A w X 0 0 Place new.data into the Command regigter and

respond.to the new command (exit the [nterrupt
Pending State).

A N A A A w X 0 1 Result of DIOW-/DIOR- cycle is indeterpninate,
unless the device supports DEVICE RESET. If

A N A A A W X 1 X ™ the device supports the DEVICE RESET
command, exit the Interrupt Pending state.

A N A A A R X X X Place contents of Status register on thg data
bus and exit the Interrupt Pending state].

A A X X X X X X X DIOW-/DIOR- cycle is ignored.

NOTE 1| Except in the DIOx- column, A = assertéd;’N = negated, X = don’t care.
NOTE 2 In the DIOx- column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is asserted.
NOTE 3 Device is selected if the DEV bitiin the Device register is the logical device number of the device.

NOTE 4] For devices implementing(the*48-bit Address feature set, the HOB bit in the Device Control register| defines
whether|the current or previous content of the registers is placed on DD(7:0).

(concllided)
Table 45 — Device is selected, DMACK- is asserted (for Multiword DMA only)
CS0- ||CS1- | DA2/[~-DA1 | DAO | DIOx- | DMARQ | BSY | DRQ Device response
N N X X X X N 1 X This could be the final DIOW-/DIOR- of a
N N X X X X N 0 X Multiword DMA transfer burst,| or a
possible malfunction of the host [that is
ignored
N N X X X X A 1 X DMA transfer for this device, a 16-bit word
N N X X X X A 0 1 of data is transferred via the Data Port.
X A X X X X X X X DIOW-/DIOR- cycle is ignored (possible
A X X X X X X X X malfunction of the host).

NOTE 1 Except in the DIOx- column, A = asserted, N = negated, Z = released, X = don’t care.
NOTE 2 In the DIOx- column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is asserted.

NOTE 3 Device is selected if the DEV bit in the Device register is the logical device number of the device.
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Table 46 —Device 1 is selected and Device 0 is responding for Device 1

CS0-

CS1-

DA2

DA1

DAO

DIOx-

DMARQ

BSY

DRQ

Device Response

X

z

DIOW-/DIOR- cycle is ignored.

22 2

> > >

>|>» z X

>z X X

Z| X X X

S|x X

X[ X N

o|lo o o

o|lo o o

Place new data into the Device 0 Device
Control register and respond to the new values

orine nNicN and sRo'1 DITS.

Place 00H on the data bus.

DIOW-/DIOR- cycle is ignored,

>>» 2|2

Z|1Z > |>

Zlz > | >

Z|lZz > | >

>z > |2

S|x X|=®

X | X X|X

o|lo o] o

o|lo o|o

Place new data into the Device 0 Featyre
register.

Place the contentsof the Device 0 Errgr
register on the'data bus.

Place newydata into Device 0 Sector Cpunt
register.

If the device does not implement the PACKET
Cammand feature set, the device shall|place
the contents of the Device 0 Sector Count
register on the data bus. If the device
implements the PACKET Command fegture
set, the device shall place 00h on the data
bus.

Place new data into Device 0 LBA Low
register.

If the device does not implement the PACKET
Command feature set, the device shall|place
the contents of the Device 0 LBA Low flegister
on the data bus. If the device implements the
PACKET Command feature set, the deyice
shall place 00h on the data bus.

Place new data into Device 0 LBA Mid
register.

If the device does not implement the PACKET
Command feature set, the device shall|place
the contents of the Device 0 LBA Mid register
on the data bus. If the device implements the
PACKET Command feature set, the deyice
shall place 00h on the data bus.

Place new data into Device 0 LBA High
register.

If the device does not implement the PACKET
Command feature set, the device shall place
the contents of the Device 0 LBA High register
on the data bus. If the device implements the
PACKET Command feature set, the device
shall place 00h on the data bus.

Place new data into the Device 0 Device
register. Respond to the new value of the DEV
bit.

(continued)
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Table 46 — Device 1 is selected and Device 0 is responding for Device 1 (continued)
CS0- | CS1- | DA2 | DA1 | DAO | DIOx- | DMARQ | BSY | DRQ Device response

A N A A N R X 0 0 If the device does not implement the PACKET
Command feature set, the device shall place
the contents of the Device 0 Device register,
with the DEV bit set to one, on the data bus. If
the device implements the PACKET Command
feature set, the device shall place 00h on the
data bus.

A N A A A w X 0 0 Place new data into the Command register of
Device 0. Do not respond unless the command
is EXECUTE DEVICE DIAGNOSTICS.

A N A A A X 0 0 Place O0H on the data bus.

A A X X X X 0 0 DIOW-/DIOR- cycle is ignored.

NOTE 1| Except in the DIOx- column, A = asserted, N = negated, Z = released, X = don’t care.
NOTE 21 In the DIOx- column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR-,0r\DIOW- is assertpd.
NOTE 3 Device is selected if the DEV bit in the Device register is the logical device number of the device.
Tabje 47 — Device is in Sleep mode, DEVICE RESET is not-implemented, DMACK- is|not
asserted
CS0- ||CS1- | DA2 | DA1 | DAO | DIOx- | DMARQ | BSY | DRQ Device response

N N X X X X z X X

N A N X X X z X X DIOW-/DIOR- cycle is ignored.

N A A N X X 4 X X

N A A A N w VA X X Place new data into the Device Control
register SRST bit and respond only if SRST bit
is 1.

N A A A N R z X X

N A A A A X z X X
DIOW-/DIOR- cycle is ignored.

A N X X X X 4 X X

A A X X X X z X X

NOTE 1| Except in the DIOx>column, A = asserted, N = negated, Z = released, X = don’t care.
NOTE 21 In the DIOx~column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is assertpd.
NOTE 3 Device js-Selécted if the DEV bit in the Device register is the logical device number of the device.
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Table 48 — Device is in Sleep mode, DEVICE RESET is implemented, DMACK- is not

asserted
CS0- | CS1- | DA2 | DA1 | DAO | DIOx- | DMARQ | BSY | DRQ Device response

N N X X X X z X X

N A N X X X VA X X DIOW-/DIOR- cycle is ignored.

N A A N X X z X X

N A A A N w Zz X X Place new data into the Device Control register
SRST bit and respond only if SRST bit is 1.

N A A A N R Z X X

N A A A A X z X X
DIOW-/DIOR- cycle is ignored.

A N N X X X z X X

A N A N X X z X X

A N A A N W Zz X X tI;’.Itace new data into the"Bevice registef DEV

it.

A N A N R z X X DIOR- cycle is ignored.

A N A A A w 4 X X DIOW- cycle’is‘ignored unless the devife is
selected and,the command is DEVICE RESET.

A N A A A R 4 X X DIOR¢cyele is ignored.

A A X X X X 4 X X DIOW-/DIOR- cycle is ignored.

NOTE 1| Except in the DIOx- column, A = asserted, N = negated, Z =“réleased, X = don’t care.
NOTE 21 In the DIOx- column, R = DIOR- asserted, W = DIOW- asserted, X = either DIOR- or DIOW- is assertpd.

NOTE 3 Device is selected if the DEV bit in the Device registenis the logical device number of the device.

11 Parallel interface transport protecol

11.1 | General

Cominands are grouped into different classes according to the protocol followed for command
execlition. The command classes with their associated protocol are defined in state diagrams
in this clause, one state diagram for host actions and a second state diagram for device
actiops. Figure 34 shows_the overall relationship of the host protocol state diagrams. Figure 35
showp the overall relationship of the device protocol state diagrams. State diagrams defining
thesqg protocols are_not normative descriptions of implementations, they are normative
desciiptions of externally apparent device or host behavior. Different implementations are
allowpd. See 3:3:8 for state diagram conventions.

A deyice shall not timeout any activity when waiting for a response from the host.
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HHR: Host power on
or Hardware Reset

HI:HIO: Host bus Idle
Power on RESET asserted
|t A:-
v Reset completed
HSR: Host Software
Reset A Command written
SRST ' Command completed>
- A Service return
Bus released
—>
HND: Host Non-Data HPIOI: Host PIO datal
command In command
gt
- = _
!t
HPIOO: Host PIO data- A HDMA: Host DMA
Out command command
gt
L><
- A Y 1
»a
HED: Host EXECUTE A
DEVICE DIAGNOSTIC command
>L>
- /|
"l
HDR: Host DEVICE HP: Host PACKET non-
RESET command data & PIO data commapd
gt
|t
- A Y 1
-
[l .
A<
HPD: Host PACKET HDMAQ: Host DMA|
DMA command QUEUED command
|
 — '
- |
g
— Y -
-
Figure 34 — Overall host protocol state sequence
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DHR: Device power on
or Hardware Reset

DI:DIO: Device bus Idle

Power on RESET asserted
|t A:-
v Reset completed>
DOSR: Device 0 Software Reset Command written
SRST & Device 0 ' Command completed>
- A Service return
Bus released
A ™
D19R: Device 1 Software Reset
SRST & Device 1 v
— A
-
DPIOI; Device PIO datafin
DND: Device Non-Data command command
|t
- A Y |
DPIOO: Device PIO data-Out DDMA: Device DMA
command command
-t
|t
- A Y 1
DOED: Device 0 EXECUTE D1ED: Device 1 EXECUTE
DEVYICE DIAGNOSTIC command DEVICE DIAGNOSTIC cmpd
-
|t
gt A Y |
DDR: Device DEVICE RESET DP: Device PACKET non-
command data & PIO data command
(g
» il _
|
|y
DPP;Device PACKET DMA DDMAQ: Device DMA
nd QUEUED command
-
><—v
gt |
gt |
-

Figure 35 — Overall device protocol state sequence
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11.2 Power-on and hardware reset protocol

This clause describes the protocol for processing of power-on and hardware resets.

If the host asserts RESET-, regardless of the power management mode, the device shall
execute the hardware reset protocol. If the host reasserts RESET- before a device has
completed the power-on or hardware reset protocol, then the device shall restart the protocol
from the beginning.

The host should not set the SRST bit to one in the Device Control register or issue a DEVICE
RESET command while the BSY bit is set to one in either device Status register as a result of
exec(iting the power-on or hardware reset protocol. € host sefs the it In the Dlevice
Control register to one or issues a DEVICE RESET command before devices have comjleted
execytion of the power-on or hardware reset protocol, then the devices shall-'ignorg the
softwjare reset or DEVICE RESET command.

A hogt should issue an IDENTIFY DEVICE and/or IDENTIFY PACKET DEVAICE command after
the gower-on or hardware reset protocol has completed to determine.the current status of
featufes implemented by the device(s).

NOTE| Serial implementations of ATA have different hardware reset timeout requirements, see ISO/IEC 24739-3.

Figure 36 and the text following the figure decribe the power:=on’or hardware reset protoqol for
the hlost. Figure 37 and the text following the figure decribe the power-on or hardware [reset
protofol for the devices.

HHRO: Assert_RESET- HHR1: Negate_wait HHR2: Check_status

Hower on or RESET- asserted t¥2ms BSY=0
hardyvare reset >25 us (t=0) " HHR1:HHR2 ———=f— HHR2:HI0 = Host_idlg
required HHRO:HHR1 ————==
1 x¢HHRO BSY =1
HHR2:HHR2 —

Figure.36 — Host power-on or hardware reset state diagram

HHROQ: Assert{RESET- State: This state is entered at power-on or when the host recognizes
that 4 hardwadre reset is required.

in-this state, the host asserts RESET-. The host shall remain in this state with RESET-

a e 1 he hos sha negate 0 DA -0 DMACK-_DIOR} and

DIOW an reea D(5:).

Transition HHRO:HHR1: When the host has had RESET- asserted for at least 25 us, the host
shall make a transition to the HHR1: Negate_wait state.

HHR1: Negate_wait State: This state is entered when RESET- has been asserted for at least
25 ps.

When in this state, the host shall negate RESET-. The host shall remain in this state for at
least 2 ms after negating RESET-. If the host tests CBLID- it shall do so at this time.

Transition HHR1:HHR2: When RESET- has been negated for at least 2 ms, the host shall
make a transition to the HHR2: Check_status state.
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HHR2: Check_status State: This state is entered when RESET- has been negated for at least
2 ms.

When in this state, the host shall read the Status or Alternate Status register.

Transition HHR2:HHR2: When BSY is set to one, the host shall make a transition to the
HHR2: Check_status state.

Transition HHR2:HI0: When BSY is cleared to zero, the host shall make a transition to the
HI0: Host_idle state (See Figure 41). If status indicates that an error has occurred, the host

shall take appropriate error recovery action
Ll T 7J

DHRO: RESET- DHR1: Release_bus
PDIAG-=X, DASP-=X, BSY=x PDIAG-=R, DASP-=X, BSY=1
RESET- asserted RESET- negated (t = 0) Bus releasgd-& Device 1
— xx:DHRO ——=1— DHRO:DHR1 =— DHR1DTHRO ——

Bus released & Device 0

DOHRO: DASP-_wait DHR1:DOHRO —
PDIAG- =R, DASP- =R, BSY=1 /
D1HRO0:-Set_DASP-

t>1ms / PDIAG- =R, DASP- =R, BSY=1
,— DOHRO:DOHR 1 —== - 5%
DOHR1: Sample_DASP- DASP- asserted
PDIAG- =R, DASP- =R, BSY=1 — D1HRO0:D1HR1
N Sample DASP- 1HR1: S
- D1HR1: Set_status
> DOHR1:DOHR1 P
DASP- asserted PDIAG- =R, DASP- =A, BSY=1
— DOHR1:DOHR2 — = Status set, passed diagnostic
450 ms < t<5s — D1HR1:DI2—=Device_idle_NS
— DOHR1{DOHR3 BSY=0, PDIAG-=A

Clearbit 7
Status set, failed diagnostic

— D1HR1:DI2—=Device_idle_NS
BSY=0, PDIAG-=N

DOHR2: Sample_PDIAG-
PDIAG- =R, DASP- =R, BSY=1

\ —‘ p—
Resample PDIAG= DOHR3: Set_status
PDIAG- =R, DASP- =R, BSY=1

/- DOHR2:DOHR2 — ——

PDIAG- asserted Status set
% — DOHR2a:DOHR3 #— DOHR3:DI1— Device_idle_{

& Clear bit 7 BSY=0
t>31s
— DOHR2b:DOHR3 -
Set bit 7
BSY DRQ REL SERV C/D 1/0 INTRQ | DMARQ | PDIAG- | DASP-
\% 0 0 0 0 0 R R V V

Figure 37 — Device power-on or hardware reset state diagram

DHRO: RESET State: This state is entered when a valid assertion of the RESET- signal is
recognized. The device shall not recognize a RESET- assertion shorter than 20 ns as valid.
Devices may recognize a RESET- assertion greater that 20 ns as valid and shall recognize a

RESET- assertion equal to or greater than 25 us as valid.
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Transition DHRO:DHR1: When a valid RESET- signal is negated, the device shall make a
transition to the DHR1: Release_Bus state.

DHR1: Release_bus State: This state is entered when a valid RESET- signal is negated.

When in this state, the device shall release bus signals PDIAG-, INTRQ, IORDY, DMARQ and
DD(15:0) and shall set BSY to one within 400 ns after entering this state. The device shall
determine if the device is Device 0 or Device 1 by checking the jumper, switch or CSEL.

Transition DHR1: DOHRO When the dewce has determined that the deV|ce is DeV|ce 0, has
o the

, has
o the

DOHRO: DASP-_wait State: This state is entered when the device has released thg bus
signals, set BSY to one and determined that the device is Device 0.

When in this state, the device shall release DASP- and clear the-DEV bit in the Device register
to zefo within 1 ms of the negation of RESET-.

Trangition DOHRO0:DOHR1: When at least 1 ms has elapSed since the negation of RESET|-, the
device shall make a transition to the DOHR1: Sample_DASP- state.

DOHR1: Sample_DASP- State: This state is entered when at least 1 ms has elapsed sinde the
negation of RESET-.

When in this state, the device should.begin performing the hardware initialization and| self-
diagnostic testing. This may revert the device to the default condition (the device’s seftings
may how be different than they were’before the host asserted RESET-). All Ultra DMA modes
shall pe disabled.

When in this state, the device shall sample the DASP- signal.

Trangition DOHR1:POHR2: When the sample indicates that DASP- is asserted, the device
shall [make a transition to the DOHR2: Sample_PDIAG- state.

Trangition DOHR1:DOHR1: When the sample indicates that DASP- is negated and lesg than
450 ms have“elapsed since the negation of RESET-, then the device shall make a transit|on to
the DOHRY. Sample DASP- state. When the sample indicates that DASP- is negated and
greatenithan 450 ms but less than 5 s have elapsed since the negation of RESET-, then the
device may make a transition to the DOHR1: Sample_DASP- state.

Transition DOHR1:DOHR3: When the sample indicates that DASP- is negated and 5 s have
elapsed since the negation of RESET-, then the device shall clear bit 7 in the Error register and
make a transition to the DOHR3: Set_status state. When the sample indicates that DASP-
negated and greater than 450 ms, but less than 5s have elapsed since the negation of
RESET-, then the device may clear bit 7 in the Error register and make a transition to the
DOHR3: Set_status state.

DOHR2: Sample_PDIAG- State: This state is entered when the device has recognized that
DASP- is asserted.

When in this state, the device shall sample the PDIAG- signal.
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Transition DOHR2a:DOHR3: When the sample indicates that PDIAG- is asserted, the device
shall clear bit 7 in the Error register and make a transition to the DOHR3: Set_status state.

Transition DOHR2b:DOHR3: When the sample indicates that PDIAG- is not asserted and 31 s
have elapsed since the negation of RESET-, then the device shall set bit 7 in the Error register
and make a transition to the DOHR3: Set_status state.

Transition DOHR2:DOHR2: When the sample indicates that PDIAG- is not asserted and less
than 31 s have elapsed since the negation of RESET-, then the device shall make a transition
to the DOHR2: Sample_PDIAG- state.

DOHR3: Set_status State: This state is entered when bit 7 in the Error register has been\set or
cleared.

When in this state the device shall complete the hardware initialization and_self-diagnostic
testing begun in the Sample DASP- state if not already completed.

The EXECUTE DEVICE DIAGNOSTICS diagnostic code shall be placed in bits (6:0) of the
Error|register (see ISO/IEC 24739-1:2008, Clause 6). The device shall.set the signature vjalues
(see [ISO/IEC 24739-1:2008, Clause 5). The device shall clear the/SRST bit to zero in the
Devige Control register if set set to one. The content of the Features register is undefined. The
device shall set word 93 in the IDENTIFY DEVICE or IDENTIEY PACKET DEVICE datg (see
ISO/IEC 24739-1:2008, Clause 6).

If the|device does not implement the PACKET command feature set, the device shall clegr bits
3, 2 gnd 0 in the Status register to zero.

If the|device implements the PACKET command feature set, the device shall clear bits 6 5, 4,
3, 2 Fnd 0 in the Status register to zero. The. device shall return the operating modes tq their
specified initial conditions. MODE SELEET conditions shall be restored to their last saved
valuels if saved values have been established. MODE SELECT conditions for which no values
have |been saved shall be returned to.their default values.

Tranit]ition DOHR3:DI1: When- hardware initialization and self-diagnostic testing is completed
and the status has been set, the device shall clear BSY to zero and make a transition fo the
DI1: Device_idle_S state (see Figure 43).

D1HRO: Set_DASP<¢ State: This state is entered when the device has released the bus, set
BSY {o one and determined that the device is Device 1.

When in this state, the device shall clear the DEV bit in the Device register to zero within|1 ms
and ghallassert DASP- within 400 ms of the negation of RESET-.

W hermmthis—state;thedevice shoutd—begimexecutiomof thetrardware—imitiatizatiomand  self-
diagnostic testing. The device may revert to the default condition (the device’s settings may
now be in different conditions than they were before RESET- was asserted by the host). All
Ultra DMA modes shall be disabled.

Transition D1HRO0:D1HR1: When DASP- has been asserted, the device shall make a
transition to the D1HR1: Set_status state.

D1HR1: Set_status State: This state is entered when the device has asserted DASP-.

When in this state the device shall complete any hardware initialization and self-diagnostic
testing begun in the Set DASP- state if not already completed. The EXECUTE DEVICE
DIAGNOSTICS diagnostic code shall be placed in the Error register (see ISO/IEC 24739-1,
Clause 6). If the device passed self-diagnostics, the device shall assert PDIAG-. The device
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shall set word 93 in the IDENTIFY DEVICE or IDENTIFY PACKET DEVICE data (see

ISO/IEC 24739-1:2008, Clause 6).

All actions required in this state shall be completed in <30 s.

The device shall set the signature values (see ISO/IEC 24739-1:2008, Clause 5). The content

of the Features register is undefined. The device shall clear the SRST bit to zero in the De
Control register if set to one.

If the device does not implement the PACKET command feature set, the device shall clear
3,2 gnd 0 in the Status rpgietpr tao zero

vice

bits

If the| device implements the PACKET command feature set, the device shall clear bits’'6/ 5, 4,
3, 2 and 0 in the Status register to zero. The device shall return the operating modes tg their
specified initial conditions. MODE SELECT conditions shall be restored to_their last g$aved

values if saved values have been established. MODE SELECT conditions fer-which no vja
have|been saved shall be returned to their default values.

lues

TranLition D1HR1a:DI2: When hardware initialization and self-diagnostic testing is comp|eted,

the d

vice passed its diagnostics and the status has been set, the‘device shall clear BEY to

zero,|assert PDIAG- and make a transition to the DI2: Device_idle )NS state (see Figure 48).

Trangition D1HR1b:DI2: When hardware initialization and self-diagnostic testing is comp|eted,
the dgvice failed its diagnostic and the status has been §et, the device shall clear BSY to|zero,

negate PGIAG- and make a transition to the DI2: Device)idle_NS state (see Figure 43).

11.3 | Software reset protocol

This |subclause describes the protocol forsprocessing of software reset when the host
SRST.

sets

If the¢ host sets SRST in the Device Control register to one regardless of the power
mangdgement mode, the device shall execute the software reset protocol. If the host agserts
RESET- before a device has:Completed the software reset protocol, then the device|shall

execlite the hardware reset pratocol from the beginning.

The host should not sefithe SRST bit to one in the Device Control while the BSY bit is $et to
one ih either devicesStatus register as a result of executing the software reset protocol. |If the
host pets the SRST . bit in the Device Control register to one before devices have completed

execlition of the\software reset protocol, then the devices shall restart execution qf

the

softwpre reset\protocol from the beginning. If the host issues a DEVICE RESET command
before devices have completed execution of the software reset protocol, the command shpll be

ignorged,

A host should issue an IDENTIFY DEVICE and/or IDENTIFY PACKET DEVICE command after
the software reset protocol has completed to determine the current status of features

implemented by the device(s).

Figure 38 and the text following the figure decribe the software reset protocol for the host.

Figure 39 and the text following the figure describe the software reset protocol for Devic
Figure 40 and the text following the figure describe the software reset protocol for Device 1.

e 0.
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HSRO: Set_SRST HSR1: Clear_wait HSR2: Check_status

Software reset SRST asserted t>2ms BSY =0
required 25 ps (£=0) — HSR1:HSR2 ———#=1— HSR2:HI0 == Host_idle
— xx:HSRO —#=1— HSR0:HSR 1 =

BSY =1
HSR2:HSR2 —

Figure 38 — Host software reset state diagram
HSR0: Set_SRST State: This state is entered when the host initiates a softwafre reset.

When in this state, the host shall set SRST in the Device Control registento one. The SR$T bit
shall |[be written to both devices when the Device Control register i§ written. The host|shall
remaln in this state with SRST set to one for at least 5 us. The host/shall not set SRST tp one
unless the bit has been cleared to zero for at least 5 ps.

Transition HSRO0:HSR1: When the host has had SRST sef\to one for at least 5 us, thg host
shall [make a transition to the HSR1: Clear_wait state.

HSR1: Clear_wait State: This state is entered when SRST has been set to one for at|least
5 us.

When in this state, the host shall clear SRST in the Device Control register to zero. Thg host
shall remain in this state for at least 2 ms;

Transition HSR1:HSR2: When SRST has been cleared to zero for at least 2 ms, the hos{ shall
makdg a transition to the HSR2: Check_status state.

HSR2: Check_status State:“This state is entered when SRST has been cleared to zero for at
least|2 ms.

When in this state the’/host shall read the Status or Alternate Status register.

Transition HSR2:HSR2: When BSY is set to one, the host shall make a transition tp the
HSR2: Check. status state.

Transition HSR2:HI0: When BSY is cleared to zero, the host shall check the ending status in
the Error register and the signature (see ISO/IEC 24739-1:2008, Clause 5) and make a

transition to the HIO: Host_idle state (see Figure 41).
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DOSRO: SRST DOSR3: Set_status
PDIAG- =R, BSY=1 PDIAG- =R, BSY=1
SRST set to one SRST cleared to zero & no Device 1 (t=0) Status set Doy
— xx:DOSRO —#=— DOSR0:DOSR3 —DOSR3:DI1 —#— ~ "%
Clear bit 7 BSY=0 -
DOSR1: PDIAG-_wait
SRST cleared to zero &  ppJAG- =R, BSY=1
Device 1 exists (t = 0) —
— DOSRO0:DOSR1 -
t>1ms
DOSR1:DOSR2 —
DOSR2: Sample_PDIAG-
PDIAG- =R, BSY=1
»| PDIAG- asserted
— DOSR2a:DOSR3 —
Resample PDIAG- Clear bit 7
DOSR2:DOSR2 —
t>31s
— DOSR2b:DOSR3 ———;
| Setbit7
BSY DRQ REL SERV C/D /0 LINTRQ | DMARQ | PDIAG- | DASP-
v 0 0 0 0 0 R R \Y R

DOSH
Devid

e Control register.

Figure 39 — Device 0 software reset state diagram

0: SRST State: This state is entered by Device 0 when the SRST bit is set to one

When in this state, the device shall release PDIAG-, INTRQ, IORDY, DMARQ and DD

withir
enter

If the
perfo
defau
the S
or dis

If the

ng this state.

hard

400 ns after entering thissstate. The device shall set BSY to one within 400 ns

device does notrimplement the PACKET command feature set, the device should

rming the hardware initialization and self-diagnostic testing. The device may revert {
It condition (the device’s setting may now be in different conditions than they were b
RST bit was'set to one by the host). However, an Ultra DMA mode setting (either en
abled) shall not be affected by the host setting SRST to one.

PACKET command feature set is implemented, the device may begin performin

n the

15:0)
after

begin
o the
efore
abled

g the

are initialization and qplf-diagnnctir‘ hnc’ring and the device is not pxpnr"rpd to sto

b any

background device activity (e.g., immediate command, see MMC-2) that was started prior to
the time that SRST was set to one. The device shall not revert to the default condition and an
Ultra DMA mode setting (either enabled or disabled) shall not be affected by the host setting
SRST to one.

Transition DOSR0:DOSR1: When SRST is cleared to zero and the assertion of DASP- by
Device 1 was detected during the most recent power-on or hardware reset, the device shall

make a transition to the DOSR1: PDIAG-_wait state.

Transition DOSR0:D0OSR3: When SRST is cleared to zero and the assertion of DASP- by
Device 1 was not detected during the most recent power-on or hardware reset, the device shall
clear bit 7 to zero in the Error register and make a transition to the DOSR3: Set_status state.
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DOSR1: PDIAG-_wait State: This state is entered when SRST has been cleared to zero and
Device 1 is present.

The device shall remain in this state for at least 1 ms and shall clear the DEV bit in the Device
register to zero within 1 ms.

Transition DOSR1:DOSR2: When at least 1 ms has elapsed since SRST was cleared to zero,
the device shall make a transition to the DOSR2: Sample_PDIAG- state.

DOSR2: Sample_PDIAG- State: This state is entered when SRST has been cleared to zero for
at least 1. ms

When in this state, the device shall sample the PDIAG- signal.

Trangition DOSR2:D0SR2: When the sample indicates that PDIAG- is not assefted and less
than |31 s have elapsed since SRST was cleared to zero, then the deyvice shall mgke a
transjtion to the DOSR2: Sample_PDIAG- state.

Trangition DOSR2a:DOSR3: When the sample indicates that PDIAG="is asserted, the device
device shall clear bit 7 to zero in the Error register and shall make a transition to the DQSR3:
Set_gtatus state.

Trangition DOSR2b:D0SR3: When the sample indicates that PDIAG- is not asserted and 31 s
have|elapsed since SRST was cleared to zero, the device shall set bit 7 to one in the|Error
regisfer and shall make a transition to the DOSR3: S&i) status state.

DOSR3: Set_status State: This state is entered when bit 7 in the Error register has been set or
cleargd or Device 1 does not exist.

Whem in this state, the device shall cleaf/the DEV bit in the Device register to zero within I ms.
The gevice shall complete any hardware initialization and self-diagnostic testing begun in the
SRST state if not already completed:

All agtions required in this state-shall be completed within 31 s.

The EXECUTE DEVICE:DIAGNOSTICS diagnostic code shall be placed in bits (6:0) ¢f the
Error|register (see ISOUEC 24739-1:2008, Clause 6). The device shall set the signature vjalues
(see |SO/IEC 24739-1.2008, Clause 5). The content of the Features register is undefined.

If the|device does not implement the PACKET command feature set, the device shall cledr bits
3, 2 gnd Q.inthe Status register to zero.

If theLdevice implpmpntc the PACKET command feature set the device shall clear bits 6] 5, 4,
3, 2 and 0 in the Status register to zero. The device shall return the operating modes to their
specified initial conditions. MODE SELECT conditions shall be restored to their last saved
values if saved values have been established. MODE SELECT conditions for which no values
have been saved shall be returned to their default values.

Transition DOSR3:DI1: When hardware initialization and self-diagnostic testing is completed
and the status has been set, the device shall clear BSY to zero and make a transition to the
DI1: Device_idle_S state (see Figure 43).
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D1SRO0: SRST D1SR1: Release_PDIAG- D1SR2: Set_status
PDIAG-=X, BSY=1 PDIAG- =X, BSY=1 PDIAG- =R, BSY=1
SRST =1 SRST=0 PDIAG- released Status set,
— xx:D1SRO D1SR0:D1SR1—#={— D1SR1:D1SR2 ——={ Passed diagnostics /.
— D1SR2a:DI2—m idle NS

BSY=0, PDIAG-=A

Status set,
failed diagnostics
. Device_
—D1SR2b:DI2 —= idle_ NS
BSY=0, PDIAG-=N

BSY DRQ REL SERV C/D /O [ INTRQ | DMARQ [ PDIAG- | DASP-
v 0 0 0 0 0 R R V R

Figure 40 — Device 1 software reset state diagram

D1SRO0: SRST State: This state is entered by Device 1 when the SRST(bjt'is set to one |n the
Devige Control register.

When in this state, the device shall release INTRQ, IORDY,(DMARQ and DD(15:0) yithin
400 ns after entering this state. The device shall set BSY to.one within 400 ns after entering
this state.

If the device does not implement the PACKET command feature set, the device shall pegin
performing the hardware initialization and self-diagndstic testing. The device may revert {o the
defadlt condition (the device’s setting may now be\in different conditions than they were before
the SRST bit was set to one by the host). Howeyer, an Ultra DMA mode setting (either enpbled
or digabled) shall not be affected by the host:setting SRST to one.

If thg PACKET command feature set is”implemented, the device may begin performing the
hardware initialization and self-diagnostic testing and the device is not expected to stop any
background device activity (e.g., immediate command, see MMC-2) that was started prjor to
the time that SRST was set to.ene. The device shall not revert to the default condition apd an
Ultra|DMA mode setting (either*enabled or disabled) shall not be affected by the host sgtting
SRST to one.

Transition D1SR0:DA1SR1: When SRST is cleared to zero, the device shall make a tranfsition
to thg D1SR1: Release PDIAG- state.

D1SR1: Release_PDIAG- State: This state is entered when SRST is cleared to zero.

When inthis state, the device shall release PDIAG- and clear the DEV bit in the Device refister
to zetowithin 1 ms of entering this state

Transition D1SR1:D1SR2: When PDIAG- has been released, the device shall make a
transition to the D1SR2: Set_status state.

D1SR2: Set_status State: This state is entered when the device has negated PDIAG-.

When in this state the device shall complete the hardware initialization and self-diagnostic
testing begun in the SRST state if not already completed. The EXECUTE DEVICE
DIAGNOSTICS diagnostic code shall be placed in the Error register (see
ISO/IEC 24739-1:2008, Clause 6). If the device passed the self-diagnostics, the device shall
assert PDIAG-.

All actions required in this state shall be completed within 30 s.
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The device shall set the signature values (see ISO/IEC 24739-1:2008, Clause 5). The contents
of the Features register is undefined.

If the device does not implement the PACKET command feature set, the device shall clear bits
3, 2 and 0 in the Status register to zero.

If the device implements the PACKET command feature set, the device shall clear bits 6, 5, 4,
3, 2 and 0 in the Status register to zero. The device shall return the operating modes to their
specified initial conditions. MODE SELECT conditions shall be restored to their last saved
values if saved values have been established. MODE SELECT conditions for which no values

have

been saved shall be returned to their default values.

Trangition D1SR2a:DI2: When hardware initialization, self-diagnostic testing is complete

devi

asseft PDIAG- and make a transition to the DI2: Device_idle_NS state (see Figure 43).
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passed the diagnostics and the status has been set, the device shall clear BSY to

ition D1SR2b:DI2: When hardware initialization, self-diagnostic testingis complete
e failed the diagnostics and the status has been set, the device shall clear BSY to
e PDIAG- and make a transition to the DI2: Device_idle_NS state (See Figure 43).

Bus idle protocol

hmand overlap is implemented and enabled, the.host may be waiting for a service re
released command. In this case, the device i§ preparing for the data transfer fg
5ed command.

g for a service request for a number\of released commands. In this case, the dey
ring for the data transfer for one ofithe released commands.

e 41 and the text following thefigure describe the host state during bus idle for hos
menting command overlap,and queuing. Figure 42 and the text following the
ibe the additional host(state during bus idle required for command overlap and qusd
e 43 and the text following the figure describe the device state during bus idle for dg
hplementing command overlap and queuing. Figure 44 and the text following the
ibe the additional device state during bus idle required for command overlap and qusg
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H

Command
completed or
power-on,
hardware, or
software reset

HI3: Write_parameters

10: Host_Idle

Command to initiate
— HI0:HI1

HI1: Chec

— xxHI0 ——— —— HIO2:HI1

k_Status HI2: Device_Select

BSY=0&DRQ=0&
wrong device selected

BSY=0&DRQ=0&
correct device selected

e HI1:HI2 ———
Command to initiate Device selected
—— HI2:HI1 —
BSY=1o0orDRQ =1

— HI1:HI1 ~

- HI1:HI3

Parameters written

— HI3:HI4

Hl4: Write_

-

.

command

Command written
—— HI4:xx —— Command protocol

HI0: Host_Idle State: This state is entered when a\device completes a command or w

Figure 41 — Host bus idle state diagram

power-on, hardware or software reset has occurred:

When in this state, the host waits for a command to be issued to a device.

Transition HIO:HI1: When the host has.@ command to issue to a device, the host shall m

trans|tion to the HI1: Check_Status state.

HI1: Check_Status State: This.state is entered when the host has a command to issusg

devicg.

When in this state, the"host reads the device Status or Alternate Status register.

Transition HI1:HI2:"When the status read indicates that both BSY and DRQ are clear
zero |but the amrong device is selected, then the host shall make a transition to the

Devige_Select-state.

Trantition HI1:HI1: When the status read indicates that either BSY or DRQ is set to on
host . _

selected device.

nen a

ake a

to a

ed to

HI2:

p, the
f the

Transition HI1:HI3: When the status read indicates that both BSY and DRQ are cleared to
zero and the correct device is selected, then the host shall make a transition to the HI3:
Write_Parameters state.

HI2: Device_Select State: This state is entered when the wrong device is selected for issuing

a new command.

When in this state, the host shall write to the Device register to select the correct device.
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Transition HI2:HI1: When the Device register has been written to select the correct device,
then the host shall make a transition to the HI1: Check_Status state.

HI3: Write_Parameters State: This state is entered when the host has determined that the
correct device is selected and both BSY and DRQ are cleared to zero.

When in this state, the host writes all required command parameters to the device Command
Block registers (see ISO/IEC 24739-1:2008, Clause 6).

Transition HI3:HI4: When all required command parameters have been written to the device
CommandBlock rngicfnre7 the host shall make a transition to the HI4: Write Command state.

Hl4: |Write_Command State: This state is entered when the host has written allNrequired
command parameters to the device Command Block registers.

When in this state, the host writes the command to the device Command register.

Transgition Hl4:xx: When the host has written the command to the device Command redister,
the hpst shall make a transition to the command protocol for the command written as desgribed
in 11]5 through 11.12.
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HIOO: INTRQ_wait_A HIO1: Device_select_A
Command completed Eelect d.ewce
&nlEN =0 & REL = 0 [ HIO0:HIO1
& SERV =0 Device selected
—xx:HIO0 | HIO1:HIOO0 HIO2: Disable_INTRQ
B | g New command to initiate EN = 1
us release HIO% n =
’ — HIOO0:HIO2 -
= = | . Check_
REL=1&nlEN =0 INTRQ asserted HIO2:HI1 —== status
— XX HIO0——pi— HIODHIOS ~
HIO3: Check_status_A HIO4: Device_select_B
Gommand completed
8dnIEN=1&REL=0 Select devi
8 SERV = 0 elect device
— : —_—
— xx:HIO3 ———= HIO3:HIO4 ]
Device selected
Bus released,
REL=1 & nlEN = 1 ——— HIO4:HIO3 —
— xx:HIO3 ———=| New command to initiate
SERV =0 [ HIO3:HI02 o
HIO3:HIO3 | SERV =1
— HIO3:HIO5
HIOS5: Write_SERVICE
Command -
gompleted & HIO6: INTRQ wait B HIO7: Check_status_B
$ERV =1 — =
— xx:HIO5 —=| Service INTRQ >4-outstanding command
enabled HIOB:HIO7 ———— = Tﬁ;:e:l:d
— HIO5:HIO6 1 [ : Service
outstanding command HIO7:HPDO et
HIO6:HPO Service HIO7:HDMAQO
>1 outstanding HIO6:HPDO return
— HIO5:HIO7 -
1 ‘outstanding command
&.no service INTRQ
HIO5:HPO |
HIO5:HPDO = Service return
HIO5:HDMAQO

Figure 42 — Additional Host bus idle state diagram with overlap
or overlap and queuing

HIOO0: INTRQ_wait_A State: This state is entered when a command has completed with nlEN
cleared to zero, REL set to one and SERV cleared to zero. This state is entered when the
device has released the bus with nlEN cleared to zero. This state is entered when the host is
waiting for INTRQ to be asserted for bus released commands.

When in this state, the host waits for INTRQ to be asserted indicating that a device is ready to
resume execution of a bus released command.
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Transition HIO0:HIO1: When the host has one or more commands outstanding to both
devices, the host may make a transition to the HIO1: Device_select_A state to sample INTRQ
for the other device.

Transition HIO0:HIO2: When the host has a new command to issue to a device and that
device has no command released or supports command queuing, then the host shall make a
transition to the HIO2: Disable INTRQ state.

Transition HIOO0:HIO3: When the host detects INTRQ asserted, the host shall make a
transition to the HIO3: Check_status A state.

HIO1}; Device_select_A State: This state is entered when the host has outstanding
releaped commands to both devices and nlEN is cleared to zero.

Whe

regisfer to select the other device and then, shall enable INTRQ by clearing nlEN to zero.

Transgition HIO1:HIO0: Having selected the other device, the host shall’/make a transit
the HIOO0: INTRQ_wait_A state.

HIO2f Disable_INTRQ State: This state is entered when the host-has a new command to

to a

queu|ng.

Whe

cond

Transition HIO2:HI1: When nlEN has been.s€t'to one, the host shall make a transition

HI1:

HIO3[ Check_status_A State: This state is entered when a command is completed with
¢ one, REL set to one and SERV cleared to zero. This state is entered when the device

set t
has
occu

Whe

Transition HIO3:HIO4: If SERV is cleared to zero and the host has released comn;
outstanding to both devices, then the host may make a transition to the HIO4: Device_sel
state

toa

Tran(rition HIO3:HIO2: If SERV is cleared to zero and the host has a new command to

M in this state, the host shall disable INTRQ by setting nlEN to one, shall write the D

device and that device has no outstanding, bus released*command or supports com

m in this state, the host shall set nlEN to on€ "nIEN is set to one to prevent a
ion if the host has to select the other device to.issue the command.

Check_status state (see Figure 41).

fleleased the bus and nlEN\is set to one. This state is entered when an interrup
ffed indicating that a devjee)is requesting service.

M in this state, the hgost shall read the Status register of the device requesting service

bus

evice

on to

issue
mand

race

o the

nlEN

t has

ands
bct B

issue

evice, then the host shall make a transition to the HIO2: Disable INTRQ state.

Transition HIO3:HIO3: If SERYV is cleared to zero and the host has no new command to issue,

then

the host shall make a transition to the HIO3: Check_status state.

Transition HIO3:HIOS5: If SERYV is set to one, the host shall make a transition to the HIOS5:
Write_ SERVICE state.

HIO4: Device_select_B State: This state is entered when the host has outstanding, bus
released commands to both devices and nlEN is set to one.

When in this state, the host shall disable INTRQ by setting nlEN to one, shall write the Device
register to select the other device, and then, shall enable INTRQ by clearing nlEN to zero.
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Transition HIO4:HIO3: Having selected the other device, the host shall make a transiti
the HIO3: Check_status_A state.

on to

HIO5: Write_SERVICE State: This state is entered when a device has set SERV to one
indicating that the device requests service. This state is entered when a command has

completed with SERV set to one.

When in this state, the host shall write the SERVICE command to the Command register.

Transition HIO5:HIO6: When the device is one that implements the PACKET command

featu
HIO6f INTRQ_wait_B state.

Transition HIO5:HIO7: When the host has more than one released command ,qutstand
the device and the Service interrupt is disabled, the host shall make a transitionto the
_status_B state.

ition HIO5:xx: When the Service interrupt is disabled and the host has only one relg
command outstanding to the device, the host shall make a transition.io the service retu
the pfotocol for the command outstanding (see Figure 53, Figure 55, er Figure 57).

HIO6f INTRQ_wait_B State: This state is entered when the~SERVICE command has
written to a device implementing the PACKET command feature set and the Service interr]
enabled.

NOTE| READ DMA QUEUED and WRITE DMA QUEUED commands do not implement the Service interrupt.

When in this state, the host waits for the assertion of INTRQ.

Transition HIO6:HIO7: When the host has more than one released command outstand
the ¢evice and INTRQ is assertedy“the host shall make a transition to the
Check_status_B state.

Transgition HIO6:xx: When INTRQ has been asserted and the host has only one relg
command outstanding to the.device, then the host shall make a transition to the service 1
for the transport protocol ©f the outstanding command (see Figure 53, Figure 55, or Figurg

HIO7} Check_status B State: This state is entered when the SERVICE command has
writtgn and the host.has more than one released command outstanding to the device.

When in this.state the host reads the command tag to determine which outstanding com
servite is'requested for. If a DMA data transfer is required for the command, the host sha
up the . DMA engine.

o the

ng to
H1O7:

tased
rn for

been
upt is

ng to
H1O7:

ased
eturn
57).

been

mand
Il set

Transition HIO7:xx: When the command for which service is requested has been determined,
the host shall make a transition to the service return for that command protocol (see Figure 53,

Figure 55 or Figure 57).
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DIO0: Device_ldle_SI
INTRQ=A

Command completed &
nlEN=0 & interrupt pending

— xx:DI0 ———— ]

Device/Head register
written & device selected

— DIO:xx —= Command protocol

Command written

DI2: Device_ldle_NS

Device/Head register INTRQ=R
written & device deselected [
DIO:DI2 -]

Device/Head register written & device

/— DI0:DIO
N

selected, nIEN=0 & interrupt pending
DI2:DIO

Status register read or
nlEN set to one

DI0o:DI1

INTR

gt

DI1: Device_ldle_S

Power-on, hardware, or software
reset if Device 1

xx:.DI2 ————

Q=N

Power-on, hardware, or
software reset if Device 0

Device/Head register
written & device deselected

— DI1:DI2

Device/Héad register
written &device selected &
(nosinterrupt pending or nIEN=1)

DI2:DI1 —

— xx:DI1

Command completed & (no
nterrupt pending or

|t

Command written
— DI1:xx ——————m= Command protocol

Device/Head register

Dlo:

PIEN=1) written & device selected
xx:DI1 =— DI1:DI1
BSY DRQ REL SERV C/D 1/0 INTRQ | DMARQ | PDIAG- | DASP-
0 0 0 0 0 0 \ R R R
Figure 43 — Device bus idle state diagram

Device_ldle_SI State (selected/INTRQ asserted): This state is entered when the device

has dqompleted the execution of a command protocol with Interrupt Pending and nlIEN=0.

When in this state, the device shall have DRQ cleared to zero, INTRQ asserted and BSY

cleared to zero. Reading any register except the Status register shall have no effect.

Transition DI0:xx: If the Command register is written, the device shall clear the device internal
Interrupt Pending, shall negate or release INTRQ within 400 ns of the negation of DIOW-, shall
release PDIAG- and DSAP- if asserted, and shall make a transition to the command protocol
indicated by the content of the Command register. The host should not write to the Command

register at this time.

Transition DI0:DI1: When the Status register is read, the device shall clear the device internal
Interrupt Pending, negate or release INTRQ within 400 ns of the negation of DIOR- and make a
transition to the DI1: Device Idle_S state. When nlEN is set to one in the Device Control
register, the device shall negate INTRQ and make a transition to the DI1: Device_ldle_S state.
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Transition DI0:DI0: When the Device register is written and the DEV bit selects this device or
any other register except the Command register is written, the device shall make a transition to
the DIO: Device_ldle_SI state.

Transition DI0:DI2: When the Device register is written and the DEV bit selects the other
device, then the device shall release INTRQ within 400 ns of the negation of DIOW- and make
a transition to the DI2: Device_ldle_NS state.

DI1: Device_ldle_S State (selected/INTRQ negated): This state is entered when the device
has completed the execution of a command protocol with no Interrupt Pending or nlEN = 1, or
when a Pending Interrupt is cleared. This state is also entered by Device 0 at the completion of
a power-on, hardware or software reset.

When in this state, the device shall have BSY and DRQ cleared to zero and INTRQ|negafed or
releaged.

When entering this state from a power-on, hardware or software reset, if.the device dogs not
impleément the PACKET command feature set, the device shall set DRDY fo one within 3D s of
enter|ng this state. When entering this state from a power-on, hardware or software reset,|if the
device does implement the PACKET command feature set, the device shall not set DRDY to
one.

Transgition DI1:xx: When the Command register is written,‘\the device shall exit the Interrupt
Pendjng state, release PDIAG- if asserted and make 4 transition to the command progtocol
indicated by the content of the Command register.

Transgition DI1:DI1: When the Device register is written and the DEV bit selects this dev|ce or
any register is written except the Command register, the device shall make a transition {o the
DI1: Device_ldle_S state.

Transition DI1:DI2: When the Device\fegister is written and the DEV bit selects the [other
devick, the device shall make a transition to the DI2: Device_Idle NS state.

DI2: |Device_ldle_NS State.(not selected): This state is entered when the devite is
deselected. This state is also_entered by Device 1 at the completion of a power-on, hardware
or software reset.

When in this state, the device shall have BSY and DRQ cleared to zero and INTRQ shall be
releaged.

When entering/this state from a power-on, hardware or software reset, if the device dogs not
implgment the PACKET command feature set, the device shall set DRDY to one within 30 s of
When
iment

the PACKET command featureset thedewce shallnot set DRDY to one. )

Transition DI2:DI0: When the Device register is written, the DEV bit selects this device, the
device has an Interrupt Pending and nlEN is cleared to zero, then the device shall assert
INTRQ within 400 ns of the negation of DIOW- and make a transition to the DIO:
Device_Idle_SI state.

Transition DI2:DI1: When the Device register is written, the DEV bit selects this device and
the device has no Interrupt Pending or nlEN is set to one, then the device shall make a
transition to the DI1: Device_Idle_S state.
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Figure 44 — Additional device bus idle state diagram with overlap
or overlap and queuing

DI00: Device_ldle_SIR State (selected/INTRQ asserted/RELset to one): This state is entered
when the device has completed the execution of a command protocol with Interrupt Pending,
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nlEN=0, REL set to one and SERV cleared to zero. This state is entered when the device has
released an overlapped command with Interrupt Pending, nlIEN=0, REL set to one and SERV
cleared to zero.

When in this state, the device is preparing for completion of a released command. The device
shall have BSY and DRQ cleared to zero and INTRQ asserted.

Transition DIO0:xx: When the Command register is written, the device shall clear the Interrupt
Pending, shall negate or release INTRQ within 400 ns of the negation of DIOW- and shall make
a transition to the command protocol indicated by the content of the Command register.

NOTE —Since a gueue exists nnly commands in the queued command set may he written to the Command n:gister_
If any [other command is written to the Command register, the queue is aborted and command aborted is~rgturned
for thel command see ISO/IEC 24739-1:2008,, Clause 4.

Tranfition DIO0:DIO1: When the Status register is read, the device shall clear ‘the Intg¢rrupt
Pendjng, negate or release INTRQ within 400 ns of the negation of DIOR~'and make a
transjtion to the DIO1: Device_Idle_SR state.

Transition DIO0:DIO2: When the Device register is written and the DEV/bit selects the |other
devicg, then the device shall release INTRQ within 400 ns of the negation of DIOW- and make
a transition to the DIO2: Device_Idle NS state.

Transition DIO0:DIO2: When the device is ready to continde the execution of a relg¢ased
command, the device shall make a transition to the DIO2; Device_idle_SIS state.

DIO1 Device_ldle_SR State (selected/INTRQ negated/REL set to one): This state is entered
when| the device has completed the execution of aicemmand protocol with no Interrupt Pehding
or nlEN=1, REL set to one and SERV cleared te zero. This state is entered when the device
has rgleased an overlapped command with no.lnterrupt Pending or nlEN=1, REL set to ong and
SERY cleared to zero. This state is entered*when a pending interrupt is cleared, REL is et to
one gnd SERV is cleared to zero.

When in this state, the device is préparing for completion of a released command. The device
shall have BSY and DRQ cleared\to zero and INTRQ negated or released.

Transgition DIO1:xx: When thé Command register is written, the device shall make a transition
to thg command protocal indicated by the content of the Command register.

NOTE| Since a queue exists, only commands in the queued command set may be written to the Command rggister.
If any [other command \is ‘written to the Command register, the queue is aborted and command aborted is rgturned
for thel command {SO/IEC 24739-1:2008, Clause 4, Overlapped Feature Set).

devick, the/device shall make a transition to the DIO4: Device_Idle_NS state.

TranLFtion DP101:DIO4: When the Device register is written and the DEV bit selects the |other

Transition DIO1:DIO2: When the device is ready to continue the execution of a released
command and nlEN=0, the device shall make a transition to the DIO2: Device_idle_SIS state.

Transition DIO1:DIO3: When the device is ready to continue the execution of a released
command and nlEN=1, the device shall make a transition to the DIO3: Device_idle_SS state.

DIO2: Device_ldle_SIS State (selected/INTRQ asserted/SERV set to one): This state is
entered when the device has completed the execution of a command protocol with Interrupt
Pending, nlIEN=0, REL set to one and SERV set to one. This state is entered when the device
has released an overlapped with Interrupt Pending, nIEN=0, REL set to one and SERV set to
one.
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Transition DIO2:DIO3: When the Status register is read, the device shall clear the Interrupt
Pending, negate or release INTRQ within 400 ns of the negation of DIOR-, and make a
transition to the DIO3: Device_ldle_SS state.

Transition DIO2: DIO4: When the Device register is written and the DEV bit selects the other
device, the device shall release INTRQ within 400 ns of the negation of DIOW- and make a
transition to the DIO4: Device_ldle_NS state.

Transition DIO2:DP0/DPD0/DDMAQO: When the SERVICE command is written into the
Command register, the device shall set the Tag for the command to be serviced, negate or
release INTRQ within 400 ns of the negation of DIOW-, and make a transition to the Service
returm of the command ready for service (see Figure 54, Device PACKET non-data and PIO
data [command protocol, Figure 56, Device PACKET DMA command protocol or Figure 58,
Devige DMA QUEUED command protocol).

Tran;]ition DIO2:xx: When any overlapped command other than SERVICE\is written to the
Cominand register, the device shall negate or release INTRQ within 400 n§, of the negation of
DIOW- and make a transition to the protocol for the new command.

DIO3F Device_ldle_SS State (selected/INTRQ negated/SERV setr to one): This stgte is
enterpd when the device has completed the execution of a command protocol with no Interrupt
Pendjng or nlEN=1, REL set to one, and SERV set to one CFhis state is entered wheph the
device has released an overlapped with no Interrupt Pendifhg*or nlEN=1, REL set to on¢ and
SERY set to one.

Transition DIO3: DIO4: When the Device register is¢written and the DEV bit selects the |other
devick, the device shall make a transition to the DIO4: Device_Idle_NS state.

Transition DIO3:DP0/DPDO0/DDMAQO: When the SERVICE command is written intp the
Command register, the device shall set the Tag for the command to be serviced and make a
transjtion to the Service return of the command ready for service (see Figure 54, Figure [56 or
Figure 58).

Tranx]ition DIO3:xx: When any joverlapped command other than SERVICE is written I) the
Cominand register, the device shall make a transition to the protocol for the new command.

DIO4; Device_ldle_NS:State (not selected): This state is entered when the devite is
deselected with RELsor-SERV set to one.

When in this state, the device shall have BSY and DRQ cleared to zero and INTRQ shall be
releaged.

cleared to zero, then the device shall’ assert INTRQ within 400’ ns of the negation of DIOW- and
make a transition to the DIOO: Device_Idle_SIR state.

Transition DIO4:DIO1: When the Device register is written, the DEV bit selects this device,
the device has no Interrupt Pending or nlEN is set to one, REL is set to one and SERV is
cleared to zero, then the device shall make a transition to the DIO1: Device_lIdle_SIR state.

Transition DIO4:DI02: When the Device register is written, the DEV bit selects this device,
the device has an Interrupt Pending, nlEN is cleared to zero, REL is set to one and SERV is set
to one, then the device shall assert INTRQ within 400 ns of the negation of DIOW- and make a
transition to the DIO2: Device_ldle_SIS state.
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Transition DIO4:DIO3: When the Device register is written, the DEV bit selects this device,
the device has no Interrupt Pending or nlEN is set to one, REL is set to one and SERV is set to
one, then the device shall make a transition to the DIO3: Device_ldle_SIR state.

11.5 Non-data command protocol

This class includes:

e CFA ERASE SECTORS

e CFA REQUEST EXTENDED ERROR CODE
e CHECK MEDIA CARD TYPE

e CHECK POWER MODE

e CPONFIGURE STREAM

e DEVICE CONFIGURATION FREEZE LOCK
e DEVICE CONFIGURATION RESTORE

e FLUSH CACHE

e FLUSH CACHE EXT

GET MEDIA STATUS

LE

LE IMMEDIATE

FAD NATIVE MAX ADDRESS

FAD NATIVE MAX ADDRESS EXT
FAD VERIFY SECTOR(S)

FAD VERIFY SECTOR(S)EXT
ECURITY ERASE PREPARE
ECURITY FREEZE)LOCK

ET FEATURES

ET MAX ADDRESS

ET MAX~ADDRESS EXT
ETMULTIPLE MODE

| EEP

e SMART DISABLE OPERATION

e SMART ENABLE/DISABLE AUTOSAVE
e SMART ENABLE OPERATIONS

e SMART EXECUTE OFFLINE IMMEDIATE
e SMART RETURN STATUS

e STANDBY

e STANDBY IMMEDIATE

°
n 0 nu 0 nu 0 nwu » 0 0 0 Z

Execution of these commands involves no data transfer. Figure 45 and the text following the
figure describe the host state. Figure 46 and the text following the figure decribe the device
state.
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See the NOP command description and the SLEEP command in ISO/IEC 24739-1:2008,
Clause 6 for additional protocol requirements.

HNDO: INTRQ_wait HND1: Check_Status
INTRQ asserted BSY =0
Command
written & nlEN = 0 HNDO:HND1 —————=— HND1:HI0 ——— Host_Idle
— HI4:HNDO BSY =1

HND1:HND1 —
/-

Command
written & nlEN =1

— HI4:HND1 -

HND@: INTRQ_Wait_State: This state is entered when the host\hlas written a non

comn

When in this state the host may wait for INTRQ to be asserted\by the device.

Tran
the H

HND1:

comn
been

When in this state, the host shall read-the device Status register. When entering this statg

anoth
readi

Transition HND1:HI0: When the status read indicates that BSY is cleared to zero, the

shall
error

Transition HNDAXHND1: When the status read indicates that BSY is set to one, the host

make

Figure 45 — Host non-data state diagram

hand to the device and the nlEN bit in the device has been cleared to zero.

ition HNDO:HND1: When the device asserts INJFRQ, the host shall make a transit
ND1: Check_Status state.

Check_Status State: This state is entered when the host has written a non
nand to the device and the nlEN bit in the‘device has been set to one or when INTR(
asserted.

er state other than when an<interrupt has occurred, the host shall wait 400 ns b
ng the Status register.

make a transition4othe HIO: Host_Idle state (see Figure 41). If status indicates th
has occurred, the host shall take appropriate error recovery action.

a transjtion to the HND1: Check_Status state to recheck device status.

-data

on to

-data
D has

from
efore

host
at an

shall

DNDO: Command_Execution

Execution complete & nlEN =0
Non-data — DNDO:DI0 ——————— = Device_idle_SI
command written

BSY=0, INTRQ=A

DI0:DNDO
DI1:DNDO Execution complete & nlEN = 1

— DNDO:DI1 ————— = Device_idle_S
BSY=0

BSY DRQ REL SERV C/D I/0 | INTRQ | DMARQ | PDIAG- | DASP-

1 0 0 0 0 0 V R R R

Figure 46 — Device non-data state diagram
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DNDO: Command_Execution State: This state is entered when a non-data command has

been

written to the device Command register.

When in this state, the device shall set BSY to one within 400 ns of the writing of the Command
register, shall execute the requested command and shall set the Interrupt Pending.

Transition DNDO0:DI0: When command execution completes and nlEN is cleared to zero, then
the device shall set error bits, if appropriate, clear BSY to zero, assert INTRQ and make a
transition to the DIO: Device_Idle_SI state (see Figure 43).

Transiti

shall
Devid

11.6

This

set error bits if appropriate, clear BSY to zero and make a transition to the
e_ldle_S state (see Figure 43).

PIO data-in command protocol

Class includes:

FA TRANSLATE SECTOR

FVICE CONFIGURATION IDENTIFY
ENTIFY DEVICE

ENTIFY PACKET DEVICE

FAD BUFFER

FAD LOG EXT

FAD MULTIPLE

FAD MULTIPLE EXT

FAD SECTOR(S)

FAD SECTOR(S) EXT

MART READ DATA

MART READ LOG

FAD STREAM PIO EXT

Ltion of this class-6f command includes the transfer of one or more blocks of data

evice to the hpst-Figure 47 and the text following the figure describe the host s
e 48 and the text following the figure describe the device states.

evice
DI1:

from
ates.
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HPIOIO: INTRQ_wait HPIOI1: Check_Status
PIO datain INTRQ asserted BSY =0&DRQ =0
command written
& selected device — HPIOIO:HPION #=— HPIOI1:HI0 — Host_idle
&nlEN=0

PIO data in command

— HI4HPIOIO written & selected device

& nlEN =1 BSY =1
/ - — HI4:HPIOl ————————————»»1— HP|O|1IHP|O|1\
HPIOI2: Transfer_Data
BSY=0&DRQ =1
Data register read [«———— HPIOI1:HPIOI2 — =
& DRQ data block
transferred & all Data register read & DRQ data block
data for command | transferred & all data for command
n:)érzlrangferred & not transferred & nlEN = 1
n =

HPIOI2:HPIO| ————

N HPIOI2:HPIOI0 —
Data register read & DRQ data
block transfer not complete

— HPIOI2:HPIOI2

|t

Data register read & all datafer
command transferred

— HPIOI2:HI0 = Host_idle

Figure 47 — Host PIO data-in state diagram

HPIOJI0: INTRQ_Wait State: This-state is entered when the host has written a PIO data-in
command to the device and AlEN is cleared to zero, or at the completion of a DRQ data [plock
transfer if all the data for the‘eommand has not been transferred and nlEN is cleared to zgro.

When in this state, the_host shall wait for INTRQ to be asserted.

Transition HPIOI0:HPIOI1: When INTRQ is asserted, the host shall make a transition fo the
HPI1QI1: Checky Status state.

HPIOI17 Check_Status State: This state is entered when the host has written a PIO data-in
command to the device and nlEN is set to one or when INTRQ is asserted.

When in this state, the host shall read the device Status register. When entering this state from
the HI4 state, the host shall wait 400 ns before reading the Status register. When entering this
state from the HPIOI2 state, the host shall wait one PIO transfer cycle time before reading the
Status register. The wait may be accomplished by reading the Alternate Status register and
ignoring the result.

Transition HPIOI1:HI0: When BSY is cleared to zero and DRQ is cleared to zero, then the
device has completed the command with an error. The host shall perform appropriate error
recovery and make a transition to the HIO: Host_Idle state (see Figure 41).

Transition HPIOI1:HPIOI1: When BSY is set to one, the host shall make a transition to the
HPIOI1: Check_Status state.
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Transition HPIOI1:HPIOI2: When BSY is cleared to zero and DRQ is set to one, the host shall
make a transition to the HPIOI2: Transfer_Data state.

HPIOI2: Transfer_Data State: This state is entered when the BSY is cleared to zero, DRQ is
set to one and the DRQ data block transfer has not completed.

When in this state, the host shall read the device Data register to transfer data.

Transition HPIOI2:HPIOIO: When the host has read the device Data register and the DRQ
data block has been transferred, all blocks for the command have not been transferred and

nlEN

Trangition HPIOI2:HPIOI1: When the host has read the device Data register and“the

data
nlEN

is cleared to zero then the host shall make a transition to the HPIOQI0: INTRQ \Wait state.

DRQ

block has been transferred, all blocks for the command have not been transferre$ and

Transgition HPIOI2:HPIOI2: When the host has read the device status_register and the

data
Trang

is set to one, then the host shall make a transition to the HPIOI1: Check_Status state.

DRQ

block transfer has not completed, then the host shall make a transition to the HRIOI2:

fer_Data state.

Transgition HPIOI2:HIO: When the host has read the device Data-register and all blocks f

comn
state

nand have been transferred, then the host shall make a.transition to the HIO: Hos
(see Figure 41). The host may read the Status register:

br the
_Idle
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DPIOIO0: Prepare_Data
BSY=1, DRQ=0, INTRQ=N

Command execution aborted with error & nIEN=0
— DPIOI0:DIO = Device_idle_SI
PIO data in BSY=0, INTRQ=A

command written Command execution aborted with error & nIEN=1

|DIO:DPIOIO | - o
DI1:DPIOIO |—> DPI10OI0:DI1 - idle

BSY=0
DPIOI2: Data_Rdy_INTRQ
BSY=0, DRQ=1,INTRQ=A—

Data ready to transfer & nIEN=0
— DPIOIO:DPIOI2 !
Data ready to transfer & nIEN=1

f—>_ DPIOI0:DPIOI1

DPIOI1: Transfer_Data
BSY=0, DRQ=1, INTRQ=N

Data register read & [™®
DRQ data block = DPIOI2:DPIOI1 —

transferred & all data | pata register read & DRQ data
for command not block transfer not complete

Status registerread

Q”Sfe"ed — DPIOI1:DPIOI1
DPIOI1:DPIOI0—]
-
Data register read &e@ll data for command transferred
— DPIOI1:DI1 » Device_idle_S
BSY=0

BSY DRQ REL SERV C/D I/0 | INTRQ | DMARQ | PDIAG- | DASP-
\ \ 0 0 0 0 V R R R

Figure’48 — Device PIO data-in state diagram

DPIOI0: Prepare_Data) State: This state is entered when the device has a PIO data-in
command written to‘the Command register.

When in this state, device shall set BSY to one within 400 ns of the writing of the Command
regisfer and'prepare the requested data for transfer to the host.

For IDENTIFY DEVICE and IDENTIFY PACKET DEVICE commands, if the device tests CBLID-
it shall do so and update bit 73 in word 93.

Transition DPIOI0:DI0: When an error is detected that causes the command to abort and
nlEN is cleared to zero, then the device shall set the appropriate error bits, clear BSY to zero,
assert INTRQ and make a transition to the DIO: Device_ldle_SI state (see Figure 43).

Transition DPIOI0:DI1: When an error is detected that causes the command to abort and
nlEN is set to one, then the device shall set the appropriate error bits, clear BSY to zero and
make a transition to the DI1: Device_ldle_S state (see Figure 43).

Transition DPIOI0:DPIOI1: When the device has a DRQ data block ready to transfer and nlEN
is set to one, then the device shall make a transition to the DPIOI1: Transfer_Data state.
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Transition DPIOI0:DPIOI2: When the device has a DRQ data block ready to transfer and nlEN
is cleared to zero, then the device shall make a transition to the DPIOI2: Data_Ready INTRQ
state.

DPIOI1: Data_Transfer State: This state is entered when the device is ready to transfer a
DRQ data block and nlEN is set to one or when the INTRQ indicating that the device is ready
to transfer a DRQ data block has been acknowleged by a read of the Status register.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, and the
device has a data word ready in the Data register for transfer to the host.

Transition DPIOI1:DPIOI1: When the Data register is read and transfer of the DRQ data block
has not completed, then the device shall make a transition to the DPI1OI1: Data_Transfer state.

Transgition DPIOI1:DPIOI0: When the Data register is read and the transfer of the/current{DRQ
data plock has completed, but all blocks for this request have not been transferred, then the
devicke shall make a transition to the DPIOIO: Prepare_Data state.

Trangition DPIOI1:DI1: When the Data register is read and all blocks for this request|have
been|transferred, then the device shall clear BSY to zero and maké a transition to thg DI1:
Devige_Idle_S state (see Figure 43). The Interrupt Pending is not set on this transition.

DPIOI2: Data_Ready_INTRQ State: This state is entered"when the device has a DRQ| data
block| ready to transfer and nlEN is cleared to zero.

When in this state, BSY is cleared to zero, DRQ is'set’'to one and INTRQ is asserted.

Transition DPIOI2:DPIOI1: When the Status-freégister is read, then the device shall clear the
Interqupt Pending, negate INTRQ and make a-transition to the DPIOI1: Data_Transfer stat

1%

11.7 | PIO data-out command protocol

This ¢lass includes:
CFA WRITE MULTIPLE WITHOUT ERASE
CFA WRITE SECTORS WITHOUT ERASE
DEVICE CONFIGURATION SET

e DPWNLOAD MICROCODE
S
S
S

ECURIT)Y-DISABLE PASSWORD
ECURITY ERASE UNIT
ECURITY SET PASSWORD
e SECUITY UNLOCK

e SMART WRITE LOG

e WRITE BUFFER

e WRITE LOG EXT

e WRITE MULTIPLE

e WRITE MULTIPLE EXT

e WRITE MULTIPLE FUA EXT
e WRITE SECTOR(S)

e WRITE SECTOR(S) EXT

e WRITE STREAM PIO EXT
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Execution of this class of command includes the transfer of one or more blocks of data

from

the host to the device. Figure 49 and the text following the figure describe the host states.

Figure 50 and the text following the figure describe the device states.

HPIOOO0: Check_Status

P1O data out command written BSY=0& DRQ =0

— HI4;:HPIOOQ —————  »1—— HPIOO0:HI0 — Host_idle
BSY =1
HPIOO0:HPIOO0 — HPIOO2: INTRQ_wait
/_ %
& INTRQ asserted
| HPIOO2:HPIOO0 —

BSY=0&DRQ =1
#— HPIOO0:HPIOO1

HPIOO1: Transfer_Data

Data register written &  [®

DRQ data block Data register written & DRQ data
transferred & nlEN = 1 block transferred & nIEN = 0
HPIOO1:HPIOO0 ——— HPIOO1:HPIOO2 I

Data register written & DRQ data
block transfer not compléte

— HPIOO1:HPIOO1

Figure 49 — Host P1O data-out state diagram

HPIOO0O0: Check_Status State: This state is entered when the host has written a PIO daf
command to the device; whena DRQ data block has been written and nlEN is set to of
when| a DRQ data block has” been written, nlEN is cleared to zero and INTRQ has
asseifted.

When in this state, the host shall read the device Status register. When entering this statg
the HI4 state, théthost shall wait 400 ns before reading the Status register. When enterin
state|from the-HP10O1 state, the host shall wait one PIO transfer cycle time before readin
Statuks register. The wait may be accomplished by reading the Alternate Status registe
ignor|ng, the'result.

a-out
e; or
been

from
g this
g the
r and

Transition HPIOOO:HI0O: When BSY is cleared to zero and DRQ is cleared o zero, the
device has completed the command and shall make a transition to the HIO: Host_Idle
(see Figure 41). If an error is reported, the host shall perform appropriate error recovery.

n the
state

Transition HPIOOO0:HPIOOO0: When BSY is set to one and DRQ is cleared to zero, the host

shall make a transition to the HPIOOO0: Check_Status state.

Transition HPIOOO0:HPIOO1: When BSY is cleared to zero and DRQ is set to one, the host

shall make a transition to the HPIOO1: Transfer_Data state.

HPIOO1: Transfer_Data State: This state is entered when the BSY is cleared to zero, DRQ is

set to one.

When in this state, the host shall write the device Data register to transfer data.
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Transition HPIOO1:HPIOO2: When the host has written the device Data register, the

DRQ

data block has been transferred and nlEN is cleared to zero, then the host shall make a

transition to the HPIOO2: INTRQ_Wait state.

Transition HPIOO1:HPIOOO0: When the host has written the device Data register, the

DRQ

data block has been transferred and nlEN is set to one, then the host shall make a transition to

the HPIOOO0: Check_Status state.

Transition HPIOO1:HPIOO1: When the host has written the device Data register and the

DRQ

data block transfer has not completed, then the host shall make a transition to the HPIOO1:

Transfer Data state.

HPIOO2: INTRQ_Wait State: This state is entered when the host has completed a-DRQ
block|transfer and nlEN is cleared to zero.

When in this state, the host shall wait for INTRQ to be asserted.

Transition HPIOO2:HPIOOO0: When INTRQ is asserted, the host shall. make a transition
HPIOQOO0: Check_Status state.

data

o the
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DPIOOO0: Prepare
BSY=1, DRQ=0, INTRQ=N

P10 data out
command written

_| DIO:DPIOOOl
DI1:DPIOO0

— DPIOO0:DIO

Error or all data for command transferred & nlEN =0

BSY=0, INTRQ=A

— DPIOOO0:DI1

= Device_idle_SI

Error or all data for command transferred & nlEN = 1

BSY=0

= Device_idle_S

[aYalaVat.-Pill =)

/

Ready to receive susequent
DRQ data block & nIEN=0

UT TUUZ."I\T

BSY=0, DRQ=1, INTRQ=A

— DPIOO0:DPIO0O2

Ready to receive susequent
DRQ data block & nIEN=1

Ready to receive first
DRAQ data block

\

— DP1000a:DPIOO1

—— DPIOO0b:DPIOO1 j

DPIOO1: Transfer_Data
BSY=0, DRQ=1, INTRQ=N

|t

B4

Data register written
& DRQ data block

|t

|t

Data register written'& DRQ data

Status register read
DPIO02:DPIOO1 —

\

\transferred block transfer not'complete
DPIO0O1:DPIOO0 —1+— DPIOO1:RPIOO
-
BSY DRQ REL SERV C/D 110 INTRQ | DMARQ | PDIAG- DASP-
\ v 0 0 0 0 V R R R

DPIOO0: Prepare State: This state is entered when the device has a PIO data-out com

Figure 50 — Device PIO data-out state diagram

writtgn to thesCommand register or when a DRQ data block has been transferred.

When _invthis state, device shall set BSY to one within 400 ns of the writing of the Com

mand

mand

register, shall clear DRQ to zero and negate INTRQ. The device shall check for errors,
determine if the data transfer is complete, and if not, prepare to receive the next DRQ data

block.

Transition DPIOO0a:DPIOO1: When the device is ready to receive the first DRQ data block
for a command, the device shall make a transition to the DPIOO1: Transfer_Data state.

Transition DPIOOO0b:DPIOO1: When the device is ready to receive a subsequent DRQ data
block for a command and nlEN is set to one, then the device shall set the Interrupt Pending
and make a transition to the DPIOO1: Transfer_Data state.

Transition DPIO00:DPIOO2: When the device is ready to receive a subsequent DRQ data
block for a command and nlEN is cleared to zero, then the device shall set the Interrupt
Pending and make a transition to the DPIO0O2: Ready_INTRQ state.
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Transition DPIO00:DI0: When all data for the command has been transferred or an error
occurs that causes the command to abort and nlEN is cleared to zero, then the device shall set
the Interrupt Pending, set appropriate error bits, clear BSY to zero, assert INTRQ and make a
transition to the DIO: Device_Idle_SI state (see Figure 43).

Transition DPIOOO0:DI1: When all data for the command has been transferred or an error
occurs that causes the command to abort and nlEN is set to one, then the device shall set the
Interrupt Pending, set appropriate error bits, clear BSY to zero and make a transition to the
DI1: Device_ldle_S state (see Figure 43).

DPIOO1: Data_Transfer State: This state is entered when the device is ready to receive a
DRQ/(data block.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated and the
device receives a data word in the Data register.

Transition DPIOO1:DPIOO1: When the Data register is written and transfer of the DRQ data
blockl has not completed, then the device shall make a transition to the DRPIOO1: Data_Trgnsfer
state

Trangition DPIOO1:DPIO0O0: When the Data register is written{and the transfer of the cdirrent
DRQ| data block has completed, then the device shall make a transition to the DPIOOQO:
Prepare state.

DPIOO2: Ready_INTRQ State: This state is entered\when the device is ready to recgive a
DRQ/[data block and nlEN is cleared to zero.

When in this state, BSY is cleared to zero, DR@Jis set to one and INTRQ is asserted.

Transition DPIOO2:DPIOO1: When the“Status register is read, the device shall clegr the
Interqupt Pending, negate INTRQ and make a transition to the DPIOO1: Data_Transfer stqte.

11.8 | DMA command protocol

This ¢lass includes:

READ DMA

READ DMA EXT:

READ STREAM DMA EXT
e WRITE DMA

WRITE DMA EXT

WRIFE DMA FUA EXT
WRITE STREAM DMA EXT

Execution of this class of command includes the transfer of one or more blocks of data from
the host to the device or from the device to the host using DMA transfer. The host shall
initialize the DMA channel prior to transferring data. A single interrupt is issued at the
completion of the successful transfer of all data required by the command or when the transfer
is aborted due to an error. Figure 51 and the text following the figure describe the host states.
Figure 52 and the text following the figure describe the device states.
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HDMAO: Check_Status

DMA command written BSY=0&DRQ=0
—— HI4:HDMAQ —————  »+— HDMAO:HI0 —— Host_lIdle

BSY =1 & DMARQ negated

HDMAO:HDMAO HDMA2: INTRQ_wait

INTRQ asserted
- HDMA2:HDMAO ——

(BSY = 0 & DRQ = 1 & DMARQ asserted) or
(BSY =1 & DRQ = 0 & DMARQ asserted)

,— — HDMAO:HDMA1

HDMAH1: Transfer_Data

(All data for command transferred |-
& nlEN = 1) or (DMA burst

terminated & more data to All data for command
transfer) transferred & nlEN = 0
HDMA1:HDMAQ ——— HDMA1:HDMA2 -

Figure 51 — Host DMA state diagram

com
to o
INTR

and to the device; when all data for the command has been transferred and nlEN
e; or when all data for the command. has been transferred, nlEN is cleared zerg
Q has been asserted.

HDM;FO: Check_Status State: This state is entered when the host has written a

When in this state, the host shall read-the device Status register. When entering this state

the H
state
Statu
ignor

I4 state, the host shall wait 400)ns before reading the Status register. When enterin
from the HDMA1 state, therhost shall wait one PIO transfer cycle time before readin
S register. The wait may.be accomplished by reading the Alternate Status registe
ng the result.

Transition HDMAO:HI0:) When the BSY is cleared to zero and DRQ is cleared to zero, thdg

devic
(see

e has completed the command and shall make a transition to the HIO: Host_ldle
Figure 41). if.an error is reported, the host shall perform appropriate error recovery.

Transition HDMAO:HDMAO: When BSY is set to one, DRQ is cleared to zero and DMA

nega

ed, then the host shall make a transition to the HDMAO: Check_Status state.

DMA
s set
and

from
g this
g the
r and

n the
state

RQ is

Transition HDMAO:HDMA1: When BSY is cleared to zero, DRQ is set to one and DMA
asserted; or if BSY is set to one, DRQ is cleared to zero and DMARQ is asserted, then the host
shall make a transition to the HDMA1: Transfer_Data state. The host shall have set up the host

DMA

engine prior to making this transition.

RQ is

HDMAA1: Transfer_Data State: This state is entered when BSY is cleared to zero, DRQ is set
to one and DMARAQ is asserted; or BSY is set to one, DRQ is cleared to zero and DMARQ is
asserted. The host shall have initialized the DMA channel prior to entering this state.

When in this state, the host shall perform the data transfer as described in the Multiword DMA
timing or the Ultra DMA protocol.
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Transition HDMA1:HDMA2: When the host has transferred all data for the command and

nlEN is cleared to zero, then the host shall make a transition to the HDMA2: INTRQ_Wait
state.

Transition HDMA1:HDMAO: The host shall make a transition to the HDMAO: Check_Status
state when (1), the host has transferred all data for the command and nlEN is set to one, or
(2), the DMA burst has been terminated and all data for the command has not been
transferred.

HDMA2: INTRQ_Wait State: This state is entered when the host has completed the transfer of
all data for the command and nlEN is cleared to zero.

When in this state, the host shall wait for INTRQ to be asserted.

Transition HDMA2:HDMAO: When INTRQ is asserted, the host shall make a-trarnsition {o the
HDMAO: Check_Status state.

DDMAO: Prepare
BSY=1, DRQ=0, DMARQ=N

DMA command written

DI10:DDMAO
DI1:DDMAO

Error caused command aliort & nIEN=0
|—>— DDMAQ:DI0 ———<——m Device_idle_SI
BSY=0, INTRQ=A

Ready to transfer data | Error caused comihand abort & nl[EN=1
/—DDMAO:DDMM—— DDMAQ:DM ———— = Device_idle_S

BSY=0
/ ]

DDMA1: Transfer_Data
BSY=0, DRQ=1,.DMARQ=A,
or BSY=1, DRQ=0, DMARQ=A

DMA burst terminated | Error or all data transferred & nIEN=0
and all data for-the
command not

—— DDMA1:DI0 ——— = Device_idle_SI

\transferred BSY=0, INTRQ=A
\ DOV -DDMAO Error or all data transferred & nlIEN=1
#—— DDMA1:DI1 ———— = Device_idle_S
BSY=0
BSY DRQ REL SERV C/D 1/0 INTRQ | DMARQ | PDIAG- | DASP-
v v 0 0 0 0 \ V R R
_ . . m

DDMAO: Prepare State: This state is entered when the device has a DMA command written to
the Command register.

When in this state, the device shall set BSY to one, shall clear DRQ to zero and negate INTRAQ.
The device shall check for errors and prepare to transfer data.

Transition DDMAO:DI0: When an error is detected that causes the command to abort and
nlEN is cleared to zero, the device shall set the appropriate error bits, enter the Interrupt
Pending state and make a transition to the DIO: Device_Idle_SI state (see Figure 43).
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Transition DDMAO:DI1: When an error is detected that causes the command to abort and
nlEN is set to one, then the device shall set the appropriate error bits, enter the Interrupt
Pending state and make a transition to the DI1: Device_ldle_S state (see Figure 43).

Transition DDMAOQ:DDMA1: When the device is ready to transfer data for the command, the
device shall make a transition to the DDMA1: Transfer_Data state.

DDMA1: Data_Transfer State: This state is entered when the device is ready to transfer data.

When in this state, BSY is cleared to zero, DRQ is set to one and INTRQ is negated; or BSY is
set toone DRQ is cleared {0 zero and INTRQ s nngnfnd Data is transferred as decrihed in

Multiyvord DMA timing or Ultra DMA protocol.

Transition DDMA1:DDMAO: When the DMA burst is terminated and all data for-the’.command
has not been transferred, the device shall make a transition to the DDMAQO: Prepare state.

Trangition DDMA1:DI0: When the data transfer has completed or the devVice chooses to[abort
the cpmmand due to an error and nlEN is cleared to zero, then the device’shall set error pits if
apprqpriate, enter the Interrupt Pending state and make a transition/te_the DIO: Device_ldle_SI
state|(see Figure 43).

Transition DDMA2:DI1: When the data transfer has completed”or the device chooses to[abort
the command due to an error and nlEN is set to one, then the device shall set error bits if
apprqpriate, enter the Interrupt Pending state and make\a transition to the DI1: Device Igle S
state|(see Figure 43).

11.9 | PACKET command protocol

This ¢lass includes:
e PACKET

The PACKET command has a set of protocols for non-DMA data transfer commands and|a set
of prptocols for DMA data transfer commands. Figure 53 and the text following the figure
desclibe the host protocol forithe’ PACKET command when non-data, PIO data-in or PIO |data-
out i requested. Figure 54 and the text following the figure describe the device protocol for the
PACKET command when, nen-data, PIO data-in or PIO data-out is requested. Figure 5% and
the tgxt following the figure describe the host protocol for the PACKET command when|DMA
data [transfer is requested. Figure 56 and the text following the figure describe the device
protofol for the PACKET command when DMA data transfer is requested.
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HPO: Check_Status_A HP1: Send_Packet
PACKET command written BSY=0&DRQ =1 Data register written & command
HI4:HPO »!— HPO:HP1 | packet transfer not complete
BSY=1 |BSY=0&DRQ=0 — HP1:HP1
HP0:HPO —1—HPO0:HI0 ———= Host_Idle
|-
- Command packet Command packet transfer
complete, nIEN=0
HP2: Check_Status B ransfer complete,
nlEN=1
- HP1:HP2 —— HP1:HP3
, (Ready to transfer data or HP3: INTRQ_wait
Service return command compete) & nlEN = 0 —
HIOx:HP2 ————»t— HP2:HP3 |t
INTRQ asserted
- HP3:HP2 —

BSY =1 [ BSY = 0 & DRQ = 0 & REL=0 & SERV=0, no,queue
HP2:HP2 ——— HP2:HIO = Host_lIdle

BSY =0 & DRQ = 0 & REL=0 & SERV=0-& nIEN=0, queue
— HP2a:HIO0 » Command complete

BSY =0 & DRQ = 0 & REL=0.8&SERV=0 & nIEN=1, queue
— HP2a:HIO3 = Command complete

BSY =0 & DRQ =0 & REL=1 & SERV=0 & nIEN=0
— HP2b:HIO0 = Bus release

BSY =0 & DRQ =0 & REL=1 & SERV=0 & nIEN=1
—— HP2b:HIO3 = Bus release

BSY:=0 & DRQ = 0 & SERV=1
——\HP2:HIO5 ——— = Bus release or command complete

BSY =08&DRQ =1
»— HP2:HP4

HP4: Transfer_Data

|t
Data register written or
read- & DRQ data Data register written or read & DRQ data
bloek-transferred block transfer not complete

HP4:HP2 ——— HP4:HP4 —
- /

Figure 53 —- Host PACKET non-data and PIO data command state diagram

HPO: Check_Status_A State: This state is entered when the host has written a PACKET
command to the device.

When in this state, the host shall read the device Status register. When entering this state from
the HI4 state, the host shall wait 400 ns before reading the Status register.

Transition HP0:HPO: When BSY is set to one, the host shall make a transition to the HPO:
Check_Status_A state.
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Transition HP0:HP1: When BSY is cleared to zero and DRQ is set to one, then the host shall
make a transition to the HP1: Send_Packet state.

Transition HP0:HI0: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared to
zero and SERV is cleared to zero, then the command is completed and the host shall make a
transition to the HIO: Host_Idle state (see Figure 41). If an error is reported, the host shall
perform appropriate error recovery.

HP1: Send_Packet State: This state is entered when BSY is cleared to zero and DRQ is set to
one.

Wherln in this state, the host shall write a byte of the command packet to the Data registen

Transition HP1:HP1: When the Data register has been written and the writing of-thez.command
packe¢t is not completed, the host shall make a transition to the HP1: Send_Packet/state.

Transgition HP1:HP2: When the Data register has been written, the writing of the command
packe¢t is completed and nlEN is set to one, the host shall make a transition to the |HP2:
Check_Status_B state.

Transgition HP1:HP3: When the Data register has been writtens/the writing of the command
packg¢t is completed and nlEN is cleared to zero, the host shall' make a transition to the|HP3:
INTRQ wait state.

HP2:|Check_Status_B State: This state is entered_when the host has written the command
packet to the device, when INTRQ has been asserted, when a DRQ data block has |been
transferred or from a service return.

When in this state, the host shall read the device Status register. When entering this statg from
the HP1 or HP4 state, the host shall waitone PIO transfer cycle time before reading the Status
regisfer. The wait may be accomplished by reading the Alternate Status register and ignoring
the result.

Transition HP2:HP2: When BSY is set to one and DRQ is cleared to zero, the host shall make
a transition to the HP2: Check” Status_B state.

Transgition HP2:HP3:\When the host is ready to transfer data or the command is completg and
nlEN|is cleared to zero, then the host shall make a transition to the HP3: INTRQ_Wait stafe.

Transition HP2:HP4: When BSY is cleared to zero and DRQ is set to one, then the host|shall
makg a transition to the HP4: Transfer_Data state.

Transgition HP2:HI0: When BSY is cleared to zero, DRQ is cleared to zero. REL is cleafed to
zero, SERV is cleared to zero and the device queue is empty, then the command is completed
and the host shall make a transition to the HIO: Host_Idle state (see Figure 41). If an error is
reported, the host shall perform appropriate error recovery.

Transition HP2a:HIO0: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared
to zero, SERV is cleared to zero, nlEN is cleared to zero and the device has a queue of
released commands, then the command is completed and the host shall make a transition to
the HIO0: Command completed state (see Figure 42). If an error is reported, the host shall
perform appropriate error recovery.

Transition HP2a:HIO3: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared
to zero, SERV is cleared to zero, nlEN is set to one and the device has a queue of released
commands, then the command is completed and the host shall make a transition to the HIO3:
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Command completed state (see Figure 42). If an error is reported, the host shall perform
appropriate error recovery.

Transitions HP2b:HIO0: When BSY is cleared to zero, DRQ is cleared to zero, REL is set to
one, SERYV is cleared to zero and nlEN is cleared to zero, then the host shall make a transition
to the HIOO0: INTRQ_wait_A state (see Figure 42). The bus has been released.

Transitions HP2b:HIO3: When BSY is cleared to zero, DRQ is cleared to zero, REL is set to
one, SERYV is cleared to zero and nlEN is set to one, then the host shall make a transition to

the H

I03: Check_status_A state (see Figure 42). The bus has been released.

Trantitions HP2:HIO5: When BSY is cleared to zero, DRQ is cleared to zero and SERW

to on
42). 1
is red

HP3:
trans

is clepred to zero.

When in this state, the host shall wait for INTRQ to be asserted.

Transition HP3:HP2: When INTRQ is asserted, the host shall make a transition to the

Chec

HP4:
one g

When in this state, the host shall read thé- byte count then read or write the device

regis
regis

Transition HP4:HP2: When the host has read or written the device Data register and the

data
Chec

Trangition HP4:HP4:(\When the host has read or written the device status register an

DRQ
Trang

, then the host shall make a transition to the HIO5: Write_ SERVICE state (see H
'he command is completed or the bus has been released and another queuéed,com
dy for service. If an error is reported, the host shall perform appropriate error recove

INTRQ_Wait State: This state is entered when the command \packet has
mitted, the host is ready to transfer data or when the command has ‘completed and

k_Status_B state.

Transfer_Data State: This state is entered ‘wheén BSY is cleared to zero, DRQ is
nd C/D is cleared to zero.

er to transfer data. If the bus has-been released, the host shall read the Sector
er to determine the tag for the queéued command to be executed.

block has been transferred, then the host shall make a transition to the
k_Status_B state.

data block transfer has not completed, then the host shall make a transition to the
fer_Data state.

s set
igure
mand
y.

been
nlEN

HP2:

et to

Data
Count

DRQ
HP2:

d the
HP4:
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DPO: Prepare_A

PACKET command written
L DPO:DP1

BSY=1, DRQ=0, INTRQ=N, C/D=x, /0=x

Ready to receive command packet

DP1: Receive_packet
BSY=0, DRQ=1, INTRQ=N, C/D=1, 1/0=0

Data register written &
command packet transfer

— xx:DP0 ——— |

Data register written & command
packet transfer complete

-
not complete

— DP1:DP1

DP2: Prepare_B
BSY=1, DRQ=0, INTRQ=N, C/D=x, I/0=x

DP1:DP2 —

-t

Service return

| xx:PDP2 ——

Device_ldle_S ~«———  DP2:DI1
BSY=0, REL=0, C/D=1, I/O=1

DP4: Transfer_Data
BSY=0, DRQ=1, INTRQ=N, C/D=0, l/O=x

Command complete & nlEN=1 & no queue

Command complete & nIEN=1 & queue

Device_Idle. SR ~&——— DP2a:DIO1—
BSY=0, REL=0, C/D=1, I/0=1

bmmand complete & nlEN = 1 & service required
Device_|ldle._ SS ~-a———— DP2a:DI0O3 ——
BSY=0, REL=0, SERV=1, C/D=1, I/0O=1

Bus release & nlEN =0
Device_|dle_SIR -a4——— DP2b:DIO0 ——

BSY=0, REL=1, C/D=1, I/O=1, INTRQ=A

Bus release & nlEN = 0 & service required
Device_ldle_SIS —a———— DP2b:DIO2 ——]
SY=0, REL=1, SERV=1, C/D=1, I/0=1, INTRQ=A

Command complete & nlEN=0 & no queue
—DP2:DIO0 = Device~ldle_SI
BSY=0, REL=0, C/D=1, I/0O=1, INTRQ=A

Command complete & nIEN=0 & queue
—— DP2a:DIO0 ———— = Device_ldle_SIR

BSY=0, REL=0, C/D=1, I/O=1,|INTRQ=A

Command complete & nlEN™= 0 & service required
——DP2a:DI02 ——=~—— Device_ldle_SIS
BSY=0, REL=0, SERV=1, C/D=1, I/0=1, INTRQ=/

Bus release & hIEN =1
—— DP2b:RI0O1 —— = Device_ldle_SR
BSY=0,) REL=1, C/D=1, I/O=1

Bus'release & nlEN = 1 & service required
—— DP2b:DIO3 ——— = Device_ldle_SS
BSY=0, REL=1, SERV=1, C/D=1, I/O=1

DP3: Ready_INTRQ

BSY=0, DRQ=1, INTRQ=A, C/D=0, I/0=x

Data register Ready to:transfer DRQ _SERVICE written & service
read/written & DRQ dafarblock & nIEN=1  finterrupt enabled
data block transfer [«-e——— DP2:DP4 —1— DP2a:DP3 -
rot complete Set byte count & Tag Service status read
| — DP4:DP4 — -t DP3:DP2 —
Data register read/written & | Ready to transfer DRQ
DRQ data block complete data block & nlIEN=0
~——=°—»l  DP4DP2—— = DP2b:DP3 >
Set byte count & Tag
Status register read
= DP3DP%
BSY DRQ REL SERV C/D /O | INTRQ | DMARQ | PDIAG- | DASP-
\% v X X \ v \ R R R

Figure 54 — Device PACKET non-data and PIO data command state diagram

DPO: Prepare_A State: This state is entered when the device has a PACKET written to the

Command register.

When in this state, device shall set BSY to one, clear DRQ to zero and negate INTRQ within
400 ns of the receipt of the command and shall prepare to receive a command packet. If the

command is a queued command, the device shall verify that the tag is valid.
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Transition DPO0:DP1: When the device is ready to receive the command packet for a
command, the device shall make a transition to the DP1: Receive_Packet state.

DP1: Receive_Packet State: This state is entered when the device is ready to receive the
command packet.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, C/D is set to
one, |I/O is cleared to zero and REL is cleared to zero. When in this state, the device Data
register is written.

Transition DP1:DP1: If the Data register is written and the entire command packet has not
been|received, then the device shall make a transition to the DP1: Receive_Packet state)

Transition DP1:DP2: When the Data register is written and the entire command packegt has
been|received, then the device shall make a transition to the DP2: Prepare_B state’

DP2:|Prepare_B State: This state is entered when the command packet has been received or
from p Service return.

When in this state, device shall set BSY to one, clear DRQ to zero and negate INTRQ.[Non-
data fransfer commands shall be executed while in this state. For-data transfer commands, the
device shall check for errors, determine if the data transfer, is.complete and if not, prepare to
transfer the next DRQ data block.

If thelcommand is overlapped and the release interrupt'is enabled, the device shall bus rejease
as sdon as the command packet has been received:

Transition DP2:DP4: When the device is ready to transfer a DRQ data block for a command
and nlEN is set to one, then the device shall set the command Tag and byte count, s¢t the
Internupt Pending and make a transition t6-the DP4: Transfer_Data state.

Transgition DP2b:DP3: When the device is ready to transfer a DRQ data block for a command
and nlEN is cleared to zero, then\the device shall set the command Tag and byte count, sg¢t the
Internupt Pending and make a-transition to the DP3: Ready INTRQ state.

Transgition DP2a:DP3:<\When the service interrupt is enabled and the device has SERVICE
written to the Commahnd register, then the device shall set the command Tag and byte pount
and make a transition.to the DP3: Ready_ INTRQ state.

Transition DP2:DI0: When the command has completed or an error occurs that causegs the
command texabort, the device has no other command released and nlEN is cleared to|zero,
then the device shall set the Interrupt Pending, set appropriate error bits, set C/D and |/O to
one, tlear BSY to zero and make a transition to the DIO: Device_ldle_SI state (see Figure 43).

Transition DP2:DI1: When the command has completed or an error occurs that causes the
command to abort, the device has no other command released and nlEN is set to one, then the
device shall set appropriate error bits, set C/D and I/O to one, clear BSY to zero and make a
transition to the DI1: Device_Idle_S state (see Figure 43).

Transition DP2a:DI00: When the command has completed or an error occurs that causes the
command to abort, the device has another command released but not ready for service and
nlEN is cleared to zero, then the device shall set the Interrupt Pending, set appropriate error
bits, set C/D and I/O to one, clear BSY to zero and make a transition to the DIOO:
Device_Idle_SIR state (see Figure 44).

Transition DP2a:DIO1: When the command has completed or an error occurs that causes the
command to abort, the device has another command released but not ready for service and
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nlEN is set to one, then the device shall set appropriate error bits, set C/D and I/O to one, clear
BSY to zero and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

Transition DP2a:DI02: When the command has completed or an error occurs that causes the
command to abort, the device has another command ready for service and nlEN is cleared to
zero, then the device shall set the Interrupt Pending, set appropriate error bits, set C/D and 1/0
to one, set SERV to one, clear BSY to zero and make a transition to the DIO2: Device Idle_SIS
state (see Figure 44).

Transition DP2a:DIO3: When the command has completed or an error occurs that causes the
command to abort, the device has another command ready for service and nlEN is set to one,
then the device shall set appropriate error bits, set C/D and I/O to one, set SERV to one,|clear
BSY {o zero and make a transition to the DIO3: Device_ldle_SS state (see Figure 44).

Transition DP2b:DIO0: When the command is released and nlEN is cleared to'zero, thgn the
device shall set the Interrupt Pending, set appropriate error bits, set C/D and)hl/O to ong, set
REL fo one, clear BSY to zero and make a transition to the DIOO: Deviceldle_SIR statg (see
Figurg 44).

Transition DP2b:DIO1: When the command is released and nlEN-is set to one, thepn the
device shall set appropriate error bits, set C/D and I/O to one,set REL to one, clear BEY to
zero And make a transition to the DIO1: Device_Idle_SR state (see Figure 44).

Transgition DP2b:DIO2: When the command is released, the device has another command
ready for service and nlEN is cleared to zero, then the ‘device shall set the Interrupt Pending,
set appropriate error bits, set C/D and I/O to one, set/REL to one, set SERV to one, cleaf BSY
to zefo and make a transition to the DIO2: Device_ldle_SIS state (see Figure 44).

Transition DP2b:DIO3: When the command®“is released, the device has another command
ready for service and nlEN is set to one,.then the device shall set appropriate error bits, set
C/D 4nd 1/O to one, set REL to one, set(SERV to one, clear BSY to zero and make a tranisition
to thg DIO3: Device_ldle_SS state (see‘Figure 44).

DP3:|Ready_INTRQ State: This state is entered when the device is ready to transfer a|DRQ
data |block and nlEN is cleared to zero. This state is entered to interrupt upon receip{ of a
SERYICE command when service interrupt is enabled.

When in this state,/BSY is cleared to zero, DRQ is set to one, INTRQ is asserted, 4/D is
cleared to zero and [/O is set to one for PIO data-out or cleared to zero for PIO data-in.

Trangition DP3:DP2: When the Status register is read to respond to a service interrupf, the
device shalikmake a transition to the DP2: Prepare_B state.

0 DPRP2A:-DNPA- \AWhan he—Staty aol H =

nsfer

Transiti giste device ady—te
pt Pending, negate INTRQ and make a transition to

data, then the device shall clear the Interru
the DP4: Data_Transfer state.

DP4: Data_Transfer State: This state is entered when the device is ready to transfer a DRQ
data block.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, C/D is
cleared to zero, I/O is set to one for PIO data-out or cleared to zero for PIO data-in, and a data
word is read/written in the Data register.

Transition DP4:DP4: When the Data register is read/written and transfer of the DRQ data
block has not completed, then the device shall make a transition to the DP4: Data_Transfer
state.
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Transition DP4:DP2: When the Data register is read/written and the transfer of the current
DRQ data block has completed, then the device shall make a transition to the DP2: Prepare_B

state.

HPDO: Check_Status_A

PACKET command written
— HI4:HPDQ ————p»}+— HPDO:HPD1 ———————————

HPD1: Sen

BSY =0&DRQ =1

d_Packet

Data register written & command
packet transfer not complete

interrupt disabled

HPD2: Check_Status_B
Service return & service

— HIOx:HPD2 ———r— HPD2:HI0

BSY = 1
HPD2:HPD2 —

BSY=1 |BSY=0&DRQ=0 — HPD1:HPDT
f HPDO:HPDO —— HPDO:HI0 ——®= Host_Idle
\_ B
- Command packet

transfer complete,
nlEN=1

Command packet transfer
complete, nlEN=0

~————————— HPD1:HPD2 —

BSY =0 & DRQ =0 & REL=0 & SERV=0, no queue

—HPD1:HPD3 ﬁ

— HPD2a:HIO0

BSY =0 & DRQ = 0 & REL=0 & SERV=0 & rAlEN=0, queue

= Host_Idle

— HPD2a:HIO3

BSY =0 & DRQ = 0 & REL=0 & SERV=0 & n[EN=1, queue

B Command complete

—— HPD2b:HIOO0

BSY =0 & DRQ =0 & REL=1"&SERV=0 & nl[EN=0

= Command complete

— HPD2b:HIO3

BSY = 0 & DRQ =0 &REL=1 & SERV=0 & nl[EN=1

B Bus release

= Bus release

BSY =0 & DRQ = 0 & SERV=1

Service return and service
interrupt enabled

—HIOx:HPD3

— HPD2:HIO5 ——— = Bus release or command complete

HPD3: INTRQ_wait

/

-t

BSY =0 & DRQ = 1& DMARQ
asserted & nlIEN=1

/
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HPD4: Transfer_Data
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Figure 55 — Host PACKET DMA command state diagram

HPDO: Check_Status_A State: This state is entered when the host has written a PACKET

command to the device.

When in this state, the host shall read the device Status register. When entering this state from
the HI4 state, the host shall wait 400 ns before reading the Status register.
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Transition HPDO:HPDO: When BSY is set to one, the host shall make a transition to the
HPDO: Check_Status_A state.

Transition HPDO0:HPD1: When BSY is cleared to zero and DRQ is set to one, then the host
shall make a transition to the HPD1: Send_Packet state.

Transition HPDO:HI0: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared to
zero and SERV is cleared to zero, then the command is completed and the host shall make a
transition to the HIO: Host_ldle state (see Figure 41). If an error is reported, the host shall
perform appropriate error recovery.

HPD1: Send_Packet State: This state is entered when BSY is cleared to zero, DRQ_is\$et to
one.

When in this state, the host shall write a byte of the command packet to the Data.register.

Trangition HPD1:HPD1: When the Data register has been written and: the writing df the
command packet is not completed, the host shall make a transition to.the’lHPD1: Send_Pjacket
state

Trangition HPD1:HPD2: When the Data register has been written, the writing of the command
packg¢t is completed and nlEN is set to one, the host shallntake a transition to the HPD2:
Check_Status_B state.

Trangition HPD1:HPD3: When the Data register has been written, the writing of the command
packet is completed and nIEN is cleared to zero, the host shall make a transition to the HPD3:
INTRQ wait state.

HPD2: Check_Status_B State: This state\is entered when the host has written the command
packet to the device, when INTRQ hag;been asserted, when a DRQ data block has |been
transferred or from a service return whén the service interrupt is disabled.

When in this state, the host shall'read the device Status register. When entering this statg from
the HPD1 or HPD4 state, the\host shall wait one PIO transfer cycle time before readinjg the
Statup register. The wait may be accomplished by reading the Alternate Status registefy and
ignor|ng the result.

Trangition HPD2:HRPD2: When BSY is set to one and DRQ is cleared to zero, the host|shall
makq a transitiomitorthe HPD2: Check_Status_B state.

assefted ‘and nlEN=1, then the host shall make a transition to the HPD4: Transfer_Data ptate.
The host.shall have set up the DMA engine before this transition.

Tran’{ition HPD2:HPD4: When BSY is cleared to zero, DRQ is set to one and DMARQ is

Transition HPD2:HI0: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared to
zero, SERV is cleared to zero and the device queue is empty, then the command is completed
and the host shall make a transition to the HIO: Host_Idle state (see Figure 41). If an error is
reported, the host shall perform appropriate error recovery.

Transition HPD2a:HIO0: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared
to zero, SERV is cleared to zero, nlEN is cleared to zero and the device has a queue of
released commands, then the command is completed and the host shall make a transition to
the HIO0: Command completed state (see Figure 42). If an error is reported, the host shall
perform appropriate error recovery.

Transition HPD2a:HIO3: When BSY is cleared to zero, DRQ is cleared to zero, REL is cleared
to zero, SERV is cleared to zero, nlEN is set to one and the device has a queue of released
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commands, then the command is completed and the host shall make a transition to the HIO3:

Command completed state (see Figure 42). If an error is reported, the host shall pe
appropriate error recovery.

rform

Transition HPD2b:HIO0: When BSY is cleared to zero, DRQ is cleared to zero, REL is set to

one, SERV is cleared to zero and nlEN is cleared to zero, then the host shall make a tran
to the HIOO0: INTRQ_wait_A state (see Figure 42). The bus has been released.

sition

Transition HPD2b:HIO3: When BSY is cleared to zero, DRQ is cleared to zero, REL is set to

one, SERV is cleared to zero and nlEN is set to one, then the host shall make a transiti
the HIO3: Check_status_A state (see Figure 42). The bus has been released.

TranEtion HPD2:HIO5: When BSY is cleared to zero, DRQ is cleared to zero and SERV
to onle, then the host shall make a transition to the HIO5: Write_SERVICE state (see H
42). The command is completed or the bus has been released and another queued com
is reddy for service. If an error is reported, the host shall perform appropriate-érhor recove

HPD3: INTRQ_Wait State: This state is entered when the commahd packet has
transmitted, when a service return is issued and the service interrupt is enabled or whe
command has completed and nlEN is cleared to zero.

When in this state, the host shall wait for INTRQ to be assSerted if nlIEN=0 or DMA
nIEN#1.

Transition HPD3:HPD2: When INTRQ is asserted\and nlEN=0, the host shall m4g
trans|tion to the HPD2: Check_Status_B state.

on to

s set
igure
mand
y.

been
n the

RQ if

ke a

Transition HPD3:HPD4: When DMARQ is asserted, the host shall make a transition fo the

HPD4: Transfer_Data state.

HPD4: Transfer_Data State: This state‘is entered when BSY is cleared to zero, DRQ is
one gnd DMARAQ is asserted.

When in this state, the host shall' read or write the device Data port to transfer data. If th

set to

B bus

has heen released, the host'shall read the Sector Count register to determine the Tag for the

queugd command to be_executed.

Transition HPD4:HRD2: The host shall make a transition to the HPD2: Check_Status_B
when| (1) the host-has transferred all data for the command and nlEN is set to one, or (2
DMA |burst has'been terminated and all data for the command has not been transferred.

cleargdto’ zero, then the host shall make a transition to the HPD3: INTRQ_wait state.

state
) the

EN s

TranFition HPD4:HPD3: When all data for the request has been transferred and nl
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DPDO: Prepare_A

BSY=1, DRQ=0, INTRQ=N,
C/D=x, I/0=x, DMARQ=N

Ready to receive command packet
— DPDO:DPD1

PACKET command written
— xx:DPDQ ———

DPD1: Receive_packet
BSY=0, DRQ=1, INTRQ=N,
C/D=1, 1/0=0, DMARQ=N

Data register written &
»| cOmmand packet transfer

not complete

Data register written & command packet transfer complete —— DPD1:DPD1

DPD1:DPD2—

DPD2: Prepare_B
BSY=1, DRQ=0, INTRQ=N, C/D=x, I/0=x, DMARQ=N

Service return

O

@)

lw)

O

\

Command complete & nIEN=1 & no queue
evice_ldle_S —~e——— DPD2:DI1

BSY=0, REL=0,C/D=1, I/O=1

Command complete & nIEN=1 & queue
pvice_|dle_ SR —~— DPD2a:DIO1

BSY=0, REL=0, C/D=1, I/0O=1

Bus release & nlEN =0
evice_|dle SIR —«——— DPD2b:DIO0 ———— DPD2b:DIO1 — = Device_ldle_SR
BSY=0, REL=1, C/D=1, I/O=1, INTRQ=A

DPD4: Transfer_Data
BSY=0, DRQ=1, INTRQ=N,
C/D=0, I/0=x, DMARQ=A

Ready to transfer DMA

data

DMA burst terminated

Cpmmand complete & nlEN = 1 & service required
evice_ldle_SS —e——— DPD2a:DIO3 —
BSY=0, REL=0, SERV=1, C/D=1, I/0O=1

Bus release & nlEN = 0 & service required
evice_ldle_SIS -«——— DPD2b:DIO2
5Y=0, REL=1, SERV=1, C/D=1, I/0=1, INFRQ=A

~4——~—— DPD2:.DPD4 —— DPD2:DPD3 ——————®

Set byte count & Tag

-t xx:DPD2 —

Command complete & nIEN=0 & no queue
—— DPD2:DI0 ———— = Device Udle_S
BSY=0, REL=0, C/D=1, I/O=1, INTRQ=A

Command complete & nIEN=0 & queue
—— DPD2a:DIO0 ———— = Device_ldle_SIi
BSY=0, REL=0, C/D=1, J/O=1, INTRQ=A

Command complete&nIEN = 0 & service required
—— DPD2a:DIO2 (==————m Device_ldle_SI{
BSY=0, REL=0;SERV=1, C/D=1, I/0O=1, INTRQ=A

Bus releas€ & nlEN =1

BSY¥Y=0, REL=1, C/D=1, I/O=1

Bus release & nlEN = 1 & service required
—— DPD2b:DIO3 — = Device_ldle_SS
BSY=0, REL=1, SERV=1, C/D=1, I/O=1

DPD3: Ready_INTRQ
BSY=0, DRQ=1, INTRQ=A,
C/D=0, I/0=x, DMARQ=N

SERVICE written & service
interrupt enabled

Service status read

D

— DPD4:DPD2 >}< DPD3:DPD2 —]
BSY DRQ REL | SERV | C/D [ /O [ INTRQ | DMARQ | PDIAG- | DASP-
\% \% X X \% \% V \ R R

DPDO0: Prepare_A State: This state is entered when the device has a PACKET written to the

Figure 56 — Device PACKET DMA command state diagram

Command register.

When in this state, device shall set BSY to one, clear DRQ to zero and negate INTRQ within
400 ns of the receipt of the command and shall prepare to receive a command packet. If the

command is a queued command, the device shall verify that the Tag is valid.

Transition DPD0:DPD1: When the device is ready to receive the command packet for a

command, the device shall make a transition to the DPD1: Receive_Packet state.
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DPD1: Receive_Packet State: This state is entered when the device is ready to receive the
command packet.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, C/D is set to
one, |I/O is cleared to zero and REL is cleared to zero. When in this state, the device Data
register is written.

Transition DPD1:DPD1: If the Data register is written and the entire command packet has not
been received, then the device shall make a transition to the DPD1: Receive_Packet state.

Transition DPD1:DPD2: When the Data register is written and the entire command packet has
been|received, then the device shall make a transition to the DPD2: Prepare_B state.

DPD2: Prepare_B State: This state is entered when the command packet has bheen received
or frgm a Service return.

When in this state, device shall set BSY to one, clear DRQ to zero and\negate INTRQ| The
device shall check for errors, determine if the data transfer is complete, land if not, prepare to
transfer the DMA data.

If thelcommand is overlapped and the release interrupt is enabled, the device shall bus rejease
as sgon as the command packet has been received.

Trangition DPD2:DPD4: When the device is ready to-transfer DMA data for a command and

Trangition DPD2:DPD3: When the service .interrupt is enabled and the device has SERVICE
written to the Command register, then the,device shall set the command Tag and byte pount
and make a transition to the DPD3: Ready>INTRQ state.

Transition DPD2:DI0: When the command has completed or an error occurs that causgs the
command to abort, the device has no other command released and nlEN is cleared to|zero,
then fthe device shall set the-lterrupt Pending, set appropriate error bits, set C/D and |/O to
one, tlear BSY to zero and make a transition to the DIO: Device_ldle_SI state (see Figure 43).

Trangition DPD2:DI1:_ When the command has completed or an error occurs that causgs the
command to abort, the device has no other command released and nlEN is set to one, thgn the
devicke shall set_appropriate error bits, set C/D and 1/O to one, clear BSY to zero and make a

nlEN 7S cleare pt Pending, set appropriate error
bits, set C/D and I/O to one, clear BSY to zero and make a transition to the DIOO:
DeV|ce_IdIe_SIR state (see Flgure 44),

Transition DPD2a:DIO1: When the command has completed or an error occurs that causes
the command to abort, the device has another command released but not ready for service and
nlEN is set to one, then the device shall set appropriate error bits, set C/D and I/O to one, clear
BSY to zero and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

Transition DPD2a:DIO2: When the command has completed or an error occurs that causes
the command to abort, the device has another command ready for service and nlEN is cleared
to zero, then the device shall set the Interrupt Pending, set appropriate error bits, set C/D and
I/O to one, set SERV to one, clear BSY to zero and make a transition to the DIO2:
Device_ldle_SIS state (see Figure 44).
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Transition DPD2a:DIO3: When the command has completed or an error occurs that causes
the command to abort, the device has another command ready for service and nlEN is set to
one, then the device shall set appropriate error bits, set C/D and 1/O to one, set SERV to one,
clear BSY to zero and make a transition to the DIO3: Device_ldle_SS state (see Figure 44).

Transition DPD2b:DIO0: When the command is released and nlEN is cleared to zero, then the
device shall set the Interrupt Pending, set appropriate error bits, set C/D and 1/O to one, set
REL to one, clear BSY to zero and make a transition to the DIOO: Device_Idle_SIR state (see
Figure 44).

Transition DPD2b:DIO1: When the command is released and nlEN is set to one, then the
device shall set appropriate error bits, set C/D and I/O to one, set REL to one, clear-BBY to
zero and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

Transition DPD2b:DIO2: When the command is released, the device has another command
ready for service and nlEN is cleared to zero, then the device shall set the dnterrupt Pending,
set appropriate error bits, set C/D and 1/O to one, set REL to one, set SERV to one, cleat BSY
to zefo and make a transition to the DIO2: Device_Idle_SIS state (see Figure 44).

Trangition DPD2b:DIO3: When the command is released, the device has another command
ready for service and nlEN is set to one, then the device shall'set appropriate error bits, set
C/D 3dnd I/O to one, set REL to one, set SERV to one, clear BS¥ to zero and make a transition
to thg DIO3: Device_ldle_SS state (see Figure 44).

DPD3: Ready_INTRQ State: This state is entered upgn)receipt of a SERVICE command when
servig¢e interrupt is enabled.

When in this state, BSY is cleared to zero, BRQ is set to one, INTRQ is asserted, 4/D is
cleared to zero and 1/0 is set to one for PIOydata-out or cleared to zero for PIO data-in.

Trangition DPD3:DPD2: When the Status register is read to respond to a service interrugt, the
device shall make a transition to the DPD2: Prepare_B state.

DPD4: Data_Transfer State: This state is entered when the device is ready to transfer|DMA
data.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, 4/D is
cleargd to zero, I/0 (s jSet to one for data-out or cleared to zero for data-in, DMARQ is asderted
and data is transferred as described in Multiword DMA timing or Ultra DMA protocol.

Transition DRPD4:DPD2: When the DMA burst is terminated, the device shall make a tranjsition
to thg DPD2: Prepare_B state. All of the data for the command may not have been transfefred.

11.10 READ/WRITE DMA QUEUED command protocol

This class includes:

e READ DMA QUEUED

e READ DMA QUEUED EXT

e WRITE DMA QUEUED

e WRITE DMA QUEUED EXT

e WRITE DMA QUEUED FUA EXT

Execution of this class of command includes the transfer of one or more blocks of data from
the host to the device or from the device to the host using DMA transfer. All data for the
command may be transferred without a bus release between the command receipt and the data
transfer. This command may bus release before transferring data. The host shall initialize the
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DMA channel prior to transferring data. When data transfer has begun, all data for the request
shall be transferred without a bus release. Figure 57 and the text following the figure describe
the host states. Figure 58 and the text following the figure describe the device states.

HDMAQO: Check_Status

DMA QUEUED command written | BSY =0 & DRQ = 0 & REL=0 & SERV=0, no queue
— HI4:HDMAQQ ———— »r— HDMAQO:HIO0 = Host_Idle

DMA QUEUED service return BSY = 0 & DRQ = 0 & REL=0 & SERV=0 & nIEN=0, queue
HIO5:HDMAQO
HIO7:HDMAQO HEMAQEHIOE »>—Command-comptete
BSY =0 & DRQ = 0 & REL=0 & SERV=0 & nl[EN=1, queue
—— HDMAQOa:HIO3 = Command-completg

BSY =0 & DRQ =0 & REL=1 & SERV=0 & nIEN=0
—— HDMAQOb:HIO0 = Bus release

BSY =0 & DRQ =0 & REL=1 & SERV=0 &nlEN=1
—— HDMAQOb:HIO3 B Bus release

BSY =0 & DRQ = 0 & SERV=1
— HDMAQO:HIO5 —® Bus-release or command completd
BSY =1, DMARQ=N

HDMAQO:HDMAQO — HDMAQ2: INTRQ_wait

INTRQ asserted
|t HDMAQ2:HDMAQO —

BSY =0 & DRQ = 1& DMARQ asserted
/ — HDMAQO:HDMAQ1

HDMAQ1: Transfer-Data

-
(All data for command

transferred & nlEN=1) or All data for command transferred & nlEN=0

(the DMA burst is — HDMAQ1:HDMAQ2 -
terminated and all data for

command has natibeen

%nsferred)
HDMAQ1:HDMAQO —

Figure 57 — Host DMA QUEUED state diagram

This state is entered when the host has written a
D A JED €6 and—to—the—device—when—al—data—fer—the—command has
been transferred and nlEN is set to one or when all data for the command has been
transferred, nlEN is cleared to zero and INTRQ has been asserted. It is also entered when the
SERVICE command has been written to continue execution of a bus released command.

When in this state, the host shall read the device Status register. When entering this state from
the HI4, HIO5 or HIO7 state, the host shall wait 400 ns before reading the Status register.
When entering this state from the HDMAQ1 state, the host shall wait one PIO transfer cycle
time before reading the Status register. The wait may be accomplished by reading the Alternate
Status register and ignoring the result. When entering this state from the DMA QUEUED
service return, the host shall check the tag for the command to be serviced before making a
transition to transfer data.

Transition HDMAQO:HDMAQO: When BSY is set to one and DMARQ is negated, the host
shall make a transition to the HDMAQO: Check_Status state.
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Transition HDMAQO:HDMAQ1: When BSY is cleared to zero, DRQ is set to one and DMARQ
is asserted, then the host shall set up the DMA engine and then make a transition to the
HDMAQ1: Transfer_Data state.

Transition HDMAQO:HIO: When BSY is cleared to zero, DRQ is cleared to zero, REL is
cleared to zero, SERV is cleared to zero and the device queue is empty, then the command is
completed and the host shall make a transition to the HIO: Host_ldle state (see Figure 41). If an
error is reported, the host shall perform appropriate error recovery.

Transition HDMAQOa:HIO0: When BSY is cleared to zero, DRQ is cleared to zero, REL is
cleared to zero, SERV is cleared to zero, nlEN is cleared to zero and the device has a queue of
releaged commands, then the command is completed and the host shall make a transition to
the HIO0: Command completed state (see Figure 42). If an error is reported, the _host|shall
perfofm appropriate error recovery.

Trangition HDMAQOa:HIO3: When BSY is cleared to zero, DRQ is cleared-to zero, REL is
cleargd to zero, SERV is cleared to zero, nlEN is set to one and the device has a queue of
releaged commands, then the command is completed and the host shall\ihake a transition to
the HIO3: Command completed state (see Figure 42). If an error is~reported, the host|shall
perfofm appropriate error recovery.

Transition HDMAQOb:HIO0: When BSY is cleared to zero, DRQ"is cleared to zero, REL |s set
to one, SERV is cleared to zero and nlEN is cleared to ‘zero, then the host shall make a
trans|tion to the HIOO0: INTRQ_wait_A state (see Figure 42):-The bus has been released.

to ong, SERYV is cleared to zero and nlEN is set towene, then the host shall make a transit|on to

TranFtion HDMAQOb:HIO3: When BSY is cleared t@ zero, DRQ is cleared to zero, REL |s set
the HIO3: Check_status_A state (see Figure 42)."The bus has been released.

Trangition HDMAQO:HIO5: When BSY is«¢leared to zero, DRQ is cleared to zero and SERV is
set td one, then the host shall make a transition to the HIO5: Write_ SERVICE state (see Higure
42). The command is completed or the'bus has been released and another queued command
is reddy for service. If an error is reported, the host shall perform appropriate error recovery.

HDMAQ1: Transfer_Data State: This state is entered when BSY is cleared to zero, DRQ |is set
to ong and DMARAQ is asserted.

When in this state, the-host shall read or write the device Data port to transfer data. If thg bus
has heen released, the host shall read the tag in the Sector Count register to determine the
queued commandito be executed and initialize the DMA channel.

Check Status state when (1) all data for the request has been transferred and nlEN is set to
one, pry(2) the DMA burst is terminated and all data for the request has not been transferred.

TranEition HDMAQ1:HDMAQO: The host shall make a transition to the HDMAQO:

Transition HDMAQ1:HDMAQ2: When all data for the request has been transferred and nlEN
is cleared to zero, then the host shall make a transition to the HDMAQ2: INTRQ_wait state.

HDMAQ2: INTRQ_Wait State: This state is entered when the command has completed and
nlEN is cleared to zero.

When in this state, the host shall wait for INTRQ to be asserted.

Transition HDMAQ2:HDMAQO: When INTRQ is asserted, the host shall make a transition to
the HDMAQO: Check_Status state.
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DDMAQO: Prepare
BSY=1, DRQ=0, INTRQ=N, DMARQ=N

DMA QUEUED command written Service return
— xx:DDMAQO -t xx:DDMAQ0 —

Command complete & nlEN=1 & no queue | Command complete & nIEN=0 & no queue
Device_Idle_ S —=—— DDMAQO:DI1 —— DDMAQO:DI0 —— = Device_Idle_SI

BSY=0, REL=0 BSY=0, REL=0, INTRQ=A
Command complete & nIEN=1 & queue | Command complete & nIEN=0 & queue
Oevice |dle SR ~«——— DDMAQOa:DIO1 —1—— DDMAQOa:DIO0 — = Device_ldle_SIR
BSY=0, REL=0 BSY=0, REL=0, INTRQ=A
Cpmmand complete & nlEN = 1 & service Command complete & nlEN = 0 & service required
Device_ldle_SS -a—— DDMAQOa:DIO3 ———— DDMAQOa:DIO2 —— Devicé Idle_SIS

BSY=0, REL=0, SERV=1 BSY=0, REL=0, SERV=1, INTR@=A

Bus release & nlEN =0 | Bus release & nlEN =1
Device_Idle_SIR —a—— DDMAQOb:DIO0 — DDMAQOb:DIO1 —~—®= Device_ldle_SR
BSY=0, REL=1, INTRQ=A | BSY=0, REL=1

Bus release & nlEN = 0 & service required | Bus release & nlEN)="1 & service required
Device_|dle_SIS -e«—— DDMAQOb:DIO2 — DDMAQOb:DIO3 ——= Device_Idle_SS
BSY=0, REL=1, SERV=1, INTRQ=A | BSY=0, REL=1, SERV=1

Readyto transfer DMA data
DDMAQO:DDMAQ1

1

DDMAQ1: Transfer_Data
BSY=0, DRQ=1, INTRQ=N, DMARQ=A

DMA burst terminated
DDMAQ1:DBMAQO — 1=

BSY DRQ REL SERV C/D /10 INTRQ | DMARQ | PDIAG- DASP-
v % X X X X \ V R R

Figure’58 — Device DMA QUEUED command state diagram

DDMAQO: Prepare State: This state is entered when the device has a READ/WRITE [DMA
QUEWUED or'SERVICE command written to the Command register, when the data has|been
transferred or when the command has completed.

Wh H $los fot ol H boll £ DQON/ ¢ ] A ¢ Al 4 INIT DA If th
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command is a queued command, the device shall verify that the tag is valid. If commands are
queued, the tag for the command to be serviced shall be placed into the Sector Count register.

Transition DDMAQO:DDMAQ1: When the device is ready to transfer the data for a command,
then the device shall make a transition to the DDMAQ1: Transfer_Data state.

Transition DDMAQO:DI0: When the command has completed or an error occurs that causes
the command to abort, the device has no other command released and nlEN is cleared to zero,
then the device shall set the Interrupt Pending, set appropriate error bits, clear BSY to zero,
assert INTRQ and make a transition to the DIO: Device_ldle_SI state (see Figure 43).

Transition DDMAQO:DI1: When the command has completed or an error occurs that causes
the command to abort, the device has no other command released and nlEN is set to one, then
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the device shall set appropriate error bits, clear BSY to zero, assert INTRQ and make a
transition to the DI1: Device_Idle_S state (see Figure 43).

Transition DDMAQOa:DIO0: When the command has completed or an error occurs that
causes the command to abort, the device has another command released but not ready for
service and nlEN is cleared to zero, then the device shall set the Interrupt Pending, set
appropriate error bits, clear BSY to zero, assert INTRQ and make a transition to the DIOO:
Device_Idle_SIR state (see Figure 44).

Transition DDMAQOa:DIO1: When the command has completed or an error occurs that
causes the command to abort, the device has another command released but not ready for
servige and nlEN is set to one, then the device shall set appropriate error bits, clear-BBY to
zero and make a transition to the DIO1: Device_ldle_SR state (see Figure 44).

Transition DDMAQOa:DIO2: When the command has completed or an error,occurgy that
caus¢s the command to abort, the device has another command ready for seivice and nlEN is
cleargd to zero, then the device shall set the Interrupt Pending, set appropriate error bits, set
SERY to one, clear BSY to zero, assert INTRQ and make a transition to the DIOZ2:
Devige_ldle_SIS state (see Figure 44).

Transition DDMAQOa:DIO3: When the command has completed or an error occurg that
caus¢s the command to abort, the device has another commahnd teady for service and nlgEN is
set tq one, then the device shall set appropriate error bits, set"SERV to one, clear BSY tq zero
and make a transition to the DIO3: Device_ldle_SS state (seée Figure 44).

Trangition DDMAQOb:DIO0: When the bus is released and nlEN is cleared to zero, thgn the
device shall set the Interrupt Pending, set appropriate error bits, set REL to one, clear BEY to
zero,|assert INTRQ and make a transition to the DIOO: Device_ldle_SIR state (see Figure|44).

Trangition DDMAQOb:DIO1: When the bus is released and nlEN is set to one, then the device
shall |set appropriate error bits, set REL @0 one, clear BSY to zero and make a transition fo the
DIO1} Device_Idle_SR state (see Figure 44).

Transition DDMAQOb:DIO2: When the bus is released, the device has another command
ready for service and nlEN iS cleared to zero, then the device shall set the Interrupt Pending,
set appropriate error bits, set REL to one, set SERV to one, clear BSY to zero, assert INTRQ
and make a transition tosthe DIO2: Device_ldle_SIS state (see Figure 44).

Transition DDMAQObL:DIO3: When the bus is released, the device has another command
ready for service~and nlEN is set to one, then the device shall set appropriate error bits, set
REL [to one/set SERV to one, clear BSY to zero and make a transition to the DIOS3:
Devige |dle=SS state (see Figure 44).

DDMAQ1T: Data_Transfer State: This state is entered when the device is ready to trgnsfer
DMA data.

When in this state, BSY is cleared to zero, DRQ is set to one, INTRQ is negated, DMARQ is
asserted and data is transferred as described in Multiword DMA timing or Ultra DMA protocol.

Transition DDMAQ1:DDMAQO: When the DMA burst has been terminated, then the device
shall make a transition to the DDMAQO: Prepare state. All of the data for the command may not
have been transferred.

11.11 EXECUTE DEVICE DIAGNOSTIC command protocol

This class includes:
e EXECUTE DEVICE DIAGNOSTIC
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If the host asserts RESET- before devices have completed executing their EXECUTE DEVICE
DIAGNOSTIC protocol, then the devices shall start executing the power-on or hardware reset
protocol from the beginning.

If the host sets SRST to one in the Device Control register before the devices have completed
execution of their EXECUTE DEVICE DIAGNOSTIC protocol, then the devices shall start
executing their software reset protocol from the beginning.

Figure 59 and the text following the figure describe the EXECUTE DEVICE DIAGNOSTIC
protocol for the host. Figure 60 and the text following the figure describe the EXECUTE
DEVICE DIAGNOSTIC protocol for Device 0. Figure 61 and the text following the figure
desciibe the EXECUTE DEVICE DIAGNOSTIC protocol for Device 1.

HEDO: Wait HED2: Check_status

EXECUTE DEVICE DIAGNOSTIC
command written & nIEN=1 2 ms timeout complete BSY =0

— HI4:HEDO ————— > —— HEDO:HED2 ————— 1 — HED2:HI0 —= Host_idle

HED1: INTRQ_Wait BSY.EA
e = HED2:HED2

EXECUTE DEVICE DIAGNOSTIC
command written & nIEN=0

— HI4:HED1 ———— »=—HED1:HED2 -

INTRQ asserted

Figure 59 —- Host EXECUTE DEVICE.DIAGNOSTIC state diagram

HEDQ: Wait State: This state is entered whén the host has written the EXECUTE DHVICE
DIAGNOSTIC command to the devices and nNIEN is set to one.

The host shall remain in this state for at least 2 ms.

Transgition HEDO:HED1: When atleast 2 ms has elapsed since the command was written, the
host shall make a transition to the HED1: Check_status state.

HED1: INTRQ_wait: This''state is entered when the host has written the EXECUTE DHVICE
DIAGNOSTIC command'to the devices and nlEN is cleared to zero.

When in this state-the host shall wait for INTRQ to be asserted.

Transition ‘\HED1:HED2: When INTRQ is asserted, the host shall make a transition tp the
HED2: Check_status state.

HED2: Check_status State: This state is entered when at least 2 ms since the command was
written or INTRQ has been asserted.

When in this state, the host shall read the Status or Alternate Status register.

Transition HED2:HED2: When BSY is set to one, the host shall make a transition to the
HED1: Check_status state.

Transition HED2:HI0: When BSY is cleared to zero, the host shall check the results of the
command (see ISO/IEC 24739-1:2008, Clause 5) and make a transition to the HIO: Host_idle
state (see Figure 41).
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DOEDO: Release_bus

EXECUTE DEVICE DIAGNOSTIC Bus released & no Device 1
command written — DOEDO:DOED3
DIO:DOEDO| - Clear bit 7 \
DI1:DOEDO | . .
Bus released & Device 1 exists
—— DOEDO:DOED1

DOED1: PDIAG-_wait

1 ms wait complete

DoaER4--RaERS 1
VLU T.UVULL U

DOED2: Sample_PDIAG- DOED3: Set_status

— S
-
Resample PDIAG- | PDIAG- asserted Status set & nl[EN=1

|_— DOED2:DOED2 —— DOED2a:DOED3 ———®1— DOED3:DI1 ——— = Device_idle_§|
Clear bit 7 BSY=0
6 s timeout Status set & nlIEN=0

~———  »[— DOED2b:DOED3 —#r— DOED3:D|0-*——= Device_idle_S
Set bit 7 BSY=0, INFRQ=A

BSY DRQ REL SERV C/D I/0 | INTRQ | DMARQ | PDIAG- | DASP-

1 0 0 0 0 0 V R R R

Figure 60 — Device 0 EXECUTE DEVICE DIAGNOSTIC state diagram

DOEDO: Release_bus State: This state is entered when the EXECUTE DEVICE DIAGNGQ
command has been written.

When in this state, the device shaltrelease PDIAG-, INTRQ, IORDY, DMARQ and DD
and dhall set BSY to one within 400 ns after entering this state.

The device should begin perfarming the self-diagnostic testing.

Transition DOED0:DOED1: When the bus has been released, BSY set to one and the ass
of DASP- by Device 1 was detected during the most recent power-on or hardware reset
the dgvice shall make a transition to the DOED1: PDIAG-_wait state.

Transition DOEDO0:DOED3: When the bus has been released, BSY set to one and the ass
of DASP{ by Device 1 was not detected during the most recent power-on or hardware
then [the_device shall clear bit 7 in the Error register and make a transition to the D(

STIC

15:0)

Brtion

then

Brtion
reset,
ED3:

Set_statusstate:

DOED1: PDIAG-_wait State: This state is entered when the bus has been released, BSY set to

one, and Device 1 exists.

The device shall remain in this state until least 1 ms has elapsed since the command was

written and shall clear the DEV bit in the Device register to zero within 1 ms.

Transition DOED1:DOED2: When at least 1 ms has elapsed since the command was written,

the device shall make a transition to the DOED2: Sample_PDIAG- state.

DOED2: Sample_PDIAG- State: This state is entered when at least 1 ms has elapsed
the command was written.

since


https://iecnorm.com/api/?name=2766ab12b73ffb26a7416bfa082bd45b

- 148 — 24739-2 © ISO/IEC:20

When in this state, the device shall sample the PDIAG- signal.

09(E)

Transition DOED2:DOED3: When the sample indicates that PDIAG- is asserted, the device

shall

clear bit 7 in the Error register and make a transition to the DOED3: Set_status state.

Transition DOED2:D0OED2: When the sample indicates that PDIAG- is not asserted and less
than 6 s have elapsed since the command was written, then the device shall make a transition
to the DOED2: Sample_PDIAG- state.

Transition DOED2:DOED3: When the sample indicates that DASP- is not asserted and 6 s

have
regis

DOEL
clear

When in this state, the device shall clear the DEV bit in the Device registento zero within

The
alrea

nlapcnd since the command was written then the device shall set hit 7 in the
er and make a transition to the DOED3: Set_status state.

3: Set_status State: This state is entered when bit 7 in the Error register has been
bd.

jevice shall complete the self-diagnostic testing begun in the Release bus state
y completed.

Resu

(6:0) |of the Error register (see ISO/IEC 24739-1:2008, Claus€e 6). The device shall sq
signature values (see ISO/IEC 24739-1:2008, Clause 5). The contents of the Features re

is un

If the
3,258

If the|
3,2
speci
valuel
have

Trangition DOED3:DI1: Whenr' hardware initialization and self-diagnostic testing is comp

the s
make

Trangition DOED3:DI0: When hardware initialization and self-diagnostic testing is comp

the s
assef

ts of the EXECUTE DEVICE DIAGNOSTICS self-diagnostic-testing shall be placed i

efined.

device does not implement the PACKET command feature set, the device shall clez
nd 0 in the Status register to zero.

device implements the PACKET command feature set, the device shall clear bits 6,
nd O in the Status register to zerosThe device shall return the operating modes to
ied initial conditions. MODE SELECT conditions shall be restored to their last g
s if saved values have been established. MODE SELECT conditions for which no v
been saved shall be returned to their default values.

fatus has been set and nlEN is set to one, then the device shall clear BSY to zer
a transition to the~D11: Device_idle_S state (see Figure 43).

atus has‘been set and nlEN is cleared to zero, then the device shall clear BSY to
t INTRQ.and make a transition to the DI0: Device_idle_SI state (see Figure 43).

Error

et or

1 ms.
f not

h bits
t the
yister

r bits

5, 4,
their
aved
alues
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eted,
zero,
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D1EDO: Release_bus D1ED1: Negate_PDIAG-
PDIAG=x PDIAG- =R

Bus released
D1EDO:D1ED1 |

EXECUTE DEVICE
DIAGNOSTIC command written

DI0:D1EDO
DI1:D1EDO

D1ED2: Set_status

PDIAG- =N PDIAG- negated
- D1ED1:D1ED2 —
Status set
— D1ED2:DI2 P Device_idle_NS

BSY=0, PDIAG-=A

BSY DRQ REL SERV C/D I/0 | INTRQ | DMARQ | PDIAG-)| DASP-
1 0 0 0 0 0 N R N R

Figure 61 — Device 1 EXECUTE DEVICE DIAGNOSTIC command state diagram

D1EDO: Release_bus State: This state is entered when the EXECUTE DEVICE DIAGNQSTIC
command is written.

400 ns after entering this state. The device shall setyBSY to one within 400 ns after entering
this state.

Wheil; in this state, the device shall release INTRQ,~JIORDY, DMARQ and DD(15:0) within
The device should begin performing the self-diagnostic testing.

Transition D1EDO0:D1ED1: When the.bus has been released and BSY set to one, thejh the
device shall make a transition to the DAED1: Negate PDIAG- state.

D1ED1: Negate_PDIAG- State;This state is entered when the bus has been released and
BSY get to one.

When in this state, the device shall negate PDIAG- and clear the DEV bit in the Device refister
within less than 1 ms-af the receipt of the EXECUTE DEVICE DIAGNOSTIC command.

Transition D1ED1:D1ED2: When PDIAG- has been negated, the device shall mgke a
trans|tion to the D1ED2: Set_status state.

D1ED2: Set_status State: This state is entered when the device has negated PDIAG-.

When in this state the device shall complete the hardware initialization and self-diagnostic
testing begun in the Release bus state if not already completed. Results of the EXECUTE
DEVICE DIAGNOSTICS shall be placed in the Error register (see ISO/IEC 24739-1:2008,
Clause 6). If the device passed the self-diagnostics, the device shall assert PDIAG-.

The device shall set the signature values (see ISO/IEC 24739-1:2008, Clause 5). The effect on
the Features register is undefined.

If the device does not implement the PACKET command feature set, the device shall clear bits
3, 2 and 0 in the Status register to zero.

If the device implements the PACKET command feature set, the device shall clear bits 6, 5, 4,
3, 2 and 0 in the Status register to zero. The device shall return the operating modes to their
specified initial conditions. MODE SELECT conditions shall be restored to their last saved
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values if saved values have been established. MODE SELECT conditions for which no values

have

been saved shall be returned to their default values.

All requirements for this state shall be completed within 5 s from the writing of the command.

Transition D1ED2:DI2: When hardware initialization and self-diagnostic testing is completed
and the status has been set, then the device shall clear BSY to zero, assert PDIAG- if
diagnostics were passed and make a transition to the DI2: Device_idle_NS state (see Figure

43).

11.12_DEVICE RFSFT command protocol

This
e D

If the
comn
If the
comp
reset

The

progr
in prg

Figur
the h
proto

class includes:
FVICE RESET

host asserts RESET- before the device has completed executing a>DEVICE R
nand, then the device shall start executing the hardware reset protocol\from the beg

leted executing a DEVICE RESET command, the device shall start executing the sof|
protocol from the beginning.

ost should not issue a DEVICE RESET command while<a’DEVICE RESET commangd
ess. If the host issues a DEVICE RESET command while a DEVICE RESET comms
gress, the results are indeterminate.

e 62 and the text following the figure describe the DEVICE RESET command protod
ost. Figure 63 and the text following the figure describe the DEVICE RESET com
Col for the device.

ESET
ning.

host sets the SRST bit to one in the Device Control register before the devicg has

fware

is in
nd is

ol for
mand

HDRO: Wait HDR1: Check_status
400-ns timeout complete -
DEVICE RESET P BSY =0 _
command written HDRO:HDR1—————®r— HDR1:HI0 —®= Host_idle
— HI4:HDRO BSY =1
HDR1:HDR1 —

Figure 62 — Host DEVICE RESET command state diagram

HDRO:

command to the device.

The host shall remain in this state for at least 400 ns.

Wait State: This staie i1s eniered when the host has written the DEVICE RESET

Transition HDRO:HDR1: When at least 400 ns has elapsed since the command was written,
the host shall make a transition to the HDR1: Check_status state.

HDR1: Check_status State: This state is entered when at least 400 ns has elapsed since the
command was written.

When in this state the host shall read the Status register.
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Transition HDR1:HDR1: When BSY is set to one, the host shall make a transition to the

HDR1: Check_status state.

Transition HDR1:HI0: When BSY is cleared to zero, the host shall make a transition t
HIO: Host_idle state (see Figure 41). If status indicates that an error has occurred, the
shall take appropriate action.

o the
host

DDRO: Release_bus DDR1: Set_status

DEVICE RESET Bus released Status set

d it
command written DDRUDDRT ———— UURl.Ull — DEVICE_IaIe_S

DI0:DDRO BSY=0
DI1:DDRO

BSY DRQ REL SERV C/D /O [ INTRQ | DMARQ [ PDIAG- | “DASP-

1 0 0 0 0 0 N R R R

Figure 63 — Device DEVICE RESET command state diagram

DDR0: Release_bus State: This state is entered when the BDEVICE RESET comma
written.

400 ns after entering this state. The device shall setBSY to one within 400 ns after en

Wheil; in this state, the device shall release INTRQ, JORDY, DMARQ and DD(15:0)
this dtate.

nd is

ithin
ering

Transition DDRO0:DDR1: When the bus has been released and BSY set to one, the device

shall [make a transition to the DDR1: Set_status-state.

DDR1: Set_status State: This state is.-entered when the device has released the bus an
BSY {o one.

When in this state the device should stop execution of any uncompleted command. The d
should end background activity,(e.g., immediate commands, see MMC-2).

The Hevice should nept tevert to the default condition. If the device reverts to the d
condition, the device  shall report an exception condition by setting CHK to one in the §
register. MODE SELECT conditions shall not be altered.

The dlevice shall set the signature values (see ISO/IEC 24739-1:2008, Clause 5). The cg
of thg Features register is undefined.

d set

evice

efault
tatus

ntent

The deviee-sh

all o
2 and 0 in the Status register to zero.

Transition DDR1:DI1: When the status has been set, the device shall clear BSY to zero and

make a transition to the DI1: Device_idle_S state (see Figure 43).
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11.13 Ultra DMA data-in commands

11.13.1 Initiating an Ultra DMA data-in burst

The following steps shall occur in the order they are listed unless otherwise specified. Timing
requirements are listed in 12.2.5 and shown in 12.2.5.2.

a) The host shall keep DMACK- in the negated state before an Ultra DMA burst is initiated.

b) The device shall assert DMARQ to initiate an Ultra DMA burst when DMACK- is negated.
After assertion of DMARQ the device shall not negate DMARQ until after the first negation

NOTE| Steps c), d) and e) may occur in any order or at the same time.

c)
d)
e)

NOTE| For steps c), d) and e) shall have occurred at least tack before the host asserts DMACK-.

11.13.2 The data-imtransfer

The following steps shall occur in the order they are listed unless otherwise specified. T
requifementscare listed in 12.2.5 and shown in 12.2.5.2.

a)
b)

c)

d)

of DSTROBE.

The host shall assert STOP.
The host shall negate HDMARDY-.

The host shall negate CS0-, CS1-, DA2, DA1 and DAO. The host shall Keep CSO-,
DA2, DA1 and DAO negated until after negating DMACK- at the end of the burst.

The host shall keep DMACK- asserted until the end of an Ultra DMA burst.
The host shall release DD(15:0) within tAZ after asserting DMACK-.

The device may assert DSTROBE tZIORDY after the host'has asserted DMACK-. Ong
dévice has driven DSTROBE the device shall not release) DSTROBE until after the hos
negated DMACK- at the end of an Ultra DMA burst.

The host shall negate STOP and assert HDMARDY- within tENV after asserting DMj
After negating STOP and asserting HDMARDY-, the host shall not change the sta
either signal until after receiving the first negation of DSTROBE from the device (i.e.,
the first data word has been received).

The device shall drive DD(15:0) no soaner than tzap has occurred and after the hos
tserted DMACK-, negated STOP and asserted HDMARDY-.

a

The device shall drive the first word of the data transfer onto DD(15:0). This step may
when the device first drives DD(15:0) in step (j).
T

b transfer the first word.'of-data the device shall negate DSTROBE within tFS afte
hest has negated STOP ‘and asserted HDMARDY-. The device shall negate DSTROH
sponer than tpys has eccurred and after driving the first word of data onto DD(15:0).

The device shall drive a data word onto DD(15:0).
Thedevice shall generate a DSTROBE edge to latch the new word no sooner than fp

CS1-,

e the
t has

ACK-.
te of
after

t has

pccur
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ROBE

edge no more frequently than fcyc for the selected Ultra DMA mode. The device shall not
generate two rising or two falling DSTROBE edges more frequently than ty for the

selected Ultra DMA mode.
The device shall not change the state of DD(15:0) until at least fpyy after generat
DSTROBE edge to latch the data.

ing a

The device shall repeat steps a), b) and c) until the Ultra DMA burst is paused or

terminated by the device or host.

11.13.3 Pausing an Ultra DMA data-in burst

11.13.3.1 General

The following steps shall occur in the order they are listed unless otherwise specified. Timing
requirements are listed in 12.2.5 and shown in 12.2.5.3.
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11.13.3.2 Device pausing an Ultra DMA data-in burst

The following steps for device pausing apply.

The device shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA
burst has been transferred.

The device shall pause an Ultra DMA burst by not generating additional DSTROBE edges.
If the host is ready to terminate the Ultra DMA burst, see 11.13.3.4.2.

The device shall resume an Ultra DMA burst by generating a DSTROBE edge.

11.13.3.3 Host pausing an Ultra DMA data-in burst

The fpllowing steps for host pausing apply.

e)

11.13.3.4 Terminating an Ultra DMA data-in burst

11.13.3.4.1 Device terminating an Ultra DMA data-in burst

The host shall not pause an Ultra DMA burst until at least one data word of ap,\Ultra| DMA
bpurst has been transferred.

The host shall pause an Ultra DMA burst by negating HDMARDY-.
The device shall stop generating DSTROBE edges within fges of s,the” host negating
HDMARDY-.

When operating in Ultra DMA modes 2, 1 or 0 the host shall be prepared to receive|zero,
ope or two additional data words after negating HDMARDY-. While Joperating in Ultra|]DMA
modes 6, 5, 4 or 3 the host shall be prepared to receive zero;~on€e, two or three additional
dpta words after negating HDMARDY-. The additional data words are a result of [cable
round trip delay and trrs timing for the device.

The host shall resume an Ultra DMA burst by asserting HDMARDY-.

Burst| termination is completed when the termination protocol has been executed and DMACK-

negated.
The device shall terminate an Ultra DMA*burst before command completion.

The
requifements are listed in 12:2:5and shown in 12.2.5.5.

a)

ollowing steps shall occur in-the order they are listed unless otherwise specified. Tjming

The device shall injtiate termination of an Ultra DMA burst by not generating additional
STROBE edges.
The device shall'negate DMARQ no sooner than tsg has occurred and after generating the
Igst DSTROBE\edge. The device shall not assert DMARQ again until after DMACK- has
been negated.
The device shall release DD(15:0) no later than t,; after negating DMARAQ.
The host-shall assert STOP within t,, after the device has negated DMARQ. The host| shall
npt.negate STOP again until after the Ultra DMA burst is terminated.
The.host shall negate HDMARDY- within t,, after the device has negated DMARQ. The host
shall continue to negate HDMARDY- until the Ultra DMA burst is terminated. Steps d) and
e) may occur simultaneously.
The host shall drive DD(15:0) no sooner than t;ay has occurred and after the device has
negated DMARQ. For this step, the host may first drive DD(15:0) with the result of the host
CRC calculation (see 11.15).
If DSTROBE is negated, the device shall assert DSTROBE within t,, after the host has
asserted STOP. No data shall be transferred during this assertion. The host shall ignore
this transition on DSTROBE. DSTROBE shall remain asserted until the Ultra DMA burst is
terminated.
If the host has not placed the result of the host CRC calculation on DD(15:0) since first
driving DD(15:0) during f), the host shall place the result of the host CRC calculation on
DD(15:0) (see 11.15).
The host shall negate DMACK- no sooner than fy., has occurred and after the device has
asserted DSTROBE and negated DMARQ and the host has asserted STOP and negated
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HDMARDY- and no sooner than tpys has occurred and after the host places the result of
the host CRC calculation on DD(15:0).

The device shall latch the host's CRC data from DD(15:0) on the negating edge of
DMACK-.

The device shall compare the CRC data received from the host with the results of the
device CRC calculation. If a miscompare error occurs during one or more Ultra DMA bursts
for any one command, at the end of the command the device shall report the first error that
occurred (see 11.15).

The device shall release DSTROBE within torpyz after the host negates DMACK-.

The host shall not negate STOP nor assert HDMARDY- until at least fack after negating
DMACK-.

after

ollowing steps shall occur in the order they are listed unless otherwise specified. Tjming

he host shall not initiate Ultra DMA burst termination until at least)jone data word [of an
Itra DMA burst has been transferred.
he host shall initiate Ultra DMA burst termination by negating @DMARDY-. The host| shall
bntinue to negate HDMARDY- until the Ultra DMA burst is terminated.
he device shall stop generating DSTROBE edges within® trrs of the host negating
DMARDY-.
hen operating in Ultra DMA modes 2, 1 or 0 the hostishall be prepared to receive|zero,
he or two additional data words after negating HDMARDY-. While operating in Ultra|DMA
odes 6, 5, 4 or 3 the host shall be prepared toveceive zero, one, two or three addifional
ata words after negating HDMARDY-. The additional data words are a result of [cable
und trip delay and frgs timing for the device.
he host shall assert STOP no soonep, than tgp has occurred and after negating
DMARDY-. The host shall not negate \STOP again until after the Ultra DMA burst is
rminated.
he device shall negate DMARQ within f, after the host has asserted STOP. The device
nall not assert DMARQ again until“after the Ultra DMA burst is terminated.
DSTROBE is negated, the device shall assert DSTROBE within t,, after the host has
sserted STOP. No data shafl"be transferred during this assertion. The host shall ignore
is transition on DSTROBE: DSTROBE shall remain asserted until the Ultra DMA byrst is
rminated.

he device shall release DD(15:0) no later than t,; after negating DMARAQ.
he host shall drive)DD(15:0) no sooner than {;ay has occurred and after the device has
bgated DMARQ._For this step, the host may first drive DD(15:0) with the result of thg host
RC calculation-(see 11.15).
the host‘has not placed the result of the host CRC calculation on DD(15:0) sinceg first
fiving DD(15:0) during (i), the host shall place the result of the host CRC calculatipn on

DF(15:0) (see 11.15).

o0 ddg oo 4z TH43a30<THO 4C o

Thelhost shall negate DMACK- no sooner than fy,, has occurred and after the device has
asserted DSTROBFE and negated DMARQ and the host has asserted STOP and negated
HDMARDY- and no sooner than tpys has occurred and after the host places the result of
the host CRC calculation on DD(15:0).

The device shall latch the host's CRC data from DD(15:0) on the negating edge of
DMACK-.

The device shall compare the CRC data received from the host with the results of the
device CRC calculation. If a miscompare error occurs during one or more Ultra DMA burst
for any one command, at the end of the command, the device shall report the first error that
occurred (see 11.15).

The device shall release DSTROBE within torpyz after the host negates DMACK-.

The host shall neither negate STOP nor assert HDMARDY- until at least fack after the host
has negated DMACK-.

The host shall not assert DIOR-, CS0-, CS1-, DA2, DA1 or DAO until at least f,ck after
negating DMACK.
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11.14 Ultra DMA data-out commands

11.14.1 Initiating an Ultra DMA data-out burst

The following steps shall occur in the order they are listed unless otherwise specified. Timing
requirements are listed in 12.2.5 and shown in 12.2.5.7.

a) The host shall keep DMACK- in the negated state before an Ultra DMA burst is initiated.
b) The device shall assert DMARQ to initiate an Ultra DMA burst when DMACK- is negated.

NOTE

c) T
d T
e) T
D
NOTE

fi

T
T
d
h
h)y T
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T
a
T
a
T
o
n

11.14

Steps c), d) and e) may occur in any order or at the same time.

he host shall assert STOP.

frefostshattassert HSTROBE:
he host shall negate CS0-, CS1-, DA2, DA1 and DAO. The host shall keep CS0s;
A2, DA1 and DAO negated until after negating DMACK- at the end of the burst.

For steps c¢), d) and e) shall have occurred at least tack before the host asserts DMACK-.

he host shall keep DMACK- asserted until the end of an Ultra DMA burst

he device may negate DDMARDY- t;0rpy after the host has asserted”DMACK-. Ong
pvice has negated DDMARDY-, the device shall not release DDMARDY- until aftg
st has negated DMACK- at the end of an Ultra DMA burst.

he host shall negate STOP within fgyy after asserting DMACKé<, The host shall not 3
TOP until after the first negation of HSTROBE.

he device shall assert DDMARDY- within t,, after the shost has negated STOP.

'st negation of HSTROBE by the host.

he host shall drive the first word of the data transfer onto DD(15:0). This step may
Ny time during Ultra DMA burst initiation.

D transfer the first word of data: the host shall negate HSTROBE no sooner than {|
ccurred and after the device has asserted DDMARDY-. The host shall negate HSTH
b sooner than tpys after the driving the firstword of data onto DD(15:0).

.2 Data-out transfer

The following steps shall occur in the~order they are listed unless otherwise specified. T

requi

a) T
by T

(e

fr

c)

d)

o4T 3 o

rfements are listed in 12.2.5 and-shown in 12.2.5.8.

he host shall drive a datasword onto DD(15:0).

he host shall generate an’ HSTROBE edge to latch the new word no sooner than tpysg
hanging the state of DD(15:0). The host shall generate an HSTROBE edge no
equently than tgyg for the selected Ultra DMA mode. The host shall not generat
s5ing or falling HSTROBE edges more frequently than tycyc for the selected Ultra
ode.

he host shall not change the state of DD(15:0) until at least fpyy after generati
STROBE edge to latch the data.

he host-shall repeat steps a), b) and c¢) until the Ultra DMA burst is paused or termi
y the.device or host.

CS1-,

e the
r the

ssert

After

5serting DMARQ and DDMARDY- the device shall notcnegate either signal until after the

pccur

i has
ROBE

ming

after
more
b two
DMA

g an
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11.14.3 Pausing an Ultra DMA data-out burst

11.14.3.1 General

The following steps shall occur in the order they are listed unless otherwise specified. Timing
requirements are listed in 12.2.5 and shown in 12.2.5.9.

11.14.3.2 Host pausing an Ultra DMA data-out burst

The following steps for host pausing apply.

a) The host shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA
burst has been transferred.
b) The host shall pause an Ultra DMA burst by not generating an HSTROBE edge. If the host
is ready to terminate the Ultra DMA burst (see 11.14.4.1).

c) T

he host shall resume an Ultra DMA burst by generating an HSTROBE edge.
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11.14.3.3 Device pausing an Ultra DMA data-out burst

The following steps for device pausing apply.

e)

11.14.4 Terminating an Ultra DMA data-out burst

11.14.4.1 Host terminating an Ultra DMA data-out burst

The device shall not pause an Ultra DMA burst until at least one data word of an Ultra DMA
burst has been transferred.

The device shall pause an Ultra DMA burst by negating DDMARDY-.

The host shall stop generating HSTROBE edges within trpg of the device negating
DDMARDY-.

When operating in Ultra DMA modes 2, 1 or 0 the device shall be prepared to receive zero,
one or two additional data words after negating DDMARDY-. While operating in Ultra DMA
modes 6, 5, 4 or 3 the device shall be prepared to receive zero, one, two or three additional
dpta words after negating DDMARDY-. The additional data words are a result of [cable
round trip delay and trgg timing for the host.

The device shall resume an Ultra DMA burst by asserting DDMARDY-.

The following steps shall occur in the order they are listed unless otherwise specified. Tjming

requifements are listed in 12.2.5 and shown in 12.2.5.10.

he host shall initiate termination of an Ultra DMA burst by not generating additional
STROBE edges.
he host shall assert STOP no sooner than tgg hassoceurred and after the last gendrated
h HSTROBE edge. The host shall not negate STOP again until after the Ultra DMA |burst
terminated.
he device shall negate DMARQ within f, after the host asserts STOP. The device|shall
pt assert DMARQ again until after the Ultra BMA burst is terminated.
he device shall negate DDMARDY- within'ty| after the host has negated STOP. The device
pall not assert DDMARDY- again until after the Ultra DMA burst termination is complgte.
HSTROBE is negated, the host shall assert HSTROBE within f| after the devicg¢ has
bgated DMARQ. No data shall be”transferred during this assertion. The device|shall
nore this transition on HSTROBE. HSTROBE shall remain asserted until the Ultra|DMA
irst is terminated.

he host shall place the resuli'of the host CRC calculation on DD(15:0) (see 11.15).
he host shall negate DMACK- no sooner than fy | has occurred and after the hogt has
sserted HSTROBE and STOP and the device has negated DMARQ and DDMARDY} and
b sooner than tpygthas occurred and after placing the result of the host CRC calcujation
h DD(15:0).
he device shal”latch the host's CRC data from DD(15:0) on the negating edge of
DIMACK-.
The devieceshall compare the CRC data received from the host with the results of the
device CRE calculation. If a miscompare error occurs during one or more Ultra DMA hursts
fqr any one command, at the end of the command, the device shall report the first errdr that
ofcufred (see 11. 15)

T < UCVI\.’U Dlldll IGIUGDU LJLIIVII‘\I'\LII' VVII.IIIII l|ORDYZ aII.GI I.IIG IIUDl Ilab IICHGLCU LI?V’:ACI
The host shall neither negate STOP nor negate HSTROBE until at least tpck after negatmg
DMACK-.

The host shall not assert DIOW-, CS0-, CS1-, DA2, DA1 or DAO until at least taock after
negating DMACK.

40353 ® 44053 S® 43 45 ® -4 T -

11.14.4.2 Device terminating an Ultra DMA data-out burst

Burst termination is completed when the termination protocol has been executed and DMACK-
negated.

The device shall terminate an Ultra DMA burst before command completion.

The following steps shall occur in the order they are listed unless otherwise specified. Timing
requirements are listed in 12.2.5 and shown in 12.2.5.11.
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The device shall not initiate Ultra DMA burst termination until at least one data word of an
Ultra DMA burst has been transferred.

The device shall initiate Ultra DMA burst termination by negating DDMARDY-.

The host shall stop generating an HSTROBE edges within tgrpg of the device negating
DDMARDY-.

When operating in Ultra DMA modes 2, 1 or 0 the device shall be prepared to receive zero,
one or two additional data words after negating DDMARDY-. While operating in Ultra DMA
modes 6, 5, 4 or 3 the device shall be prepared to receive zero, one, two or three additional
data words after negating DDMARDY-. The additional data words are a result of cable
round trip delay and tgggs timing for the host.

The device shall negate DMARQ no sooner than tgrp after negating DDMARDY-. The device
hall not assert DMARQ again until after DMACK- is negated
he host shall assert STOP within £ | after the device has negated DMARQ. The hos{| shall
bt negate STOP again until after the Ultra DMA burst is terminated.
HSTROBE is negated, the host shall assert HSTROBE within | after thg |device has
bgated DMARQ. No data shall be transferred during this assertion. The| device|shall
nore this transition of HSTROBE. HSTROBE shall remain asserted untilythe Ultra|DMA
irst is terminated.

he host shall place the result of the host CRC calculation on DD(15:0)(see 11.15).
he host shall negate DMACK- no sooner than fy | has occurred and after the hogt has
sserted HSTROBE and STOP and the device has negated DMARQ and DDMARDY} and
b sooner than tpys has occurred and after placing the result\of'the host CRC calcujation
h DD(15:0).
he device shall latch the host's CRC data from DD{15:0) on the negating edge of
DIMACK-.
The device shall compare the CRC data received<from the host with the results gf the
device CRC calculation. If a miscompare error oceurs during one or more Ultra DMA hursts
fqr any one command, at the end of the command; the device shall report the first errgr that
ccurred (see 11.15).
he device shall release DDMARDY- withinfjorpyz after the host has negated DMACK-.
The host shall neither negate STOP nor HSTROBE until at least fack after negating
DIMACK-.
The host shall not assert DIOW-,-C80-, CS1-, DA2, DA1 or DAO until at least tpock has
ogcurred and after negating DMACK.

40 3® 44U g 3> =3 40

— O

Ultra DMA CRC rules

The following is a list of rules for calculating CRC, determining if a CRC error has ocdurred

th the host and-the device shall have a 16-bit CRC calculation function.
pth the hostiand the device shall calculate a CRC value for each Ultra DMA burst.
The CRC function in the host and the device shall be initialized with a seed of 4ABAh at the

shall
their
: GRGH4 o 3 word—b —GRG ot—caledia r the
return of STROBE to the asserted state after the Ultra DMA burst termination request has
been acknowledged.

At the end of any Ultra DMA burst the host shall send the results of the host CRC
calculation function to the device on DD(15:0) with the negation of DMACK-.

The device shall then compare the CRC data from the host with the calculated value in its
own CRC calculation function. If the two values do not match, the device shall save the
error. A subsequent Ultra DMA burst for the same command that does not have a CRC
error shall not clear an error saved from a previous Ultra DMA burst in the same command.
If a miscompare error occurs during one or more Ultra DMA bursts for any one command,
the device shall report the first error that occurred. If the device detects that a CRC error
has occurred before data transfer for the command is complete, the device may complete
the transfer and report the error or abort the command and report the error.

For READ DMA, WRITE DMA, READ DMA QUEUED or WRITE DMA QUEUED commands:
When a CRC error is detected, the error shall be reported by setting both ICRC and ABRT

cpléulate a new CRC value by applying the CRC polynomial to the current value of
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(bit 7 and bit 2 in the Error register) to one. ICRC is defined as the interface CRC error bit.

T

he host shall respond to this error by re-issuing the command.

8) For a REQUEST SENSE PACKET command (see SPC, INCITS 301:1997, for the definition
of the REQUEST SENSE command): When a CRC error is detected during transmission of
sense data the device shall complete the command and set CHK to one. The device shall
report a Sense key of 0Bh (ABORTED COMMAND). The device shall preserve the original
sense data that was being returned when the CRC error occurred. The device shall not
report any additional sense data specific to the CRC error. The host device driver may retry
the REQUEST SENSE command or may consider this an unrecoverable error and retry the
command that caused the Check Condition.

9) For any PACKET command except a REQUEST SENSE command: If a CRC error is

d

shall

re
s
L
th
10) A
d
16
q

—

—

c
b
1MT

o D

NOTE
derive

NOTE

otected, the device shall complete the command with CHK set o one. The device
port a Sense key of 04h (HARDWARE ERROR). The sense data supplied
Ibsequent REQUEST SENSE command shall report an ASC/ASCQ value of\.08
OGICAL UNIT COMMUNICATION CRC ERROR). Host drivers should retry the com
at resulted in a HARDWARE ERROR.

host may send extra data words on the last Ulotra DMA burst of a data odut’comman
bvice determines that all data has been transferred for a command,-the device
rminate the burst. A devide may have already received more data words that
quired for the command. These extra words are used by both the host and the dev
blculate the CRC, but, on an Ultr DMA data-out burst, the extra words shall be disc
y the device.

he CRC generator polynomial is: G(X) = X16 + X12 + X5_+ 1. Table 49 describe
nuations for 16-bit parallel generation of the resulting. -polynomial (based on a
bundary).

1 Since no bit clock is available, the recommended approach for calculating CRC is to use a worg
 from the bus strobe. The combinational logic is then equivalent to shifting sixteen bits serially throu

via a
n/03h
mand

d. If a
shall
were
ve to
arded

s the
word

clock
gh the

genergtor polynomial where DDO is shifted in first and DD15 is shifted in last.
2 If excessive CRC errors are encountered while“operating in an Ultra mode, the host should sglect a
slowern Ultra mode. CAUTION: CRC errors are detected and reported only while operating in an Ultra mode.
DD(15:0) CRCIN (15:0:) CRCOUT (15:0)
> e ——
Combinational Edge
Logic Tri
riggered
> 116 Register
) Device
Word
— Clock>

Figure 64 — Example parallel CRC generator
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Table 49 — Equations for parallel generation of a CRC polynomial

CRCINO = f16 CRCINS8 = f8 XOR f13
CRCIN1 = f15 CRCIN9 = f7 XOR f12
CRCIN2 = f14 CRCIN10 = f6 XOR f11
CRCIN3 =13 CRCIN11 = f5 XOR 10
CRCIN4 = f12 CRCIN12 = f4 XOR f9 XOR f16
CRCIN5 = f11 XOR 16 CRCIN13 = f3 XOR f8 XOR f15
CRCING = f10 XOR f15 CRCIN14 = f2 XOR 7 XOR f14
CRCIN7 = f9 XOR f14 CRCIN15 = f1 XOR f6 XOR 13
f1 = DD0 XOR CRCOUT15 f9 = DD8 XOR CRCOUT7 XOR f5
f2 = DD1 XOR CRCOUT14 f10 = DD9 XOR CRCOUT6 XOR f6
f3 = DD2 XOR CRCOUT13 f11 = DD10 XOR CRCOUT5 XOR-f7
f4 = DD3 XOR CRCOUT12 f12 = DD11 XOR CRCOUT4X@R f1 XOR 8
f5 = DD4 XOR CRCOUT11 XOR f1 f13 = DD12 XOR CRCQOUT3/XOR f2 XOR 9
f6 = DD5 XOR CRCOUT10 XOR f2 f14 = DD13 XOR CRCOUT2 XOR f3 XOR f10
f7 = DD6 XOR CRCOUT9 XOR f3 f15 = DD14 XOR'GRCOUT1 XOR f4 XOR f11
f8 = DD7 XOR CRCOUT8 XOR f4 f16 = DD15 XOR CRCOUTO0 XOR f5 XOR 12
Key
f = feedback

DD = Data to or from the bus

CRCOUT = 16-bit edge triggered result (current CRGE)
CRCOUT(15:0) are sent on matching order bits,of DD(15:0)
CRCIN = Output of combinatorial logic (next\CRC)

12 PRarallel interface timing

12.1 | Deskewing

For HIO and Multiword BIMA modes all timing values shall be measured at the connector ¢f the
selecfted device. The host shall account for cable skew.

For {ltra DMA _mades unless otherwise specified, timing parameters shall be measured at the
conngctor of the.host or device to which the parameter applies.

12.2 | Transfer timing

12.2.1 General
The minimum cycle time supported by the device in PIO mode 3, 4 and Multiword DMA mode 1,
2, respectively, shall always be greater than or equal to the minimum cycle time defined by the

associated mode e.g., a device supporting PIO mode 4 timing shall not report a value less than
120 ns, the minimum cycle time defined for PIO mode 4 timings.

See 3.3.9 for timing diagram conventions.

12.2.2 Register transfers

Figure 65 defines the relationships between the interface signals for register transfers.
Peripherals reporting support for PIO mode 3 or 4 shall power-up in a PIO mode 0, 1, or 2.
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For PIO modes 3 and above, the minimum value of ty is specified by word 68 in the IDENTIFY
DEVICE parameter list. Table 50 defines the minimum value that shall be placed in word 68.

Both hosts and devices shall support IORDY when PIO mode 3 or 4 are the currently selected
mode of operation.

DMACK- shall remain-hegated during a register transfer.

T Q

@)

ADDR valid

(Seea) AXXX/ XXXX

OR-/DIOW-  \

WRITE

DD(7:0)

< 7
(See b)
t3 ] t4
< XXX>

READ
DD(7:0)
(See b)

IORDY
(See c, item a)

IORDY
(See c, item b) - f{c
—] tRD |—

IORDY XXX XXX XX XXX

(See c, item ¢) ~— f, —{lc

Device address consists of signals CS0-, CS1-, and DA(2:0)

Data consists of DD(7:0).

The<negation of IORDY by the device is used to extend the register transfer cy
determination of whether the cycle is to be extended is made by the host after ta
assertion of DIOR- or DIOW-. The assertion and negation of IORDY are describe

cle. The
rom the
d in the

foftowingthreecases:

a Device never negates IORDY, devices keeps IORDY released: no wait is generated.
b Device negates IORDY before ta, but causes IORDY to be asserted before t. IORDY is
released prior to negation and may be asserted for no more than 5 ns before release: no

wait generated.

c Device negates IORDY before ta. IORDY is released prior to negation and may be
asserted for no more than 5 ns before release: wait generated. The cycle completes
after IORDY is reasserted. For cycles where a wait is generated and DIOR- is asserted,

the device shall place read data on DD(7:0) for trp before asserting IORDY.

Figure 65 — Register transfer to/from device
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Table 50 — Register transfer to/from device

Register transfer timing parameters Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 | Foot-
notes
ns ns ns ns ns to
table
to Cycle time min. 600 383 330 180 120 ade
ty Address valid to DIOR-/DIOW- setup min. 70 50 30 30 25
tr DIOR-/DIOW- pulse width 8-bit min. 290 290 290 80 70 a
to; DIOR-/DIOW- recovery time min. - - - 70 25 a
t3 DIQW- data setup min. 60 45 30 30 20
ts DIQW- data hold min. 30 20 15 10 10
ts DIQR- data setup min. 50 35 20 20 20
ts DIQR- data hold min. 5 5 5 5 5
tsz | DIOR- data tristate max. 30 30 30 30 30 b
tg DIQR-/DIOW- to address valid hold min. 20 15 10 10 10
trp | Reqd Data Valid to IORDY active min. 0 0 0 0 0
(if JORDY initially low after tp)
ta | IORRDY Setup time 35 35 35 35 35 ¢
ts IOFIEDY Pulse Width max. 1250 1260 1250 1250 1 250
tc IOFI{DY assertion to release max. 5 5 5 5 5
a8 tgis the minimum total cycle time, t5 is the minimum DIOR-/DIQW- assertion time and ty; is the minimum DIQR-/DIOW-
negatipn time. A host implementation shall lengthen t, and/errty; to ensure that tg is equal to or greater thar| the value
reportgd in the devices IDENTIFY DEVICE data. A device-implementation shall support any legal host implemgntation.
b This pprameter specifies the time from the negation*edge of DIOR- to the time that the data bus is releaged by the
device
C¢ The dglay from the activation of DIOR- or DIOWXuntil the state of IORDY is first sampled. If IORDY is inactie then the
host shall wait until IORDY is active before the register transfer cycle is completed. If the device is not driving IORDY
negatdgd at the {5 after the activation of DIOR- or DIOW-, then t5 shall be met and trp is not applicable. If the¢ device is
driving| IORDY negated at the time (p ‘after the activation of DIOR- or DIOW-, then tgp shall be met anq t5 is not
applicable.
d  ATA/A[TAPI standards prior to ATA/ATAPI-5 inadvertently specified an incorrect value for mode 2 time tq by utilizing the
16-bit P10 value.
€ Mode ghall be selected no higher than the highest mode supported by the slowest device.
12.2.3 PIO data‘transfers
Figure 66 <defines the relationships between the interface signals for PIO data trangfers.
Peripherals'reporting support for PIO mode 3 or 4 shall power-up in a PIO mode 0, 1 or 2.

For PIO modes 3 and above, the minimum value of fj is specified by word 68 in the IDENTIFY
DEVICE parameter list. Table 51 defines the minimum value that shall be placed in word 68.

IORDY shall be supported when PIO mode 3 or 4 are the current mode of operation.

NOTE Some devices implementing the PACKET Command feature set prior to ATA/ATAPI-4 power-up in PIO
mode 3 and enable IORDY as the default.
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—~t to -
ADDR valid
— ] ——— t . ty —>|
- b -
DIOR-/DIOW- \ R /
WRITE
DD(1570) S /
DD(7:0)
(See b) t, —l t,
READ
DD(7:0) < P00
(See b)
~—— f; —— ts "
|——— tGZ
IORDY
See ¢, item a) t —
A
IORDY
(Bee c, item b) —| £
] tRD [——
IORDY XXX XXX XX XXX
($ee ¢, item c) - t - fc

DMACK- shall remain negated during.a’register transfer.

Device address consists of signals CS0-, CS1-, and DA(2:0)

Data consists of DD(7:0).

c The negation of IORDY"by the device is used to extend the register transfer cycle. The
determination of whether the cycle is to be extended is made by the host after t, from the
assertion of DIORy'or DIOW-. The assertion and negation of IORDY are described in the
following three cases:

a Device never negates IORDY, devices keeps IORDY released: no wait is generated.

b Device negates IORDY before ta, but causes IORDY to be asserted before to. IQRDY is
released prior to negation and may be asserted for no more than 5 ns before relpase: no
wait generated.

c Device negates IORDY before ta. IORDY is released prior to negation and may lpe
asserted for no more than 5 ns before release: wait generated. The cycle completes
after IORDY is reasserted. For cycles where a wait is generated and DIOR- is asserted,
the device shall place read data on DD(7:0) for tgp before asserting IORDY.

T o

Figure 66 — PIO data transfer to/from device
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Table 51 — PIO data transfer to/from device

Foot-
. Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 | notes
PIO timing parameters
ns ns ns ns ns to
table
to Cycle time min. 600 383 240 180 120 a d
ty Address valid to DIOR-/DIOW- setup min. 70 50 30 30 25
tr DIOR-/DIOW- min. 165 125 100 80 70 a
to; DIOR-/DIOW- recovery time min. - - - 70 25 a
t3 DIOW- data setup min. 60 45 30 30 PO
ts DIOW- data hold min. 30 20 15 10 o
ts DIOR- data setup min. 50 35 20 20 PO
ts DIOR- data hold min. 5 5 5 5 5
tsz || DIOR- data tristate max. 30 30 30 30 BO b
tg DIOR-/DIOW- to address valid hold min. 20 15 10 10 1o
trp || Read Data Valid to IORDY active min. 0 0 0 0 0
(if IORDY initially low after ta)
tn ||!ORDY Setup time 35 35 35 35 B5 ¢
ts IORDY Pulse Width max. 1250 1250 1250 1250 1[250
tc IORDY assertion to release max. 5 5 5 5 5
a8 tp Is the minimum total cycle time, t; is the minimum DIOR%/DIOW- assertion time and tp; is the minimum|DIOR-/DIOW-
negation time. A host implementation shall lengthen fytand/or ty; to ensure that tg is equal to or greater than the value
regorted in the devices IDENTIFY DEVICE data. A device implementation shall support any legal host impglementation.
b Th|s parameter specifies the time from the negation edge of DIOR- to the time that the data bus is released by the
deyice.
¢ Thg delay from the activation of DIOR- or DI@W- until the state of IORDY is first sampled. If IORDY is in3ctive then the
hogt shall wait until IORDY is active before the PIO cycle is completed. If the device is not driving IORDY negated at
thq ta after the activation of DIOR- or<DIOW-, then t5 shall be met and tgrp is not applicable. If the deice is driving
IORDY negated at the time {5 after the.activation of DIOR- or DIOW-, then tgp shall be met and t5 is not gpplicable.
d Mgde may be selected at the highest mode for the device if CS(1:0) and DA(2:0) do not change between read or write
cy¢les or selected at the highest“mode supported by the slowest device if CS(1:0) or DA(2:0) do change|between read
or write cycles.
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12.2.4.1 General
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Figure 67 through Figure 70 define the timing associated with Multiword DMA transfers.
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For Multiword DMA modes 1 and above, the minimum value of {j is specified by word 65 in the
IDENTIFY DEVICE parameter list. Table 52 defines the minimum value that shall be placed in

word

65.

Devices shall power-up with mode 0 as the default Multiword DMA mode.

Table 52 — Multiword DMA data transfer

Multiword DMA timing parameters Mode 0 Mode 1 Mode 2 Foot-
ns ns ns notes to
table
to Cycle time min. 480 150 120 a
tp DIOR-/DIOW- asserted pulse width min. 215 80 70 a
te DIOR- data access max. 150 60 50
te DIOR- data hold min. 5 5 5
te DIOR-/DIOW- data setup min. 100 30 20
tH DIOW- data hold min. 20 15 10
{ DMACK to DIOR-/DIOW- setup min. 0 0 0
ty DIOR-/DIOW- to DMACK hold min. 20 5 5
tkr DIOR- negated pulse width min 50 50 25 a
tkw || DIOW- negated pulse width min. 215 50 25 a
LR DIOR- to DMARQ delay max. 120 40 35
tLw || DIOW- to DMARQ delay max. 40 40 35
tm CS(1:0) valid to DIOR-/DIOW- min. 50 30 25
N CS(1:0) hold min. 15 10 10
tz DMACK- to read data rgleased max. 20 25 25
a2 tg |s the minimum totallcycle time, fp is the minimum DIOR-/DIOW- assertion time and tk (tkr or tkw. a$ appropriate)

is
ref]

orted in the devieces IDENTIFY DEVICE data.

he minimum DIOR-/DIOW- negation time. A host shall lengthen fp and/or tk to ensure that fg is equa

| to the value
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12.2.4.2 Initiating a Multiword DMA data burst

The values for the timings for each of the Multiword DMA modes are contained in Table 52.

CS0-/CS1-  XXXX
— fy |-
Seea —=| |-
DMARQ
See a — | ——
DMACK-
— f, [|[-— tp —
DIOR-/DIOW-
—_—| |-
e T <X XXXX
DD(15:0)
— [ [ |[——
Write. — XOOCXXXXXX XXX
DD(15:0) = f  |-—
H

g The host shall not assert DMACK- or‘negate both CSO and CS1 until the assertioh of
DMARQ is detected. The maximum_time from the assertion of DMARQ to the assertion of
DMACK- or the negation of both CSO’and CS1 is not defined.

Figure 67 — Initiating a multiword DMA data burst
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12.2.4.3 Sustaining a multiword DMA data burst

The values for the timings for each of the multiword DMA modes are contained in Table 52.

CS0-/CS1-
- tO T
DMARQ
DMACK-
g— tD —_———— tK —]
N—
DIOR-/DIOW?= _
—1 tE g — tE ~-—
Read XXX XX XXX XXX XXX XX XXX X
DD(15:0)
. tG_> tF  —— g— tG —] t’: |—
Write XXX XXXXX XXXXX XXX XXX
DD(15:0) -t 1, o4 —-— _T ty

Figure 68 — Sustaining a multiword DMA data burst
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12.2.4.4 Device terminating a multiword DMA data burst

The values for the timings for each of the multiword DMA modes are contained in Table 52.

CS0-/CS1- XXXXXXXX

—| IN |—

DMARQ }\

{See-ay ~—1, _;I

DMACK- NI P
- t —_—— fo — ty —

DIOR-/DIOW- _ /

— |- - [; =
Read XXXXX XX XXX XX XXX X XXX)("“
DD(15:0)
[~ f tr ——
Write
DD(15:0) XXX XXX XXXX XXKX
[~ { ty ——

a To terminate the data burst, the Device shall.negate DMARQ within f of the assertion of the|current
IOR- or DIOW- pulse. The last data wotd for the burst shall then be transferred by the negdtion of
he current DIOR- or DIOW- pulse. If-all data for the command has not been transferred, the |[device
hall reassert DMARQ again at any/ later time to resume the DMA operation, as shown in Fidure 66.

n = g

Figure 69— Device terminating a Multiword DMA data burst
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Host terminating a multiword DMA data burst
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The values for the timings for each of the multiword DMA modes are contained in Table 52.

CS0-/CS1- IXXXXXXX
— tN | ———
- ty >
(See b) B
DMACK- |
(See a) - [ ———————— [y — t ——
DIOR-/DIOW-  / Y A )
— tE g | tZ
Read — XX XXX XX XX XXX XXX XX XXX X1
DD(15:0)
e[| [ [——
Write. XXX XXXXXXXXX XXXXXXX
DD(15:0)
el |

a To terminate the transmission of a data burst, the host shall negate DMACK- within £, after[a DIOR-
gdr DIOW- pulse. No further DIOR- or DIOW- pulses shall be asserted for this burst.

b I the device is able to continue the transfer of data, the device may leave DMARQ asserted[and wait
for the host to reassert DMACK-.@r may negate DMARQ at any time after detecting that PMACK-
Has been negated.

Figure)70 — Host terminating a multiword DMA data burst
12.2.5 Ultra DMA data transfer
12.2.5.1, (_ General
Figu: e thluugh Figwc 80-definethe tilllillya assoctated-with—=att phaoea of Uitra BDMAbursts.

Table 53 contains the values for the timings for each of the Ultra DMA modes. Table 54
contains descriptions and comments for each of the timing values in Table 53, Table 55
contains timings specified for the IC alone.

All timings are worst case across functional voltage, process, temperature and system
configuration variances.
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Table 53 — Ultra DMA data burst timing requirements

Name Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Measurement
ns ns ns ns ns ns ns location
Min. | Max. | Min. | Max. | Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max. | Min. | Max.

toeveryp | 240 160 120 90 60 40 30 Sender
tcye 112 73 54 39 25 16.8 13.0 (See 3)
treye 230 153 115 86 57 38 29 Sender
tps 15.0 10.0 7.0 7.0 5.0 4.0 2.6 Recipient
tDH 5.0 5.0 5.0 5.0 5.0 4.6 3.5 Recipient
tpvs 70.0 48.0 31.0 20.0 6.7 4.8 4.0 Sender
tDvH 6.2 6.2 6.2 6.2 6.2 4.8 4.0 Sender
tcs 15.0 10.0 7.0 7.0 5.0 5.0 5.0 Device
tcH 5.0 5.0 5.0 5.0 5.0 5.0 5.0 Device
tcvs 70.0 48.0 31.0 20.0 6.7 10.0 10.0 Host
tcvH 6.2 6.2 6.2 6.2 6.2 10.0 10.0 Host
tzrs 0 0 0 0 0 35 25 Device
tpzFs 70.0 48.0 31.0 20.0 6.7 25 17.5 Sender
trs 230 200 170 130 120 90 80 Device
) 0 150 0 150 0 150 0 100 0 100 0 75 0 60 ($ee b)
tMLl 20 20 20 20 20 20 20 Host
tui 0 0 0 0 0 0 0 Host
taz 10 10 10 10 10 10 10 ($ee ©)
tzAH 20 20 20 20 20 20 20 Host
tzaD 0 0 0 0 0 0 0 Device
tENV 20 70 20 70 20 70 20 55 20 55 20 50 20 50 Host
tRFs 75 70 60 60 60 50 50 Sender
trRp 160 125 1+00 100 100 85 85 Recipient
tIORDYZ 20 20 20 20 20 20 20 Device
tzIoRDY 0 0 0 0 0 0 0 Device
tacK 20 20 20 20 20 20 20 Host
tss 50 50 50 50 50 50 50 Sender
All timing|measurement switching points (low to high and high to low) shall be taken at 1.5 V.
All signall ttansitions for a timing parameter shall be measured at the connector specified in the measuremert location
column. Horbexampleinthe caseof trrs-both STROBE and DMARDY- transitionsare-measuredat the senderdonnector.

a8 The parameter fcyc shall be measured at the recipient’s connector farthest from the sender.

b The parameter t|| shall be measured at the connector of the sender or recipient that is responding to an incoming
transition from the recipient or sender respectively. Both the incoming signal and the outgoing response shall be

measured at the same connector.

€¢ The parameter tpz shall be measured at the connector of the sender or recipient that is driving the bus but must

release the bus the allow for a bus turnaround.
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Table 54 — Ultra DMA data burst timing descriptions

09(E)

Name Comment

tacycTyp | Typical sustained average two cycle time

tcyc Cycle time allowing for asymmetry and clock variations (from STROBE edge to STROBE edge)

tocye Two cycle time allowing for clock variations (from rising edge to next rising edge or from falling edge to

next falling edge of STROBE)

tps Data setup time at recipient (from data valid until strobe edge) (see P and ©)

tbH Data hold time at recipient (from STROBE edge until data may become invalid) (see b and )

tbvs Data valid setup time at sender (from data valid until strobe edge) (see ©)

tbvH Data valid hold time at sender (from STROBE edge until data may become invalid) (see ©)

tcs CRC word setup time at device (see b)

tcH CRC word hold time device (see P)

tcvs CRC word valid setup time at host (from CRC valid until DMACK- negation) (see’)

tcvH CRC word valid hold time at sender (from DMACK- negation until CRC may become invalid) (see ¢

tzrs Time from STROBE output released-to-driving until the first transition of gritical timing

tbzFs Time from data output released-to-driving until the first transition of(Critical timing

trs First STROBE time (for device to first negate DSTROBE from STOP during a data in burst)

) Limited interlock time (see 2)

tMLl Interlock time with minimum (see 2)

tu Unlimited interlock time (see 2)

taz Maximum time allowed for output drivers to release’(from asserted or negated)

tzAH Minimum delay time required for output

tzaD Drivers to assert or negate (from released)

tENV Envelope time (from DMACK- to STOP and HDMARDY- during data in burst initiation and from DMACK-

to STOP during data out burst initiation)

RES Ready-to-final-STROBE time(no STROBE edges shall be sent this long after negation of DMARDY-)

trp Ready-to-pause time (thatrecipient shall wait to pause after negating DMARDY-)

tiorpyg | Maximum time before releasing IORDY

tziorpl | Minimum time befare driving IORDY (see 9)

taACK Setup and hold-times for DMACK- (before assertion or negation)

tss Time from.STROBE edge to negation of DMARQ or assertion of STOP (when sender terminates a purst)

a8 The parameters fy, tpmy) (in Figure 74 and Figure 75) and f | indicate sender-to-recipient or recipient-to{sender
intgrlocks, ji.e., one agent (either sender or recipient) is waiting for the other agent to respond with a| signal
befpre proceeding. ty is an unlimited interlock that has no maximum time value. ty | is a limited time-qut that
hag axdéfined minimum. # | is a limited time-out that has a defined maximum.

b 80-conductor cabling (see 7.3) shall be required in order to meet setup (ips, tcs) and hold (tpy, tcH) times in
modes greater than 2.

¢ Timing for tpys, {pvH. tcvs and tcyy shall be met for lumped capacitive loads of 15 pF and 40 pF at the
connector where the Data and STROBE signals have the same capacitive load value. Due to reflections on the
cable, these timing measurements are not valid in a normally functioning system.

d  For all modes the parameter tzjorpy mMay be greater than tgyy due to the fact that the host has a pull-up on
IORDY- giving it a known state when released.

€ The parameters tpg and tpy for mode 5 are defined for a recipient at the end of the cable only in a configuration
with a single device located at the end of the cable. This could result in the minimum values for tpg and tpy for
mode 5 at the middle connector being 3.0 ns and 3.9 ns, respectively.
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Table 55 — Ultra DMA sender and recipient IC timing requirements

Name Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
ns ns ns ns ns ns ns
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max.

tpsic 14.7 9.7 6.8 6.8 4.8 2.3 2.3

tbHIC 4.8 4.8 4.8 4.8 4.8 2.8 2.8

tovsic | 72.9 50.9 33.9 22.6 9.5 6.0 5.2

tovuic | 9.0 9.0 9.0 9.0 9.0 6.0 5.2

Comment

tpkic Recipient IC data setup time (from data valid until STROBE edge) (see @)

toHIC Recipient IC data hold time (from STROBE edge until data may become invalid) (see(8)

tolsic | Sender IC data valid setup time (from data valid until STROBE edge) (see b)

tolHic | Sender IC data valid hold time (from STROBE edge until data may become invalid) (see b)

All timing measurement switching points (low to high and high to low) shall be taken at 1.5 V.

a | The correct data value shall be captured by the recipient given input data‘with a slew rate of 0.4 V/ps
rising and falling and the input STROBE with a slew rate of 0.4 V/ns~ising and falling at fpg|c aphd
tpHic timing (as measured through 1.5 V).

b | The parameters tpyg|c and tpyHic shall be met for lumped capdcitive loads of 15 pF and 40 pF at the
IC where all signals have the same capacitive load value. Noise that may couple onto the output signals
from external sources has not been included in these values;
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12.2.5.2 Initiating an Ultra DMA data-in burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

DMARQ

(device) /‘
tUI —

DMACK-
(host)
[ ] >
tAf‘I( ’<=gg— tl:l\l\/ —d Fs
qtop o o
(host) W
tack — feny — frs ”
OUARDY TSN
host)
[ tZAD
tziorDy [¢—>le trrs >
D$TROBE
device) < tozrs >
tAZ < > tDVS < e > tDVH
DID(15:0) 5 sl XK SOX

fack |

DAD, DA1, DA2,
¢s0-, Cs1- XN

y
A

See 11.12.1 Initiating an_Ultra DMA data-in burst.

The definitions for the DIOW-:STOP, DIOR-:HDMARDY-:HSTROBE and
IORDY:DDMARDY-iDSTROBE signal lines are not in effect until DMARQ and
DMACK are asserted.

(o2 V)

Figure 71 — Initiating an Ultra DMA data-in burst
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12.2.5.3 Sustained Ultra DMA data-in burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

« facye >
[ e tCYC > < tCYC —
) beve
DSTROBE
at device
tovH tovH fovnH
TovHIC fovs __o|IDVHIG fovs .| fovHig
fovsic fovsic

PD(15:0) :00< ;<><>< \><><
At device ><

ODSTROBE
at host \‘ /
Ibs 1ule

fon oS |eple—s| IDH «rle—s| IDH
DD(15:0) fonic fbsic fonHic fosic foHic
at host

a See 11.12.2, The data in transfer.
b DD(15:0) and DSTROBE signals are showr at both the host and the device to emphdgsize that
cable settling time as well as cable propagation delay shall not allow the data signals to be
considered stable at the host until some time after they are driven by the device.

Figure 72 — Sustained Ultra DMA data-in burst
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12.2.5.4 Host pausing an Ultra DMA data-in burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

DMARQ
(device)

DMACK-
(host)

STOP ) fre

(hest)

HDMARDY-
host) \\

— lrRps —>
DS|TROBE

device) >< >< ad

DD({15:0)

(dgvice) ><>< >O< ><>< ><><

—

Q)

See 11.12.3.2 Host pausing an Ultra DMA data in burst.
B The host may assert STOP to request terminatiop’ of the Ultra DMA burst no sooner thap
trp after HDMARDY- is negated.

d After negating HDMARDY-, the host may receive zero, one, two or three more data word
from the device.

Uy

Figure 73 — Host pausing an Ultra DMA data-in burst
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12.2.5.5 Device terminating an Ultra DMA data-in burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

DMARQ
(device)

— fy —

DMACK- —

(host) N
*— fack =

STOP L/
(host) / \XX:
Y t, > — fack —>

HOMARDY- W
(host)

tss —» tioroyz
DSTROBE—~| —m™M—— S -

after DMARQ and DMACK are-negated.

(device)
— fzan —
< > tAZ tCVS —D—> tCVH
DD(15:0) CRC
[— tACK —
DAD, DA1, DA2,
¢So-, CS1- /W
al See 11.12.4.1 Device terminating an Ultra DMA data in burst.
b| The definitions for the STOP, HDMARDY and DSTROBE signal lines are no longer in effeft

Figure 74 - Device terminating an Ultra DMA data-in burst
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12.2.5.6 Host terminating an Ultra DMA data-in burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

DMARQ N
(device) AN
< i > tu ———b
DMACK- N
(host) — lfzan —] ™
[— tRP —_— tAZ < > [— tACK —
STIOP % b\
(host) / \X;&
« Aok —>
HDYARDY- — /X
(host) N Z
— [rFs < i =<
b tiorpyz
DSTIROBE N -\» ------------ F--
(dgvice) LN
fevs j[e—>e— fovn
DD{15:0) _ XXX CRC g
o tACK —p
DA0O, DA1, DA2,
dso-, Cs1- Z-
a See 11.12.4.2 Host pausing an Ultra DMA data in burst.
b| The definitions for the STOP, HDMARDY and DSTROBE signal lines are no longer in effgct
after DMARQ and DMACK are negated.
Eigure 75 — Host terminating an Ultra DMA data-in burst
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12.2.5.7 Initiating an Ultra DMA data-out burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

DMARQ

devi
(device) 41‘_ "

DMACK-
(host)

lEny =¥

A
A4
A

TACK [«

$TOP N
host) M N

tzi0rDY — 1y fu —|
DOMARDY-
device) @  ----------------- -
tack [—>
HYTROBE V4
host) M — “lpzrs —
N fovs > »  lov
D[ (150) , N TN N, )( N N N 7 )<><><><:
('lOSt) 4 AV AVEAVAVAVAVAVAVAVAVAY:
fack |« >
DAQO, DA1, DA2,
£S0-, CS1- N

a | See 11.13.1 Initiating an Ultra DMA data out burst.
b [ The definitions for the STOP,"DDMARDY and HSTROBE signal lines are not in effect un

DMARQ and DMACK are asserted.

Figure 76 — Initiating an Ultra DMA data-out burst
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Sustained Ultra DMA data-out burst
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The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

« tacve >
[ — tCYC —— s tCYC —
« facye >
Tathost O\ e L
tovn tovH tovH
IovHic lbvs | IbvHic lovs | IbvHic
D tovsic " fovsc—
DOj(15:0)
ol hoct XXX XXX

HSTROBE
at gevice /
foH tbs |  tod fos\\* | | fon
foHic fosic [ | boric fosic [ | oHic
OR15:0) PO CCCE SO S CHtE
at|/device <><

a |See 11.13.2 The data out transfer.

DD(15:0) and HSTROBE signals are shown @t both the device and the host to emphasize

hat cable
settling time as well as cable propagationi.delay shall not allow the data signals to be ¢
stable at the device until some time afterthey are driven by the host.

nsidered

Figure 77.- Sustained Ultra DMA data-out burst
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12.2.5.9 Device pausing an Ultra DMA data-out burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

< tRp >

DMARQ
(device)

DMACK-

(host)

OP
(lhost)

DDMARDY-
(device)

HSTROBE

(host)

R ol
P P
PN A
£ DN

DI)(15:0)

(hosty XX XX XX XX XKAXXXXX

a |See 11.13.3.2 Device pausing an Ultra DMA data out burst.
b | The device may negate DMARAQ to request termination of the Ultra DMA burst no sooner t
trp after DDMARDY- is negated.
c |After negating DDMARDY-, the device may receive zero, one, two or three more data wa
from the host.

han

rds

Figure 78 — Device pausing an Ultra DMA data-out burst
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12.2.5.10 Host terminating an Ultra DMA data-out burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

[ — t|_| —
DMARQ \
(device) N
— ty —
DMACK- N
hest) N,
IUOl}

t < t|_| > - tACK "‘
— (35 —P>

5TOP
Dhost) ——// \XXX‘&

— 1 tiorpyz
DDMARDY-
(device)

— lack —"
HS[TROBE
host) >< // M&
fevs je—>e— lfovn
DD(15:0) , R
hOSt) CRC N NN N NN,
“— fack
DAO, DA1, DA2,

CS0-, CS1- 4

a |See 11.13.4.1 Hostterminating an Ultra DMA data out burst.
b | The definitions forthe STOP, DDMARDY and HSTROBE signal lines are no longer in effect
after DMARQ and DMACK are negated.

Figure 79 — Host terminating an Ultra DMA data-out burst
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12.2.5.11 Device terminating an Ultra DMA data-out burst

The values for the timings for each of the Ultra DMA modes are contained in 12.2.5.

DAO, DA1, DA2,
0S0-, CS1- /

DMARQ
(device)
DMACK- \
(host) N
— f —>l i pe— fack —
host) /! M&
) re > fiorDYZ
DDMARDY- —
device) @ @ |¥4—m——mrnupo— = -
— trrs —
— fy twi pe— fnck —"
HYTROBE ~7
host) \Aﬁ
fovs |e pe— foyn
DON(15:0) I S
(host) X XXX OO CRE A
*— fack —*

a | See 11.13.4.2 Device pausing an Ultra DMA data out burst.

after DMARQ and DMACK are negated.

b | The definitions for the STOP, DDMARDY and HSTROBE signal lines are no longer in effe¢

~~

Figure 80 — Device terminating an Ultra DMA data-out burst
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For Clauses 13 to 20 as well as Annex A and Annex B, refer to 3.4.

13 Serial interface overview

See ISO/IEC 24739-3:2010.

14 Serial interface physical layer

See ISO/IEC 24739-3:2010.

15 $erial interface link layer

See ISO/IEC 24739-3:2010.

16 $erial interface transport layer

See ISO/IEC 24739-3:2010.

17 $erial interface device command layer

See ISO/IEC 24739-3:2010.

18 Host command layer

See ISO/IEC 24739-3:2010.

19 $erial interface host adapter register interface

See ISO/IEC 24739-3:2010.

20 S$Serial interface error handling

See ISO/IEC 24439-3:2010.
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Annex A
(informative)

Command Set summary

Void, see 3.4.

(See ISO/IEC 24739-1:2009)
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Annex B
(informative)

Design and programming considertions for large physical sector sizes

Void, see 3.4.

(See ISO/IEC 24739-1:2009)
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CcA

Annex C
(informative)

Device determination of cable type

Overview

This standard requires that, for systems using a cable assembly, an 80-conductor cable
assembty strattbe-imstattedbeforeasystemmmmay operate withr Uttra DA TModesgreaterthan 2.
Howgver, some hosts have not implemented circuitry to determine the installed cable:type by
detedting whether PDIAG-:CBLID- is connected to ground as mandated by this standard, The
following describes an alternate method for using IDENTIFY DEVICE or IDENTIFY PACKET
DEVICE data from the device to determine the cable type. It is not recommended that 4 host

use

If a

the method described in this annex.

nost uses IDENTIFY DEVICE or IDENTIFY PACKET DEVICE data from the device to

determine the cable type, then a 0.047 uF capacitor shall be installed,from CBLID- to groynd at

the

RHost connector. The tolerance on this capacitor is £20 % \or/less. After receivirgg an

IDENTIFY DEVICE or IDENTIFY PACKET DEVICE command the device detects the pregence
or absence of the capacitor by asserting PDIAG-:CBLID- to disScharge the capacitor, relepsing
PDIAG- and sampling PDIAG-:CBLID- before the installed capacitor could recharge through the

10 k< pull-up resistor(s) on PDIAG-:CBLID- at the device€(s).

If the|host system has a capacitor on PDIAG-:CBLID-"and a 40-conductor cable is installefd, the
rise time of the signal will be slow enough that the device will sample PDIAG-:CBLID- while the
signal is still below V| . Otherwise, if PDIAG-:CBLID- is not connected from the host conrjector
to the devices in an 80-conductor cable assembly, the device will detect that the signal is
pulled above V|4 through the resistor(s) on.the device(s). The capacitor test results will then be
reported to the host in the IDENTIFY DEVICE or IDENTIFY PACKET DEVICE data. Thg host

will
use

c.2

DEVICE data from the/device to determine the cable type:

use the data to determine the maximum transfer rate of which the system is capabl¢ and
this information when setting the-transfer rate using the SET FEATURES command.

Sequence for device detection of installed capacitor

ollowing is the.sequence for a host using IDENTIFY DEVICE or IDENTIFY PACKET

tHe host issues an IDENTIFY DEVICE or IDENTIFY PACKET DEVICE command (accqgrding
tq device\type) first to Device 1 and then to Device 0 after every power-on or hardware
reset sequence (the command is issued to Device 1 first to ensure that Device 1 rel

di
command to Device 1 forces it to release PDIAG-:CBLID-);

the selected device asserts PDIAG-:CBLID- for at least 30 us after receipt of the IDENTIFY
DEVICE or IDENTIFY PACKET DEVICE command but before transferring data for the
command,;

the device releases PDIAG-:CBLID- and samples it between two and thirteen us after
release;

if the device detects that PDIAG-:CBLID- is below V|, then the device returns a value of
zero in bit 13 of word 93 in its IDENTIFY DEVICE or IDENTIFY PACKET DEVICE data (if
the host system has a capacitor on that signal and a 40-conductor cable is installed, the
rise time of the signal will be slow enough that it will be sampled by the device while it is
still below V|.);

if the device detects that the signal is above V|4, then the device returns a value of one in
bit 13 of word 93 in its IDENTIFY DEVICE or IDENTIFY PACKET DEVICE data. This signal
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is not connected between the host and the devices in an 80-conductor cable assembly,
thus, the sampling device will see this signal pulled above V|4 through the 10 kQ resistor(s)
installed on the device(s);

f) the host then uses its knowledge of its own capabilities and the content of word 88 and
word 93 to determine the Ultra DMA modes of which the system is capable;

g) the host then uses the SET FEATURES command to set the transfer mode.

Figure C.1 lllustrates an example configuration of a system where the device detects a
40-conductor cable. Table C.1 describes the result of device detection when a capacitor is
installed. Table C.2 describes the result of device based cable detection when a capacitor is
not installed.

Host
connector Device 0 Devicq 1
HOSt PCB / Connector Connector
PDIAG-:CBLID- yd yd
conductor

M

A
:
]

Device 1
PCB

A
:
]

Device‘Q
PCB

Figure C.1 — Example configuration of a system where the device
detects a 40-conductor cable

Table C.1. —~Device detection of installed capacitor

Cable assembly Device 1 Value reported in Device-determined Determination
type releases PDIAG- | ID data by device cable type correct?
40-conductor Yes 0 40-conductor Yes
§0-conductor Yes 1 80-conductor Yes
40-conducter, No 0 40-conductor Yes
§0-conductor No 0 40-conductor No (see 2)
al Ultra DMA modes greater than 2 will not be set even though the system supports them.

Table C.2 — Results of device based cable detection
if the host does not have the capacitor installed

Cable assembly Device 1 Value reported in Device-determined Determination
type releases PDIAG- | ID data by device cable type correct?
40-conductor Yes 1 80-conductor No (see )
80-conductor Yes 1 80-conductor Yes
40-conductor No 0 40-conductor Yes
80-conductor No 0 40-conductor No (see b)

a2 Ultra DMA modes greater than 2 may be set incorrectly resulting in ICRC errors.

b Ultra DMA modes greater than 2 will not be set even though the system supports them.
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Using the combination of methods for detecting cable type

Determining the cable assembly type may be done either by the host sensing the condition of
the PDIAG-:CBLID- signal, by relying on information from the device or a combination of both
methods. Table C.3 describes the results of using both host and device cable detection

methods.

Table C.3 — Results from using both host and device cable detection methods

Cat]le assembly Device 1 Electrical state of | Value reported in | Determined Determination
type Releases PDIAG- CBLID- at host ID data by device cable type ¢orrect?
40-¢onductor Yes 1 (0] 40 Yes
80-¢onductor Yes 0 1 80 Yes
40-¢onductor No 0 0 40 Yés (see @)
80-¢onductor No 0 0 40 No (see 23)

vays:

P) 2 report that Device 1 is not allowing the cable type to besproperly detected;

B) 3 do not notify the user of any problem but detect the _cable as a 40-conductor.

a The 0,0 result is independent of cable type and indicates that Device 1 is«inCorrectly asserting PDIAQF-. When the
host determines this result, it shall not operate with Ultra DMA modes greater than 2 and it may respoj

d in several

1) 1 report that Device 1 is incompatible with Ultra DMA modes Higher than 2 and should be used oh a different
port in order to use those modes on the port being detected;

Tablg
hosts

C.4 illustrates intermediate results for~all combinations of cable, device and host, for
that support Ultra DMA modes greater than 2.

Taple C.4 — Results for all combinations of device and host cable detection methdds

Design options Intermediate actions and results Results
80-con- Device Host Host uses Host Device Capa- ID word Host Host may
ductor supports senses ID data, capacitor tests citor 93 bit 13 | checks ID set

cable UDMA PDIAG-: capacitor | connected for detec- value word 93 UDMA
. modes CBLID- installed to device capa- ted bit 13 mode >2
installed 52 citor
No No Yes No No No No 0 No No
No Yes Yes No No Yes No 1 No No
Yes No. Yes No No No No 0 No No
Yes Yes Yes No No Yes No 1 No Yes
No No No Yes Yes No No 0 Yes No
No Yes No Yes Yes Yes Yes 0 Yes No
Yes No No Yes No No No 0 Yes No
Yes Yes No Yes No Yes No 1 Yes Yes
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Annex D
(informative)

Signal integrity and UDMA guide

D.1 General

This annex is intended as an aid to the implementation of Ultra DMA in host systems,

contrw—mmwmmm
specifically stated in the normative clauses of this standard have been included for the-b

of cpmponent, PCB and device driver engineers. This annex is not intended” ft
compgrehensive but rather informative on subjects that have caused design questions. Inc
are warnings about proper interpretation of protocol where interpretation errors_seem pos
The ipformation provided is relevant to implementation of all Ultra DMA modes-0 through
well 3s earlier protocols.

This pnnex uses the term data-out to indicate a transfer from the hest to a device and d
to indicate a transfer from the device to the host.

The ATA bus is a storage interface originally designed for, the”ISA Bus of the IBM PC
With |the advent of faster host systems and devices, the* definition of the bus has
expanded to include new operating modes. Each of the/PIO modes, numbered zero th
four, |is faster than the one before (higher numbers\translate to faster transfer rates)
modqgs 0, 1 and 2 correspond to transfer rates for.the interface as was originally defineg
maximum transfer rates of (3.3, 5.2 and 8.3).MB/s, respectively. PIO mode 3 defin
maximum transfer rate of 11.1 MB/s and PIO node 4 defines a maximum rate of 16.7
Additjonally, Multiword DMA and Ultra DMA modes have been defined. Multiword DMA mg
1 and 2 have maximum transfer rates of.{4.2, 13.3 and 16.7) MB/s, respectively. Ultra
modgs 0, 1, 2, 3, 4 and 5 have maximum,transfer rates of (16.7, 25, 33.3, 44.4, 66.7, 10
133) MB/s, respectively.

Ultra [DMA features such as increased frequencies, double-edge clocking and non-interld
signalling require improved (sighal integrity on the bus relative to that required by PIQ
Multivord DMA modes. For Ultra DMA modes 0, 1 and 2 this is achieved by the use of ¢
series termination and eontrolled slew rates. For modes 3 and above an 80-conductor
assebly is required (in) addition to partial series termination and controlled slew rates|
cablel assembly has_ground lines between all signal lines on the bus in order to c
impegflance and reduce crosstalk, eliminating many of the signal integrity problems inher¢
the #0-conducétor cable assembly. However, many of the design considerations
meagurement._techniques required for the 80-conductor cable assembly are different
thosg used for the 40-conductor assembly. Hosts and devices capable of Ultra DMA n
greaterdhan 2 should be designed to meet all requirements for operation with both cable
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the maximum allowed by this standard. Timing and signal integrity issues, as discussed,
to this length cable.

D.2 Issues

D.2.1 General

long,
apply

The following subclauses describe the issues and design challenges while providing
suggestions for implementation with respect to timing, crosstalk, ground bounce and ringing.
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D.2.2 Timing
D.2.2.1 Overview

Two of the features Ultra DMA introduced to the bus are double-edge clocking and non-
interlocked (also known as source-synchronous) signalling. Double-edge clocking allows a
word of data to be transferred on each edge of STROBE (this is HSTROBE for an Ultra DMA
data-out transfer and DSTROBE for a data-in transfer), resulting in doubling the data rate
without increasing the fundamental frequency of signalling on the bus. Non-interlocked
signalling means that DATA and STROBE are both generated by the sender during a data
transfer. In addition, to signal integrity issues such as clocking the same data twice due to
ringing on the STROBE signal and delay-limited interlock timings on the bus, non-interlocked
signalling makes settling time and skew between different signals on the bus critical forsproper
Ultra|DMA operation.

D.2.2.2 Cabling

The 80-conductor cable assembly adds 40 ground lines to the cable between the 40 signal
lines |defined for the 40-conductor cable assembly. These added groundWines are conngcted
insid¢ each connector on the cable assembly to the seven ground pins defined for thg 40-
condlictor cable assembly. These additional ground lines allow the-feturn current for|each
signdll line to follow a closer path to the outgoing current than was “allowed by the groupding
scheme in the 40-conductor cable assembly. This results in a\lower impedance and gfeatly
reduged crosstalk for signals on the data bus. The controlled impedance and reduced crosstalk
of thg¢ 80-conductor cable assembly results in much improved behavior of electrical signals on
the tzus and reduces the data settling time to efféctively zero regardless of switching
conditions. Thus, the signal at the recipient is monetonic, such that the first crossing o¢f the
input|threshold is considered final. Reducing the time\allowed for data settling time (DST) from
greatpr than 25 ns in Ultra DMA mode 2, to 0 ns.with the 80-conductor cable assembly gllows
nominal cycle time to be reduced from 60 ns for,mode 2, to 15 ns for mode 6.

D.2.2.3 Skew

Skew is the difference in total propagation delay between two signals as they transit thq bus.
Prop}gation delay is the amount of:time required for a single input signal at one part ¢f the

systefn to cause a disturbance-10 be observed at another part of the system in a system
contdining continuously distributed capacitance and inductance. Propagation delay is
determined by the velocity of tight within the dielectric materials containing the electric fields in
the system. For systems with uniform properties along their length, propagation delay is|often
specified as seconds _perfoot or seconds per meter.

Skew| will be poS§itive or negative depending on which signal is chosen as the reference. All
skewsp in the Mltra DMA timing derivations are defined as STROBE delay minus data delay. A
positive skew'is a STROBE that is delayed more than the data.

Skew| corresponds to the reduction in setup and hold times that occurs between the sendgr and
the recipient. Tf the bus confributes skew that exceeds the difference between the setup time
produced by the sender and that required by the recipient, data will be stored incorrectly. The
same is true for hold time. Skew between signals is caused by differences in the electrical
characteristics of the paths followed by each signal.

Ultra DMA modes higher than 4 require less skew within the physical cable system than lower
modes. In order to reduce the amount of skew created as signals transit the system, modes
higher than 4 place a number of new requirements on the analog electrical aspects of system
design. The primary requirement is that all devices and hosts supporting modes higher than 4
use 3.3 V signalling. This eliminates the contribution to skew from the asymmetry of the input
thresholds with the previous 5V V,y. A second requirement is that hosts use a 4.7 kQ pull-up
resistor on IORDY/DSTROBE instead of the 1 kQ resistor used for previous modes. The pull-
up shall be to the host’'s 3.3 V internal supply. Third, the total output impedance consisting of
driver resistance plus series termination resistor shall match the typical cable impedance of
75 Q to 85 Q.
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D.2.2.4 Source-terminated bus

The bus operates as a source-terminated bus, meaning that the only low-impedance
connection to ground is via the source impedance of the drivers in the sender.

R_source Cable
700 O Z0=100 Q TD=4 ns
ANN—E) E
77
" R _rec
NAE e
— V_source
1

Figure D.1 — A transmission line with perfect source termination

On 4 source-terminated transmission line, the initial voltage level/produced at the spurce
propggates through the system until it reaches the receiving end that, by definition, is an|open
circuit or at least has high impedance relative to the characteristic impedance of the
transmission line. This open circuit produces a reflection .0f the original step with the same
polar|ty and amplitude as the original step but travellingdn the opposite direction. The reflected
step pdds to the first step to raise the voltage throughout the system to two times the orjiginal
step poltage. In a perfectly terminated system (see“Figure D.1), R_source matches the [cable
impe@ance resulting in an initial step voltage on the transmission line equal to fifty percg¢nt of
V_soprce and the entire system has reached a“steady state at V_source once the reflgction
returps to the source.

The waveforms that are measured on th€’bus as a result of this behavior depend on the rdtio of
the s|gnal rise time to the propagation-delay of the system. If the rise time is shorter thgn the
one-way propagation delay, the initial’voltage step will be visible at the sender. At the recjpient
the incoming voltage step is instantaneously doubled as it reflects back to the sender anpd no
step Is observed (see Figure,D.2).

8v

4 /

/ ¥ transmitter /J'X \ l

\ )
T receiver //\:K\
Ov —

Ons 20 ns 40 ns 60 ns 80 ns
time

Figure D.2 — Waveforms on a source-terminated bus with rise time less than T,0p
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If the rise time is longer than the propagation delay, the sender waveform changes, but the
same behavior still occurs: the reflected step adds to the initial step at the sender while a
delayed doubling of the initial step is observed at the recipient. Because the rising edges of the
two steps overlap when measured at the sender, there is a temporary increase in slew rate

instead of a step seen at the sender while the rising edge of the reflection adds to the edg
being generated by the sender (see Figure D.3).

6v

e still

/// \
. /‘\ 7
transmitter

receiver —

1v
0 ns 20 ns 40 ns 60 ns 80 ns
time

Fi

()

ure D.3 — Waveforms on a source-terminated bus with rise time greater than T,

In Figure D.2 and Figure D.3, the sogrce impedance is perfectly matched to the

impegance with the result that, after.the first reflection returns to the source, there a
furthgr reflections and the system(is at a steady state. In a system that is not per
termihated, there are two possihilities. The first possibility is when the source impedarn
less than the characteristic impedance of the transmission line, the initial step is greater
fifty percent of Vo and thelsystem is at a voltage higher than Vy4 when the first reflg
retur{s to the recipient (sge.Figure D.4). In this case another reflection occurs at the sou

reduge the system to ajvoltage below Vyy but closer to Vo4 than the initial peak. Refle
contimue but are furtherreduced in amplitude each time they reflect from the termination
sourde.
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4v ﬂ
transmitter /

~._receiver
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time

Figure D.4 — Waveforms on a source-terminated bus with-R_source less than cabl¢ Z,

The
impe
forth
Figur

second possibility is when the source impedance is higher than the charactegristic
Hance, the initial step is less than fifty percent of Vy4, and multiple reflections back and
on the bus will be required to bring the whole“system up to a steady state at V4 (see
e D.5).

5v

N transmitter

AN receiver ——

ov [ [

0ns 20 ns 40 ns 60 ns 80 ns
time

Figure D.5 — Waveforms on a source-terminated bus with R_source greater than cable Z,

Note

that falling edges exhibit the same transmission line behavior as rising edges. The only

difference between the edges is that Vo4 and V,_ are reversed. In actual systems output
impedance and slew rate of the drivers are often different between rising and falling edges,
resulting in different step voltages and waveform shapes.

For typical implementations using a 33 Q series termination, the effective driving impedance of
a sender’s component I/O viewed from the cable connector ranges from 50 Q to 90 Q. The
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component 1/O is the combined input and/or output circuitry, bond wire and pin on an IC that is
responsible for receiving and/or sending data on a particular conductor within the bus. The
initial voltage step produced when an edge is driven onto the cable will be equal to the driver’s
open-circuit Voq divided by the effective output impedance and the input impedance of the
cable (typically 82 Q) or a 50 Q to 60 Q printed circuit board trace in the case of hosts. This
step voltage will fall in the range from 50 % to 70 % of V,y. For example, for a theoretical
source with zero output impedance using 33 Q termination driving an 82 Q cable the resulting
step voltage is not greater than 100 x ( 82 / (33 + 82 )) = 71.3 % of Vy4. Because the
thresholds of an input are not centered with respect to the high and low voltages, the initial
voltage step produced by a driver will often cross the recipient’s input threshold on a rising
edge but n s is a

doubl
any r
and ¢

distapce a device is from the device end of the cable (i.e., closer to the host), the long

durat

basonably low output impedance. Because of this the main voltage step only affects

skew

r the
r the

elay for signals received at devices that are not at the end of the cable. The greatI

on of the step observed (see Figure D.6 and Figure D.7).

—~

i
V — transmitter
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/ — receiver \
-20 ns 30 ns 80 ns
#Avg 16 10.00 ns/div repetitive
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gure D.6 — Typicalistep voltage seen in ATA systems using an 80-conductor cah
(measured at drive and host connectors during read)
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Figure D.7 — Typical step voltage seen in ATA systems using‘an 80-conductor cahle
(measured at host and drive connectors during write)

In adfdition to the step produced by the initial voltage driven onto the bus and the subsefuent
reflegtion, smaller steps are produced each time the prepagating signal encounters a change in
the bpus impedance. The major impedance changes thatvoccur in a system are

1) af the connections between the cable and the.printed circuit boards (PCBs) of the hosts and
devices,

2) along the traces of the PCBs as the result-of changing layers and
3) aithe connection between a motherb@ard and a backplane.

Thejransmission line behavior of the 80-conductor cable assembly adds skew to the recgeived
signgll in two ways. First, impedance differences along one line versus another will reqult in
different amounts of delay and"attenuation on each line due to reflections on the bus| This
prodyces a time difference between the two signals’ threshold crossings at the recipient.
Secondly, signals received at the device that is not at the end of the cable may crosss the
threshold during the_initial voltage step or after the reflection from the end of the cable is
receiyed, depending.oh the supply voltage, series termination, output impedance, V,4 and PCB
trace|characteristics of the host.

Factqrs otherthan cable characteristics also contribute to skew. Differences in the capdcitive

loading ,between the STROBE and DATA lines on devices attached to the bus will |delay
prop{gating signals by differing amounts. Differences in slew rate or output impedance
betw 1Y W 1] Wi arti W bel ighal is

sent at the sender. Differences between the input RC delays on STROBE and DATA lines will
add skew at the recipient.

The fundamental requirement for minimizing skew in the entire system is to make the STROBE
and DATA lines as uniform as possible throughout the system.

D.2.2.5 Timing measurements for the 80-conductor cable assembly

The reflections that are present in a system make it difficult to measure skew and delays
accurately. For the received signal at a device, the propagation delay from the device
connector to the device integrated circuit (IC) connector pin is about 300 ps for typical device
PCBs and trace lengths. The IC is the entire component (die and package) that contains the
ATA bus interface circuitry.
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This delay introduces an error of plus or minus 300 ps in timing measurements made at the
device connector since rising edges and falling edges will be measured before and after the
step respectively. When comparing two signals, this results in an error in measured skew of
plus or minus 600 ps due to the measurement position. This error is small enough relative to
the total timing margin of an Ultra DMA system that it may be ignored in most cases.

Since the trace length on host PCBs are often much longer than those on devices, the
propagation time for a signal from the host connector to the host IC may be as high as 2 ns.
This results in a plus or minus 2 ns accuracy in the measurement of a single signal and a plus
or minus 4 ns accuracy for skew between two signals. These errors are not removed by adding
or subtractlng an allowance for PCB propagatlon delay dependlng on nsmg or fallmg edges
beca Uo'T \JIIGIGL:I.UIIOI.IL:D UI LIIU FUU GIIU LUIIIIIIIGI.IUII VVIII allUbl l.IIC Ol.cp IUVCIO allu OI\UV that
occulf at the component 1/Os. As a result of this, accurate measurements of skew insignals
receiyed at the host are made either at pins of the host IC or at points on the PCBtracges as
close| to the IC pins as possible. Test pads, headers or unconnected vias in PCB.'layoutg may
be dgsigned allowing connection to DATA, STROBE and ground for this purpose,

It is important to note that the timing specifications for Ultra DMA in the standard are basgd on
meaguring signals at the interface connector.

D.2.2.6 Simulations for the 80-conductor cable assembly

ifficult nature of measuring skew in actual systems makés simulations a more imp¢rtant
determining the effect on skew of design decisions.regarding component I/Os,| PCB
, cable lengths and other aspects of system design. Because of the well-contfolled
impegance of the 80-conductor cable assembly, single)line transmission line models prpvide
accufate predictions of the delay through the bus based on a given design choice for a |given
conditions on the bus. To be certain of the system-wide consequences of partjcular
design choices, a large number of simulations_encompassing many different combinatigns of
parameters were used to determine the timing.specifications for Ultra DMA mode 5. Resylts of

Outplit skew is measured at the connector of the sender into capacitive loads to ground of

end gf an 18-inch, 80-conductor-eable assembly into typical device and host loads of 20 pF or
that are held uniform-“across STROBE and DATA lines. Skew is measured gt the
crosging of the 1.5V threshold. All combinations of rising and falling edges on the signals

Minimizing output skew is the best assurance of reliable signalling across the full range of
cablel loading and:recipient termination conditions that will occur in systems.

D.2 Crosstalk

D.2.3.1 General

Although the ground-signal-ground configuration of the 80-conductor cable assembly greatly
reduces coupling between wires on the cable, the host and device connectors generate a large
amount of crosstalk because they still use the original ground configuration with no ground
lines separating the 16 signals of the data bus. In addition, crosstalk between traces on the
PCB may reach high levels in systems with long traces or with tight spacing between traces.
Cumulative crosstalk plus ground bounce measured at the connector of the recipient in typical
systems using the 80-conductor cable ranges from 400 mV to 1 V peak, in short, pulses with a
frequency content equivalent to the frequency content of the edge rates of the drivers being
used. Although this level of total crosstalk may seem like a hazard to reliable signaling,
crosstalk exceeding 800 mV detected at the recipient does not affect the setup or hold times
when it occurs during the interval when other signals are switching (see Figure D.8).

This figure was generated using the first faling STROBE edge for a trigger and showing a
middle data signal staying low while all other lines switch high to low. With infinite persistence,
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the pattern was then changed to all lines switching low to high for the same STROBE edge.
The crosstalk that occurs on the line staying low while all others switch high to low is in excess
of 800 mV but has more hold and setup time margin than data lines that are switching and
therefore it does not reduce the setup or hold time margin.

X2
108 ns 118 ns 128 nls
2.0 ns/div realtime
Y2 800 mV X2 119 ns
Y1 1.5V X1 117 ns
deltaY -700 mV delta X 1.8 ns
1/delta X 555.556 MHz

NOTE| Posivite crosstalk does not affect data setup or hold.time.

Figure D.8 — Positive crosstalk pulse during a falling edge

A larger signal integrity hazard exists when crosstalk extends into the middle of the cycle when
data pould be clocked. This may result from a high level of reverse crosstalk detected at the
reciplent as the reflected signal propagates from the recipient input back to the sender qutput
in thg switching lines, see Figuré.D.9.

X1

N\ I /
AP N

N / '\ %
N\ T v
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X2
-21ns 29 ns 79 ns
10 ns/div realtime
Y2 552.125 mV X2 42.2 ns
Y1 504.8 mV X1 21.2ns
deltaY 47.3250 mV delta X 21.0ns
1/delta X 47.6190 MHz

Figure D.9 — Reverse crosstalk waveform from reflected edge
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Reducing a system’s creation of and susceptibility to forward and reverse crosstalk requires an
understanding of how crosstalk is generated and propagates through the system. Crosstalk
results from coupling between signals in the form of either a capacitance from one signal
conductor to another or inductors in the path of each signal with overlapping magnetic fields.
The capacitive and inductive coupling are easiest to understand if treated as separate effects.

D.2.3.2 Capacitive coupling

Capacitive coupling in its simplest form consists of a capacitor connecting together two
transmission lines somewhere along their length. When a change in voltage occurs on one line

(called the

prody
aggre
point
relati
propa
is in
capa
send

aggressor line),
ssor line. The pulse on the victim line propagates both forward and backward fro
of coupling and has the same sign in both directions. Forward and backward are-dg
e to the direction that the aggressor signal was propagating. Forward meahns tha
gation is in the same direction as the aggressor signal. Backward means_that propag
he opposite direction of the aggressor signal. Figure D.10 is a schematic of a mod
Litive coupling. Figure D.11 shows waveforms resulting from capacitive coupling 3
er and recipient component |/Os of the aggressor and victim lines.
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Figure D.10 — Model of capacitive coupling
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Aggressor at receiver
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Victim at source
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-200mV |
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Victim at receiver Time

Figure D.11 — Waveforms resulting from capacitive coupling (at transmitter and receiver
of aggressor and victim lines)

D.2.3

3

In th

di/dt

following, inductive coupling is modelled as an inductor in series with each signal
somg¢g coupling factorK representing the extent to which the inductors’ magnetic fields ov
In effect, these-iwo inductors constitute a transformer, by creating a stepped-down vers
the apgressor-signal on the victim line. The amplitude of the signal produced on the victir
is prpportienal” to the rate of change in current (di/df) on the aggressor line. Sinc
impe@ance)of a transmission line is resistive, for points in the middle of a transmissio
illkbe proportional to dV/dt. Because the crosstalk signal produced across the induc

Inductive coupling

with
brlap.
on of
n line
e the
h line
tance

in the victim line is in series with the transmission line, it has a different sign at each end of the
inductor. Because the current in an inductor always opposes the magnetic field that produced
it, the polarity of the crosstalk signal is reversed from the polarity of the di/dt on the aggressor
line that produced it. As a result of these two facts, inductive crosstalk creates a pulse of
forward crosstalk with polarity opposite to the edge on the aggressor and a pulse of reverse
crosstalk with the same polarity as the aggressor edgeFigure D.12 is a schematic of a model
for inductive coupling. Figure D.13 shows waveforms resulting from inductive coupling at the
sender and recipient component 1/Os of the aggressor and victim lines.
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Figure D.12 — Model of inductive coupling
Note |that the box in Figure D.12, Figure D.14 and Figure D.18 between L1, L2 and K2 is a
PSPICE element representing the inductive coupling between L1 and L2 having the coupling
valug] listed in the respective figures.
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